Public Hearing (8/16/09)
Once Through Cooling
Deadtine: 9/30/09 by 12 noon
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Charlie Hoppin, Chair and Board Members
State Water Resources Control Board ' SEP 30 2009
1001 I Street : ' '
Sacramento, CA 95814 ; . _
Via Email: commentletters@waterboards.ca.gov SWRCB EXECUTIVE

'Re: Comments on “Water Quality Control Policy on the use of Coastal and Estuarine Waters for
Power Plants” Draft Substitute Environmental Document and Draft “Statewide Water Quality
Control Policy on the Use of Coastal and Estuarine Waters for Power Plant Cooling.”

Dear Chair Hoppin and Board Members:

The undersigned groups respectfully submit the following comments on the State Water
Resources Control Board (“State Board”) and California Environmental Protection Agency Draft
Substitute Environmental Document for the Water Quality Control Policy on the Use of Coastal and
Estuarine Waters for Power Plant Cooling (“Draft SED”) and the draft Statewide Water Quality
Control Policy on the Use of Coastal and Estuarine Waters for Power Plant Cooling (“Draft Policy™).
We welcome the opportunity to comment on this important issue and include and incorporate by '
reference our previous two comment letters on this topic, dated May 20, 2008 and September 15,
2006, which are attached separately. We also include and incorporate by reference testimony that
California Coastkeeper Alliance provided to the Assembly Committees on Natural Resources and
Utilities and Commerce at their joint hearing regarding once-through cooling on March 2, 2009,
attached separately.

We thank the State Board and staff for their dedication to this important issue. Staff has done a
commendable job of coordinating with the California Energy Commission (“CEC”), the California
Independent Systems Operator (“Cal ISO™), the Ocean Protection Council (*OPC”) and its member
agencies, and other agencies in.the continued development of this policy.
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Multiple federal and state agencies, including the U.S. Environmental Protection Agency (“U.S.
EPA”), CEC, OPC, and State Lands Commission (“SLC”), have recognized that once-through cooling
(“OTC”) causes significant, ongoing devastation to our valuable marine resources.! Coastal power
plants are permitted to withdraw more than 16 billion gallons of cooling water off of the California
Coast daily and kill an estimated 79 billion fish and other marine life annually .

These facilities, many of which have been in operation for decades, present a considerable
threat to California’s coastal ecosystems, Today’s impacts are not reflective of the 40-50 years of
marine life impacts due to OTC, where adjacent ecosystems have suffered a leng history of
entrainment and impingement. Eliminating this significant impact on marine life may ailow many
depleted or “overfished” species to recover to population abundance well beyond what we see in
population assessments today. In other words, the reduction of entrainment and impingement goes
beyond the value of saving the individuals entrained and impinged -- their survival and recruitment to
maturity can have an exponential benefit in restoring robust populations that may be currently in
decline or stabilized at far less than past levels of abundance.

This is especially true for once-through cooled plants Iocated on enclosed bays and harbors,
such as Haynes Generating Station and Alamitos Generating Station on Alamitos Bay. It is estimated
that these power plants take in the entire volume of Alamitos Bay every five days.? Itis likely that the
abundance and community structure of life in Alamitos Bay and other source water areas for OTC
have been signifitantly impacted by decades of water intake. Ecological impact assessment based on
current impingement rates does not reflect true damages and rewards power plants that have caused

o long-term ecotogical impacts: " |

- , : AZODS study estimated that for the 12 power plants in the Southern California Bight, there is an
" averall cumulative entrainment mortality of 1.4%of larval fish in the Bight. Further, when considering

only recreational fish species, impingement was somewhere between 8-30%of the number of fish
caught in the Bight.* All ogthe federally listed and imperiled salmon species that migrate in and out of
the*Sacrametito and San Joaquin River watersheds, including the Chinook salmon, Coho salmon, and
steelhiead trout, must pass the.intakes for two aging power plants on the San Francisco Bay-Delta

~ Esttiary (Pittsburg and Contra Costa) on their way in and out of the Delta. Records for both of these

plants demonstrate that they illegally entrain and impinge endangered species, including the Delta
smelt and the Chinook salmon.” In bays such as the Santa Monica, Monterey, and San Diego, and
estuaries such as the Elkhorn Slough and the Morro Bay National Estuary, the impacts from OTC can
be more pronounced due to the high biological productivity of these arcas and the concentration of the
power plants’ impacts in light of the area affected. In Santa Monica Bay three power plants using

! Clean Water Act Section 316(b); California Energy Commission Issues and Environmental Impacts Associated with
Once-Through Cooling at California’s Coastal Power Plants: Staff Report. (2005) Available at:
Www.energy.ca.gov/2005publications/CEC-700-2005-013/CEC-760-2005-013 . PDF. Accessed 9.29.09 (“Issues and
Environmental Impacts Associated with OTC”); California State Lands Commission, Resolution of the California
State Lands Commission Regarding Once-Ti hrough Cooling in California Power Plants (adopted April 17, 2006);
California Qcean Protection council, Resolution Regarding the Use of Once-Through Cooling Technologies in
Coastal Waters (adopted April 20, 2006). Available at: http://www.opc.ca.gov/2006/04/resolution-of-the-california-
ocean-protection-council-regarding-the-use-of-once-through-cooline-technolo ies-in-coasial-waters/ Accessed
9.29.09 (“OPC Resolution”). o

# State Water Resources Control Board, Scoping Document: Water Quality Control Policy on the Use of Coastal and
Estuarine Waters for Power Plant Cooling (March 2008) p.1. (“2008 Scoping Document™), Available at:
http://www.waterboards.ca.gov/plans_policies/docs/coastal estuarine/scope doc03 1808.pdf.

sociated with OTC, supra note 1 p.37.

* Issues and Environmental Impacts As

4
I ‘
* Environmental Protection Agency, Case Study Analysis for the Proposed Section 31 6(b) Phase I Existing Facilities

Rude, Part E: San Francisco Bay/Delta Estuary, EPA 821-R-02-2002, (February 28, 2002), p. E3-15.
Available at: http://www.ep_a.gov/waterscienceB 16b/phase?/casestudy/chel pdf Accessed 9.29.09.
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OTC (Scattergood, El Segundo, and Redondo Generating Stations)'cyéle 13% of the Bay’s water
every six weeks. ‘

In a state where the foundation of our economic activity is fueled by the health of our coastal

' resources, and in a state leading the nation in a strong commitment to sustainable energy, there is no
question that California has the right and responsibility to move past this antiquated cooling
technology.” It has been over 35 years since the Clean Water Act (“CWA”) first outlined requirements
for power plant cooling technology. We are long overdue for a clear, consistent statewide policy on
cooling water technology that protects marine ecosystems and advances greener and more efficient
energy production. :

We have reviewed the Draft Policy and, although it is a step in the right direction, some
important clarifications must be made in order to ensure that the final policy will actuaily protect the
beneficial uses of the state’s coastal and estuarine waters and that it will be consistently applied
throughout the state. The Draft Policy follows five separate tracks that can be pursued by operators —
any combination of which may or may fiot result in reduction in impingement and entrainment: These
tracks are as follows: (1) Track 1, setting forth best technology available (“BTA”); (2) Track 2,
providing an exception to BTA where Track 1 proves not feasible; (3) Nuclear exceptions; (4) Grid
Reliability exceptions; and (5) a Wholly Disproportionate exception. We are concerned that the
numerous loopholes in the various tracks will allow operators to comply without actually achieving the

goal of protecting marine life.
In brief, we make the following key points and suggest amendments below:

o Closed-cycle cooling should be best technology available.

e All units of each OTC plant should be required to reduce impacts by at least 93%.

e Key terms including “intake flow rate” and feasibility must be defined to ensure consistent
 application of the policy.

o The calculation baseline should be based on generational flow.

e The wholly disproportionate demonstration is not necessary and should be removed.

o The nuclear plants should not be exempted.

e Interim requirements are important but should not distract from planning and compliance
with the actual policy requirements. :

e Plant owners and operators should fund restoration projects designed and implemented by
government agencies rather than conduct the projects themselves.

o A statewide policy should be adopted and implemented as soon as possible.

o The Statewide Advisory Committee should be used as a streamlining tool to facilitate the
various permitting processes of the multiple agencies involved. .

¢ [ssues and Environmental Impacts Associated with OTC, supra note 1.

7 National Gcean Economics Program, California’s Ocean Economy: Report to the Resources Agency, State of
California, (July 2005), p.1. Available at: resources.ca.gov/press documents/CA, Ocean_Econ Report.pdf. Accessed
9.27.09. Finding that “The total GSP of California’s Ocean Economy in 2000 was approximately $42.9 billion.
California’s Ocean Economy directly provided approximately 408,000 jobs in 2000, and almost 700,000 jobs when
multiplier effects are included. It provided more than $11.4 billion in wages and salaries in 2000, and more than $24
billion when multiplier effects are included. The NOEP also evaluated the total value of all economic transactions
within 19 coastal counties (mainland coast and four additional counties added within San Francisco Bay and the
Sacramento River Delta) and identified approximately § 1.15 trillion of economic activity, (86% of total state
economic activity), that is referred to as the “Coastal Economy.” The natural resources of the coast and coastal ocean
are a solid foundation for California’s economy and these resources must be sustained to maintain the strength in the
six sectors evaluated within the Ocean Economy and the much larger Coastal Economy.”
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I. TRACK 1 .
a. The Adopted Policy Should Use the 2008 Draft Policy Language Setting Closed Cycle

Cooling as Best Technology Available.

We supported the language in the 2008 Draft Policy setting “closed cycle cooling” as the standard
for best technology available.® Under that language, a plant could choose to either retrofit or Tepower
to closed-cycle wet or air cooling.® In 1972 the United States Congress recognized that once-through
cooling was creating unnecessary adverse impacts on marine life and consequently enacted CWA
section 316(b). Congress intentionally drafted langnage in the CWA to force improvements in
technology by requiring the best technology available to minimize adverse impacts.”” As the court
articulated in Riverkeeper, Inc. v. U.S. EPA, 475 F3d 83 (2d Cir. 2007) (“Riverkeeper Il”), Section
316(b) of the CWA does not allow “second best” techinology to the best technology available
requirement. As currently written, the Draft Policy sets closed-cycle wet cooling as the best
technology available and does not mention that in some cases closed-cycle air cooling could be the
better option. We urge the State Board to change the languaee in the polic to “closed-cycle cooling”
as it was in the 2008 version of the policy to allow for inclusion of both wet and air cooling for

compliance.

Further, the Draft SED does not provide a complete analysis of why dry cooling was rejected
as BTA, nor does it provide a complete analysis of why Track 1 alone (without Track 2) was rejected
as the best alternative.!! This latter point is particularly important given the State Board’s previous
acknowledgement that the type of alternative technologies available under Track 2 “to meet the
required reduction in entrainment are unproven.”"> We do not believe anything has changed in the last
six years and belicve the State Board should explain any change in its opinion. .

b. “Intakeé Flow Rate” Should be Clarified.

Track 1 of the Draft Policy sets a standard for reducing “intake flow rate” and highlights the
definition of this term. However, there is no clear guidance defining when the reduction of intake flow
rate is applicable. We assume from the prohibitions in the “Immediate and Interim Requirements™ that
prohibit seawater intakes during times when the generating unit is not generating electricity (with the
limited exception for “critical system maintenance™) that the definition and regulation of intake flow
rate in Track 1 is applicable to times when the units are generating electricity. A minor clarification of

52008 Scoping Document, supra note 2 at p.84. :

? The Ocean Protection Council commissioned a feasibility study that found in most cases retrofitting to closed-cycle
wet cooling is feasible, and some power plant operators have shown that in some cases repowering with air cooling is
preferable. See Tetra Tech, Inc., California’s Coastal Power Plants: dlternative Cooling System Analysis, prepared
for the California Ocean Protection Council (February 2008), p. ES-1. Available at:
http://www.waterboards.ca.gov/water_issues/programs/npdes/docs/cooling/fullre ort. pdf Acecessed 9.27.09.
(“Alternative System Analysis”); and Petition to Amend Final Commission Decision for the El Segundo Power
Redevelopment Project, CEC-800-2005-001-CMF, June 2007. :

¥ Kennecott v. United States EPA, 780 F.2d 445, 448 (4" Cir. 1985) found that it was the intention “of Congress to
use the latest scientific research and technology in setting effluent limits, pushing industries toward the goal of zero
discharge as quickly as possible.” o

! Statc Water Resources Control Board and California Environmental Protoction Agency, Water Quality Control
Policy on the Use of Coastal and Estuarine Waters Jor Power Plant Cooling Draft Substitute Environmental
Document, (July 2009}, p. 55-61. Available at:

http://www waterboards.ca. gov/water issues/programs/npdes/docs/cwa3 16/draft sed.pdf Accessed 9.27.09 (“Draft
- SED™). : )

'* State Water Resources Control Board, Comments on National Pollution Discharge Elimination System Proposed
Regulations to Establish Requirements for Cooling Water Intake Structures at Phase IT Existing Facilities, letter to
U.S. Environmental Protection Agency (August 2002), p. 3 (attached) (“State Board Letter to US EPA”).
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the definition would eliminate any confusion. The definition for “intake flow rate” should be clarified
to read “refers to the instantaneous rate at which water is withdrawn through the intake structure.
exvressed as gallons per minute per kilowatt hour generated.”

IL. TRACK 2 :
a. All Plants Should Reduce Entrainment and Impingement Consistent with Track 1.

The current phrasing of the policy suggests that plants that fall under Track 2 will have to achieve a
90% reduction of the reduction that could be achieved under Track 1; in other words, 90% of 93%,
- which is 83%. We urge the State Board to require that all plants reduce entrainment and impingement
consistent with the Track 1 standard. -

n 2004 the California Legislature passed the California Ocean Protection Act (“COPA™) to protect
and restore state coastal waters. Through COPA the Legislature created the OPC and charged this
body with the responsibility to “coordinate activities of state agencies, that are related to the protection
and conservation of coastal waters and ocean ecosystems, to improve the effectiveness of state efforts
1o protect ocean resources...” in a manner “consistent” with the stated goals of COPA.”” The OPC
exercised its responsibility under COPA in 2006 by passing a resolution regarding OTC, which
officially resolved to ' '

‘urge the State Water Resources Control Board to implement Section 316(b) and more stringent
state requirements requiring reductions in entrainment and impingement at existing coastal power
plants and encourages the State to implement the most protective controls to achieve a 90-95 percent
reduction in impacts.14 :

Track 2 in this Draft Policy fails short of this clear guidance sct by the OPC by allowing plants to only
reduce 83% of their total impacts. According to the 2008 OPC funded study evaluating the feasibility
of impingement and entrainment control technologies that can meet the 90-95% reduction goal in the
most cost effective manner, “the most effective technology that can meet [these criteria] is closed-

cycle cooling, commonly referred to as “wet” or “dry” cooling towers.”"

Maintaining Track 2 so separate technologies may be used from Track 1 to comply with the
ultimate policy is understandable, but the percent reduction targets should be equivalent in both
Tracks. As the court articulated in Riverkeeper, Inc.v. US. E.P.A.,358F3d 174 (2“"1 Cir. 2004)
(Riverkeeper I), there is a reasonable margin of error in the actual performance records given the
complexities of monitoring dynamic physical processes and seasonal, annual or decadal changes in
fish abundance and location. However, allowing for a margin of errorin the performance monitoring
should not be confused with allowing a margin for the targeted reduction in entrainment. The court
noted that a “facility must aim for 100 percent, and if it falls short within 10 percent, that will be
acceptable. It may not, however, aim for 90 percent and achieve only an 89 percent reduction in
impingement and entrainment.” 16 We urce the State Board to avoid actions that conflict with the
Riverkeeper cases, and to instead follow the guidance sent by the OPC to reduce entrainment by at
least 93% at all plants with no exceptions.

13 California Public Resources Code section 35615(2)(1).

14 OPC Resolution, supra note 1 (emphasis added).

15 Alternative System Analysis, supra note 8. _

16 Riverkeeper, Inc. v. US. EP.A, 358 F.3d 174, 189 (2" Cir. 2004).
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b. Reduction of Intake Should be Required For each Unit of a Plant,

While Track 1 would apply to each unit of a plant, Track 2 currently allows for the plant “as a
whole” to achieve reductions in impingement and entrainment, thereby creating a loophole where a
plant could convert some of the units away from OTC and stifl run OTC on the remaining units, This
loophole is significant because the remaining OTC “peaker” plants would likely run during times of
peak energy demand — during the summer — when peak larval abundance for most species in Southern
California is at is highest."” So while a power plant in Southern California might be able to reduce its
annual water intake at an OTC unit by only running it in the summer, this would not result in the
desired reduction of entrainment and impingement impacts. This loophole undermines and is
contradictory to the “technology based” and “technology forcing” policies in the Clean Water Act. We

urge the State Board to require itpingement and entrainment reductions for each unit of a plant.

Further, as written, Track 2 violates the clear mandate in Section 316(b) by allowing a change in
“operation” of the plant as a substitute for “best technology available” to reduce adverse impacts.
Allowing a reduction or other juggling of the operation of ene or more units at a power plant is not the
same as meeting the mandate to improve the technology itself.

Staff has suggested that allowing Track 2 as a compliance alternative for limited types of facilities
- rewards these owners that have invested in more efficient generating units, While encouraging greater
~ efficiency in our overall generating capacity is a laudable goal, it is not a factor in crafting guidance
for full enforcement of the CWA. Further, these facilities have obviously found a financial incentive
to greater efficiency and re-powered some of their units without any incentive provided by an
unrelated exception to the rule.

¢. “Feasibility” Must be Defined to Ensure Consistent Implementation Among Regional Boards.

Under the current language of the Draft Policy for Track 2, plants can avoid meeting the best
technology standard under Track 1 if they can show to a Regional Board’s satisfaction that it is “not
feasible” for them to do so. Of great concern is the fact that “feasibility” is not defined. Without a
definition, there is risk that interpretations of “feasible” by Regional Board staff are likely to be
extremely divergent. Implementation of the policy will result in a hodgepodge of compliance
measures determined mainly by the persuasiveness of industry representatives at the regional level,
rather than by consistent and fair application of the performance standards across the state,

The policy must include a definition for the term “feasibility” in order to achieve the stated goal of

the Draft SER of providing “clear standards and guidance to permit writers to ensure consistent
implementation across Regional Water Boards,”'® State Board Staff indicated at the September 16,

2009 hearing in Sacramento that their intention was not to include economic considerations in the
definition of feasibility, but rather physical and technological feasibility. As noted above, economic
considerations were already built into the rule by allowing wet cooling towers, along with the lower
end of the performance range, as compliance in Track 1. ' ' -

We strongly urge the State Board to define feasibility in the final policy that articulates clear

physical, and technological standards for the Regional Boards to use. A better definition of “feasible”

"’ AES Huntington Beach L.L.C., Generating Station Entrainment and Impingement Study Final Report, (April 2005),
prepared by MBC Applied Environmental and Tenera Environmental, see Section 4.3.1 Entrainment Results;
“Southern California Time Series: SCOR WG125: Global Comparisons of Zooplankton Time-Series” (May 19,

2008), available at ht_tp://pIanktondata.net/time~series/calcoﬁ-sc us/index.html.

*® Draft SED, supra note 10 at p.14.
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would follow the generally-accepted definition of “capable of being done or carried out.”® This is the
definition being applied in New York State, which defines “feasible” as “capable of being done” with
respect to the physical characteristics of the facility site but does not involve consideration of cost.”*®
Application of this accepted definition of “feasible” allows Regional Board staff to apply objective

technical knowledge and focus on technological infeasibility.

We also encourage the State Board to direct Regional Boards to consider the state funded feasibility
studies already completed on behalf of the State Board and the OPC when evaluating technical
feasibility.”! Although the OPC study assumes that transition from OTC to closed-cycle cooling
would only occur by retrofit, it finds this scenario feasible for many of the coastal power plants in
California, including San Onofre Nuclear Generating Station and Diablo Generating Station.” In
reality, most of the coastal generators would likely repower to transition away-from OTC. Long Beach
Generating Station transitioned to dry cooling in 2007 through repowering. The El Segundo ‘
Generating Station and Encina Power Plant in Carlsbad have submitted permit requests to the CEC to
repower some of their units to dry cooling — with the plan to eventually retire the remaining units. In
fact, it is possible that the El Segundo Generating Station may retire its remaining units in the near
future to receive air quality credits necessary (o finish the repower project -- and Encina’s remaining

- OTC units should be retired within the [mplementation Plan timeframe. All of the properties for these
plants are relatively Jimited in space, but are evidence that repowering with dry cooling is a feasible,
efficient option. .

d. Calculation Baseline Should be Based on Generational Flow and Take into_Account the
Seasonal Variability of Larvae to Ensure Actual Reduction in Entrainment. '

~ The goal of the policy isto minimize actual damages to marine life. We are concerned that the
ambiguity in the Draft Policy for calculating impact reductions could result in little-to-no operational
change for many of the plants, in direct contravention of the Clean Water Act and the intent of this
policy to minimize marine impacts. Tt is unclear how reductions in marine life mortality will be
measured and a calculation baseline for Track 2 reductions will be determined. Track 2 requires
reduction in “impingement mortality and entrainment of all life stages of marine life for the facility, as
a whole, to a comparable level to that which would be achieved under Track 1;” however it does not
specify how reductions will be measured. Tronically, in 2002 the State Board raised with EPA during
comments on the federal Phase I Rule similar concerns about measuring reductions. In particular, the
State Board stated:

“The Proposed Rule is unclear as to how to measure the required reduction in impingement
and entrainment. Do you measure the reduction by counting the organisms impinged and -
entrained? Do you weigh the organisms impinged and entrained? If so, do you use dry weight
over wet weight? Do you have to measure the reduction for each life stage, or do you lump all
life stages together and use a combined count or weight?”>

We see the same problems with the State Board’s proposal and the challenges of measuring impact
reductions. For that reason. we urge the State Board to set flow as a proxy for entrainment by using

19 Merriam- Webster OnLine, hgp:/.’www.merriam-webster.com/dictionm/feasible Accessed 9.29.09.
20 gyate Water Resources Control Board, Scoping Document: Proposed Statewide Policy on Clean Water Act Section
316(h) Regulations, (June 13, 2006), Appendix II, at p.4. Available at: '
http;//www.waterboards.ca.gov/water issues/programs/npdes/docs/cwa3d 16b/316b_scoping,pdf Accessed 9.27.09
(<2006 Scoping Document”). .
i; Alternative System Analysis, supra note 8.

Id.
23 State Board Letter to US EPA, supra note 11 at p. 3.
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generational flow as a baseline. The 'anproach of using flow as a proxy for entrainment is supported bﬁ/
 the OTC Expert Review Panel and is a simple and clear method of calculating entrainment reductions.

State Board staff has considered various options for establishing a baseline on flow, including
permitted maximum flow (also known as design flow), actual flow and generational flow.
Generational flow is an appropriate metric to achieve actual reductions in marine life mortality, as it
reflects the flow actually required to generate electricity, and would not aliow compliance to be based
on elevated intake during periods of non-generation. Reductions based on permitted maximum or
actual flow raise further concern.

. Simply reducing flows based upon the permitted maximum flow will not truly achieve entrainment
reductions at many OTC plants in California, as most facilities operate well below their permitted
maximum flows at what is commonly called, actual flow. Furthermore, at some coastal power plants,
the actual flow is significantly greater than the generational flow. For example, generating Units 1 & 2
at El Segundo Generating Station ceased producing electricity in 2002; however the mean annual flow
at Intake 001 (which draws in cooling water for Units 1 & 2) from 2002-2004 continued at or above
the level prior to 2002 in order to prevent biofouling.** Therefore, if the State Board chooses to base
entrainment reductions on permitted maximum flow or actual flow instead of generational flow, actual
entrainment reductions may not be achieved. o

If flow is used as a proxy for entrainment, the policy should also specify a time period for the
determination of baseline flow from which to establish entrainment reductions. Otherwise, if facilities
are given discretion to independently establish their baseline flow and actual flow is used as the metric,
they may elevate their actual flow levels beyond the necessary amount for generation to augment the
baseline (yet still remain within their permitted flow levels). This would make it easier for generators
to comply with the policy without actually achieving true entrainment reductions. Such an approach
echoes similar problems with early efforts to reduce residential water use in the face of droughts —
those overusing water when the baseline was set were “rewarded” while conservers were punished.

- There has been a steady decline in the use of cooling water at coastal power plants over the past
decade. It is critical that recent flow information be used to establish a calculation baseline to best
reflect current conditions. Therefore, we recommend that average generational flow over the 5-vear
period preceding this policy (2004-2009) be used as the baseline.

e I_mpingément and Entrainment Impact Monitoring Provisions Should be Strengthened.

- The Draft Policy only requires 12 consecutive months for facilities to determine past impingement

- and entrainment impacts to use as a basis for future impingement and entrainment reductions under
Track 2. This design fails to account for annual variability and source water depletion in the
determination of baseline impingement impacts. It also gives discretion to power plant operators to
choose an advantageous 12-month period that would potentially create a scenario where impingement
and entrainment reductions are easier to meet. As mentioned above, we recommend generational flow
be used as a proxy for entrainment, We further recommend that current source water monitoring be
used to help provide a basis for compliance monitoring of Track 2 controls. Most facilities have
conducted impingement monitoring (species impinged and impingement rates) for the last decade or
more; this data should be used to help determine baseline impingement impacts to minimize any bias
due to annual varjability and provide a reference for Track 2 compliance monitoring.

* El Segundo Power, LLC, £l Segundo Generating Station flow data 1996-1999 & 2000-2004, El Segundo Power

GS, CA0001147, CI-466. Avaiiable at
hitp://www.waterboards ea.gov/losangeles/water issues/prosrams/power plants/index.shtml. Accessed 9.29.09,
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Section A.1(b) of the monitoring provisions requires that impingement and enirainment be
measured during “different seasons™ when the cooling system is operating. This requirement is overly
general and may provide the power plant operator discretion to choose monitoring times that reflect
select impingement and entrainment reductions, but do not accurately reflect true reductions. Periods
of peak use (such as the summer months when energy is in high demand) and biofouling maintenance
should be included in the monitoring provisions to ensure accurate reflection of impingement and
entrainment impacts and reductions. '

f. After Track 2 Controls are Implemented, Permittees Should be Required to Pérform Regular
(Monthly) Impingement and Entrainment Monitoring.

The monitoring provisions in the Draft Policy currently require 12 consecutive months of
monitoring after Track 2 controls are implemented. As previously discussed, this limited time frame
will not reflect annual variability. It will also fail to reflect any changes in the effectiveness of Track 2
controls (¢.g. increased impingement due to biofouling or other complications). Regular (such as
monthly) monitoring should be required to accurately reflect the ability of Track 2 controls to meet
impingement and entrainment reduction requirements. Regular monitoring by permittees is not a new
concept under the State Water Board; NPDES waste water dischargers are required to perform
continuous monitoring of constituents in their discharges for the entire lifespan of their permit.
Likewise, once through cooling permits should require impingement and entrainment monitoring
throughout the permit lifecycle to capture seasonal and annual variability, and to ensure that accurate
information is provided regarding the effectiveness of Track 2 controls at meeting marine life
mortality reductions.

111 WHOLLY DISPROPORTIONATE DEMONSTRATION
a. The Wholly Disproportionate Demonstration Exception is not Necessary and Should be
Removed.

The inclusion of an exception for a Wholly Disproportionate Demonstration presents a host of
problems and provides industry with yet another unneeded exception in this important policy. For the
reasons explained below, this exception should be removed.

First, there is no valid reason for the State Board to provide more excuses for continued harm
1o our waterways than even the U.S. Supreme Court says is required.” The Draft SED properly notes
that this exception is not required® and that at the state level, cost-benefit approach is “not a common
practice.”” Moreover, unlike the federal rule, which attempted to regulate more than 500 facilities
nationwide, California is faced with a relatively small number of facilities using once-through cooling.
Given the work already performed by various state agencies to address this problem, it seems the State
Board should be able to adopt a policy without this exception. Indeed, based on available information,
it is far easier for the State Board to conclude that the economic benefits of our coasts make closed
cycle cooling worth the costs to retrofit. Moreover, public policy based on sound economic principles
dictate the internalization of environmental externalities such as those caused by once through cooling.

Second, the Policy as drafted already contemplates economic considerations. For example, the
Draft SED recognizes that dry cooling has not been chosen as BTA because of some cost
considerations.®* Moreover, not withstanding a recognized range of 93-97% achievable reduction in
intake through closed cycle cooling, the Draft Policy chooses the low end of that performance range —

® Entergy Corporation v. Riverkeeper (2009) 556 U.S. _ {129 S.Ct. 1498].
% Draft SED, supra note 10 at p. 80.

2 Id. atp. 79.

B 1d atp. 57.
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- 93% reduction — rather than the high end of the range, 97% reduction. While not completely clear in
the Draft SED, the basis for this also seems to be economic in nature. Finally, economic
considerations also appear inherent in the grid reliability exception.

_ -Third, inclusion of 2 Wholly Disproportionate Demonstration does not promote the stated
goals of the Draft Policy, namely producing clear guidance and reducing the burden placed on the
Regional Boards as well as migrating away from case-by-case best professional judgment
application.” Indeed, by deferring to the Regional Boards on one of the more significant and intensive
portions of the Policy, the State Board is essentially leaving the most difficult decisions to the
Regional Board. Intensive economic studies will be required and even then Regional Boards will still
be left determining what the remaining “extent practical” standard will be if a facility qualifies for the
exception. This will not save time, create consistent permits nor reduce the burden on the Regional
Boards. '

Fourth, the Wholly Disproportionate Demonstration invites litigation at both the State Board
and Regional Board level. At the State Board level, industry has already expressed a desire that the
exception apply to all facilities, not just those identified in the Draft Policy. This could lead to
litigation instead of a shift to modernizing California’s power plants. Litigation will be pursued at the
Regional Board level because of the disparity in resources and inconsistent approaches. The numerous
difficulties of accurately measuring both the benefits and the costs lend itself to extensive dispute —
resulting in extensive litigation. As discussed in the Riverkeeper cases and analysis of the State Board
- itself, benefits also are typically undervalued and subject to inconsistent approaches, especialty when
compared to costs. *® For example, industry already disputes any non-use valuation methodologies and
likely will continue to do so at the Regional Board level. Further, this approach moves the debate
away from technology and more towards water impacts —which often is more contentious and more
difficult. Moreover, “Congress rejected a regulatory approach that relies on water quality standards,
which is essentially what [industry] argues in focusing on fish populations and consequential
environmental harm.”" :

Finally, as is discussed more fully below, we agree with the rationale and ruling of the Second
Circuit Federal Court in the Riverkeeper cases® that benefit/cost analyses are unworkable. Accurately
quantifying the impacts of entrainment and impingement from an ecosystem-wide perspective is
beyond the abilities of the current state of marine sciences. Further, the numerous difficulties of
accurately measuring both the benefits and the costs lends itself to unlimited dispute — resulting in
unlimited litigation. In contrast, eliminating this unworkable exemption to the rule eliminates any
potential for the inevitable disputes, disparities between Regional Boards’ decisions and the resulting
litigation and unpredictable final results.

In 2002, the State Board expressed uncertainty about the usefulness of a wholly
disproportionate analysis in the U.S. EPA’s draft Phase I rule. In a letter from then Executive
Director Celeste Cantu (attached), the State Board stated that:

Our experience is that it is difficult to obtain agreement on costs or benefits. The result is a
long series of arguments involving dueling cost/benefit analyses. Cost estimates vary widely
between estimates generated by the applicant and those generated by independent consultants.
Estimates of biological impacts are even more variable, and the applicant often asserts that

*Id, atp. 14.

* See, infrap.10 and notes 32, 33.

*! Riverkeeper, Inc. v. U.S. EP.A., 358 F.3d 174, 196 (2™ Cir, 2004).
* Id; Riverkeeper, Inc. v. U.S. EPA, 475 F.3d 83 (2™ Cir. 2007).
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there will be no net impact. Even if agreement could be obtained on the benefits to a biological
community of meeting the performance standards, agreeing on the monetary value on this '
benefit would still be difficult. If U.S. EPA decides to adopt this portion of the Proposed Rule,
we request that the Proposed Rule require the applicant to fund an independent analysis. We
also request that "wholly disproportionate” be substituted for "significantly greater” to ensure
that site-specific determinations will only be used in unusual circumstances. A rule that

requires cost/benefit analyses for most decisions will be difficult to administer.”

The inevitable disputes invited by this exemption has the potential to undermine the Implementation
Schedule. In contrast, the removal of this exemption is consistent with the US Supreme Court ruling in
Entergy,* because it would significantly reduce potential litigation, and eliminates an unnecessary
loophole that undermines otherwise clear guidance for compelling use of the best technology available.

i. Calculating Benefits

First, it is currently impossible to accurately determine what is considered a “sustainable yield” for
the majority of species controlled under fishery management plans.”> Compounding this problem is
that the data on non-commercial species is, for the most part, equally poor, if not more so. Further,
there is limited information about the role of both commercially valuable species and non-commercial
species in the marine ecological system and impossible to quantify in any discrete conclusions.
Finally, the complexities of an ever-changing ocean physical environment results in unreliable data for
long-term ecosystem based management. Not only is the ocean a physically dynamic place involving
El Nino events, oscillating regime shifts, and other factors that have limited understanding, knowledge
about these complex dynamics is complicated by the on-going effects of climate change.

Simply put, we currently do not adequately understand the numerous complexities of the ocean
environment, including the marine living resources and the physical processes, to accurately determine
the impacts of entrainment and impingement cither in an immediate “snap shot” -- or more importantly
in the long-term. Moreover, traditional benefit analysis also tends to reward facilities in degraded
waterways because the benefits are more difficult to accurately calculate due to the long term
degradation of the resource. : :

Second, given the limits of science to accurately determine the adverse impacts on the
environment, quantifying the impacts in monetary or any other comparable terms to compare the
benefits of reducing entrainment and impingement to the cost of improved cooling technology is
simply impossible. Indeed, “neither statute, regulation, nor guidance memorandum dictates how
benefits should be assessed.”® Moreover, “EPA does not believe that [it is] necessarily required to
prepare any monetized assessments at all.”*" Further, in order to avoid an underestimate of benefits,
“sare should be taken to assure that quantitative factors do not dominate important qualitative factors

33 State Board Letter to US EPA, supra note 11.

3 Entergy Corporationv. Riverkeeper (2009) 556 U.S. __[129 S.Ct. 1498] (cost-benefit considerations allowed but
not required).

35 California Department of Fish and Game, California’s Living Marine Resources: 4 Siatus Report, (December
2001).

3% U.S. Environmental Protection Agency “Response to Comments: Public Review of Brayton Point Station, NPDES
Permit No, MA00036354 (Oct. 3, 2003) at IV-18-317 Auvailable at '
ht_tp://www.epa.gov/region(}l.’braﬂonpoint/gdfs/ﬁnalpermi‘f/sectionIV.pdf Accessed 9.28.09 (*Brayton Point
Response to Comments™).

Y Id. atp. IV-24.
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in decision-making.”® The complexity of the issue is showcased by the fact that the State Board Draft
SED fails to mention benefits at all in the Economic Analysis section.”

ii. Calculating Costs

It is also important to note that there is an assumption that the calculation of the cost to
implement BTA is relatively straightforward in comparison to calculating the benefits. While it is true
that estimating costs has the advantage of calculating variables that are “monetized” in the market, that
relative ease of calculating costs does not eliminate disputes Efforts at estimating the cost of
compliance are a source of controversy amongst experts.*” For example, estimates are dramatically
impacted by choice of discount values as well as terms of amortization (e.g. 20 or 30 years*!) for
capital projects of this nature. It is also important to put costs in perspective. Hundreds of millions of
dollars in capital expenses— once spread out over time and across the population — equal a change of 6-
18 cents a month in terms of household costs, for example.”> Moreover, as EPA noted in the adoption
of the Brayton Point power plant in Massachusetts, the courts have been clear that under the analogous
BPT Wholiy d:sproportlonate cost test, environmental controls might be required where costs could
cause some ‘economic dislocation” and even plant closures to achieve the stated environmental
objective.” While this approach is generally supported by the environmental community, this also
leads to debate with industry. In addition, there is another benefit that is often overlooked when
viewing costs: costs drive conservation as well as the more efficient use of resources.

There has been a great deal of effort already invested in trying to craft a benefit-cost rule for
enforcing CWA Section 316(b). This considerable effort has not resulted in a standard formula that i 18
workable — nor would it benefit the industry with clear guidance for future planning or investment.

- Arguably, efforts to craft a benefit/cost exemption to the rule compelling the use of best technology
available stand as a clear example of why a mandate passed by Congress in 1972 remains unenforced.
We strongly agree with the Riverkeeper decisions that this exemption is simply unworkable and should

. be removed from the final Guidance Document.

b. The Wholly Disproportionate Demonstration Fails to Artlculate the Benefits of Reducing
OTC.

The Draft Policy currently relies on calculating the benefits of compliance in several ways and
raises several concerns:

Entrainment: :

First, the Draft Policy requires documentation of the benefit of reducing entrainment “...in terms of
‘habitat production foregone’, or some other appropriate method approved by the Regional Board.”
This language explicitly invites disparity and inconsistency by the several Regional Boards in
determining what methodology to use. Again, this type of ambiguity results in inconsistent
enforcement of the rule, costly disputes and implementation, and the strong likelihood of resorting to
the judicial system to enforce the law.

B Id atp. IV-21.
3% Draft SED, supra note 10 at pp. 108-110,
* For examp]e the State of New York has applied a very different attempt to calculate costs after comments from

experts in economics.
* See e.g. Id at IV-34 (“EPA believes that 30 years is a reasonable estimate of the useful life of fiberglass cooling

towers.”)
*U.S. Environmental Protection Agency, Brayton Point Station Fact Sheet, Available at

http://www.epa. gov/region01/braytonpoint/pdfs/finalpermit/braytonpeintfactsht2003. pdf. Accessed 9.29.09.

* Brayton Response to Comments, supra note 32 at p. IV-16.
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We strongly urge the Board to first and foremost set the clear standards for any attempt to calculate
the benefits of reducing entrainment, including:
o the methodology must be the “best science available”; : : —
e given the unavoidable complexities of calculating the eco-system impacts, the method should
include the “precautionary principle™;
e the method should calculate “full replacement™; and
o opportunity for public comment. '

Given these standards, the use of “habitat production foregone” (HPF) will fall short and should not
be a suggested methodology. We strongly urge the Board to consider a “restoration scaling”
methodology in an effort to more accurately reflect “full replacement™ value.* Additionally, the
policy should incorporate a strict and definitive margin of error to compensate for the lack of certainty
inherent in calculating the benefits to a natural ecological system that is so poorly understood. Further,
in order to avoid an underestimate of benefits, care should be taken to assure that quantitative factors
do not dominate important qualitative factors in decision-making. It also should be clear that itis
perfectly appropriate for the Regional Boards to include non-monetized and qualitative benefits in
their consideration. :

Impingement

It is not clear why the sub-section 4(AX2)(b) concerning impingement is not similar in detail to the
section on entrainment. We strongly urge the Board to include the recommendations above regarding
entrainment reduction benefit calculations in the sub-section on attempting to calculate the benefits of

reducing impingement.

¢. There is No Basis For Givin_g Gas-Fired Facilities a Wholly Disproportionate Exception.

The Economic Analysis in the Draft SED essentially concedes that based on capacity on a cost per
MWh basis, all of the gas-fired facilities experience simjlar and only modest costs associated with
phasing out once-through cooling. To the extent that the final policy retains the wholly
disproportionate exemption, it should do so on a more limited basis. Based on data in the Draft SED,
the two nuclear plants are the most likely facilities to face real retrofit cost and downtime constraints.*®
When these two facilities are taken out of the equation, statewide costs of retrofit drop significantly M
Tt is.also not clear why the gas-fired facilities that repowered over the last several years using
antiquated and environmentally destructive cooling technology should now be given a competitive
advantage over similar plants that will repower over the next several years.

Although new gas turbine units are more efficient than older facilities and, therefore, tend to use
~ somewhat less intake water per kilowatt of output, they nevertheless consume hundreds of millions of
gallons of intake water per day and destroy billions of marine organisms in the process. Moreover,
" because these units are very new, unlike the nuclear plants, they will continue to wreak environmental
destruction for many decades to come. Had these facilities properly employed BTA at the time of their
recent repower, they would now be amortizing those costs. There-is no legitimate reason for allowing
them to avoid BTA compliance for the next several decades.

4 peterson, Charles H, et al: Scaling restoration actions in the marine environment to meet qualitative targets of
enhanced ecosystem services, Marine Ecological Press Services, Vol. 264, 173-175, (December 15, 2003).
* Brayton Point Response to Comments, supra note 32 at p. 18-31.
4 Draft SED, supra note 10 at p. 110.
4 Without the nuclear facilities, the costs on page 110 of the Draft SED drop from staff’s estimated 0.45 cents per
kWh to 0.157 cents per kWh and drop from a range of 3.5%-8.7% to a range of 1.2%-6.9%.
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Accordingly, we urge the Board to exclude the gas-fired facilities from any available wholly
disproportionate exemption. At the very least. older units at the same plant that have not vet been
repowered ciearly should not be entitled to utilize a cost exemption, ¢ither as part of a permit renewal

or as part of a permit for a repower.

IV.NUCLEAR PLANTS
a. Nuclear Plants Shouid Not Be Exempted

The two nuclear plants, Diablo Canyon and San Onofre Nuclear Generating Station (SONGS), each
use 2.5 billion gallons per day of seawater* and account for nearly two-thirds of the once-through
cooling water utilized by the state’s.combined population of coastal nuclear and natural gas-fired
steam boiler plants.* Because of the enormous amount of water withdrawn from the nuclear plants,

- their impacts on the local marine ecosystem are quite significant. For example, it has been
documented that SONGS has destroyed over two hundred acres (59,000 kelp plants) of kelp forest.
This, in tum, caused the displacement or death of thousands of individuals from numerous other
species. In total it is estimated that the kelp fish population in the area has declined by 80%, all due to
that single plant.”® Also, the argument that SONGS has already mitigated environmental harm does
not hold up because of the court ruling prohibiting mitigation as a substitute for compliance with
Section 316(b). Although SONGS restoration efforts have been important, additional restoration is
required to make up for the impacts caused by the nuclear power plant until they comply with
requirements. : : .

Despite these clear harms from the nuclear plants, these facilities are given numerous exceptions.
Most notably, the nuclear facilities are given an exception for nuclear safety and one if special studies
result in “alternative” recommendations. These exceptions are in addition to the Track II and Wholly
Disproportionate exceptions, which are also available to the nuclear facilities. _

Although the safety of nuclear power plants should always be an important concern, in Riverkeeper
I the court found that there was “adequate consideration by the EPA of the nuclear plants concerns”
and upheld that Section 316(b) does apply to nuclear facilities and that additional exceptions beyond
safety were not required.”® Yet, leaving the compliance determination solely to the operator is
inappropriate in providing a safety exception. The Nuclear Regulatory Commission, the State Board
and the plant owner/operator should all be part of any safety exception in order to ensure
accountability, and the decision and information leading to it should be made available to the pubiic.
Furthermore, the State Board should clarify in its final policy what information that is required for

- “appropriate documentation” to make any decision about safety and nuclear plant requirements under

the policy. A formal recommendation or requirement from the NRC is an important and necessary

part of any such safety consideration. '

b. Special Studies on Nuclear Plants Should be Conducted by a Third Party and Peer Reviewed.

The Draft Policy calls for special studies to “investigate alternatives” for the nuclear plants to meet
the requirements of this policy and calls for a review committee to oversee the special studies and to
provide a report for public comment detailing the results of the studies within three vears of the
effective date of the policy. Other than for safety reasons, we disagree with the general notion that
nuclear facilities should be given another special exception to the policy or from the requirements to

48 Issues and Environmental Impacts Associated with OTC, supra note 1 at, p. 12, Figure 1.
* Draft SED, supra note 10 at Table 2-3, p. 31-32. . :
*UN Atlas of the Oceans (2002), http://www.oceansatlas.org; see also CA Dep’t of Fish and Game, California’s

Living Marine Resources: A4 Status Report (December 2001 ). .
* Riverkeeper, Inc. v. U.S. EPA, 475 F.3d 83 (2" Cir. 2007); see also Draft SED, supra note 10 at p. 46,
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achieve BTA. Rather, the only purpose of this special study should be to determine sow nuclear
facilities will achieve either Track 1 or Track 2 (not “alternatives” to those provisions). This language
in the policy should be clarified to indicate that type of approach. In that vein and that vein alone, we
would support the inclusion of a review committee and ask that the State Board clarify that the review
committee will also be involved in setting the parameters for the third party study before it begins.

Further. we urge the State Board to ensure that all studies included in the decision making process are
peer—reviewed‘

V., INTERIM REQUIREMENTS .
a. Interim Requirements Should Not Distract from Planning and Compliance with the Actual
Policy Requirements.

We support the general intent of the interim requirements to immediately reduce negative impacts
to our marine and estuarine ecosystems; however the complexity of these requirements raises Concern.
If interim requirements are included in the final policy, we urge the State Board to clarify that
compliance with the actual policy is of primary importance, and further refine the requirements for the
interim measures to ensure streamlined compliance.

Technology to prevent the entrainment of organisms such as marine mammals and turtles (such as
Jarge organism exclusion bars) and restoration are beneficial measures in the interim, but neither will
satisfy the compliance goal of reducing impingement and entrainment by 90%. By comparison,
NPDES permits often have interim requirements for certain constituents while a waste water treatment
plant installs new technology to improve effluent water quality, but neither these interim requirements
nor any past actions count towards compliance with the final effluent limitations. There is no reason
that power plants should be provided special treatment or credit for mechanisms employed to
remediate the past and present environmental damages caused by OTC.

Also, for even improved clarity, it is important that this definition make a distinction in the
“Immediate and Interim Requirements™ that the prohibition of seawater intakes is not an “interim”
requirement — but a permanent and “immediate” requirement.

b. Critical System Maintenance Should be Defined

Currently interim requirement C(2) allows the intake of water to occur only during “power
generating activities or critical system maintenance.” While “power generating activities” are defined
in section 6 of the Draft Policy, “critical system maintenance” is not. “Critical system maintenance”™
needs to be clearly defined so that it does not allow for continued flows for co-located desalination
facilities or other practices not included in “critical system maintenance.” Without definition, this
provides a significant loophole for plants to continue intake flows, which is contrary to the intention of
this policy to actually reduce impacts to marine life. We suggest defining “critical system
maintenance” to only include activities that are critical for maintenance of a plant’s physical
machinery and absolutely cannot be postponed until the unit is operating to generate electricity. This
will help protect against the intake of excess cooling water when no power generation or essential
maintenance operations are being performed.

c. Restoration should not be confused with Mitigation.

Currently the interim measures outlined in section C(3) provide three options for compliance: a) - -
demonstrating that the owner or operator is compensating for interim impacts through existing
mitigation measures, b) participating in funding an appropriate mitigation project, and c) developing
and implementing a mitigation program for the facility approved by the Regional Board. We are
concerned by the use of the term “mitigation” in all of these elements, as that is a term also used in the
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California Water Code Section 13142.5(b) which establishes standards for regulating new power plant
cooling technology and other industrial seawater intakes. “After the fact” restoration as an alternative _
to implementing BTA has been plainly rejected by the Courts.”” However, we are not opposed to

mandating restoration as an interim measure while all units come into compliance.

To avoid future confusion in defining the term “mitigation” when enforcing the Water Code for all
intakes of seawater for industrial purposes, we encourage the replacement of “mitigation” with the
term “restoration.” We do not believe the two terms are synonymous. Furthermore, as previously
stated, we urge the State Board to not only account for interim damages caused by OTC between
adoption of this policy and compliance by facilities in this section, but also for past-entrainment and
impingement by coastal power plants.

We also urge the State Board to prohibit credit for past mitigation efforts as counting toward
compliance with interim requirements. The general intent of the interim requirements is meaningless if
the State Board chooses to give credit to power plants for their past mitigation efforts through Coastal
Commission or other permitting processes. Therefore, we recommend the deletion of intering

requirement section C(3)(a).

d. Plant Owners and Operators Should Fund Restoration Projects Designed and Implemented
by Government Agencies.

Due to the complexity of restoration projects, we urge the State Board to simplify the interim

restoration requirements and exclude section C(3)(b) and (c) of the Immediate and Interim

Requirements Section and instead require that coastal power plant owner and operators participate in
funding of restoration projects that are designed and managed by ex erienced entities with knowledse

in restoration scaling and ecosystem-level restoration project design and implementation, such as the

California Coastal Conservancy or Santa Monica Bay Restoration Commission.

The design and execution of ecosystem-level restoration projects requires significant time,
resources and expertise— without the right expertise and direction, restoration efforts can be very
expensive without the intended results.. For example, over five vears and hundreds of thousands of
dollars were invested deliberating over how to replace the loss of fishing opportunity caused by
contaminated sediments under the Montrose Settlements Restoration Program.” The restoration
deliberations for San Onofre Nuclear Generating Station and El Segundo Generating Station
repowering projects also required significant time and funds. How will the Regional Boards streamline
these processes and ensure the development of a restoration plan that results in ecosystem-level
benefits? Furthermore, how will the State Board address the problem of maximizing restoration, but
avoiding compromises to ecosystem integrity? For example, fish hatcheries are often used as
restoration measures (unfortunately, ineffectively in many cases), but are a species-specific approach
that can cause adverse environmental impacts such as habitat degradation and water quality
impairments when not properly designed.

Another critical question is: what is the appropriate restoration ratio for the impacts caused by
OTC? The Californja Coastal Commission spent years trying to identify an appropriate mitigation ratio
for various damages, and this issue still comes up for debate before the Commission for many

** Riverkeeper, Inc. v. US. EP.A., 358 F.3d 174, 189 (2™ Cir. 2004); Riverkeeper, Inc. v. U.S. EPA, 475 F.3d 83 (2™
Cir. 2007). '

* Montrose Settlements Restoration Program. (2006) Montrose settlements restoration program plan, programmatic
environmental impact statement, and Programmatic environmental impact report, Federal Register: January 2, 2001
Volurme 66, Number 1.
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restoration and mitigation projects. Clearly, restoration for ecosystem-level impacts is complex and
many questions need to be addressed before moving forward with appropriate measures.

e. Historic Source Water Depletion Should be Analyzed With the Use of Reference Sites and
Incorporated into Interim Requirements. '

We cannot go back in time to gauge the true impact of these facilities; however, we urge the State
Board to include reference location studies to better determine ecological productivity in areas without
impacts from OTC to more accurately assess impingement and entrainment impacts. These studies
must be multiyear studies to account for seasonal and annual variability and should be used to inform
interim restoration requirements (see Section 1l above). If local source water studies are used to assess
~ current OTC impacts, the impacts will be vastly underestimated. Accurate monitoring and assessment
of biclogical and resource impacts is critical, and the information must be used in an appropriate
manner that does not artificially underestimate historical abundance and diversity and the
requirements of restoration costs in the Immediate and Interim requirements.

As documented in U.S. EPA, CEC, and other agency records, the persistent use of OTC at coastal
power plants has clearly contributed to the loss of biodiversity and the documented population decline
of many marine species over the past 50 years. Although we support the simple approach-of using
generational flow as a proxy for entrainment to achieve marine life mortality reductions in Track 2,
this approach does not account for potentially depleted source waters surrounding OTC facilities, and
may bias the actual achievement of marine life mortality reductions. To maintain the simplicity of the
policy, we urge the State Board to account for historic impacts caused by OTC in the final policy as an
interim requirement. ' : '

We recommend an approach involving reference site monitoring to help gauge larval and

lanktonic marine life densities at similar sites not impacted by power lants. stormdrains or point

- sources. and utilize this information to help designate the interim re uirement to mitigate past and
present impingement and entrainment impacts before policy compliance. Reference baseline

 characterization studies should be conducted over multiple years (at least four years and repeated at
least once every five years thereafter) to account for seasonal and annual variation. The scientific
community broadly accepts the use of reference sites in study design to determine the extent of
environmental impacts. These studies typically use a control, or reference site, to provide the data
necessary to make comparisons between an impacted and unimpacted site and quantify the ecosystem
effects of an environmental stressor.”*

In addition to academic studies, reference sites have historically been used in management to
determine the extent of industrial impacts on marine and coastal resources. For example, both
Hyperion Treatment Plant’s and the Joint Water Pollution Control Plant’s permits have historically and
continue to require monitoring both within their outfall impact zone and at reference stations to
determine the impacts of sewage discharge to benthic community composition and species
abundance.”® We urge the State Board to incorporate this type of an approach into the assessment of

marine life impacts of OTC generators.

54 Schroeter ef al., “Detecting the Ecological Effects of Environmental Impacts: A Case Study of Kelp Forest
Invertebrates,” Ecological Applications, Vol. 3, No. 2., May 1993; Osenberyg et al., “Detection of Environmental
Impacts: Natural Variability, Effect Size, and Power Analysis,” Ecological Applications, Vol. 4, No. 1, Feb 1994,
Sphillips, SCCWRP, Hyperion Monitoring Report, Available at:

http:/Fwww lacity.org/ SAN/EMD/products/ pdffSMB_Reports/200 1_02/Chapterl.pdf. Accessed 9.29.09
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VI. IMPLEMENTATION SCHEDULE & MILESTONES
a. A Statewide Policy Should Be Adopted and Implemented as Soon as Possible.

The State Board has been working on this policy for over four years. We encourage the Board to -
move forward with adopting and implementing a policy with clear deadlines as soon as possible. In
carly 2007, directly after the Second Circuit Court of Appeals decision in Riverkeeper II, the U.S. EPA
sent a memo to the Regional Administrators directing them to institute best professional judgment
regarding permits under section 316(b) of the Clean Water Act.* Specifically, U.S. EPA headquarters
directed the Regional Offices as follows: :

With so many provisions of the Phase II [existing facilities] rule affected by the [Riverkeeper
11} decision, the rule should be considered suspended . . . . In the meantime, all permits for
Phase II facilities should incfude conditions under section 316(b) of the Clean Water Act
developed on a Best Professional Judgment basis.>’

Despite this specific direction from U.S. EPA and the guidance provided by Riverkeeper I, the
Regional Water Quality Control Boards (“Regional Boards™) have failed to properly reissue NPDES
permits for power plants using OTC. Out of the 19 plants currently using OTC, 15 have NPDES
permits that bave already expired; Regional Board staff has stated that they are waiting for the
statewide policy to update these overdue permits. At the end of 2009, one more plant will have an
expired NPDES permit, which means that 84%of the plants using OTC will have overdue permits by
the end of 2009 because of the delayed policy.

b. The Statewide Advisory Committee should be used to Streamline Permittihg Processes.

. We applaud the State Board for its coordination and partnership with other involved agencies.
However, it is imperative that such coordination facilitates, rather than delays, this process. Therefore
we recommend further use of the Statewide Advisory Committee on Cooling Water Intake Structures

SACCWIS) as a streamlining tool to expedite the various permitting processes before the multiple
agencies involved. Atthe September 16, 2009 hearing, we heard testimony from industry that in some
cases the compliance schedule is infeasible due to complex permitting requirements from other
agencies, such as the CEC, for the plant upgrades that would required by the Draft Policy. Because the
relevant permitting agencies including the CEC, CPUC, and California Coastal Commission are
members of the SACCWIS, we recommend using this group to expedite and streamline any permit
requirements from multiple agencies related to this policy.

¢. The Statewide Advisory Committee’s Role in Extending Compliance Deadlines Should be
Better Defined and Opportunity for Public Comment Should be Given.

The Draft Policy includes a provision to allow SACCWIS to review a power plant’s proposed
implementation plans ensure that the implementation schedule takes into account local area and grid
reliability. The SACCWIS is required to report to the State Water Board with “recommendations on
modifications to the implementation schedule every two years starting in 2013.” The language as
written is unclear and could be interpreted to require recommendations on modifications on the

. schedule. We urge the State Board to amend this language to make it clear that the SACCWTS should
only make recommendations on modifications to the schedule if necessary for grid reliability.

% Memorandum from Benjamin Grumbles, Assistant Administrator, UU.S. EPA to U.S. EPA Regional Administrators,
Implementation of the Decision in Riverkeeper, Inc. v. EPA, Remanding the Cooling Water Intake Structures Phase 11
Regulation (March 20, 2007),

" Id; see also 40 CFR § 401.14.
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Furthermore, the required findings for the SACCWIS to recommend a delay in the compliance
schedule are not defined, nor is the State Board’s “gppropriate” determination based on that
recommendation defined or a procedure prescribed. We'urge the State Board to include definitions in
this section and to make clear that the State Board will retain decision making authority on when and if
the compliance schedule is altered.

Finally, the Statc Board’s “appropriate” determinations of the SACCWIS timeline modifications
should provide opportunity for public comment. These decisions should not be made behind closed
doors, and the public should have the opportunity to review and provide comment on SACCWIS and
State Board recommendations. :

d. The Timeline for Compliance Should Reflect Other State Efforts to Move California Towards
Modern and Efficient Power Generation. '

Extending the life of these antiquated power plants not only prolongs the damage to our coastal
and estuarine ecosystems, but also extends the life of inefficient power generation in California. In its
draft report on repowering and retiring once-through cooled plants, the California Independent System
Operator noted that many of the older power plants being analyzed tend to have “higher greenhouse
gas emission rates and other pollutants than new generation sources.”® The compliance schedule
should reflect the numerous state efforts to move California towards renewable encrgy sources.

kK

We are long overdue for the state to embrace a policy on OTC that reflects Californians’ desire
to protect our valuable marine and coastal resources, while investing in a sustainable, environmentally
sound future energy supply. California has consistently set high standards for the protection of the

_state’s world-renowned coastal and marine resources, through the Marine Life Protection Act, the

* California Ocean Protection Act, and the Marine Life Management Act, among others. The State
Board’s policy on OTC should be consistent with these laws, with the Clean Water Act and Porter-
Cologne, and with other state laws and policies that commit California to a sustainable energy path.
We urge the State Board to expeditiously adopt and implement a state policy on OTC that charts an
environmentally sustainable course for California’s future.

Thank you for your consideration of our comments.

Sincerely,

Angela Haren Kelley : Mark Gold Joe Geever

Program Director President California Policy Coordinator

California Coastkeeper Alliance Heal the Bay Surfrider Foundation

akellev@cacoastkeeper.org mgold@heaithebay.org jgeever@surfrider.org

Zeke Grader ‘ Joshua Basofin Jim Metropulos

Executive Director California Representative Senior Advocate

Pacific Coast Federation of Defenders of Wildlife Sierra Club California
Fisherman’s Associations jbasofin@defenders.org jim .metropulos@sierraclub.org

zgmder@iﬁ'ﬁsh.org

58 Catifornia Independent System Operator, Old Thermal Generation Retirement and Replacement of Once-Thru
Cooling Long-Term Transmission Planning Study Version 2.0 (September 2007), p.1.
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Recognition of the critical importance of the sustain-
able delivery of goods and services from natural
ecosystems to human welfare, health, and economic
systems is rapidly growing (e.g. Lubchenco et al. 1991,
Daily 1996). Because the degradation of natural eco-
systems is so pervasive both on land (Vitousek et al.
1997) and in the sea (Botsford et al. 1997), especially
in coastal systems [Jackson et al. 2001}, interest in
restoration of natural resources, habitats, and services
is also increasing (Thayer 1992, Wilson 1992). Restora-
tion ecology may even become the dominant discipline
in environmental science during the 2ist century
(Hobbs & Harris 2001).

Restoration ecology and conservation biology share
the broad goal of managing human impacts on natural
-resources and ecosystems (Young 2000). Although
seminal books on the 2 disciplines appeared almost
simultanecusly (Jordan et al. 1987, Soule 1987), sub-
- sequent conceptual growth in conservation biology
has exceeded that of restoration ecology {Young 2000).
Consequently, technical restoration activity in both
terrestrial and marine environments has progressed
faster than the fundamental conceptual support for it
{Allen et al. 1997, Palmer et al. 1997, van Diggelen et
al. 2001}. A major goal of this Theme Section is to ex-
pose to wide review the conceptual bases for various
types of restoration projects so as to stimulate further
growth of the ecological theory required to advance
and improve restoration practices.

*Email: cpeters@email.unc.edu

One active and growing area of marine restoration
ecology invoives government-mandated restoration of
natural resources injured by environmental incidents,
such as oil and chemical spills, pollutant releases, or
physical destruction of habitat (e.g. NOAA 1997}
Federal laws in the USA, notably the Comprehensive
Environmental Response, Cleanup, and Liability Act

(CERCLA} of 1980, and the Oil Poltution Act (OPA) of

1990, dictate that restoration actions be taken to pro-
vide equivalent compensalion for losses or injuries to
natural resources held in pubiic trust and to the ser-
vices that those resources would have provided (Bur-
lington 1999). Natural resources under public owner-
ship include the air, water, and habitats, together with
the plants and animals within them. The federal and
state trustees of those resources are charged with the
responsibility to assess losses and injuries, to restore,

- replace, rehabilitate or acquire their equivalent, and to

cbtain a monetary settlement from the responsible
party to achieve this end. As an example of the devel-
opment of such compensatory restoration, Fonseca et
al. (2000} describe a process for quantitative matching
of injury to seagrass habitat against benefits flowing
from seagrass restoration projects.

~ Both CERCLA ‘and OPA depend upon the natural
science of ecology in 2 contexts: first for a natural re-
sources damage assessment (NRDA) and second for a
comprehensive restoration program that fully compen-
sates for those damages. Scientific challenges exist for

© Inter-Research 2003 - www.int-res.com
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each task. In damage assessment, the greatest chal-
lenges involve determining the metrics that best char-
acterize the health and services provided by the eco-
system and then assessing the degree of departure
from and rate of progression of natural recovery to
conditions that would have prevailed in the absence of
the environmental incident. Progress has been made
in resolving many -of the fundamental challenges in
assessing impacts {e.g. Schmitt & Osenberg 1996).
However, much new research is needed in developing
rigorous and reliable scientific methods for restoring
injured or lost natural resources and their ecosystem
services to targeted levels. Predicting the quantitative
consequences of any intervention into an ecosystem
represents a challenge for the discipline of ecology
{Lawton 1996). The demands for application of natural

science to fulfill governmental mandates for compen- .

satory restoration that is ecologically meaningful, sci-
entifically sound, cost-effective, and reliable may drive
further development of the conceptual foundation
for restoration interventions and thereby enhance the
capabilities of ecological science {Zedler 2000).

In this Theme Section, we intend fo advance the
conceptual basis of restoration ecology by publicizing
recent analyses of restoration actions to achieve com-
pensation for injuries to, and losses of, natural marine
resources and the services that they provide. The
papers illustrate multiple approaches to restoration,
developing the conceptual basis for choosing specific
restoration approaches and for scaling the intervention
to match the quantitative injuries. The studies were
conducted in response to 2 recent environmental inci-
dents, the 1996 tanker barge ‘North Cape’ oil spill in
Rhode Island and a 1997 process water spill from a
phosphate plant into the Alafia River estuary near
Tampa Bay in Florida.

Foci of the following papers in this Theme Section
range from restoration of individual species popula-
tions to rehabilitation of entire communities and habi-

tats. The contribution by French McCay et al. (2003a)

uses the American lobster to iHlustrate how compen-
satory enhancement of a harvested (exploited) species
can take advantage of a typically extensive body of

research to determine the factor(s) that limit popula- -

tion size and also how changing fishery regulations
provide unique opportunities for restoration. French
McCay et al, (2003b) demonstrate for other exploited
species, bivalve molluscs, how past scientific studies
of resource enhancement, including development of
hatchery technologies, permit juvenile seeding and
adult transplantation to achieve compensation for
losses. Donlan et al. (2003) assess the special chal-
lenges implicit in developing rigorous restoration
options for a threatened or endangered species, the
piping plover. Sperduto et al. (2003) synthesize avail-

able information on population limitation of loons, sea-
ducks, and other seabirds in New England, and con-
struct defensible restoration 'sca]ing. French McCay
& Rowe (2003) develop a logical conceptual basis for
scaling habitat restoration to compensate for the loss of
several species at multiple trophic levels. Peterson et
al. (2003) review available empirical data on quantita-
tive enhancement of neklon populations by restoring
oyster reefs in the southeast USA and apply demo-
graphic and growth models to estimate the species-
specific augmentation of fish and crustacean produc-
tion that is expected per unit area of oyster reef
restoration. Powers et al. (2003) present an analogous
synthesis and quantitative model to establish how
installation of an offshore artificial reef is expected to
affect fish production in the southeast USA. Kneib
(2003) combines a bicenergetic approach with a land-
scape perspective to develop realistic expectations for
augmentation of nekton associated with restoration of
salt marsh habitat. Finally, Peterson & Lipcius (2003)
use the preceding papers in the Theme Section to
suggest how the discipline of restoration ecology has
been and can further be advanced to better predict
(e.g. Zedler 2000) the consequences of ecosystem
interventions to restore natural living resources,
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ABSTRACT: Ecological theory does not currently allow precise predictions of the consequences of

ecological restoration. Ecological restoration an

d species enhancement projects could be profitably

used to test theoretically based predictions, but only if theory were first applied to develop quantita-
tive predictions suitable for testing. Here, we review what is known about factors limiting population
size and production of the American lobster Homarus americanus, and use that information to con-
struct a demographic life-table model of population dynamics, We then use the model to evaluate

alternative options for enhancing lobster populatio

n size and production. Because this species repre-

sents an example of a population subjected to intense human exploitation as a target of commercial
fisheries, which has stimulated much research on its biology, demographic modeling is facilitated.
Furthermore, intervention into the fishery provides a viable restoration option available only to
exploited species. We apply the economic concept of discounting (of future pay-back in the form of
restoration, analogous to being paid interest on a loan) to allow quantification of the scale of restora-
tion needed to compensate for both the magnitude of the estimated loss of American lobsters and the
time lags between loss and restoration following a major oil spill. Quantification of benefits is rarely
performed for restoration projects to guide compensation for natural resource damages caused by en-
vironmental incidents. The methods and approach developed here can help address this past failure
in order to provide compensating ecological and human services equal to those lost. The approach
represents a significant step forward in conceptually and quantitatively addressing restoration needs.
The methods may be applied to other species, especially those that are exploited by humans, but also
others that can feasibly be restored to mitigate impacts of adverse environmental events.

KEY WORDS: Restoration - American lobster - Population model : Limiting factor - North Cape oil
spill - Fishery - Natural resource damage assessment - Interim loss

INTRODUCTION

Widespread degradation of coastal marine ecosys-
tems and the goods and services that they provide
(Jackson et al. 2001, Peterson & Estes 2001) has stimu-
lated great interest in the restoration of marine re-
sources. Accordingly, restoration ecology has become
perhaps the fastest-growing discipline in environmen-
tal sciences (Young 2000). Much of the practice of eco-

*Email; dirench@appsci.com

Resale or republication not permitted without written copsent of the publisher

logical restoration and species enhancement is orga-
nized by government resource agencies rather than by
research scientists, yet these projects represent inter-
ventionis into natural ecosystems that could be used
effectively to test and improve the ecological theory
required to achieve the intended restorations. For
example, in the United States, when natural resources
are impacted by environmental incidents, such as oil
and chemical spills, pollutant releases, oT physical
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destruction of habitat, federal and state agents (‘irus-
tees’) are legally mandated to recover damages from
responsible parties and' to use those funds for restora-
tion (NOAA 1997). The restoration should, by law, pro-
vide ecological and human services equivalent to those
that were lost. In practice, however, many resforation
projects have been pursued with only limited confi-
dence that they might restore the intended level of
services. Quanfification of benefits is & particular chal-
lenge and is required to ensure that the scale of the
restoration project compensates for the estimated
magnitude of the injuries to the natural resources (i.e.
provides ecosystem and human services equivalent in
value to those lost),

Species restoration plans are based either upon re-
storation of habitat, which can have positive conse-
quences for a wide suite of species, or upon ecological
intervention designed for a particular species to relieve
some population bottleneck that lmits its abundance
(Peterson et al. 2003, in this Theme Section). Species-
specific interventions demand substantial, detailed
Information on the ecology of the species.
Nevertheless, to restore a species of particular value
{ecologically and/or economically), it may be prefer-
able to focus on species-explicil restoration options,
because such plans may provide more confidence that
the target species will benefit. Species-explicit restora-
tion projects manipulate one or more limiting factors to
population growth. Recovery plans for endangered
and threatened species (Clark et al. 2002) represent
examples of restoration projects that commonly in-
clude species-explicit intervention projects. When the
species to be enhanced is the target of a fishery or is
otherwise exploited, that species may often be best
restored by developing a species-specific set of manip-
ulations.. Typically, management agencies maintain
databases on catch and often on effort, as well as con-
duct research on commercially important species, thus
providing unusually detailed information needed to
develop a quantitative understanding of factors limit-
ing population size and growth. In addition, because
marine fish stocks are so severely exploited (Pauly et
al. 1998), management of fishing pressure to lower
fishing mortality provides a viable means of meodifying
population size, and thus a highly predictable tool of
effecting desired restoration in exploited species.

The American lobster Homarus americanus is clearly
representative of an exploited species of sufficient eco-
nomic value and ecological importance, as a top preda-
tor, to have stimulated substantial research on its basic
biology. The lobster fishery is the most valuable com-
mercial fishery of the Northeast United States (ASMFC
2000). In addition, the lobster is heavily exploited
and reduced to population levels lower. than those
which would provide the maximum sustainable yield

(Fogarty & Idoine 1988, ASMFC 2000). Thus, when an
oil spill from the barge North Cape killed millions of
lobsters in winter 1996, the responsible federal and
state trustees developed a species-explicit plan for
lobster restoration that considered manipulation of the
fishery to compensate for the loss of the lobsters: This
process of developing a quantitative model to guide
lobster restoration serves as an example of how to
advance restoration ecology in order to predict the
quantitative benefits of restoration.

Here we describe the scientific bases for estimating
the impact of the North Cape oil spill on the American
lobster population along the Rhode Island (USA) coast,
and for developing the restoration project that most
reliably compensates for the loss. We first review the
impact studies: estimated number of dead lobsters that
washed ashore; use of field sampling to estimate im-
pact by spatial and temporal contrasts of abundance
of living lobsters; and ecotoxicological modeling of oil
fates and the resulting acute mortality based on esti-
mated pre-spill lobster abundance. We then review-
lobster life-history knowledge to identify factors that
control population size and growth. For each of several
potential restoration options based on known limiting
factors, we use the population model to quantify the
scale of the restoration required to match the lobster
loss. Finally, we present the logical basis that led to the
selection of the restoration choice deemed most feasi-
ble for the case and likely to be effective.

ESTIMATING LOBSTER LOSSES

On 19 and 20 January 1996, during a severe winter
storm, the barge North Cape spilled 828000 gallons
{3134 000 1) of home heating oil {No. 2 fuel oil} into the
surf zone on the southern coast of Rhode Island, USA.
Most of the oil was mixed into the water column by the
heavy surf, resulting in high concentrations of toxic
components (i.e. polynuclear aromatic hydrocarbons,
PAHs) in the shallow waters near shore (French
MecCay 2003). Mortality of near-shore marine organ-
isms quickly became evident in the form of large num-
bers of American lobsters, surf clams Spisula solidis-
sima, other invertebrates, and fishes washed up dead
on the beaches. Counting these lobster strandings dur-
ing the first 12 d after the spill provided one means of
estimating the numbers of lobsters lost (Gibson et al.
199%a). Because this estimate inciuded only those dead
lobsters that washed ashore, and therefore under-
estimated total mortality, a second field method was
employed that involved sampling of the under-water
habitats to assess the difference in lobster populations
between impacted and control areas just after the spill
(Cobb et al. 1999},
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A total of 18297 stranded lobsters were sexed and
measured from transect and beach-sweep sampling to
provide estimates of sex ratjo (60 % female, SE=0.4 %)
and size-frequency distribution of dead lobsters by
5 mm carapace length (CL) intervals (Gibson et al.
1997a). Total number of oil-impacted and stranded lob-
sters was estimated by sampling Z x 200 m transects
parallel to the water line (along the deposition field of
the last high-tide and including areas of high and low
deposition and varying substrates) on each of 6 impact
beaches, daily at low tide from 20 January to 2 Febru-
ary 1996 until new strandings had declined dramati-
cally (to less than 10% of the minimurm from any of the
first 12 d). The transects were subsampled daily at
95 m intervals with 5 randomly placed 1 m? quadrats,
with the width of the deposition zone estimated {o
enable expansion of the density data. After the
quadrat-samples were taken, the entire 200 m beach
section was swept clear of dead lobsters, and subsam-
ples (by weight) of these sweep samples were sexed
and sized. Sampling on control beaches (by sweeping
the entire beach section clear due to very low inci-
dence of lobster strandings) was also done to establish
the relationship of the strandings to the spill. Daily
mean quadrat densities of killed lobsters were esti-
mated using a delta-distribution (Pennington 1983},
due to the high frequency of null observations and the
skewed distribution of the counts. Asymptotic mean

quadrat density was estimated using a Weibull func-

tion applied to the cumulative daily means; to allow for
additional strandings after the final day of sampling.
The asymptotic quadrat densities were expanded to
cover the entire beach area that accumulated stranded
lobsters (area is estimated as impacted shoreline
length times mean width of the depositional area),
resulting in an estimate of 2.9 million dead lobsters
stranded {Gibson et al. 1997a).

An estimate of the total kill of lobsters (9.0 million)
was made by contrasting densities based on combined
air-lift (<15 mm CL) and visual (>15 mm CL} samples
conducted by divers soon after the spill in impacted

and affected areas (Cobb et al. 1999). Side-scan sonar .

was used to map the boulder and cobble habitat that
lobsters utilize within and nearby the area of the spill.
The calculation of mortality involved assuming a. pre-
spill density of 1.76 lobsters m~2 (from Wahle & Incze
1997) uniformly distributed over the rock and cobble
reef area, developing a contour map of post-spill den-
sities, and integrating numbers lost over the entire
arca where post-spill density was less than the

assumed baseline (for a summary of the details of

methods and calculations, see Cobb et al. 1999). This
estimate of total lobster loss included a correction for

20% under-sampling of young-of-year (YOY: < 15 mm
CL) derived from tests of the airlift gear sampling effi-

. distribution in Table 1) is used to correct

Fraction

ciency. Data from the beach strandings were used as
the best estimate of size frequency of killed lobsters
(Fig. 1). The _strandings data underestimate YOY
because these small lobsters are small and fragile and
are likely to be lost or broken up in the surf. On the
other hand, the strandings data provide a more reliable
estimate of the size distribution of larger lobsters
killed. The diver-conducted visual sampling from
under water had a much smaller sample size, did not
adequately capture the more mobile and evasive
larger lobsters, and was done after the spill, so did not
exactly match the dates of the mortality. If the ratio by
number of YOY from airlift samples (corrected for 20%
under-sampling} to lobsters 15-85 mm from visual
density samples (i.e. from the pre-spill abundance
the size-
frequency distribution of stranded lobsters, the size
distribution of the kill would be slightly further skewed
toward the smaller sizes (Fig. 1). .
Lobster mortality was strongly skewed towards the
smaller size classes (Table 1} in the estimates derived
from sampling their habitat (Cobb et al. 1899). Only
ca. 15000 of the 9.0 million total lost lobsters were
adults (defined as »>85 mm CL and >5 yr of age); the
vast majority were juveniles, indicating the great

0.30
—a— Kill by Number, Strandings Distribution

0.25 1 ..w-- Kill by Weight, Strandings Distribution
—w— Kill by Number, Adjusted YOY

'0.204 —e— Bauivalent # at One Size Class
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000 : - T - T . T S ra—0
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Fig. 1. Homarus americanus. Lobster mortality by size class for the
North Cape oil spill. The size-frequency distribution of lobsters
killed was based on measurements of 18207 killed lobsters collected
from beach strandings after the spill. If % young of year (YOY) is ad-
justed using the ratio of <15 mm carapace Iength (CL) to 15-85 mm
lobsters as the estimated pre-spill abundance size-distribution
(Table 1), the size frequency distribution would be as indicated. The
equivalent numbers at one (index) size class, which indicate the rela-
tive impacts by size, are calculated by multiplying (dividing} the
pumber killed in a size class by the survival rate to (from) the index
size class. The frequency distribution of the kill by weight is calcu-
lated by multiplying the numbers in each size class (based on the
stranding-size distribution) by the wet weight per individual in that -
size class, derived from a length-weight relationship fit to data on
Rhode Island lobsters




180 . Mar Ecol Prog Ser 264: 177-196, 2003

Table 1. Homarus americanus, Estimated pre-spill abundance

and kill by carapace-length size class {CL in mm, midpoint of

class} of the American lobster. The kill estimate was derived

from comparisons of density inside and outside the spill area

by air-lift and visual sampling soon after the spill (Cobb et al.

1999), combined with length and weight measurements of
killed lobsters stranded after the spill

CL (mm) Abundance (ind. m™®) Kill (#) Kill (kg}
7 . 0.0000 3436 1
12 0.3600 889894 1491
17 ©0.3953 2300217 10706
22 0.2849 1657647 16438
27 0.2119 1232654 22201
32 0.1396 812380 - 24183
37 : 0.1002 582972 26569
42 0.0812 472614 31241
47 0.0557 323872 29778
52 0.0393 228510 28265
57 0.0288 167335 27 095
62 0.0224 130147 26970
67 0.0137 79468 20675
72 0.0113 65975 21200
77 0.0077 44985 17602
82 0.0055 31788 14960
87 0.0015 8696 4868
92 0.0009 5099 3364
oF 0.0002 898 692
102 0.0001 299 267
107 0.0001 299 308
Total 1.7600 9039185 328963

importance of these near-shore reef habitats of less
than 10 m depth as lobster nurseries. Using a CL (mm)-
wet weight (g) relationship (W, = 0.001143 CL293%)
derived from measurements of the Rhode Island lob-
sters [see 'Growth rate’ below], the estimated lobster
losses were converted by class to biomass, producing
an estimated loss of 320000 kg of lobsters, comprised
mostly of small size classes (Table 1, Fig. 1).

In addition to field studies, ecotoxicological model-
ing of oil fates and resulting acute mortality was per-
formed (French McCay 2003) to estimate injuries to
marine organisms, including lobsters. A physical fates

model was used to predict water column PAH concen-

trations, which were validated by field sampling. The

estimate of lobster mortality from the model serves as .

an alternative means of estimating the numbers of
lobsters killed by the spill, although it is not fully inde-
pendent because it is based on the same pre-spill
abundance of Wahle & Incze (1997). The model pro-
duced an estimate of 8.3 million lobsters killed by the
ol spill, consistent with that of 9.0 million based on
airlift and visual quadrat sampling in the field, The
quadrat- and modeling-based kill estimates are ca. 3
times the estimated number of stranded lobsters,
which appeais reasonable as many, but not all, killed
" lobsters would not have been washed up on heaches.

DEVELOPMENT-OF A DEMOGRAPHIC
POPULATION MODEL

To scale the size of the restoration project in units
that would allow quantitative compensation for the lost
lobsters and their services, we developed a model of
lobster demography for the spill region. The model is
size- and age-structured (using 5 mm CL intervals
indexed in the center of the interval), and based on
counting females, reflecting their value to reproduc-
tion (Ricker 1975). We first modeled individual growth

" rate to be able to develop the dynamics of size- and

age-dependent reproduction and mortality from nat-
ural factors and from fishing. Finally these estimated
schedules of growth, survivorship, and mortality were
combined into a life table, which was used to compute
demographically equivalent numbers of individuals at
different life stages.

Growth rate

Lobster growth is a step function in which both the
molt increment and frequency are functions of size (CL
in mm}. The growth increment is generally modeled as a
linear regression of post-molt (CL,)} on pre-molt length
(CL.) (Ennis 1980), A regression was developed (Gibson
et al. 1997b} for Rhode Island inshore lobsters using
paired pre- and post-moit length measurements on 123

. lobsters (of both sexes) » 60 mm CL collected from 1990
.to 1996 (Angell & Lazar 1994, Angell 1995) and addi-

tional observations on smaller lobsters from Mauchline

(1977), Hudon (1987), and James-Pirri (1996);
Cly=1.744 + 1.094 CL, (1)

where the SEs of the slope and intercept were 0.005
and 2.106, respectively. Residuals by sex indicated a
slight tendency to overestimate post-molt size in larger
females. However, large females made up only a small
percentage of the kill (Fig. 1).

Molt frequency is higher in smaller fobsters (Mauviot
& Castell 1976, Mauchline 1977, Fogarty & Idoine
1988) and varies by sex for mature lobsters, as females
extrude and carry eggs between molts, extending the
intermolt period (ASMFC 2000). A logistic curve relat-
ing intermolt duration in years (fa} to CL (Fogarty &
Idoine 1988) for mature female lobsters, from South of
Cape Cod to Long Island Sound from the latest stock
assessment report (ASMFC 2000), was used:

"Iy = max(2,D) or min(7,D) i 2)
Where D=1+ e{-9.72+0.1[)32 CL) [3)

The limits of 2 to 7 yr serve to truncate the regression
equation at the extremes, where the value of D does
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not make biological sense. Whereas lobsters nearing
maturity may molt annually, mature females molt,
mate, wait a full year, and then extrude eggs. Thus,
mature female lobsters generally have a minimum of a
2 yr molt cycle, although some small females in
warmer waters may molt and spawn in the same
summer. Tagging data indicate a maximum intermolt
duration of ca. 7 yr (ASMFC 2000).

To depict lobster CL as a function of age (needed fo
estimate mortality}, we used a rearrangement of the
von Bertalanffy equation (a variation of the Brody
growth equation: Ricker 1975}):

CL, = CL., [1 - et¥(~5))] (4}

where CL,is length (in mm) at age ¢, CL.. is the asymp-
totic maximum length, K is a constant called the Brody
growth coefficient, and & is a constant. The value of
CL.. (184.59 mm} is a general northwest Atlantic value
from Russell (1980). The values of K and t, were fit to
molt incTement and timing data for inshore Rhode Is-
land lobsters of 15 mm CL: K = 0.135, ;= -0.552 (Gib-
son 1997b). As most Rhode Island lobsters are caught
shortly after they enter the fishery at ca. 5 yr of age, un-
certainty in CL.. has little influence on the life-table re-
sults developed here. While a seasonal growth model
(e.g. Hoenig & Choudary Hanumara 1982, Pauly et al.
1992} might be used, the fit to local lobster size-at-age
data allowed the computationally simpler annual
“model to be used in the present analysis, with little
penalty in accuracy. To calculate weight from length:

W, = aCL;’ (5)

where W, is wet weight (g} at age ty1, and a and b are
constants, estimated as a = 0.001143 (SE = 0.3082 of
In[a]) and b = 2.9337 (SE = 0.07347} from measure-
ments on 297 lobsters collected from Rhode Island
Division of Fish and Wildlife research trawls.

Reproduactive rate

The relationship between CL and the proportion of
female lobsters that are mature can be described by a
logistic function {(Fogarty 1995). The necessary egyg
production data were obtained from ASMFC (2000) for
lobsters in the region south of Cape Cod to Long Island
. Sound. The proportion of females that are ovigerous
{Pyat) and fecundity (£ eggs per clutch) as a function of
CL are described by:

Pmat =1/ {1 + e(18.145—0.249CL]] (6]

f = 0.000605CL373% ')

Whereas fecundity does not vary reglonally among
northwest Atlantic stocks, the fraction of smaller

females that is ovigerous is higher in inshore southern
New England than in the colder waters of the Gulf of
Maine (Fogarty 1995). This geographic distinction has
important implications for scaling restoration, because
life-time egg productlion of newly-recruited southern
New England lobsters is higher than it would be for
similar-sized Gulf of Maine lobsters.

Mature female lobsters are assumed to produce eggs
1 or more times per molt cycle. ASMFC (2000) reports
that lobsters > 120 mm CL spawn twice per molt cycle,’
and those > 200 mm CIL extrude eggs every 2 yr, Most
females < 120 mm CL produce eggs once per molt
cycle. Intense fishing pressure has removed almost all
lobsters over 100 mm CL, so egg production from
larger females is negligible.

Natural and fishing mortality rates

We adopted the basic fisheries population dynamics
model of Ricker (1975). For lobsters of legal harvest
size, the number at age ¢ (yr), N, is a function of the
number of new recruits to the fishery at age i, years.
For t=tx

N, = Re#Al-H (8)

Za=M+F 9

where Z, is annual instantaneous total mortality (con-
stant for ages t > t}, M is annual instantaneous natural
mortality, F is annual instantaneous fishing meortality,

and R is the number of lobsters that first recruited in
the cohort (i.e. R = number at age f; years}). For t= &

Ny=N ek (10}

where Z, is the age-specific annual instantaneous nat-

ural mortality rate. The annual survival rate for age ¢
(Sy is thus: :

' e (11)

Based on State of Rhode Island data (Gibson et al.

1997h) and federal stock assessments (NMFS 1996},

we used the mean F for the inshore Rhode Island

lobster stock from 1992 to 1996 of 0.97. The assumed
instantaneous natural mortality rate of recruited (egal-

. sized) lobsters, M, was set at 0.1, which is the typical

value used for northwest Atlantic lobster stocks (Ban-
nister & Addison 1986, Fogarty & Idoine 1988). The
legal CL limit for lobsters from 1996 to 1998 (when the
injury calculations were made) was 82.6 mm. The
mode] assumes that lobsters fully recruit to the fishery
at 82.6 mm (with F = 0 and M including handling mor-
tality for discards of sublegals}.

The mortality of lobsters < 82.6 mm CL was esti-
mated for 2 infervals:

Ztot = Ze? + auv (12)
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where Z, is the mortality from egg to 82.6 mm CL, Z.;
is the mortality from egg to 7 mm CL, and Zyy 18 the
mortality from 7 to 82.6 mm CL (all instantaneous
rates). Scaling of vital rates by body size is a general
property of animal populations (Peters 1983, Dickie et
al. 1987). Caddy (1986) suggested that natural mortal-
ity of lobsters is an inverse power-function of body size.
His theoretical curve declined from Z;, > 1.0 yr! for
small lobsters to M = 0.1 yr! for legal-sized lobsters.
Wahle & Steneck (1992) confirmed the declining vul-
nerability to predation with size. Thus, an empirical
relationship of Z; to body size was developed for lob-
sters between 3 mm (larvae} and 82.6 mm (Gibson et
al. 1997b). The data (Table 2) fit a linear relationship
between In(Z,) and In{W)) in grams (Fig, 2):

In(Z) = -0.627In(W,) — 3.846 (13)

Table 2. Homarus americanus. Estimates of lobster natural

mortality rates (M) at various life stages (EBP = early benthic- |

phase lobsters). CL: carapace length; CL... asympiotic maxi-
mum length

Stage CL Weight M Source
(mm)  {g} ™
Larvae I-III 277 002 01234 Bibb & Hersey
_ {1979)
LarvaeI-IV 329 0.03 00884 Stasko (1980}
LarvaeI-IV 329 0.03 02400 Harding etal.
_ {1982)
Larvae I-IV 3.29 0.03 01253 Scarrait (1964)
Larvae I-1IV 3.29 003 0.1460 Hudon etal
(1986)
EBP5-13mm 10 1.00  0.0394 James-Pirri
’ {1996}
EBP 11-20 16 3.64 0.0174 James-Pirr
(1996)
EBP 5-25mm 15 3 0.0232 Hudoen (1987)
EBP 25-60 mm 40 55  0.0033 Hudon (1987)
EBPV-70mm 37 44 0.0006 Harding et al.
{1982)
EBP 13-85mm 49 100 0.0003 Bannister et al.
(1994}
EBP new 13 2 0.0633 Wahle &
settlers, first N Steneck
month {1992)
Prerecruits, 70 284 0.0006 Angell {1995),
60-80 mm 60-80 mm catch
curve slope
Large RI 134 1920 0.0002 Hoenig {1983)
adults, longevity model
83-185 mm with a maximum
age of 50 yr and
CL.= 185 mm
Tagged legal 90 595  0.0004 Anthony (1980}
lobsters, RI
and MA

In{M}

1.0000

0.1000

0.0100

0.0010

0.0001

1000 10000  1000.00

In(Wy)

2.01 0.10 1.00

Fig. 2. Homarus americapus. Estimates of lobster natural mor-
tality rates at various body weights, and regression line for
log-transformed data

where r* for the regression is 0.9078 (SE = 0.83, F= 128,
15 observations, p < 0.05} and the SEs of the slope and
intercept are 0.0554 and 0.2241, respectively. Translat-
ing body weight to CL, daily mortality rates were esti-
mated by size class. Age-at-size estimates using the
von Bertalanffy equation provided duration for each
5 mm CL increment in the model, from which Z for the
increment was calculated (Table 3). The total mortality
from 7 to 82 mm CL (Z;,,) is 5.6, based on the empirical
mortality-rate curve.’ ’

The loss of eggs between extrusion and hatching
was estimated by Perkins (1971) to be 36%; thus,

Jinstantaneous egg mortality is ca. 0.45 (ie. 64% of

eggs hatch). The empirical mortality-rate curve implies
Z;=0.14% (d7") for the larval period (assumed 4 wk}and
Zy=0.044(d!) from settlement to 7 mm (Z = 1.33 for the
interval), giving a total Z from haitching to 7 mm of
5.434, inferring that Z.; = 5.88 (0.3 % survival from egg
to 7mm) and Z,,; = 11.5. However, the larval moztality
estimates based on field data {Table 2, Fig. 2) indicate
daily mortality is ca. 0.1 4%, or Z = 2.8 for 28 d from
hatch to settlement, implying Z.; = 4.58 (1% survival
from egg to 7 mm) and Z,; = 10.2. Thus, there is con-
siderable uncertainty in Z; and particularly in the
mortality rate for the period between hatching and
settlement.

Life table

To be able to compare the demographic value
among age classes, and thereby compute such figures
_as the numbers of eggs equivalent to a given number
of lobsters expected to recruit to the fishable popula-
tion years later, we combined growth, mortality, and

10000.00




e

French McCay et al.: American lobster restoration model : 183

Table 3. Homarus americanus. Estimated age and total in- reproduction relationships into a life table for the
stantaneous mortality rate (Z, from Gibson et al 1997b) by affected population (Table 4). The expected annual
carapace-length (CL) size class for American lobster. Age is pro duction of eggs per female of age class X in the

calculated from length using a rearrangement of the von .
Bertalanffy growth equation fit to local lobster size-at-age population (Mx) was calculated from Pray f, and the

data. Survival is calculated as €%, where Zy,is the summed proportion of females in the population that produces
mortality rate from 7 mm to size class f eggs during a given year (F.). We derive P, from I in
- years and the number of clutches produced per molt
CL (mm) Age (y1) Ztonextsize  Survival cycle (Cp):
class {in from : .
increments 7 mm 1o My = Ppa [ Pe . {14)
of 5 mm) size class P, = Co/ly (15)
7 0.84 2172 1.0000 . L
12 1.05 1.006 0.1140 Our maturation equation implies that very young
17 1.27 0.589 0.0417 females produce eggs. However, we assumed that
22 1.49 0.393 0.0231 eggs are not produced by lobsters younger than 4 yr of
27 1.72 0.285 0.0156 age (67 mm). In southern New England, lobsters carry
32 1.96 0.219 0.0117 eggs for 10 to 11 mo before release, during which time
37 2.21 0.175 . 0.0094 they do not molt (Cobb et al. 1997), Thus, once lobsters
42 246 0.145 0.0079 mate and produce eggs, they begin a 2 yr molt cycle
it _ 2 o o (ASMEC 2000). The intermolt duration in the life table
57 2.99 0.004 0.0054 reflects the molt cycles of egg-producing lobsters.
52 3.58 0.084 .0.0050 Table 4 presents expected lifetime egg production
67 3.80 0.076 0.0046 (LEP) per female of each size/age class, calculated for
72 421 0.070 0.0042 age X, as: '
o 450 ose o007 | e
9 . E
87 5.27 0.378 0.0026 [ gx [LX“MX“)]
92 5.66 0309 00018 LEPx = TXx (16)
97 6.07 0.422 0.0012
102 6.51 0.449 0.0008
107 6.07 0.479 0.0005 where 1 is age in years (evaluated in the summation
: from age X to the maximum age X nax)s 1X, is the frac-
Table 4. Homarus americanus. Life table estimating lifetime egg production per female lobster of age X (yr). CL: carapace length
in mm: Py.y fraction ovigerous; £ fecundity (eggs per clutch}; Ig: intermolt duration (y1); Cy: number of ciuiches per molt cycle;

P,: proportion of females in the population that are egg-bearing; My: eggs per female of age X in the population; Syt survival rate
at age X; LX: survivorship from age 0.8 to age X; LEP: lifetime egg-production for age X

X -~ CL  Pug - f L Ca P, Mx - Sx LX LX My XIXMy LEP
0.8 7 0.00 1 1 0 0.00 - 0.114 1.00E+00 0 0 30
1.0 12 0.00 6 1 0 0.00 - 0.103 1.14E-01 0 0 266
120 32 0.00 243 1 0 0.00 - 0.516 1.17E-02 0 0 2584
3.0 52 0.01 1479 1 0 0.00 - 0.753 6.06E-03 0 0 5007
39 67 019 3798 2 1 0.50 357 0.810 4.56E-03 1.63 6.34 6652
49 82 0.91 8060 2 1 0.50 3653 0.379 3.69E-03 13.49 66.12 7773
6 96 1.00 14561 2 1 (.45 6536 0.379 0.00E+00 9.146 54.88 10868
7 107 1.00 21926 5 1 0.21 4504 0379 0.00E+ 00 2,388 1672 11427
8 117 1.00 30321 7 2 0.29 8663 0.379 0.00E+00 1.742 13.94 18263
9 126 1.00 39395 7 2 0.29 11256 0.379 1.40E-03 0.8580 772 25326
10 133 1.00 48825 7 3 043 20925 0.379 5.30E-04 0.6047 6.05 37116
i1 140 1.00 58329 7 3 0.43 24998 0.379 2.01E-04 027384 3.01 42711
12 145 1.00 67684 7 3 0.43 29007 0.379 7.62E-05 0.12046 1.45 46724
13 150 1.00 76716 7 3 0.43 32878 0.379 2.89E-05 0.05176 0.673 46737
14 155 1.00 85303 7 3 0.43 36558 0.379 1.10E-05 0,02182 0.305 36558
Total = # of 7 mm offspring per 7 mm CL female = RO = E(LX M) 303
Required survival from egqg to 7 mm CL. (Se7) for equilibrium = 2/RO = 0.066
Ceneration tme (yr) = [S(X LXMJ/RO : 5.8
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tion surviving to age n, and MX,, is the egq production
at age n, For example, the lifetime production expec-
ted from a 7 mun female (RO) just seittling to the benthic
habitat is 30.3 eggs. The lifelime fecundity (Fy} of an
82 mm female is estimated as 7773. Although larger,
legally fishable females produce large numbers of
eggs, few survive beyond 96 mm CL, making their
contribution to the next generation insignificant. The

generation time is 5.8 yr (calculated as: ZXLX MX/

RO).

It it is assumed that the population (with the survival
schedule in Table 4) is in equilibrium, such thata 7 mm
lobster would just exactly replace herself plus 1 male
_ after a lifetime of egg production, survival from egg to
7 mm is estimated as 6,6 % (ie. 2/RO = 2/30.3), imply-
ing that Z; = 2.72. This equilibrium survival estimate
is much higher than the empirical data indicate (i.e.0.3
to 1.0% survival from egg to 7 mm, Ser)- If 5715 0.3 to
1.0%, in order for the population to sustain itself &t the
exploitation rate implied by F = 1, the lifetime egg-
production of a 7 mm female would need to be 192 to

~ 716 eggs. It has been suggested that the Rhode Island

inshore population cannot sustain itself (based on sim-
ilar analyses of survival rates and lifetime fecundity)
and is supplemented by larval supply from offshore
(Katz et al. 1994, Fogarty 1998}, and this discrepancy
between the empirical and equilibrium estimates
indicates a very large offshore supplement. Annual
{instantaneous) mortality of >82.6 mm lobsters would
need to decrease to Z = 0,22 for the inshore population
to be self-sustaining, assuming S, is 1% and the sur-
vival schedule in Table 3. Alternatively, if survival to
82.6 mm is underestimated, lifetime egyg production of
& 7 mm female would be higher, perhaps high enough
to be self-sustaining in the inshore area. Clearly, fur-
ther data collection and analysis is needed to resolve
the survival rates of <82.6 min lobsters,

From an age-specific survival schedule, one can cal-
culate how many lobsters of any given age are demo-
graphically equivalent to a number at any other age.
This type of conversion is important in creating a re-
storation plan that achieves quantitative equivalence
of lost and restored lobster numbers, because precise
matching of age distributions will generally be impos-
sible. This approach (typically with losses translated
to equivalent aduits) has been used for power plant
impingement and entrainment assessments (following
suggestion by Horst 1975, Goodyear 1977) and miti-
gation of dredging impacts (Wainwright et al. 1992,
Dumbauld et al. 1993).

We compute (Table 5) the numbers of lobsters in
each class that would be required by the mortality
schedule in Table 3 to yvield numbers of newly recrui-
ted lobsters (826 mm CL} equivalent to the total
kill estimate (ie. ‘equivalent adults'). The total loss

of 9 million lobsters distributed among sizes, as in
Table 1, is equivalent to the loss of 2.2 million new
recruits from the legally fishable population (Table 5}.
Similarly, calculating backwards through the life
stages, the observed kill translates into 608 million
7 mm lobsters (Table 5}. We converted the equivalent
numbers at 82.6 mm CL to fractions of the total recruit
equivalents (Fig. 1), which shows that the greatest
demographic impact of the oil spill was suffered by the
second year class of juveniles (1.5 to 2 yr old), with a
median CL of 27 mm, Note that the proportional distri-
bution of demographic equivalents by size class is the
same, regardless of the size class used as the basis of
the calculations. Thus, this procedure normalizes the
loss to a single unit of equivalent population value.

To proceed further backwards in the life history to
estimate the number of egg equivalents, we used the
estimated survival from egg to 7 mm (Sez) of: {1) 0.3 to
1% based on analysis of empirical data, and (2) 6.6%
inferred by the life table for female lobsters, aésuming
equilibrium such that the inshore population is self-
sustaining {Table 4). The number of lobsters killed in

‘the spill originated from 59 to 219 billion eggs, assum-

ing the empirical survival rates (S.; = 1 0r 0.3 %, respec-
tively), and 9.2 billion eggs, assumning the life table and
equilibrium {S.; = 6.6 %, Table 5). Thus, there is great
uncertainty in the number of egg equivalents lost, re-
flecting the uncertainty in egg to 7 mm survival.

LIMITATION OF LOBSTER POPULATION
SIZE AND PRODUCTION

For restoration to be effective, the selected project(s)
must increase the local lobster population at a scale
that will provide augmented production to compen-

- Table 5. Homarus americanus. Lobster loss from the North Cape

oil spill in 1996 using age-specific survivorships converted into
the demographic equivalents for each of several size classes.
Ser: survival from egg to 7 mm carapace length {CL)

Equivalent # Total Females Males
at Stage .

82.6 mm 2228402 1337041 891361
22 mm 14046329 8427797 5618531
7 mm (millions) 608 365 243
Postlarvae 7217 4330 2887
{millicns) )

Eggs (millions), 58940 35364 23576
empirical

(Se7 = 1%}

Eggs (millions), 9211 5527 3685
equilibrium :
(87 =6.6%)
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sate for loss of production. Consequently, restoration
planning begins with identifying the factors that limit
population size and productivity. Population size for
any given species is unlikely to be limited by a single
factor, unliess a strong density-dependent bottleneck
exists at some particular life stage. Different life
stages are commonly controiled by different factors. In
exploited marine fish and shelifish, over-harvesting
generally has taken place to Limit abundances in the
larger size and age classes subject to fishing pressure
(Pauly et al. 1998). Limiting factors can vary hy loca-
tion. For example, Lipcius et al. (1997) provide evi-

dence that habitat availability limits recruitment of the -

spiny lobster Panulirus argus in some areas, while
larval supply is limiting for other parts of the Bahamas.
Evidence that may suggest habital limitation for
American lobsters comes from artificial reefs, which
are guickly colonized by larger American lobsters
(Scarratt 1968, Sheehy 1976, Castro et al. 2001), and
YOY settlement increased when cobble hahitat was
provided in a formerly muddy area (Castro et al.
2001). Habitat availability, fishing pressure, and larval
~ supply seem likely candidates as limiting factors for
American lobster populations. '

The literature on the biology of the American lobster
characterizes its life history and ecological importance
reasonably well. It has a long period of parental care
and a short larval life (Cobb et al. 1997}. Eggs are cai-
ried by the females for 9 to 12 mo before being
released at hatching. Resulting larvae are planktonic,
remaining in the water column for ca. 1 mo before set-
tling to the bottom as postlarvae (Ennis 1995). Young
juveniles (10 to 25 mm CL) seek shelter, usually in
rocky cobbles and boulders, and remain secluded,
feeding from within the’ shelter (Wahle & Steneck
1991). Older juveniles leave the shelter for feeding for-
ays, but return frequently. As lobsters grow larger,
they may leave sheliers and move greater distances
(Lawton & Lavalli 1995). These characteristics imply
strong predatory control en eatly life-history stages,
and indicate the dependence of at least early benthic

stages on shelter (Wahle & Steneck 1991, 1992). How-

ever, the lower dependence of larger lobsters on shel-
ters and high fishing rates (NMFS 1996) suggest that
fishing limits population size in the larger size classes,
possibly to the extent that larval supply is limiting 1o
recruitment. '

Habitat availability and juvenile survival

Inshere populations of juvenile and adult lobsters
utilize cobble, rock, peat reefs and kelp beds, where
the structure of the habitat provides shelter (Cobb
1971} and foraging habitat. Population densities in-

crease when artificial shelters are placed in the field
(Scarratt 1968, Sheehy 1976, Lawton & Lavalli 1995,
Castro et al, 2001). Lobsters are preyed upon by many
bottom-feeding fish species, and addition of shelter
likely reduces predation losses. Lobsters are omni-
vorous, acting mainly as predators, but also as scav-
engers (Herrick 1009, MacKenzie & Moring 1985,
Hudon & Lamarche 1989, Lawton & Lavalli 1993).
Calculations of prey production rates by Miller et al.
(1971) suggest that lobster populait‘lons are not likely to
be limited by food.

There have been many suggestions that the early
benthic phase (EBP; ~5 to 40 mm CL) is structure-
dependent and may actas a recruitment bottleneck to
the fishable stock (Caddy 1986, Fogarty & Idoine 1986,
Hudon 1987, Able et al. 1988, Wahle & Steneck 1991,
1992, Miller et al. 1992, Fogarty 1995, Lawton & Lavalli
1995). The availability of physical siructures that pro-
vide refuge from predation affects survival rates of
several crustaceans, resulting in jncreased densities in
those habitats (Wahle & Steneck 1991, 1992, Dum-
pauld et al. 1993, Beck 1995, 1997). Wahle (1993) cen-
sused lobsters along 22 km within Narragansett Bay,
finding that newly settled lobsters were absent from
the prevailing sedimentary bottoms, which lack emer-

_gent structure and associated refuges, suggesting that

structured habitat might be in short supply in Rhode
Istand waters. Wahle & Steneck (1991) similarly pro-
posed that cobble habitats ‘are preferred by the early
benthic stages and limit population size. The potential
for habitat limitation in early life history is also sug-
gested by the study by Castro et al. (2001}, who
showed that when cobble reefs were placed in a
muddy area, settlement of YOY lobsters increased
from none to the equivalent of natural settlement in
nearby rocky areas. However, Wahle & Inze (1997)
ruled out habitat differences and implicated larval
supply as being the mechanism behind the difference
in recruitment on 2 sides of an island. They found that
emigration by larger juveniles probably controlled the
population size, suggesting that habitat limitation
plays a role as body size increases. These studies, and
those showing the effectiveness of addition of artificial
habitat in enhancing lobster local abundance (Scarratt
1968, Sheehy 1976, Lawton & Lavalli 1995}, suggest
that an increase in cobble reef habitat in inshore
waters of Rhode Island may enhance juvenile survival
and increase local lobster populations.

Fishing mortality
Lobster stocks of the northwest Atlantic are known

to be highly exploited (Fogarty & Idoine 1988, NMFS
1996, ASMFC 2000). The fishing mortality rate on
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inshore Rhode Island lobsters is estimated at or above
sustainable levels (Gibson et al. 1997b), with F= 1 for
the inshore population in the 1990s. Fogarty (1995)
provided even higher estimates of F for southern New
England and northeast USA stocks in general for pre-
vious years. From our life table (Table 4}, it is clear that
temales that survive for more than 1 to 2 molt cycles
after reaching fishable age and size contribute little
egg production to the population. Thus, the population
is dependent on egg production from smaller females
and possibly on larval subsidy from offshore adults
(Fogarty 1998). This implies that fishing pressure limits
Iobster population size, which in lurn controls egqg pro-
duction. It follows that reduction in fishing mortality
would increase adult population size and production,
with enhancement of the next generation through
increased egg production.

Egg production and postlarval supply

Lobster management in the United States is based on
egg production per recruit, on the assumption that
populations are limited by egqg production and resuli-
ing larval supply due to very high levels of exploitation
on adult females (Fogarty & Idoine 1988, NMES 1996).
The relatlonshlp between stock size and recruitment
has not been examined for Homarus americanus, How-

* ever, the relationship between larval production and

stock size and/or landings has been evaluated in detail
(Fogarty 1995), Fogarty & Idoine (1986), using data for
Northumberland Strait, conciuded that the relation-
ship was asymptotic, with a clear indication of density
dependence. The relationship has a steep slope near
the origin, indicating that larval supply may be limiting
_atlow stock size, but at higher stock sizes there is some
density-dependent control on the population, such as
intraspecific competition for food ar shelter resources
- {Fogarty 1995). Wahle & Incze (1997) present evidence
that postlarval supply, determined by local hydro-
dynamic conditions, can limit settlement density of
lobsters in cobble habitats. However, they suggest that
as lobsters grow, crowding arises, causing emigration
and smoothing annual variation in lobster density
patterns, caused by differences in larval supply.
Benthic settlement is highly variable spatially and
from year to year. Incze et al. (1997) found that post-
larval supply and benthic settler density were signifi-
cantly correlated in data sets from Rhode Island and
Maine waters from 1989 to 1995. Postlarval supply
explained 90% of the annual vadation in settler den-
sity for the combined data set. Among-site differences
in recruitment persisted for 1 yr after settlement, after
which larger lobsters moved into areas of initially
lower settlement. This implies that larval supply may

be limiting to settlement, but that subsequently habitat
becomes limiting. Incze et al. (2000) showed that YOY
recruitment was positively correlated with larval

© supply at a single site in Maine, and suggested that

density-dependent effects may have been operating at
times when recruitment was highest.

Thus, habitat availability, fishing pressure, and lar-
val supply appear te be limiting to American lobster
populations in southern New England via control on
different life stages. However, given the very high
tishing pressure and recent precipitous decline in the
Rhode Island stock and catch (indicated by Rhode
Island Division of Fish and Wildlife research trawl data
and catch statistics from recent years), it seems clear
that adult stocks are limited by fishing. The degree of
limitation by larval supply and habitat for early benthic
stages is much less certain. Thus, the choice of an
appropriate restoration approach in this case was a
matter of judgment based on uncertain outcomes and

. 'logistical constraints,

ALTERNATIVES FOR LOBSTER RESTORATION
Stocking with juveniles raised in hatcheries

Ii lobster populations are limited, in part, by larval
supply, then rearing lobsters in a hatchery through to
setilement size, and releasing them into nature, repre-
sents one restoration option. The techniques for rearing
lobsters to the postlarval stage at a size suitable for re-
lease are well established, and lobster enhancement
through this process has been performed many fimes
(Addison & Bannister 1994), Unfortunately, no project
has documented the stocking success of hatchery-
reared Homarus americanus, primarily because of limi-
tations in the collection tracking and monitoring data
(Bannister & Addison 1998, Castro et al. 2001). Success
has been evaluated in Europe with Homarus gani-
marus (Bannister et al. 1994, Phillips & Evans 1997}, but
the applicability of these results to the congeneric lob-
ster in Rhode Island waters is questionable. Castro et al,
{2001} stocked micro-wire tagged YOY lobsters directly
onto artificial reefs in Rhode Island, but no increase in
density over natural setilement of YOY was detected,
and only one tagged individusl was ever recovered.
The authors suggested that hatchery-reared lobsters
may be more susceptible to predation than naturally
produced juveniles, based upon the lack of immediate
shelter-seeking behavior upon release of hatchery-
derived lobsters. This problem of abnormal behavior
and high susceptibility to predation is common among
other animals reared in captivity (Olla et al, 1998).

Even if ‘hatchery-reared lobsters were to survive
introduction into the wild, this restoration option car-
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ries some other risks common to hatchery-based stock
enhancement. The introduced lobsters may compete
with naturally produced individuals, introduce disease
from the hatchery, or induce undesirable genetic
changes in the native stock. The hatchery-raised
lobsters may interact in some unnatural and undesir-
able fashion with the receiving ecosystem. “Whereas
analogous CONCErns have been exemplified in salmon
stocks, they are less likely to be a problem in American
lobsters, since the native populations are not at simi-
larly depleted levels where the risks would be mag-
nified. Nevertheless, hatchery stocking of Homarus
americanus has not yet been demonstrated as a suc-
cessful restoration strategy, so there is substantial
‘uncertainty associated with this option.

Habitat (rock reef) creation

If lobster populations are limited, in part, by the
availability of refuges for juveniles, then construction

of new rocky reefs represents another restoration .

option. Juvenile and adult American lobsters utilize
artificial reefs constructed of concrete or stone, with
the spacing and orientation of reefs having a signifi-
cant effect on occupancy (Scarratt 1968, Sheehy 1976,
Castro et al, 2001). Similar studies on Homarus gami-
marus in Burope, and other lobster species elsewhere,
suggest that enhancement of local stocks is possible
using appropriately designed reefs, in cases where

structured habitat is limiting to the local population'

{(Jensen et al. 1994, Spanier 1994). Structural habitat
construction has been used to mitigate dredging-
induced losses of Dungeness crab in an estuary in
Washington, USA (Wainwright et al. 1992, Dumbauld
et al. 1993). However, there is an on-going debate as
to whether artificial reefs actually increase fish and
invertebrate (or lobster) production, rather than metely
attracting individuals already established in nearby
natural habitat (Lindberg 1997, Castro et al. 2001,
Powers et al. 2003, in this Theme Section).
Castro et al. (2001) monitored abundance, size, and
sex of lobsters colonizing 6 experimental artificial reefs
" in Narragansett Bay, Rhode Island. They found that the
density of YOY on artificial reefs matched that on con-
trol natural reefs. Although it is possible that the
lobsters that settled and survived on the artificial reet
would have done so at the same rates elsewhere on

natural reefs had the new reef not been installed, the

reef does represent new nNUIsery habitat for lobsters.
The work of Wahle and co-workers (Wahle & Steneck
1091, 1992, Wahle & Incze 1997, Casrto et al. 2001)
indicates that postlarvae settle in cobble reef areas.
Given the evidence for habitat limitation of EBP lob-
sters; placement of cobble reef containing mixed sizes

of cobble and boulders seems likely to enhance post-
larval setflement; and possibly also adult production if
larval supply is locally sufficient. Nevertheless, habitat
enhancement for Jobsters has not been shown experi-
mentally to augment lobster stocks beyond the local
reef area, and thus may not be an appropriate restora-
tion strategy.

Reductibn in fishing morfality

Services provided by adult lobsters include support-
ing a fishery, producing eggs to support the next gen-
eration of lobsters, and providing ecological services
within the food web. Given the existing high exploita-
tion rate such that the lobster population is considered
over-fished (as noted above), a restoration strategy
with a high likelihood of success would be one which
reduced fishing mortality, through modified manage-
ment, to a level closer to that which would provide the
maximum sustainable yield to the fishery. This would
be the population level providing the most ecological
production (production enlering the food web} as well,
Fisheries management is the focus of considerable -
professional effort {e.g. NMES 1996). However, uncer-
tainty prevails in the assessment of stock abundances
and in determining the fishing rate that provides the
maximum sustainable yield (Ludwig et al. 1993), mak-
ing this approach difficult to implement, particularly in
the face of resistance by the fishing industry. Further-
more, limitation of lobster catches would entail & loss of
human use, at least in the short term. Consegquently,
choosing this option would induce another injury to
human services, which would require compensation,
thereby indirectly adding to the costs of the spill. In the
particular case of compensation for injuries caused by
the North Cape oil spill, there was a desire not to
impact the fishery further. Thus, an alternative that
accomplished a reduction in F, while not penalizing
the fishermen in the local area, was pursued.

Purchase and release of harvested females

One means.of enhancing aduli female Iobsters with-
out simultaneously diminishing the use of the resource
by fishermen would be to purchase lobsters from fish-
ermen and release them back to the wild population.
The returned females can be v-notched {i.e. marked
with a v-shaped cut in the tail), with a regulatory pro-
hibition against taking or selling any v-notched lob-
ster. This action would provide an immediate boost to
adult lobster abundance over that which would other-
wise prevail. Subsequently, the fishing mortality would
be greatly reduced on those released adult female lob-
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sters, thereby increasing lifetime egg production. Tf
egg production and larval supply limit lobster setile-
ment and ultimiately constrain the abundance of adulis,
then this restoration option would have short- and
long-term benefits of enhancing lobster abundance.
The fate of the eggs produced by these restocked
adult females is uncertain. The dispersal of lobster lar-
vae by currents during their 20 to 40 d larval life makes
it difficult to predict settlement locations, In addition, it
would be difficul{ to disentangle the effects of the
restocking program from other factors that drive inter-
. annual variation in local larval abundances and adult
lobster populations. Nevertheless, the present lobster
management efforts by state and federal agencies
target increasing egg production, Therefore, the pro-
posed restocking project is consistent with current
lobster management measures. Furthermore, the
states of Massachusetts, Rhode Island, Connecticut,
and New York have already passed a prohibition on
the possession of v-notched female lobsters as part of
the implementation of regional lobster management
plans. Lobster harvesters holding a permit to fish in
Federal waters are aiso prohibited from possessing
v-notched lobsters. Given the lobsters' migratory
behavior and the mobility of harvesters, a regionally
recognized and enforceable marking system is critical
to realizing the full measure of success from this
restoration option.

METHODS FOR SCALING RESTORATION
ALTERNATIVES

The use of ecological restorations to compensate for
services lost because of injury to natural resources
implies a need to scale the restoration to equal the loss,
In our application, restoration should account for:
{1) the sex ratio of killed lobsters; (2) the size distribu-
tion of killed lobsters; (3) the survivorship between life
stages; (4) the delay between the kill and implementa-
tion of the restoration project; and {4) the time required
for growth and maturation of lobsters into the age
classes lost. The accounting involves population mod-
eling, using the life table developed earlier. The same
units and demographic parameters should be em-
ployed for measuring injury and benefits of restoration,
such that the scale of the restoration is indeed compen-
satory. Compensation includes application of economic
discounting, so that when restoration has been com-
pleted, its value matches the interim loss to the re-
source. In other words, the lag time is compensated by
effectively paying interest, but in terms of additional
Testoration over-and-above that required to return the
resource to the baseline population level had there not
been a spill.

Stocking with juveniles raised in hatcheries

The total kill was equivalent-to 7.2 billion postlarval
lobsters, of which 4.33 billion were females (Table 5).
Since females produce eggs to replenish the stock, if
egg production limits the lobster population size, then
replacement of lost females with males would not be
entirely compensatory. Assuming that the hatchery
produces equal numbers of males and females, the
appropriate replacement number would need to be
8.66 billion postlarvae {twice the female loss). How-
ever, because it would take some number of vears both
to develop the hatchery program and for the lobsters to
grow up to the ages lost, more than 8.7 billion females
would be required to compensate for the loss and for
the time gap between injury and restoration.

Delays between injury and instigation of restoration
can be handled by an additional factor (1 + d)*, where

" A is the number of years of lag {after 1996 when the

injury occurred) before the restoration begins, and dis
the annual discount rate, which is typically set at 3%
{d = 0.03: NOAA 1997). In addition, the number of
years required for postlarval lobsters to grow into each
age class lost (i.e. £ = the age of a size class in Table 3)
needs to be compensated. The compensation number
of post larvae {INp} is calculated as

Ne,=3[PL,(1 + dpf] (17)

where PL,is the number of postlarval equivalents for age
class t Thus, in this case, XPL,=8.7 billion. Assuming, for
example, thai the hatchery stocking ali occurred in 2001,
5 yr after the spill (A = 5), N = 11 billion {Table 6).

Habitat (rock reef) creation

Assuming that siructural habitat is limiting to EBP lob-
sters, creation of new cobble reef would increase their
numbers produced by the spawning adults preésent in
the population. The scaling of the area of reef needed re-
quires an estimate of the density of new lobsters pro-
vided per unit reef area. Quantifying the gain as 1.5 yr
old Iobsters that are 17 to 27 mm CL, a cobble reef in
Rhode Island might be expected to produce 0,89 EBP m2
yr~! (Table 1). This production would be gained every
year indefinitely over the lifetime of the reef, but future
gains must be discounted 3% annually. Thus, the total
production (TP} over n vears of project life is:

TP = PE(/(1 + d)) (18)
where P is the annual augmented production (0.89 EBP
m™* yr'), If n exceeds 100 yr, TP levels off at 31.6 P.
Thus, assuming the reef to be permanent, TP = 28.2
EBP per m? of reef. The amount of reef needed for full
compensation is computed as:
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Table 6. Homarus americanus. Scale of hatchery stocking re-

quired for compensation-of lobster loss due to the North Cape

oil spill, incorporating economic discounting to account for

the time-lag between the year the age class was killed and is

replaced. In this example, it is assumed that the hatching of

Iobsters oceurred entirely in the summer of 2001, 5.5 yT after
the spill. CL: carapace length

CL (mm) Required LAG Discount Compensation
postlarval (yr} factor # (millions)
equivalents
(mitlions)

7 0.05 5.8 1.3 .0.06
12 111 6.0 1.3 133
17 787 6.3 1.4 947
22 1022 6.5 14 1238
27 1126 6.7 1.4 1374
32 987 7.0 14 1212
37 881 7.2 1.4 1091
42 851 7.5 14 1061
47 674 7.7 1.5 847
52 538 8.0 1.5 681
57 438 8.3 1.5 560
62 374 8.6 1.5 482
67 o249 8.9 1.5 323
72 223 9.2 1.6 ©o292
77 163 9.6 1.6 216
82 123 9.9 1.6 165
87 48 10.3 1.7 65
92 41 10.7 1.7 56
97 11 11.1 1.7 15

102 5 11.5 1.8 8
107 9 12.0 1.8 12
Total 8661 10779

cOmpensatioh area (m?) = {3,[EBP, (1 + d)***]}/TP (19}

‘where EBP, is the number of EBP equivalents for age
class ¢ (scaled as 22 mm CL and age 1.5 yT. the same
size and age class as for TP) and A is the number of
years of lag after 1996 when the injury occurred hefore
the reef is created. In this case, ¥EBP, = 17 million as
22 mm CL equivalents, after multiplying 14 million
22 mm equivalents of both sexes (Table 5) by 1.2 to
account for the fact that 60% of the kill was female,
and twice the female number is needed in compensa-
tion. Assuming, for example, that the reef was built in
2001, 5 yr after the spill (A = 5), the compensating
amount of reef would be 0.74 km®.

Reduction in fishing mortality

Scaling the required change in F to compensate for
interim losses from a spill could be accomplished in
several ways. One method would be to calculate the
production foregone because of the spill (i.e. the lost
biomass production in the dead individuals plus the

growth they would be expected to have undergone
before death) and balance that with production gained
by the change in fishing mortality rate. The method-
ology for these calculations is beyond the scope of the

. present analysis. Several preduction foregone models

are available that could be used in scaling (e.g. Ricker
1975, Rago 1984, Jensen et al. 1988, Polacheck et al.
1993, Prager 1994).

An alternative approach is to use egg production as
currency. Table 4 provides an estimate of lifetime egg
production per 7 mm female in the population, assum-
ing equilibrium and a self-sustaining inshore popula-
tion. If the value of F is changed {for all females
recruited to the fishable population), lifetime egg pro-
duction per 7 mm female changes. The net gain in egqg -
production per female times the number of 7 mm
females in the stock represents the net gain of the
restoration program. For example, in NMEFS Area 539,
there were approximately 1.4 million lobsters of fish-

. able size in the late 1990s (Gibson et al. 1997b}.

Assuming that 50% of these are female (0.7 million
legal females), and by summing LX for »82.6 mm
females from Table 4, to obtain 444 x 7 mm females per
legal female in the stock, there were 311 million 7 mmn
females in Area 539. If the value of F in Area 539
changed from 0.97 to 0.755 for 10 yr, by recalculation
of Table 4 (not shown) the net gain in 7 mm lobsters
produced would just equal the number of -7 mnm lob-
sters required for compenséﬁon {907 million, which is
equal to twice the female equivalents lost, i.e. 729 mil-
lion, times the discounting factors for each age class, as
in Table 6, accounting for delay in realization of the
gains). Thus, a modest reduction in F could increase
the numbers of larger females in-the population, pro-
viding a sufficient net gain in reproduction to offset
losses from the spill. However, it should be noted that
this. calculation assumes a high survival rate from egg
to 7 mm of 6.6 %. If the survival rate from egg to 7 mm
is actually 1% for 0.3%), as indicated by the empirical
analysis, the required F for a 10 yr program would be
0.47 (or 0.14). There are many possible scenarios
involving changes in fishing mortality rate that could
be scaled {and all are sensitive to the choice of
egg-to-7mm survival rate). In the following section,
the restoration plan used for the North Cape spill
(NOAA et al. 1999) will illustrate scaling for a specific
change in F.

Purchase and retease of harvested females

Tn a v-nolching program, females returned to the
sea have a lower fishing mortality than un-notched
females. Scaling to calculate the required number of
v-notched females involves use of the life table method
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in Table 4, with egg production as the metric. The life-
time egg production of a femaile from the size when it
was v-notched is calculated with an altered vaiue of
F applied for the number of molt cycles where there is

protection from harvest. Subsequent to that time, the -

value of F returns to that of the normal {un-noiched)
population. Thus, to estimate the numbers of lobsters
required for a lobster-restocking program, cme uses
the total number of eggs demographically equivalent
to the numbers killed summed over all age classes
(Table 5). Because 60% of the killed lobsters were
females, the compensating number of egg equivalents
is twice the female loss: 11 billion eggs. (For clarity,
only the results assuming the equilibrium-implied
6.6 % survival from egg te 7 mm are followed through
here. A much larger project would be required if egg-
to-7mm survival rate is in fact 1 % or lower.) The killed
lobsters will be replaced (eventually) once that equiva-
lent number of eggs is re-supplied through augment-
ing survival and egg production of notched females.
Economic discounting must still be applied to
account for the delay between dates of loss and re-
storation. The total value for restoration gains over all
years {TV), expressed as value in the year of the spill,
is as follows, where V, is value n years after the spill:

TV =ZV {1/l + ) (20)

In this case, the value gained after n years results
from future egg production and maturation to the size
classes lost during the spill. The lag time for the gain,
n, is the sum of the number of years before females are
. v-notched and restocked, the lag before eggs are pro-
duced, and the years required for eggs to mature into
animals of each age killed, Example calculations are
provided below.

SELECTED ALTERNATIVE FOR NORTH CAPE
- RESTORATION PLAN

Each of the 4 restoration alternatives was consid-
ered for restoring lobsters injured by the North Cape
oil spill before one was selected. The number (11 bil-

.lion) of post-larvae needed from a lobster hatchery to
compensate for the loss was considered by the federal
and state trustees as too great to be logistically feasi-
ble or economically reasonable. Furthermore, if all
these lobsters were to be added simultaneously, or
even spread out over a few years, there is real poten-
tial for density-dependent mortality through preda-
tion or interference competition for refuges. The aco-
logical consequences of such a substantial pulse of
siall lobsters may not be desirable and may induce
negative impacts that are difficult to anticipate, This
problem is in fact unavoidable, as the spill induced a

perturbation to the population which will take time to
recover via new settlement or a restoration project,
There may be an over-shoot and density dependent
compensation in the recovery curve, which could be
magnified (or damped) by restoration. Our present
knowledge of density-dependent adjustment of popu-
lation parameters is rudlmentary, at best, for most, if
not all, fishery species.

The cobble reef area required to compensate for the
lobster losses from the North Cape oil spill is 0.74 km?,
When this option was considered by the trustees, given
the assumption that habitat creation would in fact
resultin a net gain to the population, the main concern
was where to locate a reef that large. The reef should
presumably be placed in Block Island Sound near the
spill impact zoné so the compensation would occur in
the area of impact. However, the reef would necessar-
ily displace existing soft-bottom habitat (inducing

- another ecological loss that would need to be compen-

sated) and disrupt fish trawling in the area, constitut-
ing a reduction in fishing grounds for the demersal
fishery. Because fishermen had already suffered a
large loss due to the spill, and given the uncertainty
that habitat is limiting the local populatlon this option
was not pursued.

The reduction of fishing effort and rates on either
both sexes or on females (which would provide addi-
tional life-time egg production) would effectively
Testore the population, but would also represent a
short-term loss to fishermen, who were not responsible
for the impact caused by thé spill. Given the large pri-
vate losses to fishermen during the period after the
North Cape oil spill, and the high uncertainty associ- '
ated with estimating the appropriate compensation to
the individual fishermen for additiona? losses imposed
by such a prohibition, this option was not implei
mented. However, in a situation where restoration is
not in compensation for injury caused by a private
party (as in this oil spillj or where the fishermen's
losses can be appropriately compensated, and particu-
larly where a population is severely over-fished, the
mosl effective restoration mnethod would be reduction
in fishing rate.

Restocking by release of adult female lobsters pur-
chased from the fishery was the restoration option

" chosen for compensation in the North Cape case, This

option effectively reduces fishing mortality (F), but
does not impose added restrictions on the fisherman's
catch and profits. A 5 yr program of purchase, v-notch-
ing, and release was designed to minimize ecological
perturbations and skewing of the sex ratio, as well as to
avoid influencing market prices for lobsters, In addi-
tion, an extended time frame rendered the logistics of
this restocking more feasible and less of a perturbation
to the local lobster population.
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SCALE OF RESTORATION REQUIRED TO
COMPENSATE FOR THE LOSS

The scaling calculations began with the develop-
ment of size-specific survival rates (Table 3). We then
converted the loss of lobsters across multiple size {age)
classes into the numbers of eggs that had produced
those animals lost, assuming this mortality schedule.
Initial life-table assumptions differed from those pre-
sented here, Tesulting in an estimate that the spill mor-
tality represented a loss of 18 billion eggs (Gibson
1008, French 1999). Based on new data compiled in
ASMEFC (2000}, the killed lobsters derived from 9.2 bil-
lion eggs, 5.5 billion of which were female (Table 3).
Assuming the same mortality schedule after restora-
tion (Table 3}, replacement of 11 billion eggs would be
expected eventually to replace all lost females and
thus their progeny, restoring both sexes in subsequent
generations.

Our next step was to estimate the quantitative aug-
mentation of egg production expected from the re-
stocking program, and to calculate how many females
were required to replace the numbers of eggs equi-
valent to the lobster kill. We assumed the following:
(1) Female lobsters of legally fished sizes will he pur-
chased from the fishery, v-notched, returned to the
area where they were caught, and will receive regula-
tory protection from future harvest; (2) Handling losses
will be 5%; (3) The fishing mortality on v-notched lob-
sters would be 50 % of the normal rate; {4) The v-notch
would last 1 to 2 moits, with 50% protection from fish-
ing through the first molt and 25% after a second molt;
and (5) Lobster demographic parameters will not
change after restocking.

Using these assumptions, we computed a new life
table for 90 mm CL v-notched lobsters (Table 7). For

v

the sake of clarity, and as a first step, the Table 7 cal-
eulations include discounting for the lag time in pro-
duction of eggs after the date of restocking females,
but not for the time lag between the kill and initiation
of the 5 yr restocking program followed by develop-
ment to the size classes lost. The resulting calculations
indicate that each 90 mm female would be expected
to produce 4260 eggs in her lifetime. Accounting for
the time delays before the eggs are produced after
v-notching, the egg production has a discounted value
of 4083 eggs per female.

Complete discounting to compensate for the interim
loss of Iobsters and their services must include the fol-
lowing time lags: (1) the time between the kill, 1996,
and the date of restocking of 90 mm females, from 2000
to 2004 {4 to 8 yr); (2} the time between restocking a
90 mm female and the production of eggs (1 yr plus
discounting in Table 7); (3) the time required for eggs
to develop to the ages of those lobsters killed (1 to 4 yr);
and (4) correction for the fact that.the v-notched
females immediately replace the lost legal lobsters
(=5 yr old). For example, 15 to 35 mm lobsters are ca.
2 yr old. This age class of lobsters killed would have
reached legally fishable size in 2000. They were eggs
in 1994. Restocking of females in 2000 would produce
eggs in 200%. Consequently, there is a 7 yr lag in the
replacement of juvenile lobsters that were ca. 2yrold
in January 1996. Similarly, there is an 8 yr time lag for
the 2 yr-olds killed, and so on. :

The computations that discount for all these time
lags are relatively straightforward. The demographi-
cally equivalent number of eggs for each age class to
be produced by restocked females is discounted annu-
ally over the number of years of lag, from the year the
killed lobsters were eggs to the year eggs replacing
them will appear. Using a 3 % annual discount rate {d),

" Table 7. Homarus americanus. Eggs produced per v-notched 80 mm CL femate, assuming that restocking occurred in 1996.
Molts: number of molts after 90-mm stage; CL: carapace length in mm; Jy: intermolt duration (yrk Age is calculated from length

using relationship from Gibson (1998}; F: instanfaneous fishing mortality rate; Survival (to next molf) is calculated as

e—(I’%f\d,’pAtr

where M is instantaneous natural mortality rate; 0.1, and Af is years from that size class to the next; Ppy fraction ovigorous;

£ fecundity (eggs per clutch); My eggs per female at.age X. Number (#) of eggs for each CL class is calculated as the fraction of

_v-notched females surviving to that class multiptied by My. Discounting at 3% yr* for the number of years after 1996 when eggs
would be produced is applied, to calculate discounted numbers of eggs by class, assuming females are v-notched in 1996

Molts CL I Age Fraction  Frealized Survival Prat f My # eggs # eggs
{mm) (yr}  protected discounted

0 90 2.0 55 0.500 0.49 0.31¢ 0.986 11398 11240 3314 3217
1 - 100 2.9 7.5 0.500 .0.49 0.188 0.999 17000 16981 939 859
2 111 6.9 10.4 0.250 0.73 0.00334 ©  1.000 25189 36198 7 6
3 124 7.0 172.3 0.00 0.97 0.00056 1.000 37106 54200 0.006 0.004
4 137 7.0 24.3 0.00 0.97 0.00056 1.000 54377 79427 0.000 0.000
5 152 7.0 313 0.00 0.97 0.00056 1.000 79320 115859 0.000 0.000
6 168 7.0 38.3 0.00 0.97 0.00056 1.000 115225 168303 0.000 0.000

: 4280 4083
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the number of females required to replace that age
class L years after the spill (N, ;) is calculated as:

Nz = Nal(1 + d)] (21)

where N, = is the number of adult females needed to
produce the necessary egg equivalents for Age Class
A. Table 8 presents calculations of adjustment factors
(the discounting term in the equation), assuming that
all restocking were to occur in 2000 or frem 2000 to
2004 in equal numbers over the 5 yr period. Computa-
tionally, the required adjustmenis for discounting can
be simplified by applying a single factor derived from
integrating over all age classes, 1.26 for restocking
in 2000 and 1.33 for restocking from 2000 to 2004
(Table 8). Thus, if all v-notching occurred in 2000, the
number of 90 mm CL females required would be
3.4 million [=1.26(11 billion eggs/4083 eggs per
- female)]. Assuming a 5 yr restoration program, the
compensation number is 3.6 million v-notched 90 mm
CL females [=1.33(11 billion eggs/4083 eggs per
female)]. Again, these results are assuming egg-to-
Fmm survival is 6.6%. If this survival is only 1%,
23 million females would be required in a 5 yr pro-
gram.

The compensatioh number is very sensitive to
assumptions made in the scaling calculations within
the range of uncertainty. Most of the uncertainty is
related to the survival schedule assumed for lobsters
less than legal size, particularly for the egg-to-Zmm

Tahle 8. Homarus americanus. Computation of effects of discounting by 3% yr™?
for time lags between lobster loss and restoration. Discounting accounts for time
lag between the kill, initiation of restocking, the time after restocking before
females begin to produce eggs (1 y1), and development to each size class of lob-
ster lost (if <3 yr). Legal lobsters = 5 yr are replaced immediately at the time of
v-notching. Lags are weighed by the proportion of egg-equivalents killed in
each age class, and summed for all age classes to develop correction factors
{1/summed discounted value) {o account for the lag before replacement

survival rate (which undoubtedly varies by environ-
mental conditions, both spatially and annually). Given
a survival schedule, the results are most sensitive to
the level of fishing protection assumed for v-notched
females. For example, assuming the equilibrium-
inferred 6.6 % survival for egg to 7 mm, if the 50 % pro-
tection assumption were changed to 88 %, the compen-
sation number for the 5 yr program would be about one
quarter as high, and equivalent to that of the restora-
tion plan actually undertaken (1.2 million females
v-notched over 5 yr, NOAA et al. 1999). In order of sen-
sitivity, the remaining assumptions of most importance
are the maturation schedule relative to the size of the
v-notched females, the size of the v-notched females,
and intermolt duration. Each of these factors relates
indirectly to how well the introduced lobsters are pro-
tected from fishing mortality. The very high fishing
mortality of unprotected females limits the egg pro-
duction to the first 2 molt cycles, while more protection
increases egyg production. To illustrate how geographic
origin affects maturation schedule, only 42% of 90 mm
Iobsters from the Gulf of Maine, USA, are mature and
able to produce eggs in the first and most important
molt cycle, whereas 99% of Rhode Island females are
mature. Similarly, stocking smaller lobsters, even from
Rhode Island waters, reduces realized egg protection
because a smaller fraction is ovigorous during the pro-
tected molt cycles. For example, the compensation
number of 83 mm CL females taken from Rhode Island
would be 4.3 million (for a 5 yr pro-
gram}), as compared to 3.6 million
90 mm CL lobsters. The intermolt dura-
tion influences egg production because
it determines how many clutches can
be produced before the stocked female
is taken by the fishery. This demo-
graphic parameter is not well charac-
terized, providing uncertainty in our

computations.
Age when Fractionof  Year Years of Discounted Discounted The compensation Aumber of 3.4 mil-
killed {yr) =99 were lagto replace  value value for lion 90 mm CL females (as well as the

equivalents eggs i all if all S5yr . )
v-notched  v-notched  v-notching 1.2 million females to be v-notched in
in 2000 in 2000 program the implemented restoration plan,

NOAA et al. 1999} is greater than the
(1)2 gg;gg :ggi g ggégg ggigi total number of legal females in NMFS
25 02779 1993 8 0.2194 0.2069 Area 539 at any given fime (0.7 million;
35 0.1559 1992 9 0.1195 0.1127 Gibson et al. 1997b}. Thus, the v-notch-
45 0.0732 1991 10 0.0545 0.0514 ing has to be implemented over a num-
55 0.0197 1990 4 0.0175 0.0165 ber of years (e.g. the implemented plan
22 . 888’;5 iggg j g:ggﬁ ggg‘:g was to v-_notch 246 000 f?r each of 5 yr).
8.5 0.0006 1987 4 0.0006 0.0005 The revised compensation number of
9.5 0.0010 1986 4 0.0009 0.0008 3.4 million estimated here, applied to a
Total 1.0000 ' 0.797 0.952 5 yr plan, infers that no female lobsters
Factor to account for lag before replacement 1.255 1.331 could be taken in the harvest (F=1, so
annual catch of females is equal to
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standing stock, 0.7 million, a value equivalent to 1/5
the compensation number). In reality, a restoration
project of this size would need to occur over & longer
time peried than 5 yr, to allow for handling losses and
less than 100% protection by the v-noich. Moreover,
given such a large compensation requirement, the
most effective restoration approach would be to reduce
fishing effort directly, as opposed to v-notching, and so
reduce the handling and non-compliance losses. This
would require appropriate compensation to the fishing
industry, related to their lost catch, livelihood and
profits due to the initial spill-caused injury and the
restoration-induced changes.
A harvest that is highly biased towards males sug-
_ gests that the sex ratio might be affected enough that
mating and sperm availability for fertilization of eggs
would become a limitation. The expected change
in the sex ratic was evaluated under 2 assumptions:
(1) that the v-notched females would mix over the
entirety of Area 539, and (2) the v-notched females
would be returned to Rhode Island waters, ca. 25% of
Area 539. Under the plan that was actually imple-
mented, the sex ratio would be expected to change
over 5 yr from 50 % female to 56% under Assumption
(1), or to 67 % under Assumption (2). Assuming no har-
vest of females for 5 yr, the sex ratio would change to
63% under Assumption (1) or to 80% under Assump-
tion (2). If the initial sex ratio is >50%, the sex ratios
would become more skewed. In addition, the females
would be larger than the males, which may cause some
difficulties in mating (Cobb 1995). In the implemented
plan, the return of v-notched females was wide-spread
to minimize focusing of returns and skewing of the sex
ratio. For larger projects, these calculations indicate
that a much longer time frame than 5 yr would be
needed, and the compensation number would need to
be increased 3 % annually for each vear of delay before
‘benetits are accrued.

DISCUSSION

Our treatment of how restoration of lobsters follow-
ing a Rhode Island oil spill can be quantitatively
matched to compensate for the discounted loss demon-
strates a process that can render restoration ecology a
more quantitative science. The process of developing
an effective restoration plan, and scaling it to fit the
quantitative goal, has several components. A review of
the life history and ecology of the target species is
critical to identify factors likely to be limiting to the
injured population. Restoration interventions are effec-
tive if they can relieve the influence of one or more
limiting factors. Demographic models need to be de-
veloped for calculating the scale of restoration needed

and for developing a common currency to compare
injfury and benefits of restoration. The results are very
sensitive to the life-history parameters assumed; thus,
these need to be quantified carefully to represent the
injured population. The concept of discounting so as
to compensate for the interim loss of the resource, its
ecosystem and human services, represents an impor-
tant consideration in scaling any restoration project.
Lag times inevitably exist between loss and full re-
storation. These lags include the time between the loss
and the initiation of restoration actions, and the time
for the project to reproduce the life stages lost.

Many assumptions about the effectiveness of re-
storation have great uncertainty associated with them.
For example, in the absence of previous data, we were
forced to estimate handling losses and the effective-
ness of regulations prohibiting take of v-notched lob-
sters. In addition, survival rates of larval and juvenile
ighsters are highly uncertain. Restoration ecology

" possesses a number of tools with which to deal with

uncertainty. For example, at the cost of greater effort
in restoration planning, a formal uncertainty analysis
could be conducted as part of contrasting alternative-
restoration options, . Such uncertainty information
played a role in the rejection of some options by the
North Cape trustees, but this was not based on guanti-
tative uncerfainty analyses. In environmental man-
agement, uncertainty is often handled by enhancing
the scale of restorations to better protect public trust
resources. Wetland, marsh, and seagrass restorations
are commonly conducted over larger areas than the
areas removed so as to include uncertainty in the per-
formance of the projects. The replacement ratios used
typically increase with the level of uncertainty, Proba-
bly the most certain way of handling doubts about the
effectiveness of restoration would be to require moni-
toring of the projects and subsequent adjustments if
restoration targets were not met. The quantitative
scaling computations that we develop here are best
treated as hypotheses and predictions to he tested
directly through monitoring of this sort. In the present
case of the North Cape, monitoring is being performed
and v-notch incidence among females has increased,
but complications, such as a dramatic decrease in the
stock size since 2000, increasing incidence of shell dis-
ease, and delays in the v-notching program, preclude
analysis of the success of the restoration program at
this time.

The lobster restoration plan that we present here
provides a model for a species that is long-lived and
which is exploited, The importance of the lobster fish-
ery has led to enough research on the population pro-
cesses of lobsters to be able to develop a reasonable’
demographic model to guide restoration scaling for the
southern New England stock, For most marine species
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that do not form the basis of a fishery, that information

will be inadequate to construct a predictive quantita-
tive demographic model. Furthermore, the intensity of
fishing pressure in the lobster fishery and in other fish-
eries (Pauly et al. 1998) provides several viable and-
highly effective opportunities for restoration actions
not available for species that are not fished. Con-
sequently, the analysis that we present of options to
restore lobsters has generic applicability to a large
group of marine fish and shelliish that often will repre-
sent the most valuable resources, deserving of special
‘attention in restoration. To some degree, special focus
on restoring exploited species may stress value to
buman uses more than value to the ecosystem. How-
ever, the decline in fisheries is itself perhaps the great-
est conservation challenge in the sea (Botsford et al.
1997, Jackson et al. 2001), so the 2 needs tend to coin-
cide. However, concerns about the broader ecological
impacts of enhancing one target species in the system
are justified and deserve attention in considering
restoration choices. The capability of ecology to make
correct predictions is more limited at the level of the
community and ecosystem than at the level of indi-
vidual species populations. Consequently, effective-
ness of restoration and conceptual development in
ecology can both benefit from developing a full suite of
predictions and testing them through monitoring of
well-designed restoration projects.
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ABSTRACT: Abundant suspension-feeding bivalves have a dominant organizing role in shallow
aquatic systems by filtering overlying waters, affecting biogeochemical processing, and diverting-
production from the water column to the benthos. In degraded aquatic systems where bivalve popu-
lations have been reduced, successful restoration of ecosystem functions may be achieved by target-
ing the revival of bivalve populations. The "North Cape’ oil spill on the coast of Rhode Island (USA)
provides an oppertunity to demonstrate the feasibility of scaling bivalve restoration to meet quantita-
tive goals of enhanced production. After this oil spill, mortalities of bivalves were estimated by impact
assessment modeling of acute toxicity, and results were confirmed by comparisons with counts of
dead and moribund animals on local beaches, Computation of lost bivalve production included future
production expected from affected animals, had they lived out their expected life spans. This calcu-
lation of production forgone required a demographic model that combined age-specific mortality
with individual growth. Application of this modeling approach to surf clams Spisula solidissima, the
species that comprised 97% of the total loss of bivalve production from the spill, illustrates the
detailed implementation of scaling restoration to match estimates of losses. We consider the factors
known to limit sbundance and production of surf clams and other marine bivalves (hard clams, Amer-
ican oysters and bay scallops) and review the advantages of hatchery stocking, transplantation, habi-
tat restoration, and reduction of fishing pressure in selecting a reliable and efficient restoration
action. Age-specific estimates of the scale of population enhancement required to restore production
showed that fewer additional animals were needed when larger (older) animals were added, but at
the expense of greater grow-out requirements. Relaxation of fishing was most effective for hard
" clams. Accurate scaling of restoration was most sensitive to mortality rate, and the most efficient
restoration involving seeding of small bivalves would be accomplished using surf clams. Monitoring
of the restoration option chosen fo compensate for the bivalve loss following the ‘North Cape’ oil spill
can serve to test the underlying demographic assumptions and accuracy of the restoration scaling. -

KEY WORDS: Bivalves - Loss - Limiting factors - Natural resource damage assessment - 'North Cape’
oil spill - Population modeling - Restoration
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INTRODUCTION In the marine environment, this approach explains the
overwhelming dominance of restoration projects and
Restoration ecology has focussed mostly on replen- studies that are devoted to salt marsh grasses and sea-

ishing species that provide physical structure to the - grasses (Thayer 1992). The restoration of structure has
habitat, typically the larger plants (Jordan et al. 1987). compelling justification in that the function and value
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of a habitat are usually determined by its structural
integrity (e.g. Wilson & Peters 1988} and the defining
structure of many marine habitats is provided by the
larger plants and reef-building animals. Nevertheless,
provision of habitat structure does not necessarily
guarantee the return of normal function and the rate of
return of function may often lag structural restoration
by many years (Zedler 1995, Fonseca et al. 1996, 1598).
Consequently, the field of restoration ecology could
benefit and grow from greater appreciation of the
functional organization of the biological communities
within ecosystems and {rom targeting some restoration
efforts directly towards re-establishment of the limited
number of functionally significant species that are the
strong interactors in the system (Paine 1980).

Within estuaries and other relatively shallow aguatic
ecosystems, suspension-féeding bivalve molluscs can
dictate the character of the entire system through their
water filtration function (Kremer & Nixon 1978, Cloern
1682). The significance of bivalves in clarifying the
waters, in driving energy flows from pelagic to benthic
food chains, and in promoting growth of light-limited
benthic macrophytes, which themselves serve as criti-
cal habitat, can be clearly displayed through observing
the consequences of unplanned perturbations of bi-
valve populations. The ecosystem consequences of
zebra mussel Dreissena polymorpha invasions in the
Great Lakes and the introduction of the Asian clams
Potamocorbula amurensis to San Francisco Bay have
resulted in dramatic changes in the aquatic ecosystem,

consistent with their functional roles. as filters (Nichols

et al. 1990, Maclsaac et al. 1999). Where natural bi-
valve populations have been reduced (e.g. oysters in
the Chesapeake Bay and other estuaries) turbidity of
estuarine waters has increased, promoting pelagic
jellyfish explosions, and leading to widespread sea-
grass loss (Newell 1988, Jackson et al. 2001). This
ecosystem service of water filtration serves as a top-
down grazing control on algal blooms, perhaps the
most serious direct sympiom of eutrophication, one
that leads indirectly to oxygen depletion and mass
mortalities of invertebrates and fish. Bivalve filiration
also counteracts eutrophication by inducing higher
rates of denitrification (Newell et al. 2002),

In addition to their ecosystem role as biological fil-
ters, harvested populations of bivalves are a source of
food and recreation for humans. The over-exploitation
of abundant estuarine bivalves is in large measure
1esponsible for their decline in estuaries and for recent
collapses of estuarine ecosystems (Jackson et al. 2001).
However, because of their economic value, there also
is a wealth of information about bivalve population
dynamics and technologies developed to sustain and
enhance stocks. All of this is useful in restoring
depleted populations and here we consider potential

oppertunities for estuarine restoration through en-
hancing suspension-feeding bivalves and thus their
filtration function in the system. As an example, we use
a restoration assessment performed to replace the loss
of ecosystem services of surf clams and other bivalve
molluscs following the ‘North Cape' oil spill in Rhode
Island, USA, and develep a quantitative demographic
model for growth, survival, and production of surf
clams. When coupled with estimates of clam density,
the model allows quantitaiive estimation of surf clam
biomass-production lost after the spill. We then illustrate
by application of analogous demographic models of
bivalve production how a bivalve enhancement project
can be quantitatively scaled to compensate for the loss
in ecosystem services caused by loss of surf clams and
other bivalves after exposure to oil or other pollutants.

MATERIALS AND METHODS

Loss of production by bivalves. After the barge
‘North Cape’ grounded on the south coast of Rhode
Island (USA) during a severe winter storm on 19 Janu-
ary 1996, most of the 2682 metric tons (828 000 gallons
or 3130 m? of No. 2 fuel oil that was spilled became
rapidiy entrained into the water column by the heavy
surf (French McCay 2003). This mixing process re-
sulted in high concentrations of polynuclear aromatic
hydrocarbons (PAHSs) throughout the water colummn,
sufficient to induce mass mortality of benthic marine
animals suffering from narcosis. The induction of acute
{oxicity became evident as numerous lobsters Ho-
marus americanus, surf clams Spisula solidissima, blue
mussels Mytilus edulis, rock crabs Cancer Spp., sea-
stars, ampeliscid amphipods, hard clams Mercenaria
mercenaria, and demersal fishes washed up dead or
moribund on beaches for several days beginning
immediately after the spill (Gibson 1997). These dead
animals had occupied either the sand-bottom or the
cobble-boulder habitats in the shallow subtidal shelf
contiguous with the beach. Oil was also transported
into coastal lagoons (termed salt ponds), where addi-
tional losses of benthic invertebrates such as soft-shell
clams Mya arenaria, eastern oysters Crassostrea virgin-
ica, and bay scallops Argopecten irradians followed
{French & Rines 1998),

Losses of bivaive molluscs were quantified by inte-
grating several studies. Field sampling was conducted
on 2 dates after the oil spill to quantify local post-spifl
aburidance of suzf clams by size (age) class in and out of
the spill-affected zone. Physical fates modeling was
used to predict water column PAH concentrations,
which were validated with observed PAH concentra-
tions in the water column at multiple locations. Based
on known acute toxicity levels for appropriate taxa and
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estimates of pre-spill abundances, an ecotoxicological
impact assessment model was employed to estimate
mortalities of species, including surf clams and other bi-
valves, in the marine and salt pond environments. The
estimated surf clam mortality was compared to the esti-
mated number sirandéd on beaches near the impact
site after the spill. We converted the loss of surf clams to
an estimated loss of biomass from size frequency distri-
butions of killed clams and the applicable size-weight
relationship. Finally, we developed a demographic
model of surf clam individual growth and mortality to
compute the production forgone because of the addi-
tional lifetime growth that would have been expected
had those dead animals survived to complete their nat-
ural expected life spans. The biomass of the immediate
kill and the production forgone were combined to yield
the total loss of production caused by the oil spill.
Minimum eslimate of surf clam mortality. Sampling
of stranded surf clams was conducted daily at low tide
from 20 to 22 January 1996 on 6 impacted beaches
{Fig. 1). Two control beaches west (Westerly} and east
(Newport) of the impact zone were sampled to quantify
purely storm-induced strandings (Gibson 1997). On
each impacted beach, 2 x 200 m-long transects were
established parallel to the shore at low tide, from which
dispersed sets-of randomly placed quadrats were used
to quantify densities and size frequency distributions of
bivalves. The total area covered by strandings was also
estimated on each affecied beach. Since logistics pre-
ciuded sweeping the transects clear of stranded ani-
mals, the overall mean density {3.65, SE = 1.08} for the
3 d of sampling, less the mean (0.04, SE = 0.03) for the

control beaches, was multiplied by mean width {5.73 m,
SE = 0.77) and length (15955 m) of the impacted beach
to estimate a minimum number of 330300 surf clams
stranded on the shoreline (Gibson 1997). Although
more surf clams came ashore on subsequent days, they
were not counted. Gibson (1997) estimated total surf
clam strandings at 1.8 million. This estimate does not
represent total surf clam mortality because not all clams
killed became stranded on the beaches. Specifically,
smaller clams were absent from the strandings: no ¢lam
<3.6 cm in length, and few <7 cm, were observed on
the beaches. A 3.6 cm surf clam would be in its second
year of life (Weissberger 1998), meaning that none of
the young-of-the-year (YOY; and few 1 yr-olds) were
included in the strandings. Thus, the estimated number
of surf clams stranded represents the minimum loss of
clams >1+ yr of age.

Density of surf clams. Surf clams were sampled in
and out of the spill-affected area, providing density
data for input to the ecotoxicological impact assess-
ment model and improving estimation of production
forgone by providing site-specific growth and survi-
vorship information. In May/June 1997, 17 mo after the
oil spill, surf clams were sampled using 2 different
sampling devices along 1 transect in the impacted (W)
and 1 in the adjacent control area (FW) to the west
{Fig. 1}. Each transect contained 5 stations and was ori-
ented perpendicular fo shore, extending out to & depth
of 10 m, the limit found to be minimally impacted in the
ecotoxicological model. One sampler was an 8.4 cm
diameter core sieved through a 2 mm mesh; the other
was a suction dredge that passed contents of a 1 m?

Fig. 1. Transect locations on the south coast of Rhode Island (USA) for sampling surf clams Spisula solidissima: (1) stranded on

beaches (triangles), conducted daily at low tide 20 to 22 January 1996; and (2) densities in subtidal sediments (circles), taken by .

core and dredge in May/June 1997 and December 1997 to February 1998. The ‘North Cape’ grounding site is indicated by the

star. The impact zone extended along the shoreto 10m deep water (L.e. at the outer station of each W transect) from Point Judith
to the Charlestown Breachway. W: impacted sites; FW: adjacent control areas
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sample framethrough a mesh bag with 4 x 6 mm open-
ings, These 2 sampling devices produce largely com-
plementary information, in that the dredge sample did
not fully retain YOY clams, whereas the core could not
capture larger clams approaching the diameter of the
tube, At each station, 30 core and 15 dredge samples
were randomly placed and collected clams were
counted and measured (shell length; Tables 1 & 2).

_ Surf clams were sampled a second time from Decem-
ber 1997 to February 1998, 24 mo after the spill, using
only the dredge sampler at 3 original stations and
30 new stations (Fig. 1, Table 2}. Because the dredge
sampler missed the smallest YOY clams, we used a
correction factor for that undercounting to render the
December 1997 to February 1998 density estimates for
YOY comparable with previous densities estimated by
coring. In the May/June 1997 samplings along the FW
transect, the ratio of YOY density in cores (Table 1) to
that in dredge samples (Table 2} was 17.0 (SD = 14.7).
For the period of December 1997 to February 1998,
YOY density was estimated as 17.0x the measured
dredge-sample density {in Table 2) to correct for the
under-sampling of those size clams. Clams were found
in fine to course sand, but not at locations where
granules or rock boulders were present.

Surf clam recruitment response after the oil spill.
The surf clam samples provide some insight into the
likely loss of ctams from the oil spilt and into the pepu-
lation dynamics of surf clams. Dredge sampling 17 mo
after the spill uncovered no surf clams large enough to
have been present before the spill (>3.6 ¢m length) in
the impact area and only 1 clam (15.1 cm long) in the
control area (Table 2), Thus, this information is con-
sistent with the assumption of mass mortality of surf
clams in the spill area (1 to 40% mortality was com-
puted by and applied in the biological effects model,
French McCay 2003). Nevertheless, the similarly low
density of older surf clams in the presumptive control
area to the west raises questions. The core sampling in

Table 1. Mean grain size (mm} and density (ind. m™) of surf
clams Spisula solidissima along impacted (W) and control
{FW)} transects (see Fig. 1}, based on 8.4 cm-diameter core
samples (30 replicates per station) taken in the spring of 1997

Transect Depth Date sampled Grain Density
(m) (dd/mm/yy} size (mm) Mean (SD)
W 3 19/05/97 01 763.9 (438.7}
W 4 18/05/97 0.1 926.3 (539.8}
w 6 18/05/97 0.1 324.8 (352.7)
w 8 19/05/97 1.1 0 (0)
w 10 20/05/97 21 0 (0)
FwW 3 . 24/05/97 0.3 6.0 (33.0)
FwW 4 24/05/97 0.2 30.1 (68.4)
Fw 6 25/05/97 0.1 18.1 {(55.1)
- FW 8 27/05/97 0.1 00)
FwW 10 27/05/9% 0.1 6.0 (33.0}

May/June 1997 revealed numerous surf clams of 1.4 to
1.9 cm in length in the control area (mean = 12,0 m™3
SD = 7.0 m~%) but far more on the impacted transect at
stations with sand (mean = 672 m~%; SD = 311 m™3), but
not granular (>1 mm) sediments (Table 1). This size
class presumably reflects animals of ca, 1 yr of age
(Weissberger 1998). Consequently, these clams had
settled in the first summer (1996) after the oil spill.
Based on dredge sampling for both sampling periods,
and the correction factor 17.0 for under-sampling, the
YOY (Year Class 0} clams exhibited a mean density of
6.2 m™? (SD = 7.0 m™?) in the control area and 1231 m™2
(SD = 2584 m™? in the impact zone (Tabie 2). The far
higher recruitment in the spill area could be explained
as a consequence of: (1) greater survival after settle-
ment where predators like sea stars, moon snails, and
rock crabs had been decimated by the spill; (2) a
serendipitous consequence of patchiness in recruit-
ment and the lack of replication of transects in this
study; or (3} evidence of a geographic cline in settle-
ment rate from highs near the point of land at the east
where grounding occurred to lows toward the west
where the control area was located. We used surf clam
density data from the control area to estimate pre-spill
densities in estimation of mortality. To the degree that
clam recruitment to this western area is systématically
lower than to the spill area, this decision resulted in
conservative estimates of surf clam losses.
Survivorship of young clams. Subsequent sampling
from December 1997 to February 1998 (ca. 2 yr post-
spill) provided further insight into the surf clam demo-
graphy in this area of the Rhode Island coast. Dredge
samples contained the previoilsly detected cohort of
now 1.5 yr-old clams (2.5 to 7.5 cm in length with a
mean of 5.6 cm) plus a new cohort of presumably
0.5 yr-old recruits (<2.5 ¢m). By comparing densities
only in re-sampled stations in the control area ‘of
almost 1 yr-olds in May/June 1997 to 1.5 yr-olds from
December 1997 to February 1998 (Table 2), we com-
puted a 7-mon survival rate of 6.3 %, which translates
to an annual rate of 0.88 %. We rounded that value

. up for our subsequent demographic modeling and as-

sumed a 1% annual survival rate for surf clams from
Age 0.5 to 1.5, or 10% per half vear in this period
(Table 3). The sampling data provided a separate con-
firmation of this early life-stage mortality rate. Multi-
pPlying by the correction factor (17} to adjust for under-
counting of YOY clams in dredge samples at the
3 control area stations that were re-sampled from
December 1997 to February 1998 yielded an estimated
YOY (0.5 yr-old} density of 2.72 m~? (Table 3). Applica-
tion of a 1% annual survival rate would yield an
expected 1.5 yr-old density in this cohort of 0.027 m™%
The actual density of 1.5 yr-olds in the December 1997
to February 1998 sampling was 0.04 m™%
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trates taken from the literature (see be-
low), and averaged the 2 yr of data. From
the May/ June 1997 sampling, we chose
the mean abundance of YOY clams from
the core sampling (Table 1) and pro-

Table 2. Mean grain size (mm) and measured surf clam Spisula solidissima
density {ind. m2) along the indicated transects {see Fig. 1) in dredge samples -
{15 replicates per station) taken in the spring of 1997 and winter 1997/98. Tran-
- sects designated by W are in the impacted area, whereas FW indicates the
control area. Transect W-R is a re-sampling of the W transect

Transect Depih Date sampled Grain Density Year class J ec‘ter:l that back.wards in time by 0.5 yrto
(m) (dd/mm/yy)  size (mm) Mean (SD) provide one estimate of YOY clam abun-
dance for the date of the spill. Across all
w 3 28/05/97 . 0.1 472.9 (23.0) 0 (1996) the control core samples, YOY density
w 4 08/06/97 . 0.1 337.9 (94.6)  0(1996) averaged 12 w2, which after application
W 6 12/06/97 0.1 2546 (42.3} 0 (1996} " half v - vorshi £ 10%
W-R 3 12/01/98 0.1 1105318  1(1996) of a half-year survivorsulp © o
W-R 4 21/12/97 0.1 13.80 (7.4) 1 (1996) represents survivors expected from 120
W-R 6 15/01/98 0.2 3.30 {1.6) 1 (1996) 0.5 yr-olds in January 1996 (Table 3).
w 8 29/05/97 1.1 244 (1.3) 0 (1996) Based on this YOY abundance and esti-
V“\; 1 1?? ?éﬁ?g;g; gi (l)gg 2(1)3 8 ggg% mated survivorship rates, the control
w1 4 15/12/97 o1 1.80 (1.3) 0 (1997) area contained an estimated 5.52 older
w1 6 11/12/97 0.6 1.50 (1.4) 0 (1997) clams m™2, with the size distribution
w1 8 12/12/97 11 0.00 (0} shown in Table 3. Similarly, the ob-
wi 10 13/12/97 1.0 0.00(0) . served density of 0.5 yr-old clams sam-
w2 3 03/12/97 0.2 0.90 (1.1) 1 (1996) :
W2 4 05/12/97 0.3 0.00 (0} 0 (1997) pled in the control area from Decembe;
w2 6 06/12/97 0.4 0.80(0.9)  0(1997) 1997 to February 1998 was 272 m
w2 8 08/12/97 0.8 3.70(2.0) - 0{1997) {corTrected for dredge sampler error as
w2 10 09/12/97 1.0 1.60 (1.3) 0(1997) explained above). Assuming the sur-
xg i ggﬁig; (l).g g'gg Egi vivorship schedule and stable age distri-
w3 6 28/11/97 12 000 (O) bution in Tﬁb].e 3, the denSIty of older
w3 8 29/11/97 1.0 1.30 (0.7} 0 {1997} clams during this second pericd was
w3 10 30/11/97 1.7 _ 0.10 (0.2} 0 (1997) 0.13 m 2. To derive our estimate of surf
wi z i;’/’ 1 if’ g; gg 33;3100(?};32!) 13332 clam densities by age (size) class at the
w4 6 18/11/97 0.1 11.80(9.2)  1(1996) time of the spill (January 1996), we
w4 8 19/11/97 0.8 3.90 (1.4) 0 {1997) averaged across these 2 yr the densities
W4 10 24/11/97 0.4 2.50 (2.3) 0 {1997) _in each age class, weighting by sampling
Fw 3 15/06/97 0.3 1.33 {1.3) 0 (1996) affort {Table 3}. This weighting had the
llzvvg ‘é 12;82;3; g? ég; %g; 8 gggg} effect of undervaluing the clams that
FW 8 17/06/97 0.1 007 (03 0006 | - settledin the yearjustater the oll spill
Fw 10 18/06/97 0.1 0.33(0.6) 0 (1996) perhaps appropriate if residual negative
FwWi1 3 20/01/98 0.8 0.00 (0} : effects of the spill persisted.
ixi ' g %Zgggg g.g 0%%0((()0;} 0 (1997) The resulting average densities com-
Fw1 8 02/02/98 0.7 0.20 (0.4) 0 (1997} puted from the sﬂ&Spec@c sampling
FW1 10 03/02/98 0.4 0.00 (0) data (Table 3} match available pub-
FW2 .3 20/12/97 0.3 0.30 (0.5} 0 (1997) lished data in the literature reasonably
%g 4 gojng}g gg Ogg (0-21 0 (122;) well. Weighted averages of the 2 sam-
6 2 X 0.30 (0. 0 (1997) N . , 2
FW2 8 21/02/98 0.5 0.40 (0.5 0 (199%) plings yield a YOY density of 41.8 o
FW2 10 23/02/98 0.8 0.00 (0) and a den51ty of 1.9 older clams m =,
totaling 43.7 m~2 (Table 3). Abundance

of older clams (>3.6 cm) was similar to

Numbers oi clams by age class at the time of the spill.
We used results of post-spill sampling (Tables 1 & 2} and
our age-specific mortality schedule (sce 'Survival' be-
Iow) to estimate, by size and age class, the densities of
surf clamns present at the time of the North Cape' oil spill.
To form our best estimate of densities of surf clams in
each age (size} class, we used only the YOY data for each
sample year from the control {presumably unaffected)
site west of the spill area, computed numbers for older
clams using a survivorship schedule based on mortality

Olsen's (1970} observed mean of 1.8 m~2 for that same
size class in nearby Rhode Island waters. Franz (1976}
observed 25 to 125 YOY m™2 in August on the south
coast of eastern Long Island, ca. 50 km from the spill
site, with the greater numbers farther to the west
toward the Rhode Island coast.

Ecotoxicological impact assessment modeling. Mor-
tality of swrf clams and other bivalves was estimated
by application of ecotoxicological impact assessment
modeling (French & Rines 1998, French MeCay 2002,
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Table 3. Spisula solidissima. Age-specific growth and mortality of surf clams
used to develop predictions of abundances prior to the '‘North Cape’ cil spill in
Rhode Island. Projections are made for the half-year to match the season (win~
ter} of the oil spill. Length-weight relationships were from Weinberg & Hesler
(1996). Survival rates were taken from a literature review and cohort analysis
(see ‘Survival' in text). The first column of density estimates is based upon core
sampling data of 1 yr-old clams taken in May/June 1997, and the second column
on dredge sampling data of 0.5 yr-old clams taken in December 1997 to Febru-
" ary 1998, Actual observations are presented in bold while others are projected
by applying the age-specific survivorship schedule, The final column is the
effort-weighted mean of the first 2 estimates. YOY: young-of-the-year (0.5 yr-old

because bivalves and juvenile lobsters
suffer similar toxic effects by narcosis
(French MecCay 2002). Computation of
initial loss of biomass from acute
mortality required estimates of pre-
spill abundance, size distribution, and
size-biomass - relationships for each
bivalve, while subsequent computation
of production forgone required esti-

at time of spili)

mates of expected growth and mortal-
ity rates (French McCay 2003). The

Age(yr) Sheil Meat  Survival Density estimates (ind. m?) modeling for the salt ponds included a
length  weight  to next May/ - Dec 1997 Weighted separate but linked model of temporal
(cm) tg) class June to mean change in PAH concentrations (Hinga
1997 Feb 1998 1997) in which source PAH concen-
0.5 1.0 0.130 0.10 120 .79 41.8 trations were provided by the ocean
1 1.5 0.371 0.10 12 0.272 4,18 model (French McCay 2003) and the
1.5 36 3.54 0.50 1.20 0.027 0.42 rate of decline of concentrations were
2.5 6.2 14.2 0.905 .60 0.014 0.21 fitted to pond observations (Hinga
3.5 8.2 29.6 0.905 0.54 0.012 0.19 . 1997). Th d rtali §
45 98" 470 0905 049 0.011 0.17 997). Then exposure and mortality o
5.5 11.1 64.5 0.905 0.44 0.010 0.15 bivalves was estimated from applica-
65 121 80.8 0.861 0.40 0.009 0.14 tion of the same biclogical effects
;g igg 19")5;;39 gggi g-gg gggg g}g model used for the ocean to salt-pond
9:5- 141 1186 0.861 0.26 0.006 0.09 abundance.estlmates denvec-l_from 1it-
10.5 145 - 127.6 0.861 . 0.22 0.005 0.08 erature reviews (French & Rines 1998,
11.5 14.8 134.9 0.861 0.19 - 0.004 0.07 French MeCay 2003).
12.5 15.0 140.9 0.861 0.16 0.004 0.06 Results of this ecotoxicological im-
13.5 152 1458  0.861 0.14 0.003 0.05 pact assessment modeling. exercise
14.5 15.4 149.8 0.861 0.12 0.003 0.04
15.5 15.5 153.0 0.861 010 0.002 0.04 (Table 4) demonstrated that surf clams
YOY at time of spill : ‘ 1200 2,72 4138 comprised the vast majority (ca. 88%
Total >3.6 cm at timie of spill 552 0.13 1.92 by number and 96 % as biomass) of the
Total at time of spill 125.5 2.85 43.7 . bivalves killed after the ‘North Cape'

2003), which involved coupling a temporal physical
fates model of transport and degradation of PAHs with
a biological effects medel to predict acute toxic mortal-
ity for different taxa. Field sampling of PAH concentra-
tions in the water column was conducted to validaie
the model's time-dependent predictions of exposure,
Side-scan somar was used to map the areas of soft-
bottom (which is all fine-to-coarse sand) and rocky reef
habitats in the spill-aifected area, which allowed mod-
eling to be stratified by.location and amount of habitat
(French McCay 2003). Published information on varia-
tion in acute mortality with exposure (French McCay
2002) was then applied together with available infor-
mation on natural pre-spill densities and size distribu-
tions to predict total loss of abundance and biomass for
key taxa (French & Rines 1998, French McCay 2003).

Exposure concentrations of PAHs in bottom water
were validated and the biological effects model origi-
nally validated for lobsters (French McCay 2003) was
applied to bivalves offshore from the beach (French
McCay 2003) and in salt ponds (French & Rines 1998)

oil spill. Contributions from other
species (blue mussels, hard clams, soft-
shell clams, oysters, and bay scallops)were all rela-
tively small. When the estimated surf clam density
(Table 3) was entered into the biological effects model,
the total number of older (>1 yr} dead surf clams pre-
dicted by the ecotoxicological impact assessment was
2.6 million (Table 4), which is larger than Gibson's
{1997) computed value of 1.8 million stranded surf
clams, Not all dead surf clams would be stranded on
the beaches, so the larger number of dead predicted by
the model is reasonable. The model predicted a total
loss (all ages) of 150 million surf clams, representing a
biomass of 193000 kg (Table 4). All other bivalves
added only another 8000 ki of additional biomass
losses at the time of the spill.

Demographic modeling to compute production for-
gone. Estimates of age-specific growth, the relation-
ship of clam size to biomass, age-specific mortality
schedule, and the numbers of clams killed in each age
class were required lo estimate production forgone.
For most of the individual and population demographic
parameters, a synthesis of available literature provided
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Table 4, Summary of estimates of bivalve losses resulting from the North Cape’
oil spill. Losses are based upon application of ecotoxicological impact assess-
ment modeling: marine (French McCay et al 2003) and salt pond (French &
Rines 1998). Production forgone is the expected summed somatic growth in the
absence of the spill. Total loss is biomass killed plus production forgone, with
future losses discounted at 3% annually. YOY: young-of-the-year (0.5 yr-old at

with when the spill occurred, Conver-
sion of shell length to weight was
achieved by applying the following
equation with parameters from Fay et
al. (1983): '

time of spill
e W, = aL @)
Location Numbers Biomass Production Totalloss of where W, is wet meat weight at age t
Species category killed killed forgone  production (yr) and a and b are constants (a =
(thousands) _(kg) (ka) (k9) 00001304 and b = 2.578, for surf clam
Coastal marine Iength in cm and weight in kg, Table 3).
Hard clam . 37 7 798 205 Survival. To descibe age-specific
Is\duifrcinana mercenana survival, we adopted the basic expo-
clam ‘ s . . .
Spisula solidissima (total) 150 588 192496 171516 364013 nential flsh'ei:{les Il)op;lalt_l:on dyr'fnamms
YOY 148010 19241 64963 84204 model of Ricker (1975). For surf clams
>1yr 2578 173255 106554 249 800 of legally harvestable size, the number
Blue mussel at age t (yr), N, is a function of the
" . 024 879 1203 2082 . .
Mytilus edulis 20247 number of new recruits to the fishery at
Total bivalves 170872 193382 173517 366900 age i years. For > & .
Salt pond ' Ny= Refal-® 3)
. Soft-shell clam =
MYa arenariz 499 5712 3888 9600 Zy=M+F (4}
- American oyster 140 1857 905 2762 _where Z, is annual instantaneous total
Crassostrea virginica mortality (assumed constant for ages
ii;Y scallop 5 0.150 5 0 5 t>t), Mis annual instantaneous natural
gop e?aen irradians mortality, F is annual instantaneous
Total bivalves 649 7573 4794 12367 fishing mortality, and R is the number
Total 171521 200955 178311 379267 of individuals in this cohort that first
recruited to the fishable population

appropriate values, while others were from analysis of
samples collected in the spill area {Tables 1 & 2}. Esli-
mation of the numbers killed by age (size) class came
from application of the biclogical effects ecotoxicology
model (French McCay 2003) after estimation of the
numbers of clams in each age (size) class present at the
time of the oil spill (Table 3}.

Growth. We chose to describe length as a function of
age by using the traditional von Bertalanffy growth
curve {Ricker 1975): :

Ly= L.{1-e®th) 1)

where L, is shell length (cm) at age ¢ {y1), L. is the
asymptotic maximum length, K is the Brody growth
coefficient, and f; is a constant. Based on Weinberg &
Hesler {1996}, we used the following values for surf
clams: L., = 15.99 cm, K = 0.232, and & = -0.099. How-
ever, insertion of these parameter values indicates a
length of 3.6 cm at t = 1 yr. Based on Weissberger
(1998), 3.6 cm clams would be well into their second
year of life, and we assumed that age t represents a
nominal age (actual age in years minus 0.5} in our
application of the von Bertalanffy growth curve. This
calibration also had the advantage of assessing abun-
dances at mid winter (the half birthdays), coinciding

(i.e. R = number at age i, yr}. For t < &
Ny= Ny e2 (5)

where Z, is the age-specific annual- instantaneous
natural mortality rate. The annual survival rate for
age { (5} is thus:

5 = e (6)

We estimated rates of age-specific mortality of
Rhode Island surf clams using information from several
sources. Grosselin & Qian (1997) analyzed the early
survival of newly settled clams and determined that
only about 1% of the new settlers would still be alive
by winter. Thus, we assumed survival of surf clams
from age O to 0.5 yT to be 1%. Based on analysis of
sampling data for surf clams at the spill site and -
detailed above, an annual survival rate of 1%, or
10% per 0.5 yr, is assumed to apply from 0.5 to 1.5 yr
(Table 3). Instantaneous mortality rates of harvestable-
sized surf clams (>12.1 cm or > 6 yr old } in southern
New England have been estimated by NMFS (1995 to
be M = 0.05 and F = 0.1, giving a total mortality rate
7 = 0.15. Estimated mortality rates for smaller clams
are higher, but empirical data are not readily available.
Clams teach a size refuge from predation at 5 cm in
length (MacKenzie et al. 1985), or ca. 2 yr of age. Thus,
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we assumed that mortality rates for 2.5 to 5.5 yr olds
are M = 0.1 (twice the rate of larger clams), with F= 0
(no fishing). For surf clams from 1.5 to 2.5 yr old (3.6 to
6.2 cm length), we chose an annual survivorship of
50%, halfway between that of younger and older age
classes (Table 3).

Computation of production forgone. In addition to
the estimated direct kill of 148 million YOY plus
2.6 million older clams, weighing (without shells) a
total of 192500 kg (Table 4), the total production loss
must also include production forgone, which is the
somatic growth those clams would be expected to have
achieved over their remaining natural lifespan. The

equations used to calculate the expected remaining .

lifetime production (P) are:

PL = XX Ny Siy Wiy - Win)/(1 + dY (7

1

where N, is the number of Age Class i expected to
have remained alive at the beginning of year v after
the spill, S;,, is the expected portion of Age Class i sur-
viving from Age i+y to i+y+1, W, is the weight per
individual for Age Class i at y years after the spill, M.,
is instantaneous annual natural mortality rate, Fiy is
instentaneous annual fishing mortality rate (both for
Age i+y), and d is the discount rate (d = 0.03: NOAA
1997). Before the age of recruitment, fishing mortality
is 0, The discount factor, 1/(1 + d}¥, decreases the value
of the production by 3% for each year that passes
before that production would have been realized. This
follows the economic model that losses, or gains of
restoration, in the future are less valued than present
production. Including identical discounting on both the
injury and restoration sides of the equation allows time
lags in both losses and benefits to be appropriately
teated so as to measure values lost and gained fixed to
a common year.

RESULTS
Injliry

The total loss of surf clam production from the ‘North
Cape' oil spill was 364000 kg (192500 kg killed
directly and 171500 kg in production foregone). Inju-
ries to all bivalves in the marine environment and the
salt ponds were computed in an identical fashion
(French & Rines 1998, French McCay 2003) and are
sunmunarized in Table 4. Although these projections of
injuries for other bivalve species did not have benefit
of site-specific sampling data, the dominance of the
surf clam loss means that the total loss of bivalve pro-
duction is not greatly biased by errors in estimating

Niitge1 = Niy Sy = Ny e (Mirr+hisy) (8)

pre-spill densities of rare species. The total loss of
bivalve production caused by the ‘North Cape’ oil spiil
was thereby estimated to be 379000 kg (Table 4). This
represents the injury that restoration should be scaled
to replace. )

Scale of compensatory restoration

The quantitative benefits of restoration, whether it
be via hatchery stocking, transplantation, reduction of-
fishing, or habitat restoration, can be estimated by the
net bivalve production that is added to the ecosystern.
Use of this metric to establish the scale of the restora-
tion project required to compensate for the loss must
use the same currency (bivalve production discounted
to a common year} that was used to quantify the loss.
Secondary preduction represents ome fundamental
ecosystem process, so using this as a proxy for all eco-
system services has some justification. Furthermore,
production of suspension-feeding bivalves correlates
with their important filtration and biochemical pro-
cessing functions. Other important ecosystem func-
tions of bivalves may not be well measured by produc:
tion alone. For example, the size structure of the lost
animals is not necessarily reproduced in a restoration
that matches the loss using production as the sole cri-
terion. Smaller individuals provide an ecosystem ser-
vice of feeding demersal predators, especially crabs,
whereas older bivalves find substantigl refuge from
predation (e.g. Kennedy et al. 1996, Kraeuter 2001).
Thus biasing the restoration action by using larger
bivalves could add stability to the population dynamics
by serving as a long-lasting spawning sanctuary and
would provide similar filtration on phytoplankton but
at the expense of failing to pass the eniergy produced
up the food chain. .

The process of estimating gains in production from
any of the potential restoration approaches involves
use of the same computations developed to estimate
production forgene. In this case, we apply the identical
equations derived above to project demographics and
individual growth into the future, not to quantify pro-
duction that would have occurred absent losses but
instead to predict production that will occur through
augmentation of abundance of one or more age (size)
classes. Again analogous to the method for quantifying
loss of production, we add the biomass of any individ-
uals added to start the restoration to the discounted
future production expected before they die to compute
the total net enhancement of production. Using the
identical methed for estimating both the loss and gain
is appropriate to insure that the scaling of restoration
matches, and thus compensates for, the magnitude of
the injury.
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The choice of species to use in the bivalve restora-
tion does not affect the method of estimation of quan-
titative gain in production, just the parameter values
used in the projection. Many considerations enter into
this choice, including reliability of the technology for
each species, availability of a source (for stocking or
seed production), cost effectiveness, and the distribu-
tion of losses among species. Assuming that all sus-
pension-feeding bivalves are equivalent and inter-
changeable in restoring losses may compensate for
lost production, filtration, and biogeochemical pro-
cessing but does not necessarily replace those func-
tions in the same habitat (here coastal ocean vs. salt
pond). In addition, not all bivalves are of equal
value to the ecosystem or to humans in fisheries. We
scaled the restoration required for several alternative
choices of bivalve species and size class within spe-
cies (Table 5). We considered the American oyster
Crassostrea virginica, bay scallop Argopecten irradi-
ans, hard clam Mercenaria mercenaria, and soft-shell
clam Mya arenaria, as well as the surf clam Spisula
solidissima. The same demographic model described
above was used for each species, but different specitic
life-history parameters were used (Tables 5 & 6). For
hard clams and oysters, we also made these scaling
projections with and without fishing pressure to quan-
tify the contributions of establishing fishing sanciuar-
ies. Each alternative was scaled to compensate for the
loss of 379000 kg of bivalves, providing the numbers
of individuals initially required to seed, transplant,
protect from the fishery, or produce by habitat resto-
ration. Hach of the life-history parameters is estimated

with uncertainty and a thorough analysis of benefits -

of restoration could include a formal uncertainty
analysis .to aid in choosing the most appropriate
restoration option. We do not do so here because we
use these results merely to illustrate general patterns.
For oysters, we employ several different natural mor-
tality rates (Table 5) because our estimates of their
demographic rates are the most uncertain, fluctuating
with disease incidence and severity.

The results of these computations to scale restoration
options Teveal several patterns. First, the larger the
individuals added through seeding (or stocking, pro-
tecting, etc.), the fewer are needed. This outcome is
illustrated best by hard clam resulfs, where numerous
starting sizes were modeled (Table 5). The numbers
required do not decrease linearly with size but instead
show a sharp early increase and then a far slower
change for larger, older clams which experience iower
natural mortality rates (e.g. Peterson et al, 1995). If the
animals are from a hatchery, the costs of rearing seed
to larger size are far higher, so cost efficiency would
require survivorship gains to be balanced against
increased costs to choose the aptimal size to add. Sec-

ond, for hard clams, protection from {ishing can en-
hance the expected benefiis of the restoration more
than for any other species modeled (Table 5j. This
result follows from the longer natural life span of this
species, which allows for greater expected growth in
the future. Third, the calculations reveal that future
production of oysters is highly sensitive to mortality
rate. For oysters subject to fishing pressure, the num-
ber of seed oysters required to provide 179000 kg of
production increased from 29 to 122 million as M was
increased from 0.223 to 0.50 yr! (Table 5). Fourth, if
seeding is restricted to relatively small (and less
expensive) individuals (e.g. <3.3 cm in length), the
most efficient restoration can come from choosing surf
clams, requiring only 5.3 million as compared to 16 to
75 million hard clams, 25 to 122 million oysters, 32 mil-
lion bay scallops, and 26 to 218 million soft-shell clams ..
(Table 5}.

DISCUSSION

Accomplishment of the compensatory net gain in
bivalve production requires that the restored species is
limited by factors addressed by the restoration actions
and that restoration is successful. These issues, alony
with practical matters concerning logistics, were con-
sidered in developing the restoration plan for provid-
ing the required compensation for the effects of the oil
spill considered here as an example, In the following
sections, we briefly discuss what is known about limi-
tations to bivalve production and the effectiveness of
the 4 specific restoration approaches that were con-
sidered. :

Limitation of bivalve population size and production

Because of their commercial value, there is a sub--
stantial body of scientific information on such species
as surf clams Spisula solidissima, hard clams Merce-
naria mercenaria, American oysters Crassosirea vir-
ginica, and bay scallops Argopecten irradians. They
are appealing candidates for restoration because of
their general historical decline in abundance in the
southern New England region, their value as natural
biological filters of over-fertilized and eutrophied SYS-
tems, their human use vaiue for exploitation, and their
ecological importance as prey for marine predators
like crabs and bottom fishes. While surf clams experi-
enced the greatest loss in production from the ‘North
Cape' oil spill, enhancement of these ecologically sim-
ilar species was considered because they provide
analogous filiration services and other functions within
the ecosystem. ’
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Table 5. Numbers of additional individuals required to compensate quantitatively for production lost (379 267 kg) from the oil

spill. Resulls are derived from application of the age-specific survivorship and growth models (see *Survival’ in text). Computa-

tions vary bivalve species, size class added, fishing pressure, and (for oysters) mortality rate. M is instantaneous exponential rate

of natural mortality, F¥ is instantaneous exponential rate of fishing mortality (French et al. 1996). Mortality rate from AgeOtolyr

is assumed to be 10% (Grosslein & Qian 1997). Length at age and length-weight parameters (L, W} are from: {1) Weinberg &
Hesler (1996) and Fay et al. {1983); (2} French et al. (1996); and (3) Rice et al. (1989)

Species M F Ageof Length Meat Age .Lifetime Lifetime Nos. of ind. Source
(yr'Y)  (yr') recruit- (cm) weight (yr'}) production production+  requiredfor for L W
ment to Q) tkg/kg} initial biomass compensation
fishery (kg ind. ™) (miltions)

Surf clam Spisula 012 0.03 6 S 3.0 1.42 1 49.61 0.0719 5.3 (1y
solidissima
Surf clam Spisula 012  0.03 6 1.5 0.065 0 107.3 0.0070 54 (1)
solidissima
Hard clam Merce- 0.1 0.3 3 2.0 1.1 0 4.235 0.0058 66 (2}
naria mercenaria -

' Hard clam Merce- 0.1 0 3 2.0 1.1 0 7.131 0.0090 42 2)
naria mercenaria
Hard clam. Merce- 0.1 0.3 3 2.0 1.1 0 1994 0.0231 16 {2}
naria mercenaria . :
Hard clam Merce- 0.1 0 3 58 224 4 1.305 0.0517 7.3 (2}
naria mercenaria
Hard clam Merce- 0.1 0 3 7.5 46.4 7 0.291 0.0599 6.3 {2)
naria mercenaria ) ) .
Hard clam Merce- 0.1 0 3 8.5 66.2 18 0.010 0.0668 57 {2)
naria mercenara
Hard clam Merce- 0.1 o 3 7.8 50.9 17 0.383 0.0704 54 (3}
naria mercenaria .
IHard clam Merce- 0.1 0 3 8.5 66.0 17 0.164 0.0768 4.9 - (3)°

. naria mercenaria : ) )
American oyster 0.223 o - 2 2.0 0.40 1 36.62 0.0150 25 2
Crassostrea virginica . .
American oyster 0,223 0.3 2 20 0.40 1 31.51 0.0130 29 (2)
Crassostrea virginica
American oyster 0.357 0 2 S 2.0 0.40 1 27.35 0.0113 33 2
Crassostrea virginica
American oysier 0.357 03 2 2.0 0.40 1 24.48 0.0102 37 (2)
Crassostrea virginica :
American oyster 0.5- 0.3 2 2.0 2.00 o 0.552 0.0031 122 2}
Crassostrea virginica )
Bay scallop Argo- 0.1 1 1 5.4 24.90 1 0.185 0.0295 13 2)
pecten irradians .
Bay scallop Argo- 0.1 1 1 2.0 10.00 0 0.194 0.0119 - 32 S {2)

| pecten irradians '

Soft-shell clam 0.1 0.6 2 1.5 0.35 o 4.040 0.0017 218 (2}
Mya arenaria
Soft-shell clam 0.1 0.6 2 3.3 3.07 1 3.758 0.0146 26 (2
Mpya arenaria

Surf clams have planktotrophic pelagic larvae that are
transported as part of the plankton for about 2 wk

Spisula solidissima. Although surf clams are tar-
geted in commercial fisheries, less is known about fac-

tors that control their abundance and productivity
compared with other exploited bivalve species. Iis
habitat along the high-energy ocean beaches limits
access of researchers and challenges ecologists to
define the scales of important population processes.

before settlement begins (Fay et al. 1983). Thus, ii is
likely that physical flow regimes could limit the abun-
dance of successtul settlers and they almost certainly
help dictate the patchy spatial patierns of settlement
(Olsen 1970, Franz 1976). There is also potential for
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recruitment limitation at low adult densities, but no
evidence is available to test this hypothesis. However,
the high abundance of settlers that appeared in the
impact zone after the ‘North Cape’ spill suggests that
recruitment may not be limiting in that locality.

Like other benthic bivalves setfling into soft sedi-
ments (Grosselin & Qian 1997}, surf clams suffer very
high losses to predators until they reach a length of

about 5 ¢m, which does not occur until around Age 2 y1.

(MacKenzie et al. 1985). The predators that are most
important in controiling survival and thus production
of surf clams are naticid gastropods and various crabs
(Weissberger 1998). Demersal fishes may have impor-
tant effects in reducing abundance of juvenile surf
clams in some situations, whereas flounders act to limit
growth rates by nipping siphons of larger clams, for-
cing them use energy for regeneration. High local
Spisula density also acts to reduce growth rate, pre-
sumably by grazing down food concentrations in the
benthic boundary layers {(Weinberg & Hesler 1995).
Fishing mortality (F) begins at ca. Age 6 yr and is esti-
mated to be <0.1 (NMFS 1995, Table 5), not as iritense
as some other fisheries. Thus, the intense predation on
juvenile clams up to ca. Age 2 yr appears to represent
the strongest control on surf clam abundance and pro-
duction. This suggests that stocking with small clams
(Table 5) would increase surf clam production. Pro-
tection from predation might also increase clam
production, but at a loss to the food web.

Mercenaria mercenaria. The hard clam is the most
similar of the candidate bivalve species considered for
restoration in the ‘North Cape’ case to the surf clam,
which made up the bulk of the losses, and so was eval-
uated in some detail. A Tecent book (Kraeuter &
Castagna 2001) synthesizes knowledge of hard clam
biclogy, including factors that limit abundance and

Table 6. Bivalve growth parameters used in restoration model calculations.

Length at age and length (cm) versus weight (g) parameters (L, W} are from:

(1) French et al. {1986); and (2} Rice et al. (1989). L. asymptotic maximum
length; K: Brody growth coefficient: ty: constant (see "Growth' in text)

production. Gamete production in hard cams in-
creases with size, as in most [ree-spawning marine
invertebrates (Peterson 1986a). Because of their high
fecundity, most managers of hard clam fisheries
assume no spawner-recruit relationship and so even a
small number of spawning adults will be sufficient to
provide adequate numbers of larvae to sustain the next
generation {e.g. Hancock 1973). However, in North
Carolina declining recruitment as a result of reduced
spawning stock biomass caused by fishery exploitation
implies that hard clams may become recruitment
limited when adult spawners fall below some critical
biomass (Peterson 2002). Little is known about the
control of larval survival and success in hard clams, but
the North Carolina case suggests that if density-
dependent moriality exists, it is not strong enough to
avercome a reduction of around 50% in spawning
stock biomass.

At the time of settlement to bottom sediments, hard
clams are susceptible to predation by infaunal preda-
tors like flat worms (Watzin 1983}, small crustaceans
like snapping shrimp (Beal 1983), suspension feeders
that filter them from the water column, and deposit-
feeding invertebrates (Hunt et al. 1987). At natural
densities, adult and juvenile hard clams do not effec-
tively limit the success of settlernent in their local vicin-
ity through filtration (Peterson 2002). Predation rates
are high after settlement up to a length of ca. 2.5 cm,
where blue crabs, a major predator, begin to experi-
ence lowered efficiency in crushing the shell (Arnold
1084, Peterson 199, Kraeuter 2001). As larger individ-
nals, hard clams continue to have enemies but preda-
tion by whelks (Peterson 1982), stone crabs, and rays
(Kraeuter 2001} does not lower overall abundance
except in certain habitats and under special conditions.
Fishing expleitation is intense on natural populations
of hard clams and clearly represents an
important control on abundance {Pe-
terson 2002) and population structure
(Rice et al. 1989), .

Bottom habitat causes very important
indirect control of hard clam abun-

Species Locm) K fly) a(LW) b(LW Source dance,. operating both on the hydro-
for LW dynamics of the settlement process and,
even more importantly, on risk of preda-
Har'(i clam Mer_ce- 85 0.333 0594 0155 2.83 1 " tion after settlement. Emergent vegeta-
hana mercenana tion in seagrass beds slows currents and
Har_d clam Men::e- 85 0.333 0594 0.0723 2.81 . 2 induces deposition of suspended par-
nparia mercenara : . : .
American oyster 137 0551 -0365 0087 221 1 ticles, including invertebrate larvae
oy . : -0. ) .
Crassostrea virginica (Peterson et al. 1984). After s?ttlement,
Bay scallop Argo- 64 1.950 0058 0.00018 293 1 the seagrass root system provides some
pecten irradians structural refuge from burrowing and
Soft-shell clam 86 0356 -0337 01100  2.82 1 digging predators, thereby further en-
Mya arenaria hancing hard clam abundance {Peter-
' son 1982, 1986b, Wilson 1990), Conse-
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quently, the extent of seagrass habitat limits the abun-
dance of hard clams indirectly. Even more effective
than seagrass as a barrier to predation by thé hard
¢lam’'s most significant enemy, the blue crab, is shell
bottom habitat provided by oysters (Castagna &
Kraeuter 1985, Peterson et al. 1995) and other mollusc
species. Declines in oyster reefs and oyster shell habi-

tats (Rothschild et al. 1994, Lenihan & Peterson 1998}

have been even greater than the declines in seagrass
habitat (Orth & Moore 1983) over the past century.
Consequently, hard clam populations are almost cer-
tainly reduced regionally because of this loss in an

important refuge from intense predation, However, in-

Narragansett Bay, Crepidula fornicata covers large
areas forming a shell bottom (French et al. 1991),
which may in part mitigate the losses of seagrass and
oyster reefs and explain the greater abundance of hard
clams in that estuary as compared to other New
England waters.

Thus, as for surf clams, stocking (or other action to
increase abundance) of small hard clams (Table 5)
* would increase production. Protection from predation,
perhaps by habitat restoration, might also increase
clam production, but potential loss to the food web
should be considered as clams also provide this eco-
logical service.

Crassosirea virginica. The American oyster is suffi-
ciently important to have stimulated a huge body of
research, including a recent book (Kennedy et al,
1996) that synthesizes the present scientific knowledge
of .oyster biology. Populations of American oysters are
grossly depleted throughout the Atlantic estuaries of
North America (Rothschild et al 1994, Lenihan & Peter-
son 1998), even to thé point of functional extinction in
most estuaries north of Delaware Bay. Production of
sufficient numbers of gametes limits oyster settlement
where adult spawning stock biomass is low, such as in
lower-salinity waters of the Chesapeake Bay where
reconstructed oyster reef habitat fails to receive repea-
table settlement. In Southern New England embay-
ments, oyster populations are almost surely recruit-
ment limited as well, given the low size of the oyster
populations. Because of the habitat-destroying fishing
practice of oyster dredging, which removes the shell
reef along with living oysters, habitat for oysters is also
limiting (Rothschild et al. 1994}, Even the reefs that
remain are degraded by reduction of their height,
which reduces oyster growth rates and exposes them
to'catastrophjc mortality during hypoxic events (Leni-
han & Peterson 1998). Such hypoxic events are en-
hanced. by eutrophication, meaning that reef habitat
degradation and eutrophication interact to help Iimit
oyster abundance and production in deeper areas of
stratified estuaries (Lenihan & Peterson 1998). As juve-
niles, oysters fall prey to blue crabs and to drilling gas-

tropods. Oyster drills can eliminate oyster sets in high-
salinity waters and restrict adults to locations higher
in the estuary. Two introduced protozoan parasites,

" Dermo and MSX (Haplosporidium nelsoni), now also

kill American oysters before they reach their second
birthday, thereby limiting abundance and production
of the oysters. Oysters that do find suitable reef habitat
and survive the parasites are typically harvested by
fishermen. Thus, there are many opportunities for
restoration to increase oyster abundance and produc-
tion that might be used to compensate a spill-induced
injury or other loss. )

Argopeclen irradians. Since the bay scallop is es-
sentially an annual, living for only ca. 18 mo {Belding
1910, Gutsell 1930), ebundancetypically fluctuates
dramatically from year to year because of the absence
of multiple older age classes to stabilize interannual
fluctuations. The high interannual variation in recruit-
ment of bay scallops implies that reproductive success
acts as a major limitation to bay scallop abundance. If
adult spawning stock biomass falls below a threshold
level within a hydrographically isolated waler basin,
bay scallop recruitment will be reduced or fail (Peter-
son & Summerson 1992, Peterson et al. 1996). Even at
densities higher than this presumed threshold, varia-
tion in settlement success probably explains much of
the temporal variation in annual cohorts of bay scallops.

Bay scallop larvae must encounter suitable habitat
for metamorphosis and settlement, which involves
attachment to structures such seagrass (Thayer &
Stuart 1974) or cobbles in some New England estuaries
(Belding 1910). Consequently, while settlement habitat
almost certainly heips control bay scallop abundance
and thereby production, the habitat limitation in New
England bays is probably less strong than in the south-
ern lagoons. However, predation on juvenile bay scal-
lops by crabs and demersal fishes is intense enough to
exert a strong contral on abundance, wilh seagrass

© providing a vital service in elevating juvenile scallops:

up above the seafloor where crabs forage more readily
(Pohle et al. 1991). Thus, seagrass restoration would
likely benefit bay scallops where recruitment is suffi-
cient.

At all life stages bay scallops are sensitive to physio-
logical stressors like low salinity, sedimentation, and
temperature extremes (e.g. Tettelbach et al. 1985).
Even as adults, ’bay scallop densities are reduced by
predators such as gulls (Prescott 1990} and rays (Peter-
son et al. 2001). Fishing is prosecuted on bay scallops
throughout their range of high abundance. Because
the year class of bay scallops that is fished has already
spawned in late summer and is fated to die from senes-
cence before another late summer spawning, fishing
pressure is allowed to be extremely high (Peterson
1990). Consequently, the bay scallop possesses not one
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but several factors that act to limit its abundance and
production, making it an appealing candidate for
restoration. However, its vulnerability to predation and
life history characteristics make it less reliable than
other bivalve species for mitigating a loss of primarily
more robust species.

' Effectiveness of bivalve restoration

Owing to their fishery value and successful use in
aquaculture, technologies have been developed to
aﬂow_artjiitial propagation of bivalves in hatcheries
and subsequent growth in nurseries to a size appropri-
ate for introduction into the field. Thus, stocking of
bivalves is feasible, although most reliably and inex-
pensively for those species whose seed is commercially

produced in existing hatcheries, e.g. hard clams, oys-,

ters, soft-shell clams, and bay scallops. Surf clams are
not commercially raised for aquaculture, but they too
should present few challenges given their close taxo-
nomic and ecological similarities to hard clams. Stock-
ing shellfish with seed holds the promise of enhancing
abundance and production for species whose settle-
ment is limited by spawning stock biomass or whose
abundance is controlled by high mortality during the
early post-settlement life stage. Bivalve seeding would
not immediately restore the full size and age distribu-

tion of the bivalve losses from the oil spill. In addition, -

successive stocking over several years may be neces-
sary to aveid or counteract any induced density-
dependent mortality from predators targeting a rich
new food Tesource. Despite this potential for compen-
satory mortality to reduce or eliminate the stocking
effort, there are good examples of the success of such

bivalve seeding (e.g. Beal 1993, Peterson et al. 1995).

For shellfish species that have been depleted by over-
harvest, the benefits of stock enhancement by seeding
would be expected to continue for successive genera-
tions, especially if the seed areas were protected as
spawner sanctuaries. Consequently, this option of seed
stocking from haicheries has many advantages and
was included in the ‘North Cape’ oil spill restoration
plan (NQAA et al. 1999, available at www.darp.noaa.
gov/neregion/ncape himj.

Transplantation of larger bivalves into an impacted
area could enhance abundance at the impact site, but
potentially induces an equivalent loss at the donor
area. Nevertheless, there are multiple scenarios by
which transplantation, which is readily tolerated by
soft-sediment bivalves (e.g. Peterson et al. 1996), could
enhance net production. For those species whose
spawning stock biomass limits recruitment and ulti-
mate population size, transplantation into a spawner
sanctuary could serve fo increase population abun-

dance and production (e.g. Peterson & Summerson
1992). To avoid a loss at a donor area, the adults chosen
for transplantation could be purchased from the fishery
markets. Nevertheless, to enhance net production, the
spawner sanctuary would need to be protected from
human exploitation and located in an area that is a
viable source site (Crowder et al. 2000} from which
larvae would be effectively transported to habitat now
depleted by exploitation .

It relief from recruitment limitation is not the objec-
tive, there are alternative scenarios whereby bivalve
transplantation may enhance production. For example,
if the species suffers depressed individual growth rates
at the donor site because of density-dependent compe-
tition or otherwise suboptimal growth conditions, then
transplantation to the impact area could enhance pro-
duction by increasing individual growth rates. For the
suspension-feeding bivalve molluscs of estuarine and
coastal marine soft sediments, however, competition
for resources is only rarely an important determinant of
individual growth, especially in today's conditions of
enhanced eutrophication (Peterson & Beal 1989).

In considering bivalve restoration options for the
‘North Cape’ case, plans for dredging in the nearby
Providence River involved an unmitigated loss of many
hard clams, which could serve as donor individuals for
transplantation into the oil-impacted area. However,
mitigation for this dredging activity itself is indicated,
as the clams in the dredged area are public trust
resources. Such a mitigation for dredging impacts
on Dungeness crab was pursued in Grays Harbor,
Washington, using similar restoration scaling methods
involving demographic modeling (Wainwright et al.
1992, Dumbauld et al. 1993). The restoration was
to provide structural habitat {shell reef) as juvenile
nursery area, resulting in a net gain in crab numbers
equivalent to those lost via the dredging.

For several benthic bivalves, evidence is compelling
that habitat destruction and modification has reduced
their productivity. Shell reef (Luckenbach et al. 1999,
Breitburg et al. 2000, O'Beirn et al, 2000) and seagrass
(Fonseca et al. 1998) have been restored in many areas
to enhance productivity, However, there is no evidence
or even indication that surf clams, the species that
suffered the vast majority of the injury from the oil
spill, are limited by habitat quantity or quality.

For the large majority of species that are targets of .
commercial fisheries, fishing exploitetion occurs at
such high levels that their productivity is depressed
{Botsford et al. 1997, Pauly et al. 1998). Thus, one very
effective restoration action for such species would be
to reduce fishing pressure. The detailed models al-
ready produced to guide fisheries management pro-
vide methods for scaling the reduction in fishing to
match the quantitative injury estimate. Furthermore,
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data already maintained on fisheries landings could be
used to monitor the effectiveness of the actions taken
to reduce fishing pressure such that adaptive correc-
tions could be employed to insure full compensation.
However, limitation of bivalve catches as a restoration
action would entail a loss of human use and economic
losses to the industry. The restoration chosen should
not in principle pass on new injuries and costs without
applyving restoration funds to compensate for these
new injuries, The public’s use of the resource is com-

pensated by the restoration itself, and the discounting -

effectively includes the paying of interest for the delay
in repayment of services. However, lost profits by pri-
vate parties are not necessarily compensated. Such
compensation of private parties may pose legal barri-
ers, depending on legislation éonstraining restoration,
and would incorperate the need to determine how the
injury is distributed across each fishing entity. Docu-
mentation of who truly suffered this injury and to what
degree would represent a challenging task.

CONCLUSIONS

Our quantitative calculations of production gains’

achievable through bivalve restoration are best viewed
as hypotheses to be tested. There is substantial uncer-
tainty associated with such projections. In mitigating
for environmental injuries, uncertainty is often handled
by requiring the scale of mitigation to exceed what is
necessary to replace the loss by some mitigation ratio

that increases with uncertainty. For example, ratios of 2-

to 3 acres of restoration for each acre of salt marsh lost
are common (Thayer 1992). Alternatively, monitoring
can be done to confirm the effectiveness of any resto-
ration action when combined with any subsequent
intervention if necessary to replace lost public trust
resources. Choosing this alternative would provide for
empirical tests of the accuracy of the modeling done to
. scale the restoration projects and thus lead to improved
understanding of the basic demographi¢ processes and
reducing uncertainty in future applications.

We developed our quantitative scaling of bivalve

restoration purely on the basis of production. We jus-
tify that choice on grounds that it represents one
important ecosystem process that correlates well with
the ecosystem services of water filtration and biogeo-
chemical processing of materials (Kremer & Nixon
1978, Newell 1988). Nevertheléss, compensatory re-
storation might benefit from more extensive identifica-
tion and quantification of the full range of ecosystem
services provided by bivalves (and other groups) so
that restoration pfojects could be designed to replace
the actual ecosystem functions that were damaged or
lost, Perhaps the greatest failure of an approach based

on production alone is the abserice of a constraint on
the size class(es) in which the replacement production
is 1o occur. Small bivalves have great value as prey for
higher trophic levels, so if restoration were to involve
only larger individuals, then the functon of transfer of
energy up the food chain may not be adequately
restored. In addition, the implicit trealment of all sus-
pension-feeding bivalves as functionally equivalent '
can be challenged. Here, surf clams occupy an entirely
different habitat, the coastal ocean, than oysters, soft-
shell clams, and bay scallops, which live in the pro-
tected estuarine waters. Thus, their ecosystem contri-
butions are made to diffarent systems, where they may
not be of equal value or importance. Furthermore,
assumptions of equivalence in value of ecosystem ser-
vices across species of bivalves can lead to decisions to
use but one species to restore losses of many. In the
‘North Cape’ oil spill example used here, this is not an
issue because the vast majority of the injury occurred
to a single species. However, future application of this
approach to situations where several species con-
tributed heavily to the injury raises concern over main-
taining biodiversity within the ecosystem. Sustaining
biodiversity is an important goal of environmental con-
servation (Wilson & Peters 1988). Current theory and
empirical data tend to support the view that redun-
dancy of species within functional groups provides
greater stability of functions like production under
varying environmental conditions (Naeem et al. 1994).
Embracing that principle in restoration of ecosystem
services would imply more diverse efforts spread
among several species rather than the choice of a sin-
gle most cost-efficient, expedient, or reliable species.
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ABSTRACT: Conducting natural resource damage assessments and adopting compensatory restora-
tion plans for endangered and threatened species have special constraints. These constraints are
illustrated by the agency responses to evaluate impacts of the North Cape cil spill on piping plovers
Charadrius melodus in Rhode Island, and to establish appropriate compensatory restoration. Adopt-
ing a precautionary principle implies that strict adherence to an o-value of 0.05 in formal tests for
injury on endangered species, where rarity implies low statistical power, would result in overlooking
many lrue impacts. Criteria for concluding that injury took place must nonetheless exist, including
(1) existence of a conceptually valid mechanism to link exposure to the stressor and the documented
negative responses; (2) field data supporting the existence of the stressor-response link; and (3} sam-~
pling designs that consider impacts of potentially confounding factors such as natural temporal
change. Choosing restoration options is also challenging for endangered species because ethical
considerations and tisks associated with some interventions preclude otherwise acceptable actions
for common species. For the piping plover, a synthesis of population limitations done for the species
recovery plan was used to design compensatory restoration of protection of nesting on newly

. colonized beaches, an action difficult to scale in advance to match the estimated injury from oil, but
adaptively adjustable if monitoring shows a need.
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INTRODUCTION

Conservation biologists tend to express a strong pref-
erence for preserving or restoring habitat, instead of
taking actions designed to benefit particular target spe-
cies. This attitude is based upon recognition that habi-
tat destruction and degradation are responsible for the
majority of losses to the natural biota {Soule 1986). In
addition, oil spills and other pollution events frequently
affect a broad range of biota present in the area of im-
pact. Actions taken to benefit habitat will contribute to
the welfare of several species simultaneously, and not
just one. Furthermore, simply enhancing numbers of

*Email: mcd@indecon.com

new recruits of a target species will fail to achieve a
sustainable increase in the population if the carrying
capacity of the environment required to support themis
inadequate (Meffe et al. 1997). Nevertheless, endan-
gered and threatened species representa special group
for which explicit legislation or ethical concerns may

_often dictate that protection, restoration, and enhance-

ment efforts be focused at the level of the individual
species (Peterson et al. 2003, in this Theme Section).
Establishing the scientific basis for supporting rest-
oration of rare and declining species is a challenge
for ecologists and conservation biologists because of
several constraints. Rarity itself implies low sample
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- sizes for most ecological studies, and therefore high
uncertainty in estimeting abundance or in evaluating
the success of alternative intervention options de-
signed to benefit the population. This concern has
generated the development of statistical methods
explicitly designed to deal with rare species (e.q.
Green & Young 1993, Strayer 1999). Occasionally,
research will be done on a more abundant surrogate
species (Caro & O'Doherty 1999), but this approach
requires establishing, with confidence, that the factors
responsible for the large demographic differences
between the conservation target and the surrogate
species do not prevent rigorous transfer of results from
one to the other (Bevill & Louda 1999). Of the many
causes for rarity, some imply intrinsic incompatibilities
between even closely related species (Kunin & Gaston
1993). Ethically, restoration options that entail risk to
the threatened population cannot be justified, thereby
closing the door to some actions that may indeed have
been beneficial. Ethics further dictate that where
data are sparse and uncertainty high, a precautionary
approach be taken in evaluating evidence of injury to
a threatened or endangered species and in adopting
restoration plans to compensate for that injury {Gerber
et al. 1999),

In the US, recovery plans for many listed species
have been developed and implemented by federal
agencies charged with administration of the Endan-
gered Species Act. Such plans are helpful in develop-
ing compensatory restoration because they review the
causes of population limitation for the target species
and identify potential restoration actions.

Here we illusirate how the consiraints of rarity and the
existence of an established recovery plan affect the pro-
cess of choosing, scaling, and implementing compen-
satory restoration through the example of a federally
threatened shorebird, the piping plover Charadrius
melodus. Known nesting grounds for piping plovers
were extensively polluted by the 1996 North Cape oil
spiil in Rhode Island. This oil spill precipitated studies of
the impacts on the Moonstone Beach breeding popula-
tion of piping plovers, and led to-the development of
compensatory restoration actions, By describing the pro-
cess of injury assessment and restoration development,
we communicate insights of value to restoration of other
threatened or endangered species,

THE BIOLOGY OF PIPING PLOVERS AND
RISKS FROM THE OIL SPILL

The piping plover is a shorebird, once described as
common along Atlantic beaches, that became greatly
diminished in abundance by 1900 through hunting and
egq gathering (Haig & Oring 1987). Numbers partially

rebounded after passage of the Migratory Bird Treaty
Actin 1918, but declined again after World War II with
the increase in coastal development and recreation
(Raithel 1984). Rhode Island and other New England
states provide summer nesting habitat on coastal
beaches. Birds arrive in Rhode Island in late March or
early April, By late April, pairs are established and nest
construction has begun (Maclvor 1990, Keane 2002).
Nests are constructed above the high-tide line on
coastal beaches, with preferences exhibited for wide
beach, sand spits, overwash areas, and other disturbed
habitat with sparse vegetation and proximity to pro-
tected, moist foraging habitats {Burger 1987, Elias et
al. 2000, Keane 2002). Egy laying and chick rearing
typically take place from May through June, with most
chicks fledging in late June and July. Chicks are pre-
cocial but cannot fly for their first month after hatching.
Chicks spend a high proportion of their time feeding,
leading to a tripling of weight in their first 2 wk. Any .
that fail to achieve at least 60 % of adult weight by Day
12 are unlikely to survive (Cairns 1977). Piping plovers
feed on invertebrates from intertidal pools, wrack lines
on beaches, sand and mud flats, overwash areas, and
shorelines of coastal ponds, lagoons, and salt marshes
(Goldin 1993, US Fish and Wildlife Service 1996).

On 19 January 1996, the barge North Cape groun-
ded on the Rhode Island shoreline, causing a subse-
quent oil spill. A nearby beach, Moonstone Beach,
known to provide consistently used nesting and brood
habitat for the piping plover, was oiled. Because this
oiling occurred well before the seasonal return of
breeding plovers, acute mortality from oiling was not
an issue, However, the loss of invertebrate prey, with
subsequent increased foraging costs and risks, and
consequent reductions in energy intake, growth, and
survival of chicks, represented a potential injury to the
local population. To evaluate this hypothesis, studies
were undertaken to (1) identify any spill-related
impacts on plover prey abundance at impact and
reference beaches, and (2) document piping plover
behavier and productivity at impact and reference
beaches during the breeding season following the
spill, and compare this information to historical data.

IMPACT OF THE OIL SPILL ON PIPING PLOVERS

Prey abundance at oiled and reference beaches.
Piping plovers consume infaunal, epifaunal and flying
prey. To measure prey abundance in the wrack and
dune foraging habitats, standard pitfall traps were
utilized at the oiled (Moonstone Beach), and a nearby
unciled (East Beach}, plover nesting areas (Gouid
1996). This methodology targeted surface crawling
invertebrates, including amphipods, because they are
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an important component of piping plover diets (Shaffer
& Laporte 1994, Staine & Burger 1994). While the
wrack line generally comprises a small amount of bar-
rier beach habitat, studies have shown it to be a very
. important and preferred foraging habitat, where bay-
. side intertidal or ephemeral pool habitats are not avail-
_able (Hoopes et al. 1989, Goldin 1993, Elias et al. 2000).
Ten 1 gallon (3.8 1) pitfall traps were established at
each beach, 5 along the wrack and 5 along the dune.
Wrack samples were collected seaward of plover nests,
- 100 ft (30 m) away (along the water line) to minimize
disturbance to nest sites. Traps were set on 29 May
1996 and collected approximately 24 h later. Trap
contents were preserved and tabulated using stan-
dard laboratory procedures. The dominant macroscopic

organism by weight and volume in the wrack areas of =

both beaches was the amphipod Talorchestia longicor-
nis. Mean volume and wet weight of the amphipods at
the oiled and unoiled beach wrack were significantly
different based of. f-test results {volume: 3.58 + 1.95ml
[mean + SDj vs 20.28 = 9.94 ml [mean = SD}, o = 0.01,
respectively; weight 1.70 + 1.06 mg [mean * 5D] vs
" 13.24 + 7.23 mg [mean * SD], & = 0.01, respectively}.
To measure prey abundance in the intertidal zone,
inveriebrates were sampled on 27 and 28 June 1996 at
Moonstone Beach and at a different reference beach
{Goosewing Beach) using cores (10 cm in diameter and
10 ¢cm deep) (SAIC 1996). Samples were collected from
10 stations systematically placed across the face of
each beach, Samples were sieved with 2.0 and 1.0 mm
mesh screens. Sample material was preserved with a
solution of buffered formalin and rose Bengal and then
identified and enumerated. While average inverte-
prate abundances (based on number of organisms) at
Moonstone and Goosewing Beaches were not signifi-
cantly different (o = 0.05), species composition varied
between the beach intertidal zones (SAIC 1996). Only
2 Amphiporeia virginiana were found at Moonstone
Beach sample sites, compared to 456 at Goosewing
Beach sites {the most common invertebrate, by more
than 1 order of magnitude). The predominant organ-
ism f{in terms of numeric abundance) at Moonstone
Beach was Marionina subtarranea. According to the
SAIC authors, ‘the virtual absence of A. virginiapa
from Moonstone Beach is consistent with the hypo-
thesis that this habitat was exposed to oil. It is well
xnown that amphipods are the first group of organisms
to disappear and one of the last to recolonize habitats
exposed to oil spills {e.g. Dauvin 1979, Sanders et al.
1980) (SAIC 1996, p. 3). These data suggest that the
piping plovers’ food supply may have been reduced
due to the spill.
Reproductive success at the oiled beach. As a means
of testing the impacts of oiling Moonstone Beach, pip-
ing plover mesting, chick rearing, and chick foraging

activities were monitored during 1996 at the oiled
beach and compared to similar data from previous
years. Management activities undertaken in 1996 for
plover protection included all those conducted annu-
ally since 1992: erection of symbolic fencing (a cord of
yellow rope attached to posts anchored in the beach) to

" warn intruders, predatar controls, nest exclosures, and

beach-user educational efforts. One additional man-
agement activity (trapping of predators) was added in
1995 and repeated in 1996. A local trapper was con-
tracted to trap along the barrier beach, and removed
1 coyote and 2 mink from the area in 1996. Predator
removal data from 1095 are unavailable, although the
level of trapping effort was believed to be similar in
both years.

Piping plover productivity proved lower in 1996 than
in the previous year, and differences in chick foraging -
behavior may explain the Jower productivity. As shown
in Table 1, in 1996 an average of 1.0 fledgling was pro-

~ duced per nesting pair, as compared to 1.6 in the pre-

vious year, a reduction of 37% (Casey 1996). Plovers
reuse nesting sites with a high degree of faithfulriess
over years (Maclvor et al. 1987, Strauss 1990), and the
nesting in 1996 was indeed within the same general
area as in 1994 and 1995, Nevertheless, the average
daily distance traveled for foraging by chicks in 1996
was substantially greater than in 1994 and 1995 {(Casey
1996). Quantitative daily distance data are available
for multiple years at nests in 4 locatiéns. Average daily
distances traveled by chicks nesting in the 1stlocation
were 290.5 (1996) vs 128.9 m (1994); 124.1 (1996) vs
44.5 m (1994} in the 2nd location; 87.2 (1996} vs 14.0m
(1295) in the 3rd location; and 39.6 (1996), 21.0 (1995)
vs 23.4 m (1994) in the 4th location. '

Thus, the productivity decline from 1995 to 1996
could be attributed to the oiling of the beach reducing
invertebrate prey in the wrack (preferred foraging
habitat) and intertidal habitat, causing plovers to travel
longer distances and expend more energy during for-
aging, with likely costs of slower growth and perhaps
higher mortality. Although combining the information
on oiling intensity, prey abundances in the wrack, for-

‘aging behavior, and productivity provides a consistent

mechanistic indication of injury to plover populations
from the oil spill, one additional anomaly in the pro-

~ductivity patterns over the years needs mention. The

1.0 fledgling per nesting pair in 1996 exceeded oI
equaled the documented productivity on this beach
from 1991 through 1994 {Casey 1996). To conclude that
the drop from 1995 to 1996 represents an indication of
a spill impact requires the additional assumption that
the predator trapping initiated in 1995 and continued
in 1696 was indeed successful in setting a new base-
line productivity of 1.6 fledgling per nesting pair in
1905. This is a reasonable, but untested, assumption.
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Tabie 1. Charadrius melodus. Results of piping plover reproductive success at reference and impact area beaches. Source of
data: McGourty (1996}, Table 2 and Casey (1996, Appendix E)

Year Sites Pairs Nests Eggs Hatched Hatched Fledged Fledged Fledglings
(%) (%) per pair
Reference area beaches . .
1996 . 6 20 22 87 75 86 42 56 21
1995 4 13 18 63 46 73 24 52 i.9
1994 4 9 10 39 31 80 22 71 2.4
1993 3 9 11 45 32 71 . 23 72 2.6
1992 2 5 6 23 i5 65 12 . 80 : 24
Impact area beach
1996 1 9 16 53 22 42 9 41 1.0
1995 1 9 9 35 31 89 14 45 1.6
1994 1 8 9 33 17 52 8 47 - 1.0
1993 1 8 10 K13 33 87 7 21 09
1992 1 6 6 19 7 37 4 57 0.7

Reproductive success at nearby reference beaches.
To test whether the 1996 change in piping plover pro-
ductivity on the oiled Moonstone Beach was simply a
consequence of natural year-to-year dynamics in this
general ‘geographic area, piping plover nesting and
{oraging were also monitored in 1996 at 6 reference
beaches in southern Rhode Island (McGourty 1996),
and comparisons made to historical data available from
4 of those locations (Table 1). The reference beaches
are similarly oriented (facing Block Tsland Sound in a
generally SSE direction), within approximately 25 km
of the oiled beach, and so likely comparably exposed
to storms and broader-scale environmental condi-
tions that could affect productivity. Sparsely vegetated
beach face, sand spit and/or overwash areas preferred
by the piping plover were available, and plovers suc-
cessfully nested at oiled and reference beaches (Casey
1996, McGourty 1996). Predation and disturbance by
humans and pets are important threats fo plover popu-
lations (US Fish and Wildlife Service 1996}, Reference
and oiled beaches weré subjected to similar manage-
ment protections (generally including the use of sym-
bolic fencing, preédator exclosures and volunteers to
help monitor nests, educate the public and discourage
disturbance of plover nesting areas), and management
actions taken at reference beaches in 1996 were simi-
lar to those applied in previous years.

Records were kept on numbers of nesting pairs,
hatching success, chick mortality, productivity, nest

‘failure/abandonment; territory size, and chick move-
ment. The numbers of fledglings per plover pair in-
creased on average at reference beaches from 1.9 in
1995 to 2.1 in 1996 {an increase of approximately 10%)
(Table 1), Compared with the 37 % decrease observed
at the oiled beach in that same year, plover reproduc-
tive success on reference beaches did not show a
decline from 1995 to 1996, This further supports the

inference of spill-induced impacts on Moonstone
Beach. However, average productivity per nesting pair
at the reference beaches in 1995 (1.9) and 1996 (2.1)
was less than the range of 2.4 to 2.6 fledglings pro-
duced on average in the 1992 to 1994 period. Thus,
the 1996 productivity at these beaches was cormpared
to a''base’ year (1995} with relatively low productivity
levels.

Injury quantification. With only 9 nesling pairs at the
impact beach, factors unrelated to the spill cannot be
ruled out as a cause of the observed productivity de-
cline using traditional standards of statistical signifi-
cance. For example, variation in physical environmen-
tal factors could produce a change in productivity of
37 % without any impact from oil. Piping plovers suffer
losses of fledglings and reductions in productivity from
several factors that were not, and cannot, all be moni-
tored, such as pedestrian disruptions (Burger 1991},
loose dogs (Cairns & McLaren 1980, predation (Burger
1987, MaclIvor 1990, Elias-Gerken & Fraser 1994}, and
storms. However, analysis of temporal trends in pIo-
ductivity at oiled and reference beaches and docu-
mented differences in piover prey and changes in
foraging behavior, combined with a synthesis of the
literature on processes that affect productivity of piping
plovers, lend support to the case for spill-related injury

“to Moonstone Beach plovers, Adoption of a precaution-

ary approach for threatened and endangered species
{e.g. Gerber et al. 1999) dictates that compensatory
restoration be done: conceptually valid mechanisms
can explain impacts to the population; field data estab-
lish a credible link between the hypothesized source of
harm and the impact; and empirical field observatons
comparing temporal irends at oiled and reference areas
reduce (but do not eliminate) the likelikood that any
observed changes were due to chance or larger-scale
factors affecting multiple nesting beaches.
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To estimate the approximate magnitude of injury
to this plover population, we adopted a simplified
approach. We assumed that in the absence of the spill,
productivity in 1996 would have equaled productivity
in 1995, Then, lost piping plover productivity in 1996
can be approximated by:

(1995 productivity — 1996 productivity) x number of
plover pairs in 1996 = Jost chicks (1.56 chicks per pair -
1.00 chicks per pair} X 9 pairs = 5.0 fledged chicks

To this 1oss in 1996 chick production, we must add
impacts to future productivity, assuming that plovers
are not limited by available overwintering, foraging,
or nesting habitat, but rather by numbers of recruits
surviving to enter the preeding population. Using
a chick over-winter survival rate of 48% (Melvin
& Gibbs 1994), 2.4 of those 5 missing chicks would
have been expected to survive the winter and return
to breed the following year. Assuming a 1997 pro-
ductivity equal to that of 1995 (1.56 chicks per pair),
the chicks lost because the spill would be expected
to have produced 1 to 2 (1.87) fledglings of their own
in 1997. This process could be extended io several
generations. However, this meore elaborate calcula-
tion seemed unjustified for 2 reasons. First, we do not
know for certain that piping plovers are hmited by
recruitment to the breeding population instead of
habitat (US Fish and Wildlife Service 1996). Second,
if a restoration action could be designed to enhance
the piping plover numbers by at least 5 chicks, then
their subsequent contributions to the future genera-
tions will be expected to match what would have
been provided by the lost chicks. This approach
avoids the need to quantify demographic conse-
quences of chick loss, although it does ignore the
time lag between injury and restoration by failing fo
apply a discount factor. Such precision was judged
unnecessary, given the uncertainty in quantifying the
compensatory Testoration action selected.

RESTORATION OPTIONS AND SCALING

" Identifying compensatory restoration options for a
threatened or endangered species Tequires the same
in-depth review of demographic limitations to popula-
tion growth, as is required for developing restoration
plans for any species. This task is made easier for those
federally listed species in the US that have recovery
plans. The piping pIover recovery plan (US Fish and
wildlife Service 1996) served to guide compensatory
restoration planning after the North Cape oil spill. A
careful review of this piping plover recovery plan, and
the management actions already in place in Rhode
Island, led to the selection of an unimplemented res-
toration action to serve as compensation for the likely
loss of 5 or more plovers from the oil spill. The trustees
of public trust resources decided upon a compensatory
restoration action that involved identifying potential
breeding beaches in the vicinity of the spill area that
were newly colonized by young adults, which exhibit
much greater propensity than experienced breeders to
colonize new breeding sites (Wilcox 1959). By immedi-
ately extending management protections to them,
similar to the management already in place at historic
breeding beaches, productivity could be enhanced.
This option is not novel. It was used to compensate for
plover losses after a previous oil spill in Rhode Island,
the World Prodigy in 1989, Consequently, the docu-
mented success in fledging of additional chicks from
that program could be used to scale the area of beach
surveyed and the amount of protection required to
compensate for the 5 or more chicks lost to this North
Cape spill in 1996.

Table 2 provides productivity data at the 4 beaches
affacted by the World Prodigy piping plover restoration
(Napatree Point, Ninigret east beach, Quencnchontaug,
and Watch Hill east beach). Monetary compensation re-
ceived as a result of the World Prodigy spill funded man-
agement protection efforts at these beaches in 1992,

Table 2. Charadrius melodus. Comparison of piping plover reproductive success at beaches affected by the 1992 to 1994 World
Prodigy restoration project before and during project implementation. na: not available. Source of data: Suzanne Paton,
RI National Wildlife Refuge Complex, pers. comim.

Year Napairee Point Ninigret CA {east beach} Quononchontaug EB Watch Hill (east beach)
Pairs Fledges Pairs Fledges Pairs Fledges Pairs - Fledges
1994 2 0 2 6 1 3 4 13
1993 4 4 1 3 0 0 4 16
1992 1 0 0 0 1 1 4 11
Mean (1992-1994) 2.33 1.33 1.0 3.0 1 1.33 4 13.33
<1991 3 0 1 0 1 4 2
1890 2 0 na na na na 4 0
1989 . 1 0 na na na na 4 2
Mean (1989-1991) 2.0 0 na na na na 4 1.33
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1993 and part of 1994. Productivity data were available
for 3 yr prior to implementation of the World Prodigy
Testoration at Napatree Point and EB Waich Hill. As
shown in Table 2, productivity increased substantially at
EB Watch Hill during 1992 to 1994, despite no change in
the number of nesting pairs (4}.- At least 11 chicks
tledged during each year that protection was in place;in
the 3 yr prior to protection, no more than 2 chicks fledged
in any year. However, at Napatree Point, no fledglings
were produced during 2 of the 3 yr that World Prodigy-
funded protections were in place'. Such comparisons at
the other 2 beaches are difficult to make given the avail-
ability of only 1 yr of pre-resteration productivity data.
Overall, precise quantification of restoration benefits
attributable to the World Prodigy is not possible, due to
the many factors that affect fledgling survival and the
small number of plover pairs at these beaches. Never-
theless, available data suggest that a World Prodigy-
scale restoration project is capable of producing several
fledglings per year, although inler-beach and inter-year
variability is likely to be high.

DISCUSSION

The evaluation of impacts of the North Cape oil spill
on the piping plover population of Rhode Island
beaches, and the process of deciding upon a restora-
tion option and scaling it to the injury, provide some
generic guidance for endangered and threatened spe-
cies. Here the concern for Type II error of not detecting
a true impact of the spill (Fairweather 1991) was suffi-
cient to lead to a conclusion of likely impact of the oil
spill, despite the lack of evidence that would meet the
standard test of statistical significance at an o-value of
0.05. Specialized statisticai methods (e.g. Green &
Young 1993, Strayer 1999) and other approaches (e.g.
Caro & O'Doherty 1999} have been developed to
establish a. scientific basis for restoration decision-
i making with rare species. The most rigorous analytic
approach possible must be implemented; in circum-
stances where sufficient data simply cannot be ob-
tained, cautious application of siatistical hypothesis
testing seems an appropriate response to the special
importance that endangered and tlireatened species
have, and &n appropriate application of the precau-
tionary principle (Peterman & M'Gonigle 1992, Gerber
et al. 1999). With both intrinsic difficulties in detecting
effects on small and rare populations {(Green & Young
1993) and also high societal importance of any nega-
tive impacts that do exist, managerial inaction based
on absence of statistical significance may not be appro-
priate. The piping plover example described here pro-
vides a reasonable set of minimun critera for deciding
thatl evidence is sufficient to trigger compensatory res-

toration actions for threatened and endangered spe-
cies in the absence of sufficient data for statistical eval-
uation: a conceptually valid mechanism of harm should
exist, and field data should link the stressor to the
response(s) and provide evidence of a negative impact
based on a reasonable sampling design including, to
the degree possible, temporal and reference-area
comparisons.

Our description of the decision-making process of
developmeni of a compensatory restoration program
also has broad generic application to endangered,
threatened, or simply rare species of concern. The
existence of carefully considered recovery plans for .
federally listed species in the US and species of con-
cern in other countres gives a jump-start to planning
for compensatory restoration after any environmental
incident. However, development of a viable restoration
option may be challenging in cases where significant
actions have already been taken by managers of
endangered species. Furthermore, the ethical and bio-
logical constraints in manipulation of endangered spe-
cies preclude selection of some reasonable restoration
actions that invelve unacceptable risks. Application
of the concept of compensatory restoration to endan-
gered species will also commonly requtire relaxation of
the quantification standards that are typically applied
to scale restoration in order to provide a quantitative
match to the injury, Instead, subsequent monitoring of
the effectiveness of restoration and adaptive adjust-
ment of the restoration program, if nhecessary, can
serve to insure the conservation mandate of the
trustees of natural resources.
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ABSTRACT: The 1996 ‘North Cape’ oil spill along the Rhode Island coast led to the deaths of at least
2992 birds, resulting in an estimated 6275 bird-years lost (adjusted by expected longevity and pro-

ductivity). We synthesize information on
ation strategy. Marine birds {seaducks,

exceed 1 yr accounted for 87 % of the total bird
10 be less than a year accounted for 10%

gannets} with recovery estimated

bird population dynamics to develop an appropriate restor-
loons, grebes) with natural recovery periods estimated to
-vears lost. Marine birds (gulls, cormerants, alcids,

of injuries. Common loons

Giavia immer and common eiders Somaferia mollissima were selected as targets for restoration

because of regional concern over their population status and the
restoration options were evaluated for loons: nest site protection;

magnitude of lost bird-years. Three
nest site enhancernent; and public

education/outreach. Nest site enhancement oppertunities were limited and benefits from public edu-

cation/outreach efforts were uncertain. Nest site protection

was preferred for both loons and eiders

because nest site availability and/or quality carrently limit(s} productivity. This option assumes that
preventing future productivity loss compensates for productivity loss that resulted from the ‘North

Cape' oil spill. This

assumption is supported by regional productivity estimates for the 2 target spe-

cies, is consistent with scientific literature, and represents the consensus of expert opinions. Based on

a series of scaling calculations, protection of 25 nest sites

for a 100 yr period is expected to balance

the loss of 2020 loon-years. Protection of 315 eider nest sites over a 100 yr period would replace 2605

bird-years lost (remaining marine

economic discounting of 3% yr™\.

bird injury). Calculations adjust future production credit through
Our analysis provides a means of guantifying the level of breeding

habitat protection required to restore injured populations of marine birds.

KEY WORDS: Restoration -
equivalency analysis

INTRODUCTION

Direct and indirect population losses resulting from
pollution (Burger & Gochfeld 2001), habitat destruction
or degradation (Boersina et al. 2001}, and overexploit-
ation of prey resources by humans {Montevecchi 2001}
are common in many bird species that rely on coastal
habitats. These and other threats result in a need for
effective mechanisms to conserve and restore coastal

*Email: molly_sperduto@fws.gov

Habitat proiecﬁon .

Resale or republication not permitied without written consent of the publisher

Marine birds - Oil spill - Seabird - Habitat

bird populations. Although a relatively wide range of
potential restoration options exists for many injured
and declining marine resources, practical constraints
limit their suitability for marine birds. For example,
unlike testoration oppertunities for many species of
marine fishes and invertebrates, it is not practical, nor
in many . cases possible, to replace dead, injured or
missing birds directly through captive breeding pro-
grams. Although the creation of some types of new

© Inter—Reéearch 2003 - www.int-res.com
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habitat is possible and may be an effective mechanism
for enhancing fish and invertebrate populations (Peter-
son et al. 2003z, in this Theme Section), creating shore-
line for coastal bird species would typically be enor-
mously expensive. In contrast to many marine fish and
invertebrate 'species, however, considerable efforts to
conserve bird populations have been conducted for
decades by government and private entities. Such
initiatives can provide ‘blueprints' for practical, cost-
effective restorations of injured bird pepulations.

Significant seabird mortalities are common after oil
spills in coastal areas because marine birds frequently
occur in large aggregations, rafting, floating, and feed-
ing on the water surface (e.g. Piatt & Lensink 1989,
Burger 1997, Irons et al. 2000, Peterson 2001). Oil-
induced matting of feathers causes loss of insulation
and water repellency functions, leading to hypother-
mia, starvation, or drowning (Burger & Gochfeld 2001).
Ingestion of oii, primarily through preening, can result
in further mortality of birds (Coon & Dieter 1981,
Burger & Gochfeld 2001), Chronic effects from expo-
sure to hydrocarbons rémaining after the spill may be
expressed as lowered breeding success (Grau et al.
1977, Fry et al. 1986, Hoffman 1990}, reduced fledgling
growth and survival (Trivelpiece et al. 1984, Hoffman
1990}, developmental and behavioral abnormalities
(Burger & Gochfeld 2001) and reduced adult survival
for several years (Esler et al. 2000). Indirect negative
effects of oil spills on marine birds may cccur from
habitat degradation or reduction in prey resources
(Agler et al. 1899, Peterson 2001).

Here we use information about population-limiting
factors in loons, seaducks and other marine birds to de-

velop appropriate restoration methods for injured bird -

resources. First we review the methodology used to
quantify injury to marine birds resulting from the 1996
‘North Cape’ oil spill. Of particular significance to

marine birds was the timing of the ‘North Cape’ oil spill: *

the January release of a large quantity of home heating
oil along the Rhode Island coastline coincided with the
concentration of many wintering waterbird species in
nearshore areas. We evaluate 3 restoration options
intended. to enhance populations of marine birds to
offset losses: protection of habitat from future develop-
ment, nest-site enhancement, and public outreach/
education designed to decrease human-related mor-
tality. In addition, we present the methodology used to
quantitatively evaluate the favored restoration option,

MATERIALS AND METHODS

Injury quantification. The basis for quantifying the
total injury of seabirds, salt pond birds, and non-water
birds is the recovery of dead or dying birds, application

of 'a multiplier to account for the proportion of dead
birds not recovered, and calculation of production
foregone by these dead birds and their progeny. The
number of marine birds {salt pond birds and seabirds)
found dead during and after a spill typically underesti-
mates total mortality resulting from an oil spill (Hlady
& Burger 1993). Therefore a multiplier is appropriately
used to account for the birds that sink, drift out to sea,
or are scavenged. Our search of the literature found
that the maximum multiplier used in poorly docu-
mented spills was 10 (Burger 1293). The mean multi-
plier from a review of 45 oil spills (Burger 1993) was
4 to 5. A multiplier of 6 was applied to marine and salt-
pond birds for the ‘North Cape’ spill because currents
and wind speeds were sufficiently strong to disburse
oil over a great area and to fransport large numbers of
birds offshore. A multiplier was not used for non-water
birds because recovery rates for carcasses of these

.species are generally high. Only 12 non-water birds

were found dead. )

To estimate the interim loss of birds resulting from
the spill (the loss from the time of the injury until
injured résources recover), the number of each bird
species killed was multiplied by its estimated recovery
period (defined as the time necessary for the popula-
tion to reach pre-spill, baseline levels), resulting in
bird-years lost. To estimate recovery periods, we
reviewed data on production of fledglings, survival
rates, maximum HNfespan, and current population
abundances for each species (Table 1), as well as the
numbers of each species or taxon that suffered losses
from the spill (Table 2). Based on this information, we
divided the injured species (taxa} into 2 groups, corre-
sponding to those whose recovery would likely be
complete during the first breeding season vs. those
whose recovery would require a longer time period.
For species in this first group, data on current popula-
tion levels, survival rates and productivity support a
conclusion that natural compensatory mechanisms
would restore population levels during the first breed-
ing season. Species (taxa) with recovery times esti-
mated to be greater than 1 yr, generally breed at older
ages, have lower reproductive success, and, in this
instance, suffered high spill-relateéd mortality. Recov-
ery periods in this group were estimated to equal their
expected lifetimes in the absence of the spill. This
simplification was used as a proxy for return to base-
line levels, although clearly compensatory mecha-
nisms could result in ‘replacement’ of these birds
sooner. Alternatively, if populations are in decline,

- regovery could take longer.

The calculation of recovery time for species judged
to require more than the first breeding season required
information on age structure of the bird populations
killed by the spill, and on natural mortality rates, Due
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Table 1. Biological parameters for marine birds whose recovery is estimated to require more than 1 breeding season

Species Fledgling Post- Max Breeding Young/ Source
- {1st year} fledgling age age individual
survival  survival (yr) (¥
rate rate

Scoters (black Melanitta nigra .

and surf M, perspicillata) 0.40 0.75 15 2 1.3  Johnsgard (1975},
Bordage & Savard (1995)

Red-breasted merganser . :

Mergus serrator 0.15 0.60 15 2 1.3 Johnsgard {1975)

Goldeneye Bucephala dangula 0.27 0.64 15 3 0.9 EBadie et al. (1995}

Bufflehead Bucephala albeola 0.39 0.59 15 2 1.1  Johnsgard (1975}, Gauthier (1993}

Common eider Somateria mollissima  0.20 0.68 21 2to4 0.64 Johnsgard (1975}, Bellrose (1976).
Blumton et al. {1988), Goudie et al.

: {2000}, B. Allen pers. comm.

Grebes (horned Pediceps auritus

and red-necked P, grisegena) 0.60 0.62 24 2 091 Fjeldsa (1973), Clapp et al. (1982), )
Johnsgard (1987}, ‘
French et al. (1996), -
G. Neuchterlein pers. comm.

Looens {common Gavia immer .

and red-throated G. stellata) 0.76 0.88 24 5 0.27 Belant & Anderson {1991},

- Croskery (1991), Evers (1993, 2001),

French et al. (1996}, McIntyre &
Barr {1997), Taylor & Vogel (1998)

to the inability to age bird carcasses found during the
recovery effort, we used the simplifying assumption
that birds killed by the spill were of average age for
their respective populations. To estimate average age,
we first determined age-specific survival rates and the
maximum attainable age for each taxon through
review of available literature (Table 1). To the extent
possible, several literature estimates were averaged
for each parameter. For all taxa, a fledgling survival
rate was applied for the first year and a constant rate of
annual survival applied to each subsequent year (posi-
fledgling to adult)
(Table 1). The number of age classes was dictated by
the maximum attainable age, whereas the age distzib-
ation was computed by applying the annual survival
rates. Average age was then determined by calculat-
ing a weighted average age.

Using the weighted average age for those taxa
whose recovery was estimated to exceed 1 breeding
season, the number of additional years that an aver-
age-aged bird would have been expected to live in the
absence of the spill can be calculated. This time period
is estimated by simple demography. For example, the
average-aged scoter of 3.8 yr killed by the spill could
have lived 11 additionat years, given a maximum age
of 15 (Table 1). The probability of surviving 1 more
year in the absence of the spill is 0.75, the annual sur-
vival rate for post fledgling scoters (Table 1). The prob-
ability of surviving both a first and second vear is the
_survival rate raised to the second power, and so on.
Summing the probabilities of survival for each Temain-

up to the maximum attainable age

ing age class beyond the calculated average age gives
the number of additional years an average-aged bird
would be expected to survive. Tor scoters this equation
is (075 (1 yr) + 0.75)2 (1 y1) + (0758 (1yr) ... + {0751
(1 yr) = 2.87 yr. Thus, an average-aged scoter would
likely live 2.87 additional years if the spill had not
occurred. Total bird-years lost for birds that died as a
result of the spill was then estimated by multiplying
the addifional years a bird would have lived in the
absence of the spill by the number of individuals killed
by the spill. )

The use of a ‘bird-years' metric to calculate the scale

- of injury and restoration offers several advantages. A

reflects the number of years that birds

primary advantage to the 'bird-years' approach is that
it corrects for the fact that some bird species have a
much longer lifespan than others. This often is an
jmportant consideration when injuries to several spe-
cies are ‘combined’ into a single habitat project that’
restores these injuries through. productivity increases.
to a smaller number of bird species. In those circum-
stances, if scaling is done using ‘birds lost' instead of
‘bird-years', some long-lived birds killed by the spill
will be inappropriately ‘replaced’ by short-lived birds
or vice-versa. For injury quantification purposes, this
method involves estimation of the number of years
injured birds would have lived if the spill had not
occurtred. From a restoration perspective, credit
produced by the

proposed restoration are expected to live. Another
potential benefit of the bird-years approach is that it
can help correct for disparities related to the age distri-
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Table 2. Injury quantification for birds killed by the ‘North Capé' oil spilt

Number Total Discounted Jife Direct Fledgling Total bird-
recovered kil  expectancy (y1)  mortality production lost vears lost
(bird-years) (bird-years)
Marine birds—long term impact likely
Common loon Gavia immer 67 402 5.46 2196 639 2835
Comrnon eider Somateria mollissima 59 354 1.93 685 168 853
Grebes (horned, red-necked) Podlc?ps auritus, 38 293 1.51 345 360 705
P, grisegena
Goldeneye Bucephala clangula 32 192 1.64 314 94 408
Red-breasted merganser Mergus serrator 34 204 1.39 284 53 337
Bufflehead - Bucephala albecia 11 66 1.34 88 37 125
Scoters (black, surf} Melanitta nigra,
M. perspicillata 3 18 2.60 47 64 111
Red-throated loon Gavia stellata 2 12 5.46 66 19 85
Subtotal 246 1476 4025 1434 5459
Marine birds—long term impact unlikely
Gulls (great black-backed, Larus marinus,
herring) L. argentatus 74 444 1.00 444 0 444
Cormorant Phalacocrax auritus 16 96 1.00 96 0 96
Murre Uria aalge 5 30 1.00 30 0 30
Gannet Morus bassanus 3 18 1.00 18 0 18
Razorbilt Alca torda 2 12 1.00 12 0 12
Dovekie Alle alle 1 6 1.00 6 0 6
Subtotal © 101 606 606 606
Sali-pond birds—long term impact unlikely
Great blue heron Ardea herodias 6 36 1.00 36 0 36
Canada goose Branta canadensis 6 36 1.00 36 0 36
Black duck Anas rubripes 5 30 1.00 30 0 30
" Scaup Aythya affinis 4 24 1.00 24 0 - 24
Mute swan ~ Cygnus olor 4 24 1.00 24 0 24
Mallard Anas platyrhyncos 3 18 1.00 18 o 18
Pintail Anas acuta 2 12 1.00 12 0 12
Ruddy duck Oxyura jamaicensis 2 12 1.00 12 0 12
Coot Fulica americana 1 6 1.00 6 0 6
Subtotal 33 198 i 198 198
Non-water birds-—iong term impacis nnlikel 12 12 1.00 12 0 12
Total ‘ 192 2292 1841 1434 6275

bution of injured and restored birds. In some cases, with the exception of loons}, we assumed that all birds of

‘environmental insulis may kill birds that are near the
end of their natural lives while resioration projects
replace them with birds that have their entire lifespans
ahead of them. In most cases there are no field data
available concerning the ages of birds killed by the
perturbations.

For species (taxa) whose recoveries were estimated to
exceed 1 breeding season, the loss in bird-years ex-
pected from first-generation fledglings that would have
been but were not produced by breeding adults killed by
the ‘North Cape’ oil spill was added to the mortality in-
jury. For this computation, we first estimated the per-
centage of birds killed by the ‘North Cape’ spill that
would have produced young in the absence of the spill.
For grebes, mergansers, goldeneye, buffleheads, scoters
and eiders (this group constitutes all of the taxa whose
recoveries were estimated to exceed 1 breeding season,

breeding age would have maintained breeding territo-
ries and would have attempted to produce young had
the spill not killed them. This assumption is supported by
information obtained from Eadie et al, (1995), which in-
dicates that over 90% of breeding-age common gold-
eneyes breed in a given year. For these species (taxa),
we calculated the proportion of the population in each
age class using the survival rates. We then summed over
all age classes equal to or greater than the breeding age
identified in the literature (Table 1) to determine the pro-
portion of breeding birds killed by the spill. Finally, to es-
timate the bird-years lost by fledglings-never-haiched
for grebes, mergansers, goldeneyes, buffleheads, scot-
ers, and eiders, the number of fledglings produced per
breeding individual per season (Table 1) was multiplied
by the average life span of a fledgling. These calcula-
tons were repeated for each breeding season that a




Sperduto et al.: Restoration of seabird populations 225

killed bird would have been expected to produce fledg-
lings inthe absence of the spill. The average life span of
fledglings was calculated using the age-specitic survival
probabilities previously described. Using scoters as an
example, approximately 1.58 bird-years are expected
from each fledgling over the course of its lifetime witha

fledgling survival of 0.4, an adult survival rate of 0.75,

and a maximum life span of 15 yr, For scotets, the total
fledgling production foregone per year was 27.7 bird-

years lost based on 75% of the 18 individuals killed by

the spill of breeding age and 1.3 fledglings produced per
breeder and a fledgling life expectancy of 1.58 bird-
years (Le. 18 scoters X 0.75 x 1.3 fledglings per scoter X
1.58 bird-years lost per fledgling). Next, we used the
estimate of how long an average-aged bird would have
lived had the spill not occurred to compute the number of
breeding seasons foregone as a resuit of the spill. For
scoter this value is 2.87 y1, and so we assumed that an
average-aged bird would have been expected to pro-
duce fledglings for 3 breeding seasons following the
spill. Each season’s fledgling production foregone by loss

of the birds killed by the spill was summed to calculate

the total fledgling production foregone as a portion of
the injury.

For loons, compuﬁng loss of fledglings requires a
more complex conceptualization of loon nesting be-
havior. Based on information from a 22 yr database from
New Hampshire established by the Loon Preservation

Committee (Taylor & Vogel 2000), 66% of the loons

killed by the spill were estimated to be ‘breeding’ loons,

while 20% comprised non-breeder adults and the re-.

maining 14% represented the young-of-the-year co-
hort. If an established territory is vacant due to death or
divorce of the breeding adults, non-breeding adulis reg-
ularly and quickly fill that void (Piper et al. 2000; Evers
'2001). Decreases in fledgling production as a result of
‘breeding’ loon deaths may be partally offset by the
otherwise non-breeding adults because pre-spill loon
populations consisted of a number of reproductively
competent birds that did not breed [(i.e. up to 20%).
However, due to decreased experience and fitness of

these otherwise non-breeding adults, fewer fledglings

are produced by the replacement loons in the first few
years {for birds: Owen & Black 1989, Wooller et al. 1989,
for loons: D. Evers pers. com.). To account for the role of
these non-breeding loons in post-spill recovery, we esti-
" mated that their fledgling preduction would be reduced
for 2 yr. The production losses expected for the remain-
ing 4 yr in which a breeding adult killed by the spill
would have been expected to produce young were not
. included, since otherwise non-breeding adults in the
population were expected to have filled the available

territories. It is important to note that spills especially '

destructive to loon populations could effectively elimi-
nate the ‘non-breeding’ as well as the 'breeding’ cohort,

thereby preventing immediate occupancy of vacant
breeding territories, resulting in little or no off-setting
production of fledglings.

Restoration scaling. Restoration focused on marine
birds adversely affected by the spill, and whaose recov-
ery period was estimated to exceed 1 breeding season
(loons, grebes, mergansers, goldeneyes, -buffleheads,
scoters, and eiders). The magnitude of injury to loons
required that restoration include specific actions to
off-set the loon injury. The cost and the logistic diffi-
culty of developing and implementing nruitiple, small
restoration projects for each of the other injured bird
species led us to seek a single project that would
restore the remaining injured species: The focus of
this second component was restoration of sea duck
populations with particular attention to eiders.

Life history data for common loons Gavia immmer and
common eiders Somateria mollissima were used to
scale appropriate restoration (Table 3). Loons display
strong territorial behaviors during nest occupation,
which occurs along shorelines of freshwater lakes
(Piper et al. 2000}. Eiders breed primarily along shore-
lines of coastal islands, where they do not generally
exhibit territorial behavior, but show some degree of
cooperation among female breeders during nesting
(Kilpi & Lindstrom 1997). Both taxa are monogamous
with loons forming durable pair bonds (i.e. muliiple
seasons) and eiders pairing briefly for breeding. Loons
and eiders are long-lived, with deferred reproductive
maturity and low annual productivity of fledglings (see
Table 3).

Three restoration options were evaluated to offset

_ losses of loons resulting from the ‘North Cape’ oil spill:

habitat protection, nest-site enhancement, and public
outreach/education. The first 2 options increase loon
populations through enhancement of fledgling pro-
duction at nest sites, whereas public cutreach/educa-
tion seeks to mitigate loss of birds through prevention
of human-related mortality. Specifically, habitat pro-
tection through the purchase of land or development
rights in areas of bird nesting is expected to restore
bird populations by preventing future decline in fledg-
ling production resulting from land development and
habitat degradation. Nest-site enhancement involves
the installation of artificial nest sites {Piper et al. 2002}
on lakes that have poor nesting habitat, fluctuating
water levels, or histories of low reproductive output of
loons. The education and public outreach option seeks
to decrease adult loon deaths from human activity,
such as motorboat trauma, lead sinker poisoning, ot
fishing line entanglement (Caron & Robinson 1994,
Carney & Sydeman 1999). Public outreach also could
reduce human interference with breeding loons by
boaters, swimmers, and other recreators, thus increas-
ing fledgling production per nest site.




226 ) Mar Ecol Prog Ser 264: 221232, 2003

Table 3. Values for biclogical, economic and project parameters used in the restoration scaling calculations for common loons
Gavia immer, red-throated Ioons G. stellata and common eiders Somateria mollissima

Loon restoration

Biological parameter Eider restoration

0.4 fledglings nest site? yr!

0.5 fledglings nest site™ yr*
0.4 fledglings eider pair ! yr-!
.20

Productivily gain at protected area
0.54 fledglings territorial pair-! yr-!

Productivity of offspring

1st year (Fledgling} survival rate 0.76 0
Adult survival rate 0.88 . G.68
Average life expectancy of a newly .

hatched bird (discounted) 4.95vyr 0.57 yr
Breeding age Syr 2yr

| Maximum age : 24 yr 15yr

Proportion of adult birds ) '

that maintain territories 0.80 1.0
Discount rate ' 0.03 yr! 0.03 yr1!
Project life-time 100 yr 100 yr

Scaling the proposed restoration opticns to compen-
sate for lost bird-years requires quantifying the degree
to which bird populations are enhanced by each re-
storation option. Enhancement was estimated through
a comprehensive review of available (both published
and unpublished) data sets that (1) contrast or estimate
productivity differences betwéen developed and un-
developed breeding areas (habitat protection option),
(2} evaluate fledgling production at artificial nest sites
(nest-site enhancement option), and/or {3) report the
number of deaths or dther impacts from human-related
disturbance and quantify success in past efforts to re-
duce such impacts {education/public outreach). Once
the degree of benefil was estimated, the next step in
the scaling computations involved determining the
appropriate size of the restoration based on the bene-
fit, the life expectancy of the restoration project and
life-history parameters for each species of birds.

For the habitat protection option, we estimated the
productivity gains for a single protected nest to deter-
‘mine the total number of protected nests necessary to
compensate for the bird injury. Offspring hatched at
each protected nest site (first-generation productivity)
as well as offspring later produced by these birds
(second-generation productivity]) were included in
the calculations of habitat protection benefits. First-

generation production of each nest site (expressed

in bird-years) was calculated by muliiplying the pro-
ductivity gain per protected nest site (the difference
in fledgling production between a protected and an
unprotected nest, PG) by the average life expectancy
(L) of a newly hatched bird. The productivity gain was
assumed to recur each year (f} over a 100 yr project life
time (PL}. Although the benefits of the project are
theoretically indefinite since the land cannot be devel-
oped,” application of economic discounting at a 3%
annual rate (see 'Discounting’ section below) means
that birds produced near the end of the 100 yr lifetime
contribute little to'the total productivity gain. Thus, the

equation to calculate augmented production of fledg-
lings associated with the first-generation of offspring
attributed to a protected nest site is:

PL
Y (PGxI) (1)
t=1 :

The first-generation offspring resulting from a pro- .
tected nest site begin producing their own offspring
(second-generation offspring) from their species-
specific breeding age (BA) until they die at their spe-
cies-specific' maximum age (MA). To calculate the
restoration benefit of expected bird-years achieved
by these second-generation offspring, we used the
equation

MA ’
Z(PGXFSXAS’*lprxE‘ng) (2)
t=BA 2

where FS is the fledgling survival rate, AS is the
annual adult survival rate, pA is the proportion of
adults that breed, PLO/2 is the annual productivity
(based on average sites across the population) of bird
offspring (per individual} and the other terms are the
same as in Eq (1). Inclusion of the FS and AS variables
to PG-in Eq. (2) accounts for the expected mortality
rates of the first-generation birds (i.e. the product of
the first 3 terms in the equation gives the number of
first-generation offspring per protected nest that could
breed). Application of the pA term accounts for the fact
that not éll_adults' breed, generally because of behav-
loral and environmental constraints (i.e. the product of
the first 4 terms in the equation gives the number of
birds per protected nest that actually breed). Multipli-
cation of the actual number of breeders by PLO/2 gives
the number of second-generation offspring per pro-
tected nest produced in a single year. The PLO term is
divided by 2 to account for the fact that the productiv-
ity parameter is a per-pair estimate, rather than a per-
individual estimate. The number of second-generation
offspring per protected nest is then multiplied by L to
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estimate the number of bird-years expected from these
second-generation offspring. Credit for fledglings pro-
duced beyond the second generation was not included
in the restoration scaling nor was it included in the
damage assessment. Given the potential role of den-
sity-independent factors that may affect populations
over long time spans, extending impacts or benefits
beyond the second generation was viewed as too spec-
ulative. The sum of the second-generation bird-years
produced by the offspring of all of the first-generation
birds is calculated as:

% Second-generation bird-years produced 3)
= by Year t first-generation birds

Once the productivity gain in bird-years per pro-
tected nest site over the 100 yr project (Eq. 1 + Eq. 3}
was estimated, we then determined the number of
nests required to compensate for the bird injury.

In addition to enhanced production of fledglings,
protection of nest sites may result in higher Survivor-
ship of adult birds through prevention of recreation/
development-related mortality at nest sites. To esti-
mate this benefit, we reviewed 10 yr (1989 to 1998) of
monitoring data collected by the Loon Preservation
Committee for New Hampshire lakes. The data set
documents mortality of loons by region within the state
and includes cause of death determinations made by
veterinarians at Tufts University. The data set was
examined by region to determine the differences
between developed and undeveloped areas. To calcu-
late the adult survival credit for habitat protection, the
aumbers of loon deaths due to boat trauma, tishing
gear, plastics, and lead sinkers were determined for

developed and undeveloped areas. The total number

of deaths due to these human-induced traumas was
then divided by the regional bird population estimate

_ to determine the proportion of birds likely to be killed.
The proportion for undeveloped lakes was then sub-
tracted from that for developed lakes to calculate the
survival credit for protecting adults. To determine the
number of adults that are ‘saved’ through reducing
human-induced mortality, the estimated bird popula-
tion in the protected area (the area purchased as part
of the restoration project} was multiplied by the sur-
vival credit. The resulting number of birds saved was
then substituted for PG.in Eq. (1} to determine the
number of bird-years credited to this component of
the restoration option.

Discounting. To account for the time-lag between
the injury and the start of restoration as well as the
time required (several decades} for the restoration
project to balance.the original injury, damages and

restoration credits were adjusted by an annual dis-

counting rate of 39, This rate, commonly used in

_ patural resource damage assessments (NOAA 1999,

approximates the additional amount of a good or ser-
vice required by society as compensation for delaying
provision of the good or service by an additional year.
In our computation, the injury was expressed in 1996
bird-years {the year of the oil spill) and the total com-
pensatory restoration goal (injury adjusted by 3%

"annually}) and restoration scaling calculations were

expressed in 2000 bird-years (the start of the restora-
tion project). In calculating the injury, the annual
survival rate (both fledgling and adult rates) was dis-
counted by 3% to estimate the 1996 value of bird-
years lost in the future. For example, annual survival
rate for post-fledgling (aduit) scoters is 0.75 (Table" 1).
After 1 yr (ie. 1997) this value decreases to 0.73
(0.75/1.03") and after 2 yr the value decreases to 0.71
{O.?5/1.O32}. In calculating the restoration credit, the
annual production credit for-each nest site (Eq. 1) was
discounted to the year that the restoration project
starts, Specifically, Eq. (1} is multiplied by the term
(1 + DRy, where tis equal to the year after the start
of the restoration project {1 to 100) and DR is the
annual discount rate (0.03). Because fledglings hatched
in that year will live for multiple years (predicted by
their average life expectancy), the future years of
fledgling production are also discounted (the DL term
in Eq. 4). This latter discounting is achieved through
discounting the annual survival rate of fledglings pro-
duced during that year (as in the injury calculations).
Applying the above discounting to Eq. (1}, the equa-
tion calculating the restoration benefit associated
with the first-generation of offspring attributable to a
protected nest site (measured in Year 2000 bird-
years} is:
PL . o

Y, (PGxDL)x (1+ DRy (4)

=1

where DL is the life expectancy calculated using the
discounted survival rates and all other parameters are
the same as defined under Eq. (1) ' '
The production of fledglings by birds hatched at a
protected nest site (second-generation birds) is -dis-
counted back to the year that their parenis were
hatched (f — BA). Because these second-generation
fledglings live beyond the year when they are hatched, -
their future production is adjusted through discounting
their future annual survival rates (as in the injury cal-
culations}. Applying the above discounting to Eq. (2),
the equation calculating the restoration benefit as-
sociated with the fledglings produced by the first-
generation birds is:
Ny : PLO '
Y [PG xFSx AS I x pA x—= xDLx {1+ DR]'“‘BA’] (%)

t=BA
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Finaily, Eq. (3), which sums bird-years produced by
the oifspring of all of the first-generation birds, is ex-
pressed in terms of Year 2000 bird-years by application
of a discounting term:

4 Second-generation bird-years produced (6)
t= DY Year tfirst-generation birds x 1+DRj™

RESULTS
Injury quantification

During and after the ‘North Cape' oil spill, 405 oiled
birds (of which 392 eventually died) were recovered.
Atter application of the multiplier to account for dead
but unrecovered water birds, total direct mortality of
birds was estimated to be 2292 individuals., Marine
birds (sea ducks, loons, grebes, alcids, gannets, guils
and cormorants) comprised the majority (2082), with
salt pond birds (ducks, geese, swans and herons) and
non-water birds {owls and doves) contributing much
less {Table 2}, For marine birds, gulls (444) were killed
in greatest numbers, followed by common loons
(402}, eiders (354), grebes (228), mergansers (204}, and
goldeneyes (192).

Available data on productivity, age-specific survivor-
ship, and population abundances indicate that non-
water birds, salt pond birds, alcids (murres, doveskies,
razorbills) and gannets likely were restored through
natural recovery during the first breeding season
following the spill. Relatively few individuals of each
of these species (<40) were estimated to have been
killed, and natural compensatory mechanisms were
expected to quickly restore these bird populations to
baseline levels. Natural compensatory mechanisms (i.e.
decreased competition for resources, increased avail-
ability of nest sites) also were expected to allow rapid
nafurdl restoration of gulls and cormorants to baseline
levels. Although these taxa were killed in larger num-
bers (444 gulls and 96 cormorants), their populations are
known to be increasing in size in this region. In contrast,
recovery times for sea ducks (mergansers, goldeneye,
bufflehead, scoters and eiders), loons (cormmon and
red-throated) and grebes (Table 2) were determined to
Trequire more than 1 breeding season. Although the
regional breeding populations of these species may be

adequate to allow natural recovery, the relatively -

late age of first breeding and low reproductive success

(Table 1) coupled with the large numbers of these birds

killed by the spill contributed to a judgement that natural
recovery would extend beyond 1 breeding season.

The total interim loss of bird production resulting

" from the ‘North Cape’ oil spill (Table 2) was estimated

as 6275 bird-years. Marine birds whose recovery was

estimated to extend beyond 1 breeding season ac-
counted for 87% of this total (5459 bird-years) with
marine birds whose recovery was complete during the
first post-spill breeding season accounting for 10%
(606 bird-years) and pond. and non-water birds ac-
counting for 3% (198 bird-years). Loss of the first gen-
eration of fledglings accounted for 26 % (1434 bird-
years} of the total injury to marine birds with recovery
periods extending beyond 1 breeding season (5459
bird-years). Losses were greatest for loons (2835 bird-
years} and eiders (853 bird-years).

Resloration scaling

Limited information was available to quantify the ex-
pected production gain for loons for the 2 restoration op-
tions. Based on data collected by the Loon Preservation
Committee from 1993 to 1998 from developed and
undeveloped areas, protected nest sites produced
0.4 more fledglings per nest than nest sites in developed
areas. However, for our calculations, the magnitude of
improved productivity between undeveloped lakes and
developed lakes without management was estimated
to be 0.5 more fledglings per nest because the Loon
Preservation Committee's data were based on a contrast
between developed lakes that had management and
educational programs and undeveloped lakes. Unfortu-
nately, similar data to assess the productivity gains for
the nest site creation and education/public-outreach
options were not available. The lack of data fo quantita-
tively evaluate these options led to the rejection of thase
2 restorationn choices. Furthermore, many areas that
provided the best opportunities for nest site enhance-
ment were already bei.tig managed for nesting en-
hancement; consequently, further potential productivity _
gains were viewed as marginal at best. However, some
qualitative assessment of the nest site creation and edu-
cation/public outreach options can be made based on
the scaling calculations for the habitat protection option.

Based on our estimates of the relevant biclogical
parameters (Table 3), each protected breeding pair of
loons and associated nest site will generate approxi-
mately 128 additional loon-years (measured in Year
2000 loon-years) over a 100 yr project lifétime. Assum-
ing implementation of the restoration project in 2000,
the total loon injury (common and red-throated loons)
to be restored is 3286 loon-years, the damage cal-
culation for 1996 (2920 loon-years) expressed in 2000
bird-years (2920 x [1.03]Y). Therefore, approximately
25.5 nests would be required to meet the restoration
goal of 3286 locn-years.,

Preventing development of currently undeveloped
loon breeding habitat would also be expected to result
in higher aduli survivorship through prevention of
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recreation-/development-related mortality. Based on
the data set collected by the Loon Preservation Com-
mittee, the habitat protection project designed to en-
hance fledgling production would ‘save' 2.54 % of the
adult loon population each year by reducing mortality
resulting from the use of lead sinkers. An additional
0.43% of the population would be saved each year
through decreases in loon mortality resulting from boat
trauma, fishing gear and plastics. The adult credit for
prevention of boat trauma, fishing gear and plastic was
calculated for the 100 yr project lifetime using appro-
priate discounting. The credit for the prevention of
mortality related to the use of lead sinkers was calcu-
lated for only the first 10 yr of the project life. The
adoption of legislation restricting the use or sale of lead
" sinkers by Maine and New Hampshire {the likely loca-
tion for habitat protection) and the likely adoption by
neighboring states was presumed to result in reduced
mortality rates on developed lakes over the next 10 yr.
Thus the annual benefit is 1.5 adult loons per year for
cach of the first 10 yr based on the 2.97 % credit and a
population size of 50 protected loons (i.e’ 25 protected
nest site x 2 loons at each site x 0.0297}). For the
remaining 90 yr of the project, the annual benefit is
0.2 loons yr! (50 loons x 0.0043). Consistent with the
other injury and resteration calculations, the expected
number of loon-years ‘saved’ by protecting an aver-
aged-age adult is 5.4. Discounting the annual benefits
by 3% annually and summing over a project lifetime of
100 yr results in a credit of 93 loon-years. This credit

reduces the number of loon-years needed for restora-

tion through production of fledglings from 3286 to
3193 loon-years and reduces the nest requirements
from 25.5 to 25.

The remainder of the marine bird injury was 2933
bird-years, measured in Year 2000 bird-years. Experi-
ences with human-induced disturbance on islands sug-
gested thal development would likely eliminate nesting
opportunities for eiders on most islands. Consequently,
protecton and management of eider nesting islands in
Maine could potentially result in improved production
10 0.4 fledglings eider pair ' yr* (B. Allen pers. comm.).
Using this information for eiders and using eiders as the
target group for restoring the remainder of the marine

bird injury, each protected nest for eiders would be ex-

pected to produce an additional 9.3 bird-years (mea-
sured in Year 2000 eider-years). Thus, 315 nest sites
would need to be protected to restore the remainder of
the marine bird injury. :

DISCUSSION

The accuracy of our analyses depends on the
assumptions used in both the injury quantification and

the Testoration scaling. Assumptions are often needed
because of the lack of area-specific data, large uncer-’
tainty in relevant biological parameters and/or the lack
of clear consensus in the literature on key issues
(Peterson et al. 2003a). Injury estimates and restoration
scaling are highly sensitive to life history data for indi-
vidual species. Therefore we encourage future users of
this method to rely upon the most recent literature to
help minimize uncertainty.

The calculated injury does not include longer-term,
chronic effects of the spill because our calculations of
bird injury resulting from the ‘North Cape’ oil spill
were derived from estimates of acute mortality. There-
fore, our calculation represents a conservative esti-
mate of the injury. Decreases in adult or fledgling
fitness resulting from direct (expesure to residual
hydrocarbon) and indirect effects (oil spill impacts on
prey populations) have the potential to adversely im-
pact birds for years after an oil spill (Burger & Gochfeld
2001, Peterson 2001, Golet et al. 2002). Unfortunately,

.few empirical data are available to quantify this effect.

The most important assumptions regarding restoration
are ones that involve identification of the factor{s}) that
currently limit the target populatien(s). Once the pop-
ulation bottleneck is identified, restoring the injury in-
volves identifying and scaling the most effective mech-
anism to overcome this limitation. In our rastoration
strategy, the primary assumption was that nest-site
availability and/or quality limits production of new
individuals: an assumption that is supported by re-
gional data sets and is consistent with a larger body of
literature. Clutch size and fledgling success have been
shown to increase with increasing habitat quality for
both common loon and common eider {e.g. Kilpi &
Lindstrom 1997, Gingras & Paszkowski 1999},

The most reliable mechanism to restore injured loon
and eider populations, the target groups for our
restoration projects, was judged to be the prex)*ention of
future losses in fledgling production of wild popula-
tions resulting from expected decreases in the quantity
and quality of nesting sites due to development. For
loons, purchasing sufficient land and/or land develop-
ment rights to protect 25 nest sites along shorelines of
freshwater lakes with existing loon populations would
be expected to compensate for the lost loon productiv-

ity resulting from the 'North Cape’ oil spill. Similatly,

the purchase of sufficient land to protect 315 eider
nesting sites would be expected to compensate for the
loss of eiders plus all other injured marine birds whose
recovery period following the ‘North Cape' oil spill
was likely to exceed 1 breeding season. '

In order for the restoration strategy adopted to be
successful, -the development pressure must be real:
purchase of non-threatened sites would have no
impact on productivity of the target species. Caron &
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Robinson (1994) found that modest levels of human
* activity (increased recreational use of largely undevel-
.oped lakes in Canada) did not result in decreased
fledgling production but suggested that higher levels
‘of hurtan activity or shoreline development could. The
closest breeding grounds for loons injured in the

‘North Cape’ oil spill, which occurred in Rhode Island,"

are in New FHampshire and Maine where many of
these areas are indeed under growing development
bressure. Concerns about the stability of loon popula-
tions in the northeastern US reflect the large number of
specific threats to breeding and wintering populations.
Currenily, Vermont lists the common loon as an endan-
gered species. In New Hampshire loons are listed as
threatened, and in Massachusetts, Connecticut and
New York they are listed as species of special concern.

Shoreline development on loon breeding lakes is a

~ conservation issue because it eliminates use of histori-
cally productive territores and increases human
disturbance at nest sites. Similarly, increased develop-
ment on privately owned islands in Maine, which
support substantial numbers of breeding eiders, may
dramatically reduce fledgling production of eiders.
Purchase and protection of a subset of these islands
could meet the requirements necessary for eider rest-
oration by decreasing the adverse effects associated
with development on many of them.

The 2 options that were not chosen for the restora-
tion’ project, nest-site creation and education/public
outreach, were judged too uncertain in the degree to
which they could produce the large quantity of bird-
years required by the restoration plan. This uncer-
tainty was primarily a function of the lack of applicable

data sets, particularly for the education/outreach com- _

ponent, and a lack of remaining opportunities (nest-
site enhancement) for the expected number of sites
needed. The underlying mechanism by which nest-site
creation results in additional Ioon productivity is simi-
lar to that of habitat protection, increasing nest-site
availability/quality. The specific number of nest site
- platferms required will depend on the productivity
benefit attributable to each platform, as well as plat-
form duration. At the time when the restoration project
was planned, there were few empirical data available
to quantify the productivity gains of artificial nest sites.
However, a recent study by Piper et al. (2002) con-
ducted in several small Wisconsin lakes concluded that
floating platforms could increase reproductive success
of common loons. When compared to natural nest sites,
platforms increased both hatching success (+69 %) and
early fledgling survival (+32%}. The increased success
was attributed to decreased levels of mammalian pre-
dation (primarily raccoons). Compared with reference
lakes that had a fledgling rate of 0.56 chicks pair!
season™!, similar lakes with platforms had fledgling

rates of 0.74 pair-!. The low durability of the platforms
over multiple seasons was considered a serious limita-
tion {or the restoration potential of floating platforms.
The preferred loon habitat protection project requires
protection of 25 nests. The associated productivity
benefit (0.5 fledglings per nest} and protection dura-
tion (+100 yr) is greater than could be achieved by
nesting platforms (assuming Piper et al. 2002 tesults
apply to New Hampshire lakes). As a result, the num-
ber of platforms needed to meet the restoration goal for
loons would be 3 to 4 times the number of nests that
must be protected under the habitat protection project.
In’ addition, a long-term management and mainte-

nance - plan (Piper st al. 2002) would need to be

adopted to insure the necessary project lifetime of the
floating platforms. Such considerations will generally
apply to restoration options that involve engineered
structures instead of allowing natural processes to
proceed to enhance populations.

Productivity benefits associated with the education/
public outreach option were judged too uncertain for
choice as the restoration option. Although undoubtedly
beneficial (e.g. Mcintyre 1988, Burger 2003), it is
extremely difficult to quantify the benefits of existing
programs in the absence of long-term studies. Further
complicating this analysis would be quantifying the
marginal benefits generated by additional spending on
education and outreach above the programs already in
place. In areas that do not have existing education/
public-outreach programs or where human activity is
known to be a significant source of disturbance (e.q.
personal water craft, Burger 2003), closer examination _
of this restoration option is necessary. For our analysm,
any benefit gain would at most be similar to those cal-
culated for the adult credit of breeding ground protec-
tion: the expected number of loon-years 'saved’ by pro-
tecting an averaged-age adult is 5.4 yr1 assuming an
adult population of 50 in the area. Discounting the
annual benefits by 3% annually and summing over a
project lifetime of 100 yr resuits in a credit of 93 loon-
years. This benefit is substantially smaller than the
increases in fledgling production achieved through
nest-site protection. Expanding the education/public
outreach to a larger area could increase the number
of loon-years saved through this restoration option;
however, the cost of such a long-term program would
probably be higher than the purchase and protection
of nest sites. .

Offsetting injury to' marine birds by prevention of
future losses through habitat protection has advan-
tages over any alternative that might involve artificial
propagation of replacement birds over a short time
period. The injection of a short-term pulse of relatively
large numbers of replacement birds could result in
compensatory mortality or reproduction processes that
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render such restoration ineffective or even counter-
productive. Particularly in cases where breeding habi-
tat is ultimately fimiting, habitat protection would often
seem the wisest choice for restoration. In addition,
there are unforeseen but possible ecosystem changes
that could result from the rapid addition of large quan-
tities of predators. By preventing future declines in
bird populations, the effect on their prey communities
remains relatively unchanged. Many of these marine
birds can exert a high level of control on prey commu-
nities (Hamilton 2000}, Rapidly increasing current lev-
els of predation through artificial breeding programs
could inadvertenily injure other consumers that feed
on similar prey. For example, many fish and crab
species prey on the same benthic invertebrates that
loons and eiders prey upon (Hamilton 2000).

The decision to compensate for losses to a wide suite
of marine birds by developing and implementing a
restoration project for a single species, the common
eider, raises several issues. First, such a choice has
implications to the ecosystem in which these birds are
a part. The injury cleatly affected a diversity of species,
which restoration will not necessarily enhance. The
importance of biodiversity to the stability and re-
silience of communities has been demonstrated In
several studies (Naeem et al, 1994, Tilman & Downing
1994). Furthermore, preserving biodiversity is a major
focus of conservation biclogy for multiple reasons, in-
cluding ethics, aesthetics, and sustainability of ecosys-
tern function {(Wilson 1992). Consequently, one could
" challenge the decision to restore many with one. Such
. a choice is motivated in large measure by efficiency:
development and implementation of many small
restoration projects would muitiply costs several fold
and result in fewer birds produced per unit expense.
Nevertheless, the question remains of whether the
public trust resource is truly restored by ecologically
unbalanced Testoration and whether using lower costs

to justify that action is defensible for agencies charged

with protecting the public trust resources. Fortunately,

- in'the case of selecting a habitat preservation option, it

is clear that numerous species besides the targeted one
will benefit.

Habitat protection, particularly of breeding and

spawning grounds, represents an effective and eco-

logically respomnsible mechanism to restore natural
population of marine species. For marine fishes and
invertebrates, establishment of marine reserves as well
as the protection and/or restoration of essential fish
habitat can be viewed as adopting a similar philo-
sophy. Recent studies have demonstrated the effec-
tiveness of both strategies in restering marine fish
populations (Roberts et al. 2002, Peterson et al. 2003b,
in this Theme Section), Our analyses here use a combi-
nation of syntheses of regional empirical studies and

broader conceptual theory to make quantitative pre-
dictions of the net benefits of habitat protection/
restoration for 2 marine birds: loons and eiders. Such
calculations can be viewed as explicit hypotheses for
future studies and could be evaluated through rigorous
‘follow-up' monitoring of restoration projects.
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" ABSTRACT: Seagrass beds and salt marshes are important in the life histories of many fish, inverte-
brates, and aquatic birds, such that population size and production of these organisms can be limited
by the loss of these habitats. Therefore, restoring seagrass or salt marsh would be expected to benefit
species dependent on these resources. Following the ‘North Cape' oil spill of January 1996 in Rhode

Island (northeastern USA), habitat restoration was

used to compensate for losses of fish, inverte-

brates, and aquatic birds. A habitat restoration model based on food-chain transfers was used to
estimate equivalent production at the same trophic level as the losses, & novel approach that uses
energetic efficiencies 1o scale across trophic levels. Benefits of habitat to each trophic level were esti-
mated by assuming that the production of consumers is proportional to prey production gained by the
restoration of habitat. The habitat restoration model balanced the losses with trophically equivalent
production, discounting future gains in compensatory production relative to present losses such that

interest is paid, analogous to economic discounting.

Results showed that restoration of seagrass beds

would be more productive than salt marsh resteration in southern New England and, likely, other
temperate zone locations. Moreover, benthic faunal production in salt marshes could be accounted

~ for by in situ primary production of angiosperms and benthic microalgae, whereas in seagrass beds,
benthic faunal production exceeded that expected from in-bed primary production. The trophic
model provides a methodology to estimate the scale of a restoration project that will provide produc-
tion (ecological services} equivalent to losses of organisms at multiple trophic levels, applicable to
riatural resource damage assessments and other environmenial assessments.
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INTROD'(:TCTION

In response to pervasive degradation of coastal
marine ecosystems, especially including vegetated
and other structured habitats, such as seagrass and
wetlands of great importance as larval setiflement
areas, nurseries, refugia from predation, and foraging
habitats (Heck & Orth 1980, Kneib 1997, Beck et al.
2001, Heck et al. 2003, Minello et al, 2003), consider-
able interest has developed in their protection and
restoration (Thayer 1992, Matthews & Minello 1994,
Fonseca et al. 1998, Beck et al. 2003), In the USA, when
natural resources are impacted by environmental inci-
dents, such as oil and chemical spills, pollutant relea-
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ses, or physical destruction of habitat, federal and state
agents are legally mandated to obtain funds from
responsible parties to restore equivalent ecological
and human services (NOAA 2002). Because restoration
of highly productive structural habitats such as sea-
grass and salt marsh would benefit dependent fish,
invertebrates, birds, and other wildlife, and these habi-
tats have suffered great losses from eutrophication and
other perturbations (e.g. Orth & Moore 1983), salt
marsh or seagrass restoration is often the preferred'
choice for compensation of injuries to natural resources
in coastal marine ecosystems. _

Estimation of the benefits of habitat restoration is

rarely performed to render the scale of the restoration - -
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project compensatory (equivaient in value to the loss).
Here we develop a method for estimating the appro-
priate scale of restoration, and demonstrate the ap-
proach by application to the ‘North Cape’ oil spill,
which occurred in January 1996 on the Rhode Island
coast (northeastern USA). The habitat restoration
model builds upon food chain energetics (e.q. Slobod-
kin 1860, Ryther 1969, Odum 1971, Steele 1974, Odum
& Heald 1975) and habitat equivalency analysis (HEA:
NOAA 1997, 1999, Julius 1999). Our model converts
losses of production of multiple species to an energeti-
cally equivalent single irophic level so that the scale of
necessary compensatory restoration can be computed.
Data required for the model include the net gain in
primary production expected from restoration of the
structured habitat, the food web structure, and ener-
getic transfer efficiencies. Assuming that augmenta-
tion of production of consumers is proportional to net
gains in production of their prey (i.e. the consumers’
production is food-limited), we estimate the production

benefits to each higher trophic level. HEA is a model--

ing approach that translates lost or gained ecological
and human services to present-day value by applying
the economic concept of discounting, to account for the
delay in benefits belween the time of loss and the gain
in production (Julins 1999, NOAA 1999},

We structureé this paper as follows: First, we summa-
rize the injury estimation methods and results for the
‘North Cape’ oil spill. Next, we review restoration
options and develop the habitat rastoration model
approach, including specific methods for estimating
the scale of restoration required to compensate an
injury comprised of species of multiple trophic levels,
The results of application of the restoration model to
the North Cape’ oil spill are described, along with
more general implications of comparing salt marsh and
eelgrass bed food webs. Finally, we characterize sensi-
tivity of model results to its assumpiions and the implii-
cations for effectively restoring losses resulting from
environmental impacts.

INJURY ESTIMATION

The ‘North Cape' oil spill was a release of 2682
metric tons (828 000 gallons; 3130 m?) of home heating
{No. 2 fuel) oil into heavy surf, resulting in high con-
centrations of polynuclear aromatic hydrocarbons
(PAHSs) in shallow water that caused severe acute mor-
tality by narcosis {(French McCay 2002, 2003). The
majority of the impact (measured as biomass lost} ‘was
to near-shore benthic marine invertebrates (American

lobster Homarus americanus; rock crabs Cancer spp.;

blie mussel Mytilus edulis; sea stars; surf clam Spisul‘a
solidissima; and benthic amphipods} and fishes associ-

ated with rocky reefs (tautog Tautoga onitis; and
cunner Tautogolabrus adspersus) along the exposed
southern coast of Rhode Island {French McCay 2003).
PAHs from the oil also entered coastal lagoons (‘salt
ponds’) behind the impacted barrier beaches, killing
soft-shell clams Mya arenaria, American oysters Cras-
sostrea virginica, bay scallops Argopecten irradians,
other invertebrates and fish (French & Rines 1998),
Four hundred oiled birds were collected after the spill,
indicating several thousand killed by direct oiling,
based on recovery rates of beached birds (NOAA et al.
1989) and modeling of the area swept by oil muliiplied
by species density (French MecCay 2003). Because the
oil was quickly and effectively dispersed by high tur-
bulence and waves, impacts were primarily from acute
exposure to dispersed and dissoived 0il concentrations
{fish and invertebrates) and oil sheens {birds), rather
than chronic contamination. Wetlands and seagrass
beds were not significantly impacted by the spill.

Moedeling of oil fates and biological effects was used
(French McCay 2003) to estimate mortalities of marine
organisms, A physical-fates model predicted water
column PAH concentrations, which were validated
with field sampling results. A linked biological effects
model estimated acute exposure {concentrations and
duration) to 0il PAHs and resulting mortality. The mod-
eled estimate of lobster meortality {8.3 million: French
McCay 2003) was similar to estimated numbers of lob-
sters killed based on field sampling (9.0 million: Cobb
et al. 1999), validating the biological effects model
(French McCay 2003). The model was used to calcu-
late injury (as biomass lost) to other marine orgamnisms,
based on estimates of biomass density, size structure,
growth rate and mortality rates (French et al. 19964,
French McCay 2003, French McCay et al. 2003b, in
this Theme Section).

PAH concentrations in each of the salt ponds over
time were estimated by Hinga (1897) by fitting expo-
nential decay curves to measured. concentrations to
account for volatilization and degradation {Hinga
1988), using source contamination estimated by the
marine modeling (French McCay 2003). Exposure and
mortality of biota were estimated using the biological
effects model (French McCay 2002, 2003) and pre-spili
abundance in each pond (French & Rines 1998).

Injuries (kg wet weight) to fish and invertebrates
in the marine environment and the salt ponds are
sumimarized in Tablés 1 & 2, calculated as the sum of
the biomass killed, which represents net production re-
alized previous to the spill, and lost future produ?tion
that the killed organisms are expected to have provided
had they not been killed (production foregone). PI?‘
duction forgone was estimated using a demographic
populatior model (French McCay et al. 2003}3].’ where
somatic growth was summed over age classes {indexed
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Table 1. Injuries (kg wet weight, without shells) in the marine environment (Block Tsland Sound) resulting from the 'North Cape’

oil spill, estimated by field data collections {lobsters: Cobb et al. 1999) or ecotoxicolegical modeling of oil fates and effects (other

species: French McCay 2003). Production foregone is estimated by summing somatic growth over the remaining lifespan of the
killed individuals by annual age class. = not estimated ‘

Species category Number killed Biomass Production Total injury
(x10%) killed (kg) foregone (kg) (kg -

Alewife Alosa pseudoharengus 0.01 3 3 6
Herring (sea) Clupea harengus harengus 392 3040 4190 7240
Hakes (red and white) Urophycis spp. 1.7 125 824 040
Cod Gadus morhus 36 350 1250 1600
Spiny dogtish Squalus acanthias 0.46 1 194 195
Haddock Melanogrammaus aeglefinus 0.005 4 "3 7
Atlantic pollock Pollachius virens 0,24 2 3 4
Northern searobin Prionotus carolinus - 12.2 94 130 225
Silver hake Merluccius bilinearis 5.0 39 53 92
Ocean pout Macrozoarces americanus - 45 351 484 835
Flounders (Pleuronectidae} ’ 0.55 480 398 879
Sculpin Myoxocephalus octodecimspinos 28.6 222 306 - 529
Skates Raja spp. 1950 15130 20800 35980
Tautoq Tauitoga onilis 16.5 459 544 1000
Cunner Tautogolabrus adspersus 1740 9758 51300 61000
Crabs (rock) Cancerspp. . 3890 41730 49300 91010
Crabs (hermit) Pagurus spp. 3730 3732 2430 6160
American lobster Homarus americanus 9040 i 312400 - 312400
Northern quahog larvae Mercenaria mercenaria 37.5 7 798 805
Atlantic surf clam Spisula solidissima 150600 192500 172000 364000
Blue mussel Mytilus edulis 20250 - 879 1200 2080
Sea stars Asterias forbesi and Henricia sanguinolenta 2460 24580 6880 31460
Benthic macrefauna 4890000 489000 310500 799500
Total 5084000 1095000 623000 1718000

Table 2. Injuries (kg wet weight, without shells) in the salt ponds resulting from the ‘North Cape' oil spiil {(French & Rines 1998).

Producticn foregone is estimated by summing somatic growth over the remaining lifespan of the killed individuals by annual
age class. —: not estimated o

Species category Number killed Biomass Production Total injury
(x10%) killed (kg) foregone (kg} (&g}
Winter flounder Pseudopleuronectes americanus 1.58 1377 1142 2519
Forage fish (Cyprinodontidae) Menidia spp- 533 2667 2370 5037
Northern quahog Mercenaria mercenaria - - - -
Soft shell clam Mya arenaria 499 5712 3888 9600
Eastern oyster Crassostrea virginica 149 1857 905 2762
Bay scallop Argopecten irradians 0.16 5 0 5
Crabs Cancer spp. 318 3181 3756 : 6937
Grass shrimp Palaemonetes spp. 324 81 88 169
Zooplanktion 5397 229 ’ - 229
Benthic macrofauna 6591800 65920 98110 164030
Total 6599000 81030 110260 191290

at the midpoint of each year of life, i.e. in winter), ac-
counting for survival and discounting of future losses.
Tor lobsters and bivalves, abundance data and parame-
ters for the demographic model ate described in French
McCay (2003) and French McCay et al. (2003a,b, in this
Theme Section). The demographic model parameters of

the other fish and invertebrate spei:ies were from
French et al. (1996a), with abundances in the marine

‘environment as described in French McCay (2003).

Abundance of non-bivalve species in the salt ponds
was based on previous studies in the specific ponds
affected (French & Rines 1998).




236 Mar Ecol Prog Ser 264: 233-247%, 2003

ALTERNATIVES FOR RESTORATION

Restoration approaches to compensate
for injuries

Following the ‘North Cape’ oil spill, lobsters and
bivalves were restored by species-specific restocking
programs, described in French McCay et al. (2003a,b).
Sea stars were assumed restored by restoration of their
prey, the bivalves. For species other than lobsters,

bivalves and sea stars, the trustees responsible for -

restoration of resources injured during the ‘North
Cape’ spill determined that infuries were not large
enough, or that restocking methods were not suffi-
ciently developed (e.g. benthic amphipods, skates, and
cunner); to warrant species-specific restoration pro-
. jects (NOAA et al. 1999). Because many of these spe-
cies would benefit from the production, refuge and
nursery services of structured habitats, habitat restora-
tion- projects were considered, specifically for salt
marsh (dominated by Spartina alterniflora and S, pa-
tens} and seagrass beds (eelgrass Zostera marina), the
most important structured habitats in southern New
England marine and estuarine waters,

Of the 2000 to 3000 aquatic birds killed by the ‘North’

Cape’ oil spill, ca. 200 were of species that normally
forage in the salt ponds, wetlands and seagrass beds
{Table 3), These species were rtestored by habitat
restoration, along with the fish and invertebrates not
included in species-specific restorations, Expressed as
wet weight production lost, the total ‘pond’ bird injury
was 476 kg, with estimatds of average weight per bird
from French et al. (1996a). It is assumed that these
birds were fully grown, so there is no additional pro-
duction (foregone) from weight gain expected over
their remaining lifetime. Additional losses of birds
were compensated by restoration targeted at increas-
ing fledgling production of eiders, loons, and piping
plovers (NOAA et al. 1999},

Table 3. Estimated bird injury for species that use the salt ponds,
seagrass beds for foraging, expressed.as numbers and kg (wet weighi) of infury.
Average wet weight per bird is from French et al, {1996a})

wetlands and

Development of function in created marshes and
seagrass beds

The degree to which ecological functions of created
salt marshes. match natural habitat depends on how
well geomorphology and hydrolegy mimic natural 5ys-
tems (Seneca & Broome 1992, Zedler 1992, Minello
& Webb 1997, Williams & Zedler 1999). Assuming that
appropriate geomorphology' and hydrology are re-
created, the time for recovery of function depends on
the parameters measured: vegetation develops rapidly
and fish populate new salt marsh habitat at naturat
levels in as little as 2 to 5 ¥I, but invertebrates, sedi-
ment chemisty and nutrient cycling take longer to
become equivalent to natural systems Moy & Levin
1991, Minello & Zimmerman 1992, Zedler 1992,
Williams & Zedler 1999). Restoring tidal flows in §Yys-
tems degraded by tidal restrictions and impoundments
will bring back fully tunctioning tidal salt marshes in 1
to 2 decades (Warren et al. 2002). In the ‘North Cape’
restoration planning, it was assumed that salt marsh
restoration would produce habitat with appropriate
geomorphology, hydrology, and biology (dominated by
Spartina alterniflora), and that after 15 yr ecological |
functions would reach 99% of full function. This re-
covery period is based on siudies of salt marsh func-
tional recovery rates in California, North Carolina and
France (PERL 1990¢, Seneca & Broome 1992, Zedler
1992, French et al. 1996b). )

Successful seagrass bed restoration is contingent on
good water quality, as well as appropriate site selec-
tion, planting techniques, monitoring and corrective
actions as needed {Fonseca et al. 1998). Fonseca et al.
(1990} found fish and shrimp abundance in restored
eelgrass beds indistinguishable from natural beds 6 mo
after seeding or 2 yr after transplanting eelgrass.

~ Abundance in the eelgrass was higher than over un-

vegetated bottom. For the ‘North Cape’ restoration
Planning calculations, created seagrass beds were
assumed to be transplanted into ap-
propriate sites and to require 3 yr to
develop full (99%) function, based
-on the recent restoration projects
reviewed by Fonseca ef al. (1998).

Species Number Mean weight  Injury

: killed ind. ™ {kg) (kg}
Black duck Anas rubripes 30 0.8 24 Creation versus preservation
Coot Fulica americana 6 0.8 5 _
Mallard Anas platyritynchos 18 0.8 14 Although planting seagrass is not
Pintail Anas acuta ig _ gg ig technically complex and seagrass beds
gﬁ%ﬁﬁﬁeﬁgﬁiﬁfﬁiﬁzﬁm 36 '5 180 can be created unclier appr.opn'aFe con-
Swans (Anatidae: Cygninae) 24 6.7 161 ditions, preservation (prevention of
Scaups Aythya spp. 24 L1 26 loss) is the most effective and reliable
Herous (Ardetdae) % 3 a7 process to sustain seagrass habitat and
Total 198 47 associated resources (Fonseca et al
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1998). Restoration of salt marsh grasses is also feasible,
but full function of created marshes takes many years
or may never be achieved (Seneca & Broome 1992,
Zedler 1992), rendering preservation preferable to
mitigation of (purposeful} marsh loss. However, pres-
ervation can only be used as compensatory mitigation
for an environmental incident where imminent loss of
habitat would otherwise occur. If not, there would be
no net gain in ecosystem services to match the losses.

Such an opportunity for prevention of imminent loss
of seagrass habitat was available in southern Rhode
Island near the ‘North Cape' oil spill site. Seagrass
habitat has declined generally throughout the estuar-
ies of the Atlantic coast of North America, largely in
response to eutrophication {Orth & Moore 1983, Short
& Burdick 1996, Short et al. 1996). Using an approach
developed for a Massachusetts estuary (Short & Bur-
dick 1996), Short et al. (1996) evaluated whether the
condition and status of eelgrass Zostera marina habitat
changed as a function of increasing housing develop-
ment in the watershed of a shallow coastal lagoon,
Ninigret Pond, in Rhode Island- over a 32 yr period.
In that time, housing quadrupled and eelgrass beds
declined by 41%. Short et al. {1996) linked nutrient
flow from home septic systems to the decline in eel-
grass, suggesting that eutrophication caused an in-
verse relationship between seagrass area and housing,
and concluding that further development is likely to
cause more losses of eelgrass. This relationship is sup-
ported by nutrient enrichment studies in mesocosms,
where eelgrass growth decreased with nitrate enrich-
ment (Burkholder et al. 1992, Short et al. 1995). Thus,
instead of constructing new eelgrass beds, compensa-
tion for injuries could be achieved by aveiding future
losses (preservation) through land acquisition and pro-
tection from development.

METHODS FOR SCALING HABITAT
RESTORATION ALTERNATIVES

Scaling restoration based on
equivalent production

The approach used in the 'North Cape' case wasthat
the restoration project (of sufficient scale to compen-

sate the injury to fish, invertebrates other than lobsters

and bivalves, and ‘pond’ birds) would be implemented
in one or more of the salt ponds affected and/or adja-
cent to the area of the marine injuries. The ecological
and human services provided by the injured organisms
were measured by production, biomass directly lost
plus that not produced. Many ecosystemn and human
. gervices increase in proportion to biological productiv-
ity. Particularly in aquatic ecosystems, the rate of turn-

over (production) is a better measure of ecological ser-
vices than density or biomass (Odum 1971, Beck et al.

2003). Thus, the sum of the standing-stock killed (pro-

duction previous t¢ the spill) plus loss of expected

future production is an appropriate metric for comput-

ing lost ecological services. Using production as the

scaling metric also allows for differences in body size

and growth rate between the individuals killed and the

ones added by restoration while still achieving equiva-

lence and thus compensatory replacement.

Our trophic medel for quantifying benefits of habitat
restoration (or preservation] is designed to account for
the different ecological values of the production as a
function of trophic level. The production losses for
each of the injured species are translated to a common
lower trophic level (primary or secondary) via simple
energetics and a food web model so that production of '
that lower trophic level can represent the metric used
to scale the size of the habitat restoration projéct. This
approach is based on the assumption that the entire
faod web benefits from the additional prithary or sec-
ondary production contributed by the restored habitat,
ie. that consumers at each trophic level are food-
limited. Compensation is needed for lost production of
each species injured, and those losses are additive.
Restoration for a prey species killed will compensate
for that prey killed and all the services that prey would
have provided in the future to its predators and other
resources. The predators that would eat that prey but
were direcily killed were produced before the spill by

‘eating different prey individuals as food. Thus, com-

pensation must include both the predator's production
loss and that of the prey animals directly killed. This
can be accomplished by providing additional prey pro-
duction to compensate for the direct predator loss.and
resulting production foregone.

Correction for the delay between the mjury occur-
rence and its restoration was achieved through dis-
counting at a 3% (NOAA 1997) annual rate. The
restoration project should be of a scale to provide pro-
duction, in present day value (Le. in the year of the
spill), equivalent to the present day value of the direct
kill plus production foregone. Two types of time lags
are compensated: (1) the time from the spill to com-
mencement .of restoration, and {2} the time for the
restored habitat to develop full function (with partial
credit while it develops).

Habitat resforation model

Primary production is used to measure the benefits
of the restoration project, such that in the habitat
restoration model the total inyj uries in kg of lost produc-
tion are translated into equivalent plant production.
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The majority of the primary production is by angio-
sperms . Spartina alterniflora and S. patens in salt
marshes and Zostera marina in eelgrass bads of the
northeastern USA (Teal 1962, Howes et al. 1985, Adam
1993, Fonseca et al. 1998), However, in both sailt
marshes and seagrass- beds, benthic and epiphytic
microalgae provide an important, more readily assimi-
lated form of primary production (Thayer et al. 1984,
Currin et al. 1995, Sullivan & Currin 2000}. The model
assumes that net primary production of phytoplankton
and macroalgae are not significantly different in the
restored and previously existing habitat, such that
the restoration does not change those energy sources
to the food web.

Angiosperm biomass passes up the marine food web
primarily via detritivores consuming the plant material
and (more importantly) the attached micrebial commu-
nities (Teal 1962, Odum & de la Cruz 1967, Thayer et
al. 1984, Howes et al. 1985, Newell & Porter 2000}. The
detritivores are then prey for larger animals (e.g. in
marshes: decapods, such as grass shrimp Palaemon-
etes pugio, and small fish, such as the mummichog
Fundulus heteroclitus, and other killifishes) and ulti-
mately support production of recreationally and com-
mercially important finfish, shellfish, waterfowl and
wading birds (Teal 1962). The ecological efficiency
{consumer production per unit producer production) is
low because a high percentage of biomass produced
by the plant is broken down by microorganisms {pri-
" marily fungi: Newell & Porter 2000) before it can be
assimilated. Benthic meiofauna and macrofauna also
directly consume benthic and epiphytic microalgae
directly and thus with higher transfer efficiency.

We also employed an alternative trophic level io
scale the habitat restoration, field-based estimates of
benthic meiofauna plus macrofauna production in-
stead of primary production, Scaling to primary pro-
duction assumes that all the benefits to animals in the
restored habitat are generated by the additional plant
production as.food. However, the habitat provides
-other ecological services to animals, such as supplying
shelter, nursery areas, and refuge from predators that
increase survival and growth (Boesch & Turner 1984,
Heck et al. 2003). For example, while the phytoplank-
ton production in the overlying water is likely the same
over eelgrass beds and unvegetated areas, one eco-
nomically important species, the bay scallop, is found
exclusively in seagrass meadows despite its -depen-
dence upon phytoplankton for food (Peirson 1983},
Thus, bay scallop production would be enhanced by
habitat restoration, but not because of enhanced pri-
mary production. Benthic animal production in struc-
tured habitats is often larger than that which can be
accounted for by observed primary production {e.q.
Nixon & Oviatt 1973, Heck et al. 1995). Using benthic

faunal production for scaling therefore would implic-
itly include these habitat services gained. Thus, we
used benthic production as an alternative trophic level
for scaling restoration.

In the habitat restoration model, each species group
injured was assigned a trophic level relative to that of
the benthic fauna (implying the herbivore or detriti-
vore- trophic ievel). For species at the same trophic
level (e.g. zooplankton), their production was assumed
to be equivalent in ecological value. The production
loss of small nekton that prey on benthic fauna (e.g.
decapods and killifish) was translated to equivalent
benthic faunal production loss by dividing by the eco-
logical efficiency of trophic transfer from the prey to
the predator. For each step higher in the chain, the
trophic transfer efficiency was applied 1o estimate the
production yield (i.e. production loss divided by eco-
logical efficiency for each step in the food web} at that
upper irophic level,

Values for production of predator per unit production
of prey (i.e. ecological efficiency) for invertebrate and
fish consumers of animal prey have been estimated to
be 10 to 30% in both freshwater and marine environ-
ments by a number of authors (e.g. Slobodkin 1960,
Odum 1971, Steele 1974, Cohen et al. 1982, Jennings
et al. 2002). While some have argued that 10% is
the appropriate average value for all marine animals
(Pauly & Christensen-1995), Pimm (1982) indicated that
ecological efficiency is 10% for fish and 21 to 36%
for non-insect invertebrates. Jennings et al. (2002} esti-
mated transfer efficiencies of 3.7 to 12.4% based on
measured standing stock biomass in the North Sea for
fishery species of a broad range of sizes. However, if
species greater than 512 g (many of which are inten-
sely fished) are excluded, the efficiency was estimated
as 12.4%. Excluding species greater than 256 g results
In a calculated efficiency based on the North Sea
sampling data of 27.1%. Thus, the evidence suggests
that smaller species, and particularly invertebrates, are
more efficient than large fish. In our habitat restoration
model, the transfer efficiency of fish and invertebrates
<200 g was assumed to-be 20%, that for 200 to 1000 g
iish to be 10 %, and 4 % for fish >1000 qg.

For birds and mammals (which as homeotherms are
less efficient), ecological efficiency is much lower, with
estimates ranging from 1 to 5% (McNeill & Lawton
18970, Steele 1974, Grodzinski & Wunder 1975, Whit-
taker 1975, Pimm 1982). In our habitat restoration
model, the ecological efficiency of birds and mammals
{feeding on fish or invertebraie prey was assumed to
be 2%.

Equivalent compensatory benthic faunal production
produced by the restored habitat was computed as kg
of production lost divided by ecological efficiency for
each step in the food web above benthic fauna (termed
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the production yield). Table 4 summarizes the injury

~ (as dry weight) for the ‘North Cape' oil spill and the
estimated production yield of each trophic level as
a percentage of benthic faunal production. The dry
weight (DW) equivalent of the injury was assumed to
represent 22 % of wet weight {Nixon & Oviatt 1973). In

“benthic faunal production equivalents, the majority of
the injury was 1o benthic macrofauna, bivalves, sea
stars, crabs, and small fish (cunner). In Table 4 and
subsequent tables, lobslers are not included, but
bivalves and sea stars are carried forward in the calcu-
lations for illustrative purposes and because habitat
restoration was considered for these species even
though the alternative that was selected involved
restocking {French McCay et al. 2003b).

Equivalent compensatory primary production of the
restored habitat is the equivalent compensatory ben-
thic production divided by a factor representing the
integrated production yield irom primary producers to

. benthic fauna, which is the weighted sum (by fraction
of total primary preduction derived from angiosperms
vs benthic microalgae) of the product of the ecological
efficiency of transfer from angiosperm to invertebrate
detritivore and that from benthic microalgae to benthic
herbivore.

Tn salt marsh stands of Spartina alternifiora, »95 % of
the below-ground primary production is remineralized
to CO, in the sediments, with <5% exported as dis-
solved organic carbon (Howes et al. 1985). Thus, es-
sentially none is transferred to benthic fauna. Assum-
ing that 10% of the above-ground Spartina production
is consumed by terrestrial insects (Kreeger & Newell
2000), 90 % of the above-ground production enters the
marsh food web. Newell & Porter (2000) estimated that
50 to 60% of Spartina shoot production is transferred
to fungal production. The fungi are consumed by the
gammartidean amphipod Uhlorchestia spartinophilia to
produce an estimated 0.92 g DW m? yr! in Georgia
marshes (Covi & Kneib 1995}, with most of the remain-
der of the fungal production passing through addi-
tional microbial degraders before being consumed

Table 4. Summary of injuries by trophic group and production yi

by benthic meictauna and macrofauna. Assuming an
above-ground Spartina production in Georgia marshes
of 1000 g DW m? yr~* (Kneib 2003, in this Theme Sec-
tion), 55% transfer efficiency t0 fungt, and 20 % trans-
fer efficiency to U. spartinophilia (i.e. joint production
yvield = 11%), 1% of the above-ground Spartina pro-
duction is transferred to the amphipod via directly
from fungi {900 g DW m? yr™' x 0.55 X 0.20x001=19g
DW m? yr!). Summarizing multiple stable isotope
analyses, Sullivan & Currin (2000} concluded that
benthic microalgae are responsible for 50% or more of
the carbon assimilated by consumer organisms. The
production yield from benthic microalgae to benthic
fauna is assumed to be 10% (based on the above
review of trophic transfer officiencies and the likeli-
hood that transfer efficiency from algae to invertebrate
would be less than from animal prey). The remaining
carbon assimilated by benthic fauna derives from
Spartina production that has passed through the
microheterotrophic community. The production yield
of this pathway is at a maximum 2.2% (0.55 to fungi x
0.20 to microheterotrophs x 0.20 to benthic fauna},
but would be lower if more steps dre involved in the
microbial web. The combined production vield from
above-ground Spartina production to bhenthic meio-
and macrofauna based on these assumptions is 2.1%.
Adding an additional step to the microbial pathway
gives a production yield of 0.5%. ' .

Direct grazing on eelgrass leaves is consic_leréd rela-
tively unimportant as a trophic pathway in temperate
seagrass beds, with the majority (assumed 100 % in our
restoration model) of the organic matter produced by
eelgrass decomposing and entering the food chaixn
through the detrital pathway (Thayer et al. 1984]). We
assume that similar transfer efficiencies from angio-
sperm and epiphytic/benthic microalgal production to
benthic faunal production apply in celgrass beds as for
salt marshes. The production yield from benthic and
epiphytic microalgae to benthic fauna is assumed to be
10 %. Assuming 55 % transfer to fungi and depending
on number of consumer steps following that transfer,

eld from benthic faunal production to the trophic group, based

on assumed ecological efficiencies for the trophic sieps involved. DW: dry weight

Species in trophic group Total injury Feeding method Production Compensatory benthic
(x10° kg DW) oI community yield (%) production (:10° kg)
Large fish . 10 Bottom feeders - 10 99
Bivalves 83 Filter feeders 20 417
Sea stars 7 Bivalve predaiors 4 173
Crabs, shrimp, small fish 30 Bottom feeders 20 195 . -
Renthic macrofauna 160 Benthic fauna 100 160
Pond birds 0.1 Bottom feeders 2 5
Total all species 300 1050
Total without bivalves and sea stars 209 459
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the production yield from eelgrass to benthic faunal
production is 2.2 to 11% (6.6% if half the fungal pro-
duction is consumed by benthic fauna without an
additional microheterotroph step).

The equivalent compensatory production (P,) is
translated to area of restored habitat (Hg) by dividing
by expected net gain in annual productivity per area in
the restored habitat (Pg) times a discounting factor (D)
accounting for the project life (the number of years ithe
restored habitat will exist: A), and the delay before
realizing the benefits, Thus: :

Hg = B,/ (Pyx Dy

n=A -

D= (1+df Y F,(l+d™
n=0

where d is the annual discount rafe (0.03), p is the
number of years after the spill when the restoration
project begins, and F, is the functional valiie of the
restored habitat n years after planting as a fraction
of full function. The discount factors, (1 + d) and
{1 + d)y", decrease the valué of the production by
3% for each year that passes before that production is
realized, This follows economic discounting, in that
losses and gains in the future are less valued than pre-
sent production. Including identical discounting on
both the injury and restoration sides of the equation
allows time lags in both losses and benefits to be
appropriately treated in order to measure values lost
and gained fixed to a common vear.

If tke habilat is fully functional from the start of the
restoration project (i.e. in the case of preservation),
F, =1 for all values of n, while the value of p is the
years after the spill the habitat would be lost if it were
not preserved. For an expected project life greater
than 50 yr, the value of ¥ (1 + dy ™ approaches 31.6.
However, if new habitat was created, there would be a
period of ‘recovery’ while it developed to full function.
The recovery curve is assumed sigmoid in shape and to
fit to a logistic equation (French et al. 1996a). The sig-
moid curve is based on the notion that habitats would
develop function slowly at first and then more rapidly,
but that the increase in function would level off as
an asymptotic full-function level is approached. Alter-
native functions could also be used, such as a linear
increase or one where full-function is never reached.
The fraction of full production rate attained by year n
after planting, F,, is calculated from ¥r = years to 99%
of full function, using the following rearrangement of
the standard logistic equation:

Fp = 1/(1+99e 73

where r=9.19024/y,.
Because restoration involves the replacement of one
habitat with another, the production gain (Pg} is the dif-

ference between production in the new and in the re-
placed habitat. Production gains for transforming sub-
tidal areas into seagrass beds were calculated as the
difference between production in shallow subtidal
unvegetated habitats and in vegetated habitat. For salt
marshes, we assumed that the ¢reated marsh would be
onland or shoreline (e.g. filled areas} that otherwise pro-
vide ho net production to the estuarine and marine
system, and no accounting was made of any terrestrial
system losses that might be of -concern in certain
locations. However, if, for example, a mud flat were
planted to become a marsh, the benthic microalgal pro-
duction rate for the flat would need to be subtracted from
the similar production rate in the resulting marsh. As-
suming that mud flats and vegetated portions of marshes
have similar benthic microalgal production rates (Sulli-
van & Cuirin 2000), the only net gain in primary pro-
duction would then derive from the'angiosperms.

Credit for increased scavenger production

The total biomass directly killed during the oil spill
remained in the marine and salt pond ecosystems in
the form of food for scavengers. We assumed that the
killed biomass was consumed by the- benthic meio-
fauna and macrofauna, and so enhanced production of
benthos occurred, with the ecological efficiency for
this trophic transfer (20 %, defended above) determin-
ing the production vield. The resultant scavenger pro-
duction (235 x 10° kg) was credited against the pro-
duction foregone of the benthic fauna, such that the
net injury of benthic fauna to be compensated was
729 x 10° kg. While it may be argued that some of the
killed organisms would have eventually provided food
for these or other scavengers {e.g. crabs), or may have
been subject to microbial -degradation, the spill pro-
vided an earlier and presumably much larger biomass
to scavengers than would have occurred in its absence.
Despite failure to correct for the fraction of killed bio-
mass that would have eventually provided food for the
scavengers, the amount of credit associated with feed-
ing scavengers was relatively small compared to the
total injury. Similarly, no correction was made for
the percentages of dead fauna consumed at lower or
higher trophic levels than the benthic fauna, which
would affect its value when converted to production at
the benthic faunal trophic level,

Restoration scale compensatory for the
‘North Cape’ injuries

Salt marsh and eelgrass beds were assumed to take
15 and 3 yr, respectively, to reach 99% of full function,
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based on the studies reviewed above. The project life-
time ‘was assumed to be 100 yr (essentially in perpetu-
ity) for both habitats, although an alternative ofallyr
project life for eelgrass bads was also computed be-
cause some areas considered for seagrass restoration
would not be protected from degradation of water
quality for longer than that time frame. The results
were quite sensitive to these assumptions, as illustra-
‘ted below.

Estimates of above-ground production of Spartina
alternifiora are available for several sites in New Eng-
land. In a Rhode Island marsh, 72% of the marsh was
short S. alfernifiora with an estimated annual produc-
tion of 432 g DW m™ yr’, while production in tall
S, alterniflora areas (7% of the marsh} and mixed
stands of Spartina patens and Distichlis spicata (18%
of the marsh) were 840 and 680 g DW m2 yr!, respec-
tively (Nixon & Oviatt 1973). Roman et al. (1990) esti-
mated similar above-ground production rates in low
and high marsh areas ranging from 445 to 732 g DW
m~Z yrl. Valiela et al. (1976) estimated above-ground
production of 420 g DW m? yr! in Jow marsh and
630 g DW m2 yr! in bigh marsh of the Great Sippe-
wisset salt marsh, Massachusetts. Thus, southern New
England salt marsh angiosperm above-ground produc-
tion averaged over a typical marsh (i.e. as studied by
Nixon & Oviatt 1973) is 500 g DW m™? yr™.

Benthic microalgal production in the vegetated low

marsh area of the Great Sippewisset salt marsh was.

estimated as 105.5 g DW m™ yr'', ca. 25% of above-
ground angiosperm production (Van. Raalte et al
1976), and within the range described by Sullivan &
Currin (2000) for USA east coast marshes generally.
Benthic microalgal production in unvegetated areas of
Delaware marshes was estimated as 84 g DW m2yrt
on a creek bank and 202 g DW m™ yr* in a salt panne
(Sullivan & Currin 2000, assuming 45% carbon). Thus,
averaging over vegetated and ‘unvegetated areas
would likely vield a value close to the 106 g DW m™2
yr}, which was used in the model calculations. Note
that there would only be a net gain in benthic micro-
algal production if the area where marsh is created
had not previously been mud flat and/or other habitat
producing similar algal production.

Total benthic meiofauna and macrofauna production
rates for sait marshes in southern New England were
obtained from several sources. Produciion of macro-
fauna in unvegetated areas {tidal creeks and channels)
of the Great Sippewisset salt marsh averaged 26.9 g
DW m? yr' (weighted by the areas of different sedi-
ment types measured), with production to biomass
ratios (P:B) averaging 4.0 (Sarda et al. 1995). Using
measured meio- and macroinfaunal biomass from
Nixon & Oviatt (1973) and a P:B ratio of 4, production
in vegetated areas of a Rhode Island marsh would be

7 g DW m2 yr ', Based on the estimate of 0.9 g DW m™>
yr-! for the gammaridean amphipod from Covi & Kneib
(1995) and molluscan production in Spartina beds in
Nova Scotia {eastern Canada) of 6.5 g PW m™ yr!
from Burke & Mann (1974), epifaunal production rate
in vegetated areas of southern New England marshes
was estimated at 18.7 g DW m2 yr.

Based on the angiosperm and benthic microalgal
production rates entering the marine food web (450
and 106 g DW m™? yr™!, respectively) and the estimated
production yield from each to benthic fauna (2.1 and
10%, respectively), expected benthic faunal produc-
tion is 20.8 g DW m? yr'!, very close to the estimate
based on ficld sampling. If the production efficiency
from benthic microalgae to benthic fauna is actually .
20% (as for invertebrates consuming animal food), the
expected benthic faunal production is 31.4 g DW m2
yr!. This may be a more reasonable estimate given
that the benthic macroinfaunal production values for
unvegetated areas taken from Sarda et al. (1995) did
not include meiofaunal or epibenthic faunal produc-
tion.

Using 20 % transfer efficiency to small nekton (killi-
fish and shrimp}, these benthic production estimates of
18.7, 20.8, and 31.4 g DW m* yr~! imply small nekton
production of 3.8, 4.2, and 6.3 g DW m™2 yr!, respec-
tively, Based on Kneib's {2003) review of small nekton
production in east coast USA marshes (averaged over
the entire marsh}, fish productionis ca. 1t02g DW m™2

'yr‘i and shrimp production is similar or somewhat

higher. Thus, small nekton production is ca. 2to 4 g
DW m~2 yr~*. Production of transient species that aiso
consume benthic fauna is not included in this com-
putation, but would be less than that of the resident -
species (Kneib 2003). Assuming 20% transfer effi-
ciency and one trophic step to the small nekion, the
benthic production estimates imply nekton production
of 3.8 g DW m yi~! (based on field estimates of
benthic biomass and P:B ratios), 42 g DW m? yrt
{based on 2.1 and 10% production yield from angio-
sperm and henthic microalgal production), or 6.2gDW
m 2 yr! {based on 2.1 and 20% production yield from
angiosperm and benthic microalgal production). In
the example calculations below, scaling of salt marsh
restoration from primary production was based on
2.1 and 10% production yield from angiosperm and
benthic microalgal production, respectively.

By using stable isotope analyses, Sullivan & Currin
(2000) showed that benthic microalgae are responsible
for 50 % or more of the carbon assimilated by consumer
organisms on the salt marsh. Using the angiosperm
(450 g DW m~? yr'} and benthic microalgal (106 g DW
m~2 yr!) production rates and the estimated produc-
tion yield from each to benthic fauna (2.1 and 10%,
respectively), our fcod web model indicates that 51%
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of benthic faunal production results from consumption
of benthic microalgae. Ii the production yield from
benthic microalgae to benthic fauna were 20%, the
percentage of faunal production resulting from micro-
algae would become 67 %.

Annual primary production rates of eelgrass were
assumed to be 1423 g DW m? yr !, based on data for
Ninigret Pond, Rhode Istand, one of the sait ponds
affected by the spill (Thorne-Miller & Harlin 1984).

Benthic microalgal production in shallow unvegetated

subtidal areas of southern New England lagoons were
assumed to be similar to those <1 m deep in South
Carolina marshes, i.e. 124 g DW m2 yr-! (Sullivan &
Currin 2000, assuming 45 % carbon). In lower Chesa-
peake Bay, sediment and epiphytic microaigal pro-
duction rates in Zostera marina beds were 117.9 and
62.2 g C m™ yr!, respectively (Buzzelli et al. 1998),
totaling 180.1 g C m™ yr'! (400 g DW m2 yr'). Thus,
the net gain of benthic microalgal production in
unvegetated shallow waters where eelgrass might be
planted is expected to be 276 g DW m~2 yr-1.

A review of available benthic macrofaunal produc-
tion rates in shallow subtidal habitats of similar climate
zones as in southern New England suggests benthic
faunal production in eeclgrass beds of 100 to 300 g Dw
m~2 yr and in shallow unvegetated habitats of <50 g
DW m? yr! (Heck et al. 1995). Benthic macrofaunal
production in a southeastern Massachusetts eelgrass
bed was 79 to 175 g DW m™? yr! (Heck et al. 1995,
assuming 0.8 g ash free DW g™* of dry weight from
Nixon & Oviatt 1973). Fredette et al, (1990) estimated
benthic faunal production in eelgrass beds in lower
Chesapeake Bay at 200 g DW m 2 yr! based on esti-
mated production of 42 ¢ DW m2 yr! for 20% of the
species by density. Based on the judgment of these
authors that their macrofaunal production estimates
were underestimates, and using the mid-points of
the ranges in the broader literature, we estimated the
net gain in an eelgrass bed in Rhode Tsland to be
200 - 25 =175 g DW m 2 yr-'.

Using production rates for eelgrass and microalgae
of 1423 and 276 g DW m™ yr~!, respectively and the
estimated production vields of 2.2 to 11% from eel-
grass and 10% from microalgae to benthic fauna,
expected benthic faunal production is 59 to 184 g bw
m~? yr-!, This calculation assumes that none of the eel-
grass production is exported fTom the bed. If the pro-
duction yield from benthic microalgae to benthic fauna
were actually 20%, the expected benthic faunal pro-
duction would become 87 to 212 g DW m2 yr'!. The
expected benthic faunal production rates decrease to
43-106 g DW m™ yr'if 50% of the eelgrass blade
production 1s not consumed by the benthos within the
eelgrass bed (and transfer efficiency of microalgae to
benthic fauna is 10%). Comparison of the expected

benthic faunal production estimates to 175 g DW m?
yr'! (since the unvegetated area benthic faunal pro-
duction, 25 g DW m~? yr'!, would be that resulting from
phytoplankton production) suggests that eelgrass bed
benthic faunal production is greater than that pro-

' jected by trophic transfer from primary production

within the bed, given that a substantial fraction of the
eelgrass blade production would likely be exported
from the bed by currents. In estimating the net gain
from restoration of eelgrass, we recognize that the
fraction of eelgrass production exported from the bed
will still nourish fauna in the broader area and accom-
plish the objective of restoring the njury. Thus, 100%
of the production yields from eelgrass (6.6 %, assuming
that kalf the fungal production is consumed by benthic
fauna without an additional microheterotroph step)
and microalgae (10%) to benthic fauna were used as
the net gain in the application of the habitat restoration
model, ‘

The areas (created or preserved) of salt marsh or eel-
grass required for compensation of the injured species
were computed based on primary production (Table 5)
and on benthic faunal production (Table 6). Planting
was assumed to begin 3 yr afier the spill and the pro-
ject life was 100 yr (i.e. the project would be protected
and maintained in perpetuity). Although the scale of
habitat restoration required for bivalves and sea stars
was calculated, these injuries were ultimately restored
by direct stocking of bivalves (French McCay et al.
2003b), so the project sizes actually considered were
totals without these species. Table 5 is based on the
assuinption that gains in primary produciion will result
in proportionate gains in secondary production of ben-
thic fauna (18 and 24 kg DW m2 yr-! for salt marsh and
eelgrass, respectively) as the result of additional food
resources produced within the restored habitat. The
alternative computations for salt marsh based on gains
in benthic faunal production (19 kg DW m™ yrl;
Table 6} match those based on primary production,
which suggests that salt marsh benthic production is
food-limited and that little of that production is based
on allochthonous sources. In contrast, the alternalive
computation for eelgrass based on benthic faunal pro-
duction (175 kg DW m™ yr!) is much higher than that
starting with primary production in the bed (24 kg DW
m? yr'}, implying that allochthonous sources con-
tribute substantially and that production enhancement
in eelgrass is provided by habitat structure as well as -
by in sifu primary production. Thus, the scaling for eel-
grass based on benthic production (Table 6) includes
an additional ecosystem service beyond merely aug-
mentation of primary production, which results in
lower, but more appropriate, compensatory area re-
quirernents. In addition, the much higher benthic pro-

ductivity in eelgrass beds combined with the similar
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Table 5. Size of a compensatory resteration project using primary production as the scaling metric. Times for development of full

function in salt marsh and eelgrass beds were assumed to be 15 and 3 yr, respectively, Planting was assumed to begin 3 yr after

the spill. Project life was assumed to be 100 yr in all options, i.e. the project is protected and maintained in perpetuity. The land °

acquisition is for prevention of building on the indicated number of house lots to prevent associated degradation of water
quality and resulting loss of eelgrass (see 'Creation versus preservation' for explanation)

Species category Preserved salf- Preserved Land acquisition Created salt- Created eelgrass
marsh area (ha) eelgrass area tha) (no. of house lots) marsh area (ha) area (ha)

Large fish ' 16.4 2.8 22 20.3 29
Bivalves 69.2 11.9 91 85.9 12.3
Sea stars 28.7 4.9 38 35.6 5.1
Crabs, shrimp, small fish 324 5.6 43 40.2 ) 5.7

| Benthic macrofauna 26.6 4.6 35 33.0 47
Pend birds 0.9 0.1 1 1.1 0.2
Total all species 174.1 29.9 230 216.2 30.8
Total without bivalves and sea stars = 76.2 13.1 101 94.6 13.5

Table 6. Size of a compensatory restoration project using benthic faunal production as the scaling metric. Times for development

of full function in salt marsh and eelgrass beds were assumed to be 15 and 3 yr, respectively. Planting was assurned to begin 3 yr

after the spill. Project life was assumed to be 100 yr in all options, i.e. the project is protected and maintained in perpetuity. Land

acquisition is for prevention of building on the indicated number of house lots to prevent asscciated degradation of water quality
and resulting loss of eclgrass (see ‘Creation versus preservation’ for explanation)

Species category Preserved salt- Preserved Land acquisition Created salt- Created eelgrass
marsh area (ha) eelgrass area (haf (ne. of house lots} marsh area (ha} area (ha)

Large fish 18.2 1.9 15 22,6 2.0
Bivalves 77.1 8.2 63 95.8 ‘ 8.5

" Sea stars 32.0 34 26 39.7 3.5
Crabs, shrimp, small fish 36.1 3.9 30 44.9 4.0
Benthic macrofauna 29.6 . 3.2 24 36.8 3.3
Pond birds ) 1.0 0.1 1 1.2 ¢.1
Total all species 194.1 20.7 - 160 241.0 214
Total without bivalves and sea stars ~ 85.0 9.1 70 ] 105.5 : 9.4

cost per acre for implementing restoration (French et are more valuable and varying project life span does

al. 1996a) suggest that eelgrass restoration is more -

cost-effective than salt marsh restoration, particularly
if land purchase costs need to be included in a salt
marsh project.

If eelgrass beds were to be created in the salt ponds
affected by the spill, the water quality would need to
be sufficient to allow eelgrass beds to develop and
remain healthy, However, in Ninigret Pond, for exam-
ple, eelgrass has declined in recent years because of
eutrophication (Short et al. 1996). Thus, water quality
improvements would be a prerequisite for any restora-
tion plan involving eelgrass bed creation in Ninigret
Pond (as well as many other coastal areas}. Pervasive
decline in water guality in coastal waters, as'well as the
need for long-term maintenance of restored habitats,
suggests that an assumed project life of 100 yr, as used
in the calculations presented in Tables 5 & 6, is opti-

mistic. The impacts of alternative assumptions about .

the duration of the project were examined (summa-
rized in Table 7). Because of discounting future contri-
butions, benefits in the first few years after restoration

not affect benefits propertionately. Nevertheless, re-
steration requirements increase dramatically if the
project is not expected to be sustained for more than a
decade, particularly if the restored habitat requires
several years to achieve full functionality (e.g. salt-
marsh where results were calculated for 10, 15 and
20 yr development times). The sensitivities to the
assumed project life and the development time of the
restored habitat demonstrate the importance of long-
term adaptive management based on monitoring to
realize maximum benefits-of restoration.

Preservation of eelgrass habitat was the selected
restoration alternative for the ‘North Cape' oil spill, in .
part because maintenance of water quality issues and
prevention of eelgrass loss in the coastal ponds had
been long-term objectives of local managers. The
scaling (Tables 5 & 6) employed Short et al.'s (1996}
empirical relationship (linear regression) between
numbers of houses in the watershed and loss of area of '
eelgrass habitat in Ninigret Pond: 1300 m? of eelgrass
habitat lost per house. Computation of the acreage of
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Table 7. Area (ha) of salt marsh or eelgrass restoration required for compensation of all species in Table 4 under varying assump-

tions: PP, based on primary production gained; BP, based on benthic faunal production gained; years for development of full func-

tion in the habitat; and project life for the restoration (years the habitat will be protected or maintained). Planting was assumed
to begin 3 yr after the spill in all cases

Action Project Marsh PP Marsh BP Marsh PP Marsh PP Eelgrass Eelgrass
life (y1} {15 y1) {15 y1) (10 y1) (20 y1} PP (3 y1) BP (3 y1)
Created 10 2160 2407 1246 3992 - 125 87
Created 20 630 703 511 801 68 47
Created 30 409 456 355 475 51 35
Created 40 324 362 2080 364 43 30
Created - 50 281 313 235 - 311 38 26
Created 100 216 241 200 233 31 21
Preserved 100 174 194 174 174 30 21

land required for compensation included only land
zoned for and suitable for development because other-
wise purchase would not afford additional protection
of water quality.

DISCUSSION

Minello et al. (2003) showed that seagrass beds had
higher nursery value, as measured by fish and crus-
tacean growth and survival, than saltmarsh habitat,
and both were more valuable than open water. Qur
estimates of gains in benthic faunal production in eel-
grass and sali marsh restorations in southern New
England are consistent with their findings. In addition,
our trophic energetics model suggests that the per-
centage of benthic secondary production resulting from
benthic microalgae is 50 % or more in salt marshes, in
agreement with the conclusions of Sullivan & Currin
(2000). For eelgrass beds, the percentage -of benthic
faunal production generated by benthic and epiphytic
microalgae is dependent on the fraction of eelgrass
production consumed within the bed. If 100% of the
eelgrass were consumed locally, the percentage of
carbon assimilated via the microalgal pathway would
be 15 to 47 %. However, if 50% of the eelgrass were
exported from the bed, microalgae would account for
26 to 64% of benthic secondary production. Clearly,
. additional research is needed to determine the carbon
and energy budgets of eelgrass beds. The proportion
of eelgrass blades retained within a bed almost cer-
tainly will be shown to vary with physical transport
regime and bed size.

The critical importance of salt mashes, seagrass beds,
and other structured habitats to many estuarine and
marine species for reproduction, foraging and shelter,
combined with the pervasive decline in these habitats
due to pollution and other environmental impacts,
makes them likely and appropriate targets of restora-
‘tion for mitigation. Considerable tesearch has identi-

fied the requirements for successful restoration of salt
marshes and eelgrass beds (Seneca & Broome 1992,
Matthews & Minello 1994, Fonseca et al. 1998}, The
trophic energetics model developed here provides a
novel approach for estimating the appropriate scale of
the restoration to be compensatory, based on food-web
structure, transfer efficiencies, and economic discount-
ing. The estimation of biological losses involves demeo-
graphic modeling to include not only the biomass of or-
ganisms that are killed directly, but also the production
foregone. Restoration employs food-web modeling to
replace losses in biotic production with enhancements
at the same or energetically equivalent trophic levels.
Finally, the habitat restoration model uses the same
scaling mefric on both the injury and the restoration
side of the equation (i.e. production by trophic level},
which is essential for the restoration to be compensatory.
There is substantial uncertainty associated with esti-
mating the benefits of habitat restoration to the inj ured
biota. The quaniitative scaling methods developed
here are based solely on production, justified by argu-
ing that production serves as a proxy for most impaor-
tant ecosystem functions, including provision of food,
and nutrient cycling. One limitation to this approach is
a failure to include organism size in the accounting. A
way to address this limitation would be to partition the
trophic-level analysis not only by species but also by
size class. In addition, the food web could be more
accurately depicted by using weighted average trophic
steps (such as in Odum & Heald 1975). Finally, benefits
of restoration could be assessed using other measures
of habitat function as future research more clearly
identifies and quantifies ecosystem services.
Compensatory restoration on a species-by-species
basis could be carried out in a fashion designed to re-
place ecosystem and human services provided by all
injured species. However, because of the operation of
complex webs of interactions among species within
the ecosystem, projecis that benefit one species may
adversely impact others, For example, protection of a




French McCay & Rowe: Restoration at multiple trophic levels 245

prey species from predators would presumably reduce
production of the predators. The use of habitat restora-
tion to restore many species simultaneously is more
likely to achieve the intended net benefits o the
ecosystem as a whole and help maintain biodiversity,
important goals of environmental conservation (Wilson
. & Peters 1988).
Habitat restoration also involves a substantial degree
of uncertainty. Creating one desired habitat involves de-
stroying an equal area of another. Careful consideration
needs to be given to the loss of the original habitat and
the direct and interactive role that this habitat plays in
the marine ecosystem. In response to uncertainty in
estimating the necessary scale of restoration needed
for compensation, and in performance of the restora-
tion project, quantitative monitoring metrics {such as
achieving certain levels of productivity at defined times})
should be included in restoration planning (Fonseca et
al. 1998, Julius 1999). The degree of success in restoring
ecosystem functions and services depends on the ability
to adaptively manage the restoration efforts based on
" results of a thorough monitoring plan (Fonseca et al.
1998). In mitigating for environmental injuries, uncer-
tainty is often handled by requiring the scale of mitiga-
tion to exceed what is necessary to replace the loss by
some mitigation ratio that increases with uncertainty, For
example, ratios of 2 to 3 acres of restoration for each acre
of salt marsh lost are cormmonly used (Thayer 1992). The

. trophic scaling model developed here may help reduce
the uncertainty in habitat restoration by using growing
scientific understanding of habitat function to quantify
benefits to the ecosystem.
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ABSTRACT: We reviewed studies providing quantitative measurements of abundance of fishes and
large mobile crustaceans on oyster reefs and on nearby sedimentary habitat in the southeast United
States. For each species, we compared density by size (age) class on oyster reefs and sedimentary
bottom as a means of estimmating the degree to which restoration of oyster reef on sedimentary bottom
could augment abundances. By applying published information on growth rates of each species and
a combination of empirical data and published information on age-specific survivorship, we calcu-
lated the per-unit-area enhancement of production of fishes and large mobile crustaceans expected
from the addition of oyster reef habitat. For this calculation, we gave the reef habitat full credit for the
expected lifetime production of species whose recruitment was judged to be limited by the area of
oyster reefs based on nearly exclusive association of recruits to reefs. For species that were only mod-
estly enhanced in abundance by oyster reefs, we gave the reef credit for the fraction of production
that is-derived from consumption of reef-associated prey, using a combination of gut content data and
natural history information. This combination of analyses and calculations revealed that 10 m? of
restored oyster reef in the southeast United States is expected to yield an additional 2.6 kg yr~! of pro-
duction of fish and large mobile crustaceans for the functional lifetime of the reef, Because the reef is
biogenic and self-sustaining, the lifetime of a reef protected from bottom-disturbing fishing gear is
limited by intense storms or sedimentation. A reef lasting 20 to 30 yr would be expected to augment
fish and large mobile crustacean production by a cumulative amount of 38 to 50 kg 10 m~2, discounted
to present-day value. This set of calculations assumes that oyster reef habitat now limits production
of reef-associated tish and crustaceans in the southeast United States. This assumption seems
reasonable based on the tight associations of so many fishes with reef-dependent prey, and the
depletion of reef habitat over the past century.

KEY WORDS: Habitat restoration - Oyster reef - Fish production - Mitigation - Restoration scaling -
Essential fish habitat
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INTRODUCTION 1997) and in the sea (Botsford et al. 1997), recent

growth in the practice of restoration has been so dra-

The application of ecology to achieve explicit goals
in conservation and restoration represents a challenge
to the discipline, and typically demands novel synthe-
ses of relevant data and conceptual theory (Carpenter
& Kitchell 1993, Peterson 1993, Lawton 1996). Because
of societal demands io compensate for growing degra-
dation of natural resources on land (Vitousek et al

*Email: cpeters@email.unc.edu

matic that restoration ecology is anticipated to become
a dominant focus of environmental science of the new
century (Wilson 1992, Hobbs & Harris 2001). Ecologi-
cal restorations have generally proceeded faster than
the development of the theoretical and conceptual
bases which support them (Allen et al. 1997, Palmer et
al. 1997, van Diggelen et al. 2001). While the history of
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restoration of wetlands, terrestrial plant systems, salt
marshes, and seagrass beds is relatively long (Jordan
et al. 1987, Thayer 1992), restoration of marine bio-
genic habitats created by animals, such as corals, 0ys-
ters, mussels, polychaetes, and vermetid gatropods, is
a new development (Coen & Luckenbach 2000). For
oyster reefs, even their wide recognition as an imper-
tant biogenic habitat rather than merely a commeodity
to exploit is very recent (Lenihan & Peterson 1998).
Oyster teef habitat provides numerous important
ecosystem services, which have only recently been
documented and quantified. Oyster reefs serve as
important biogenic habitat for benthic invertebrates
{Wells 1961, Zimmerman et al. 1989) as well as fishes
and mobile crustaceans (Bahr & Lanier 1981, Breitburg
1999, Coen et al. 1999, Lenihan et al. 2001). Through
their filtration activities, oysters and other suspension-
feeding bivalves also help counteract impacis of estu-
arine eutrophication (Jackson et al. 2001). Feeding
oysters remove suspended inorganics, phytoplankton,
and detrital particles, thereby reducing turbidity and
improving water quality (Dame 1996). Biodeposits
from feces and pseudofeces of oysters accumulate
around reefs and induce denitrification (Newell et al.
2002). Oyster reefs sequester carbon in the form -of
calcium carbonate of the accumulating shell matrix
(Hargis & Haven 1999), and thus contribute to global
carbon budgets. Through their removal of organic
particles in the water column, oysters divert energy o
benthic food chains and depress pelagic energy flows
that may otherwise lead to noxious sea nettles (Newell
1988). Furthermore, the physical structure of a fringing

oyster reef can serve to protect salt marsh habitat by

dissipating erosive wave energy (Meyer et al. 1996).
Oysters and the reefs that they: build have been
depleted dramatically in many estuaries of the south-
east USA and the world {Rothschild et al. 1994, Leni-
han & Peterson 1998), motivating restoration efforts.

In part because of the short history of recognition of
oyster reefs as important fish habitai, no estimates
have been generated of how much additional fish pro-
duction might be reasonably expected from restoring
an oyster reef. Such an understanding is important in
designing restoration projects to compensate for losses
in fish production from chemical spills or some other
environmental incident. In the USA, the National Oce-
anographic and Atmospheric Administration (NOAA)
and other natural resource trustees use ‘habitat equi-
valency analysis’ to determine how to scale a restora-
tion project to match, and therefore compensate for,
the quantified injury to matural resources (e.g. NOAA
1997, Fonseca et al. 2000). This process seeks to
replace lost acosystem services, which are commaonly
based upen the lost production of higher trophic levels,
such as fish and large mobile crustaceans. Losses

include not only the biomass killed but also the interim
losses associated with production foregone that would
have been expected had those individuals been able to
live their full natural life spans (French 1999).

. Quantifying the expected enhancement of produc-
tion by fish and large mobile crustaceans from creation
of an oyster reef requires consideration of some of the
most fundamental questions in fisheries ecology. First,
one must address whether the recruitment of any spe-
cies of fish is limited by the extent of available reef
habitat, If addition of reef habitat serves to overcome a
survival bottleneck in the early life history of any spe-
¢ies, then installation of additional reefs would pro-
mote a numerical response of enhanced recruitmentin -
those species, Because oyster reef habitat has declined
dramatically by 2 orders of magnitude in many estuar-
ies of the southeastern USA (Rothschild et al. 1994,
Lenihan & Peterson 1998), we assume that any species
exhibiting greatly enhanced aburnidance of recruits on
reefs, Telative to nearby unstructured sedimentary
habitats, is limited in recruitment by oyster reef area.
By recruitinent, we adopt the marine ecologists’ usage
referring to individuals surviving early post-settlement -
morlality to a size that can be reliably censused
{Dohetty & Williams 1988). Second, new reefs may
enhance fish production by providing spatial refuges
from predation and alleviating food limitation through
producing reef-associated prey resources. This 1e-
spense then enhances fish production, not by adding

" new fish to the system, but rather by enhancing sur-

vival and subsidizing growth of individuals already
present: in the regional population and thereby pro-
ducing gains in fish production. The enhanced survival
that may result from provision of structural refuges
from predation (Hixon 1998) is incorporated info both
of these meastres of reef impact on fish production,
because enhanced densities of both recruits and older
fishes on reefs reflect effects of the reef on survival.

Here we utilize these concepts of habitat and food
limitation on fish production on oyster reefs to estimate
the dugmented production of fish and large mobile
crustaceans expected per unit area of created oyster
reef. We focus our analysis on southwest Florida to
develop information that would allow compensation
for losses of fish production arising from an acidic pro-
cess water spill in a Tampa Bay tributary. Losses of
production by fish, shrimp, and crabs from that spill
had been determined by sampling the numbers of
dead organisms'of each species by age class {0 esti-
mate the immediate loss of biomass, and then using
published survival and age-specific growth curves to
calculate the future production foregone by their
untimely loss {French 1999), We follow this same
approach of calculating the ecosystem service of fish
production provided by instailation of oyster reefs so as
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to allow losses to be matched to gains from restoration
in an identical currency (a habitat equivalency analy-
sis: Fonseca et al. 2000). To develop our estimates, we
draw upon data from available published and gray
literature from the southeast USA, thereby rendering
the calculations applicable to a broad biogeographic
region. This approach should be transferable to quan-
tifying oyster reef services elsewhere.

MATERIALS AND METHODS

Overview. To quantify the enhancement in fish and
mobile crustacean production expected per unit area
of added oyster reef habitat, we adopted the follow-
ing procedure (Fig. 1) to estimate the contributions by
(1} species limited in recruitment by habitat area
(termed recruitment-enhanced), and (2) species lim-
ited in production by reef refuges from predation and
available food (growth-enhanced). We synthesized
results of available empirical, quantitative studies from
the southeast USA to estimate the magnitude of den-
sity enhancement for each species of fish and mobile
crustacean on oyster reefs relative to unstructured

sedimentary habitat. First, species showing no numer-
ical association with reefs made no contribution to our
estimate of enhancement of fish production by reefs.
Second, we identified species whose recruitment was
habitat-limited based on nearly exclusive association
of recruits with oyster reefs instead of mud/sand habi-
tat, and on life-history information indicating ebligate
association with structural features of benthic habitat.
The remaining species formed a third class that was
not limited in recruitment by reef habitat but whose
growth and survival was limited by reef-associated
resources, as judged by significant augmentation of
abundance on oyster reefs as opposed to mud/sand
habilats. We then calculated the average augmenta-
tion of abundance per unit reef area by species and by
age class within species. Published species-specific
growth and survivorship parameters were then used to

convert the augmented abundance by age class into

expected enhancement of lifetime production for each
species. For each species judged not to be limited in
recruitment by reef area, but instead limited in pro-
duction, we used dietary information to calculate an
index of reef exclusivity in feeding so as to credit the
oyster reef for only that fraction of growth derived from

I Synthesize empirical studies that

Q reef studies performed in the southeastern United D

sampled both vyster reef and
uitstmcinred sedimentary bottom
. L Reef presence enhances species density- —| Beefprescme does not enhance species density H No production credit
1I Synthesize results of all studies that :
give quantifative estimates of fish -
density on and off oyster reefs, Neo production credit
Estimates of ¢nhanced density of fish on reef for that fraction of
compared to unstructured bottom fish density that
would be present on
I Examine length frequency data of unstructured bottom
fish captured on oyster reefs. y
. ) Enlizmced density of fish by year class
TV Compute age-distributions and L '
identify von Bertalanffy growsh -
parameéters. Caleulate life-time expected production for each
species
V Review of life-histories of species. ) + , j
Reef habitat limits recruitment Reef habital enhances growth and/or survival of
fish by ephancing growth opportmities
V1 Calculate index of reef v : v _ .
exclusivity. Full credit for expected life-time production Prodnotion of cach species multiplicd by index of el for
of cach species recruitment limited by reef exclusivity of diet P oms o sont
ayster reef habitat I
L H -

v

VII Estimate reef longevity, sum

! Anmual enhanced production g 10 m yr -‘)T

production over reef life-time and

select economic discounting rate.

| Cuinudative fish production kg 10 m3) I

VIl Determine the spatial scale of
rastoration needed.

Fig. 1. Flow diagram illustrating our approach to calculating expected enhancement of'fish and mobile crustacean production
resulting from the restoration of oyster reefs in the southeastern USA
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" reef-associated prey. Partitioning growth by prey
source helps address the long-standing question of
whether reefs simply aggregaie fish or increase their
production by providing reef-associated prey re-
sources (Bohnsack 1989). We then summed these reef-
dependent enhancement estimates across all species
to produce the total expected enhancement of fish and
crustacean production per unit reef area. Finally, eco-
nomic discounting was applied to amend these calcu-
lations to account for the time value of resources and
services in matching resource loss to Tesource gain
through creation of oyster reefs.

Synopsis of studies. Six studies conducted in the
southeastern USA (Fig. 2) formed the basis of our syn-
thesis (Table 1}. Zimmerman et al. (1989) used 2.6 m*
circular drop samplers to quantify animals that use
shallow, subtidal oyster reefs and adjacent sand/mud
habitats in the West Bay region of Galveston Bay,
Texas. Wenner et al. (1996) quantified fish and mobile
crustaceans on both restored and natural oyster reefs
near Charleston Harbor, South Carolina. Their study
used 3.2 mm-mesh lift nets, which were folded and
buried along the perimeter of oyster reef and then
raised on a falling tide to enclose the entire area
(24 m?). Meyer et al. (1996) used block and fyke nets to
guantify fish and mobile crustaceans in 3 Spartina
marsh-edge habitats (bordered by restored oyster reef,
natural oyster reef or unstructured bottom) at each of
3 sites in North Carolina. Two block nets (19.3 m long
% 1,3 m high with 3.2 mm mesh) were positioned per-
pendicular to the shoreline, and a 1.3 m high fyke net

m Restoration site

» Study sites

Fig. 2. Southeastern USA, with the sites of empirical studies used in our synthe-
sis noted by filled circles and the targeted restoration site, Tampa Bay, T'L, noted
by the filled square. Numbers identify the location and sources of dafta:
(1) Gaiveston Bay, TX, Minello & Zimmerman (1989); (2) Charleston Harbor, SC,
Wenner et al. (1996); (3} Back Sound, NC, Grabowski (2002); (4} Back Sound,
White Oak River and New River, NC, Meyer et al. (1996}, {5) Neuse River and
Pamlico Sound, Lenihan et al, (1998, 2001); and (6} Chesapeake Bay, VA, Mann
& Harding (1997, 1998), Harding & Mann {1999}, O'Beirn et al. (1999}

with 3 m wings was placed along the 5 m long, low-
tide mark. Nets were set on a falling tide and animals
collected at low tide. Grabowski (2002) used a variety
of sampling gear (gill nets, crab traps, fish traps,
minnow traps, and 1 m? colonization trays filled with
oyster shell) to sample fish and mobile crustaceans on
restored intertidal oyster reef and nearby unstructured
bottom in Back Sound, North Carolina. Lenihan et al.
(1998, 2001) used the same gear as Grabowski (2002),
along with visual observations, to sample restored and
natural oyster reefs and nearby sand/mud bottom in
subtidal areas of the Neuse River estuary and West
Bay, Pamlico Sound, North Carolina. Finally, investiga-
tors at the Virginia Institute of Marine Sciences (VIMS:
Mann & Harding 1997, 1998, Harding & Mann 1999,
O'Beirn et al. 1999) sampled fish and mobile crus-
taceans by otter trawl and gill nets at a large (210 X
30 m) restored oyster reef and 2 mud/sand flats in the
Piankatank River, Virginia, and at several smaller
restored reefs and unstructured bollom areas near
Fisherman Island at the mouth of Chesapeake Bay.

Relative enhancement estimates. To evaluate the
questions of whether and io what degree a species
abundance was enhanced by the presence of oyster
reef, we used only those 5 studies that sampled fish
and mobile crustaceans both on oyster reef and on
adjacent unstructured habitat (Zimmerman et al.
1989, Meyer et al. 1996, Lenihan et al. 1998, 2001,
the VIMS studies [see above], and Grabowski 2002).
We compiled data on comparisons of fish and mobile
crustacean catches on oyster reefs to nearby unstruc-
tured bottom. The results from each of
the '5 studies were then summarized
into 1 database that computed the ratio -
of catch on-reef to catch off-reef for
each sampling period by gear type
{see Table 5). When a ratio could
not be calculated because a species oc-
curred in a single habitat, that fish or
mobile crustacean was designated as
iall reef ' or ‘all mud{lat’. A species was
judged to be enhanced in abundance
by the presence of an oyster reef if a
majority of studies either had index
values above 1 or indicated ‘all reef’
(see Table 5}, In cases where onty
1 study reported data for a given spe-
cies, we used the more conservative
threshold of >2 to declare a species
enhanced by reef presence. .

We next assigned each species of fish
and crustacean judged to be enhanced
by the presence of oysterreef to 1 of our 2
conceptual groupings: (1) recruitment-
enhanced and (2) growth-enhanced
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not use any correction factor for densities measured
with drop samplers or lLft nets.

One of 2 alternative procedures was employed to
estimate the quantitative enhancement on a per-unit-

area basis for each species whose abundance was -
judged to .be enhanced by oyster reefs. For those .

species collected by Zimmerman et al. (1989) and/or
Mevyer et al. (1996} that sampled a defined area, we
used their estimates (averaged across studies for any
species that appeared in both studies) of absolute
density on and off reefs. For reef-enhanced species
that were not collected in Zimmerman et al. (1989) or
Meyer et al. (1996), estimates were derived from trap
catches in Lenihan et al. (2001} and Grabowski (2002)
and converted to densities. The ‘habitat traps’ or
‘M-traps’ used by Lenihan et al. (2001) and Grabowski
{2002) lacked standardization to the area sampled.

Thus, to convert their data on differences between -

average catches on reefs and sand/mud flats to density
enhancement per unit area, we standardized abun-
dances of fish caught on reefs in traps by the observed
densities on reefs in lift nets taken from Wenner et al.
{1996} for gray snapper and pigfish (pooled), species
common to all 3 studies. The resulting conversion
factor was applied to transform catches in traps to
densities. For example, if the average density tfrom
Wenter et al, 1996) of gray snapper plus pigtish on
reefs is x, and the average numbers per habitat trap on
reefs is y, then the conversion factor would be x/y. The
VIMS studies were not used for density calculations
because, for all species judged to be enhanced by oys-
ter reefs, quantitative data existed in the other studies
at sites geographically closer and environmentally
more similar to the Tampa Bay restoration area.

To determine the expected enhancement of density
for each species by oyster reef presence, we subtracted
our off-reef average density from our on-reef density
estimate. The tationale was that the off-reef density

represents fish that would be present in the absence of

reef habitat, and that the reef should be credited only
for the enhancement of fish. With the exception of
blennies, gobies and silversides, which consist of mul-
tiple species within each group, we calculated density
enhancement by species. Because of similarity in life
history, mortality rate, and functional niche, and differ-
ences in biogeographic ranges of sibling species, we
grouped blennies, gobies, and silversides into 3 taxa.
In estimating density enhancements, we chose to use

data from the date of peak density for each species,
which consistently occurred in summer or early fall. -

We averaged these seasonal maxima across studies
(except for 3 species that occurred in only a single
study) to provide density estimates reflective of the
time of peak recruitmment and utilization of the estuar-
ine habitats.

Age distributions of fish on reefs. Once the estimate
of enhanced density {N) was calculated for a given
species, we determined how various age classes (i}
contributed to that density (Table 2). Using published
estimates of annual growth for each species (Table 3),
we partitioned available length-frequency data of fish
on reefs by age class (INj. This process sufficed for
3 taxa of small fishes that are readily caught and whose
densities through all age classes are well estimated by
lift nets (Table 2). For taxa (7 of the 11 total species that
are not annuals) in which our quantitative sampling
only provided reliable density estimates of 0 yr class
individuals, we calculated expected abundances of
older age classes based on (1) the known numbers of
0 yr-old recruits measured in the empirical studies, and
{2) published estimates of their annual mortality rate
{Table 3). We assumed that the distribution of age
classes follows a stable age distribution, if annual mor-
tality rate remains constant, using the formula:

S; = §, x eM=d (1)

where S; is the proportion of individuals in age class
(i - 1) surviving to age class i, and Mis the natural mor-
tality .ate for age class i. For species that are fished,
mortality rate does not remain constant with age, but
increases by the rate of fishing mortality (F) added at
the age of first harvest (r}. Thus, for harvested species,
S, was computed using Eq. (1) until i > r, when:

S; = 8§, x el ¥+ F)i-1)] (2)

The density of fish in age class i (N;) was then deter-
mined by multiplying Nj; 1, by the survival rate (Sx; for
i, calculated by using S;and Sy from either Eq. (1) or
(2), by ' o
Sx; = Si/S;-y (3}

Table 2. Age classes observed in density estimates from field

sampling for those species or species groups determined to be

enhanced by oyster reef. Blenny and goby species are treated

as annuals; consequently, only 1 age class was present in the

population, The & yr class includes fish from the time they
recruit to their first birthday

Age (yr) class(es) included
in density estimate

Species or
species group

Sheepshead

Stone crab

Gray snapper

Gag grouper

Black sea bass
Spottail pinfish
Pigfish

Toadfish
Sheepshead minnow
Bay anchovy '
Silversides

o
Egg}aoocoooo
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Using this calculation procedure, we compensate for
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where a and b are species-specific constants available
from the Hterature {Table 3). The change in weight
between successive age classes is equal to the annual
production of an individual surviving through age
class i (P} i

Pi=W;- W,y o (6)

We treated the 2 groups of fishes deemed ‘enhanced
by reef presence’ differently, in calculating the en-
hanced annual production credited to the construction
of 10 m?® of oyster reef. For recruitment-enhanced
species, we credited their complete expected lifetime
production to the reef, independent of whether they
fed on reef-associated resources or even remained on
the reef after recruitment. Qur rationale is that these
additional individuals that recruit to the reef would not
be present in the population in the absence of the reef.
Two of the augmented species, gag grouper and gray
snapper, recruit to oyster reefs before migrating to off-
shore reefs to complete their adult lives. On the basis of
the depletion of fish within the snapper-grouper com-
plex on offshore reefs, we assume that adding to their
populations by constructing oyster reefs and enhanc-
ing snapper-g_rouper recruitment does not lead to
compensatory reductions in growth from food competi-
tion offshore. To account for the future production

expected from the cohort of recruits sampled on the

reef, we computed expected lifetime production using
the method described above, adjusting each future
year’s contribution by a standardly applied 3% annual
discount rate (d} (NOAA 1997):

Pix1/(1+dy (%)

" Comsequently, for gag grouper and gray snapper the
annual production estimate for any year is the sum of
the production of the 0 age dass, plus its discounted
future expected preduction.

For growth-enhanced species, we developed and
. applied an index of reef exclusivity (IRE) to weight the
expected production of each of these species by the
degree to which its growth is attributed to resources
produced on the reef. If, for example, a species of fish
merely aggregates behaviorally around the reef struc-
ture vet feeds entirely on prey from other habitats (e.g.
sand bottom, water column), then it may be inappro-
priate to credit all its observed growth to the presence
of the reef. Alternatively, if a species whose abundance
is enhanced by reef presence forages exclusively on
benthic or demersal resources that are produced on
reefs, then its entire production should be credited fo
the new reef. Accordingly, we weighted the produc-
tion credit for this category of fish species limited
by reef resources by IREs ranging from 0.10 to 1.0
(Table 4). We used 0.10 as a minimum value to account
for the likelihood that some fishes gain survival bene-

fits from association with reef structure, despite forag-
ing on soft-sediment or water-column resources (e.g.
Lindquist et al. 1994). The index was constructed for
each species from available gut content informa-
tion (Mann & Harding 1997, 1998, Grabowski 2002).
For species lacking quantitative information on gut
contents at a level of taxonomic discrimination that
allowed reef-exclusive prey to be identified, we used
life-history profiles and observed feeding behaviors to
set the value of the index. The index primarily
reflected a distinction between fishes feeding on ben-
thic or demersal prey versus these feeding on plank-
tonic prey, but it is further modified by the knowledge
of whether the benthic prey themselves grow on reefs
or on other substrata, such as sand and mud (Table 4).

Applying the IRE, total enhanced annual production
for year y (Py), attributable to the presence of 10 m? of
oyster reef for a particular species, was calculated by:

P, = REX (P x N}) (8)

For recruitment-enhanced species, the IRE was set {0
1.0. For growth-enhanced species, the IRE ranged from
0.1 to 0.75 (Table 4). Finally, tolal annual enhancement
of reef fish and large mobile crustacean production per
10 m? of reef was expressed as the sum of Py across all
13 spectes or species groups. We provide an example
of the full set of calculations estimating expected
enhancement of production for 1 species, sheepshead,
to illustrate the sequence of operations (Appendix 1).

Discounting and scaling factors. The factor of time
enters into valuation of ecosystem services from habi-
tat or species restoration actions that are intended to
compensate for natural resource losses. First, although
replacement of lost Tesources by restoration of like or
similar resources does mot involve translation into

. dollar values, the time cost of lost resources enters into

the process of establishing equivalency. By US federal
guidance, a standard annual discount rate of 3% is
applied to account for time delays between loss of
resources or resource services and their restoration
(NOAA 1997). Accordingly, we applied this discount
rate to convert any future expected gain in fish pro-
duction from reef restotation into present-day value.

Time also enters into the process of assessing the
rate of establishment of ecosystem services following
initiation of the restoration action. To address this
issue, we examined the change in abundance of fish
and large mobkile crustaceans over time on restored
oyster reefs (Wenner et al. 1996, Lenihan et al. 1998,
Grabowski 2002). We also compared catches of mobile
species on restored and naturally occurting reefs in
those studies that included this contrast (Meyer et al.
1996, Wenner et al. 1996, Lenihan et al. 2001}. Addi-

‘tionally, we evaluated changes in densities and com-

position of benthic prey (primarily small crustaceans}
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Table 4. Estimated enhanced density and production for the 13 species
species are grouped because the species within each group exhibit simil

or species groups {2 goby, 2 blenny, and 3 silverside
ar life histories} that were more densely populated on

oyster reef habitat than on unstructured sedimentary habitat. For sheepshead minnow, bay anchovy, and silversides, density
augmentation estimates include alt age classes. The density estimate for toadfish includes age classes 1 to 3. Gobies and blennies
<1 yr. All other species include estimates of young of year (YOY) only. Index of reef exclusivity (IRE) is an estimate of species

utilization of food resources associated with oyster reef compared to resources from adjacent non
comparison of the density of the species on and off the reef, gut content analyses where av
(IRE is not calculated for species in the RE group because ail producticn is attributed to the reef
is set to 1.0) Grouping is assigned for augmented production estimates: RE = g

-reef habitat; this is derived from
ailable, and Iife history profiles,
; for calculation purposes the IRE
Pecies that recruited exclusively to reefs {compared

te unstructured mud/sand bottorn) and were intimately associated with the reef structure — all production is attributed to the

reef; G = these species showed aggregation around the reef but diet analyses an

Species or species group Average increase of density IRE Grouping Annual increase in secondary
(ind. 10 m™? : production (kg 10 m™ yrY)
Gobies (2 spp.) 128.85 - RE 0.644
Blennies (2 spp.} 5.00 - RE 0.050
Sheepshead 1.04 - RE 0.586
Stone crab 2577 - RE 0.653
Gray snapper 0.96 - RE 0.114
Toadfish : 0.96 - RE 0.022
Gag grouper® 0.16 - RE 0.293
Black sea bass 0.39 0.75 G 0.046
Spottail pinfish 0.08 0.75 G 0.005
Pigfish 4.22 0.75 G 0.135
Sheepshead minnow 2.59 0.10 G 0.000
Bay anchovy 158.80 0.10 G 0.019
Silversides (3 spp.) "15.38 0.10 G 0.002
Total annual increase in fish production: 2.570
*Although gag use oyster reefs only during their first year of life, the gag-grouper biomass-augmentation estimate is for the
life span of the fish '

over time in restored oyster reefs, and drew compar-
isons between natural and restored reefs. From this
synthesis, we estimated the time to develop complete
functional equivalence in fish and mobile crustacean
production on a restored oyster reef as input to the’
valuation calculation,

Once the expected annual enhancement of fish and
mobhile crustacean production per unit area of restored
oyster reef (kg 10 m~?) has been calculated, including
appropriate discounting to convert both losses and
gains of production to present-day values, then scaling
the size of the restoration project to a quantified pro-
duction loss requires determination of the expected
functional lifetime of the restoration. The longer the
restoration successfully provides ecosystem services,
such as living resource production, the smaller the spa-
tial scale of the restoration that is required to achieve
compensation. Given the uncertainty regarding the
effects of storms {(Livingston et al. 1999), adequacy of
spawning stock biomass (Rothschild et al. 1994), water
quality (Lenihan & Peterson 1998, Lenihan et al. 2001,
oyster diseases (Krantz & Jordan 1996, Lenihan et al.
1999), and degradation of reef materials on oyster reef
longevity, we calculated expected enhanced produc-
tion values for several alternative project lifetimes. Our

single best estimate of expected project lifetime was
developed through consultation with other investiga-
tors in the southeastern USA, as well as our profes-
sional judgement. Once a project life span has been
determined, the expected enhanced production attrib-
utable over the lifetime of a given area of restored
habitat can be calculated, and the area of reef required
to replace the total injury determined.

RESULTS
Enhancement estimates
Abundances of 19 species of fish and large mobile

crustaceans were judged enhanced in abundance by
the presence of oyster reef habitai. Based on the

.degree of observed density enhancement and life his-

tory, 10 were placed within the recruitment-enhanced

group (Table 5). Included in this group were stone
crabs, gag grouper, sheepshead, gray snapper, toad-
fish, tautog, feather blenny, striped blenny, and 2
species of gobies (skilletfish and naked goby). The
remaining 9 species were classified as growth-
enhanced. This second group included black seabass,
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pigfish, southern flounder, spotail pinfish, sheepshead
minnow, bay anchovy, and 3 species of silversides
(rough, inland, and Atlantic). .

The presence of oyster reef habitat probably en-
hanced the densities of 9 additional species; however,
there were insufficient data either to provide com-

pelling support for this conclusion or to resolve incon- -

sistencies between studies. Five of these species
(striped bass, white perch, weakfish, Atlantic spade-
fish, and butterfish) were collected in only a single
study (striped bass and white perch in the VIMS
studies; and weakfish, spadetish, and butterfish in
Lenihan et al. 1998, 2001]. Although catches were
either higher on, or exclusive to, oyster reefs, low total
numbers of these fishes failed to provide conclusive
.evidence of enhancement. White mullet was caught by
Meyer et al. (1996) in high densities; however, the
enhancement index value (1.8) did not exceed 2, our
criterion for enhancement in a single study. Two spe-
cies, red drum and spotted seatrout, exhibited conflict-
ing evidence. Red drum were caught in both the VIMS
and Grabowski (2002) studies: Grabowski's data indi-
cated enhancement, whereas the VIMS studies caught
red drum only away from reef sites. Spotted seatrout
were collected in 2 studies: exclusively on oyster reefs
in Grabowski (2002), but only on the sand/mud bottom
in Zimmerman et al. (1989}. This contradiction between
studies may be explained by size-dependent changes
in behavior. Zimmerman et al. (1989) collected small
juveniles with drop samplers, whereas Grabowski
{2002) caught larger adults with gill nets. Unfortu-
nately, there were too few fish caught in either study to
resclve the question. Size differences may also explain
inconsistencies in blue c¢rab data. In several studies
with intense sampling effort, adult blue crabs caughtin
crab pots failed to show elevated densities on oysfer
reefs. However, in the VIMS studies, the only one
reporting juvenile blue crabs separately from adults,
blue crabs appeared to be enhanced by oyster reefs.

Density estimates

Of the 19 species judged to be enhanced by oyster
reefs, 2 (tautog and summer flounder) are not reported
in Tampa Bay, and have no obvious ecological equi-
valent. Numerically, pelagic bait-fish (bay anchovy,
silversides, sheepshead minnow) and small demeérsal

residents (gobies and blennies) accounted for the

largest density enhancements amony tishes (Table 4}.
Stone crabs, the only large mobile crustacean that
exhibited compelling density enhancement, were also
found in high densities. Longer-lived, commercially
and recreationally exploited fish (sheepshead, gray
snappet, black sea bass, gag grouper) were enhanced

in abundance by oyster reefs but still remained at sub-
stantally lower densities than these bait-fishes, small
demersals, and stone crabs (Table 4).

Production estimates

The 7 recruitment-enhanced species or species
groups that occur in Tampa Bay account for the major-
ity of the enhancement of production of fishes and
mobile crustaceans (Table 4). O4i the total enhanced
production created annually by oyster reef restoration
(2.57 kg 10 m™?), 92% is attributable to recruitment-
enhanced species, whose recruitment is limited by reef
area and whose production did not require adjustment
by an IRE. Within this group. stonie crabs (0.653 kg
10 m-?), gobies (0.644 kg 10 m?), sheepshead (0.586 kg
10 m'3 and gag grouper (0.293 kg 10 m™%) account
for most of the enhanced production. Those growth-
enhanced species and species groups whose recruit-
ment did not appear limited by oyster reef area, but
were credited for realizing enhanced production in
the presence of reefs, account for the remaining 8%
(0.21 kg 10 m™?) after the IRE was applied to produc-
tion estimates. Production of pigfish (0.135 kg 10 m™?)
and black seabass (0.046 kg .10 %) represemt the
majority of the production from this second group.
Along with spottail pinfish, these species derive the
maijority of their food from the reef (IRE = 0.73). For
baitfish (bay anchovy. silversides, sheepshéad min-
now}, the IRE was set at 0.10 because they have a
behavior of aggregating at reefs but extract food
largely from the water column. A small credit is appro-
priate because the reef may provide some protection
against predation for this group of fishes and may
interact with currents to create better feeding oppeoriu-
nities. :

Discounting and scaling

Our synthesis of data on how abundance of fish and
large mobile crustaceans changes over Lime after
creation of a restored oyster reef revealed that for
reefs constructed in summer, development of fish and
mobile crustacean abundance is virtually complete
by the next spring-summer season. Densities do not
increase in successive years (Grabowski 2002). The 0
age class that provides 92% of the enhancement of
production by fish and mobile crustaceans exhibits
densities in the summer after construction that are
indistinguishable from densities in succeeding years.
Furthermore, the fish community compositions and
species abundances on oysler reefs restored 6 yr be-
fore sampling were largely indistinguishable from
those on natural oyster reefs (Lenihan et al. 2001}, Prey
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Table 5. Brief synopsis, including number of studies {out of 5) in which a species was collected, number of studies showing higher

density of that species on oyster reefs {enhanced), range of enhancement index values (enhancement index}, and group desig-

nation {grouping} from our synthesis of cornmon fish and mobile crustaceans found on oyster reefs in the southeastern USA.
See ‘Materials and metheds’ for definitions of terms and procedures. *Contradictory results across studies

Species Common Collected Enhanced  Enhancement . - Grouping
name (no. of (0. of Index
studies) studies )

Large mobile crustaceans _
Farfantepenaeus duorarum Pink shrimp 2 2 All mudflat - allreef  Not enhanced
Liptopenaeus setiferus " White shrimp 1 1 1.89 Not enhanced
Farfantepenaeus aztecus Brown shrimp- 1 0 All mudflat Not enhanced
Callinectes sapidus Blue crab 5 1 0.2 - all reef Not enhanced
Menippe mercenaria Stone crab 4 3 0.8 — all reef Recruitment enhancad
Fish
Anchoa hepsetus Striped anchovy 1 4] 01 Not enhanced
Anchoa mitchilli Bay anchovy 2 2 0.3-18 Growth enhanced
Archosargus probatocepkalus Sheepshead 2 2 All reef Recruitment enhanced
Bairdiella chrysoura Sitver perch 3 2 All mudflat — all reef  Not enhanced
Brevoortia patronus Gulf menhaden 1 0 i.0 Not enhanced
Brevoortia tyrannus Atlantic menhaden 2 4] All mudflat - 0.2 Not enhanced
Carcharhinus acronoius Blacknose shark 1 0 All mudflat Not enhanced
Carcharhinus limbatus Blacktip shark 1 0 All mudilat - 0.1 Not enhanced
Centropristis striata Black sea bass 2 2 0.5 - all reef Growth enhanced
Chaetodipterus faber Atlantic spadefish 1 0 Al sand - all reef Not enhanced*
Chasmodes bosquianus Striped blenny 4 4 All reef Recruitment enhanced
Chilomycterus schoepfi Striped burrfish i 0 All mudflat Not enhanced
Cynoscion nebulosus Speckled seatrout 2 1 All mudflat — all reef  Not enhanced *
Cynoscicn regalis Weakfish 1 1 0.4 - all reef Not enhanced*
Cyprinodon variegatus Sheepshead minnow 1 1 0.5 - all reef Growth enhanced
Diplodus holbrooki Spotail pinfish 1 1 1.64 — all reef Growth enhanced
Eucinostomus argenteus Spotfin mojarra 1 0 0.33 Not enhanced
Fundulus heteroclitus Mummichog 3 1 0.32 - all reef Not enhanced
Gobiesox strumosus Skilletfish 1 1 All reef Recruitment enhanced
Gobionellus boleosoma Darter goby 2 0 All mudflat - 1.5 Not enhanced
Gobiosoma bosci Naked gohy 4 4 33 - all reef Recruitment enhanced
Hypsoblennijus hentz Feather blenny 1 1 All Teef Recruitment enhanced
Lagodon rhomboides Pinfish 4 1 Al mudflat - allreef  Not enhanced
Leiostomus xanthurus Spot 5 1 All mudflat - allreef  Not enhanced
Lucania parva Rainwater killifish 2 1 "1 -all reef Not enhanced *
Lutjanus griseus Gray snapper 2 2 4 — all reef Recruitment enhanced
Membras martinica Rough silversides 1 1 23 Growth enhanced
Menidia beryllina Inland silversides 1 1 4.1 Growth enhanced
Menidia menidia Aflantic silversides 1 1 All reef Growth enhanced
Micropogonias undulatus Atlantic croaker 3 0 All mudifat - 1.2 Not enhanced
Monacanthus hispidus Filefish 1 0 All mudflat - all teef  Not enhanced

- Morone americana White perch 1 1 All reef Growth enhanced
Morone saxatilis Striped bass 1 1 All reef Not enhanced*
Mugil cephalus Striped mullet 3 1 All mudflat - all teef  Not enhanced
Mugil curema ‘White muilet 1 1 1.8 Not enhanced*
Mpycteroperca microlepis Gag grouper 2 2 1 - all reef Recruitment enhanced
Opsanus spp. Toadfishes 4 4 0.4 - all reef Recruitment enhanced
Orthopristis chrysoptera Pigfish 4 3 All mudflat - allreef  Growth enhanced
Faralichthys albigutta Gulf flounder 2 0 All mudflat - 0.3 Not enhanced
Paralichthys dentatus Summer flounder 2 1 All mudfiat - allreef  Not enhanced
Paralichthys lethostigma Southern flounder 2 2 1-33 Growth enhanced
Peprilus spp. Butterfish 1 1 All reef Not enhanced*
Pogonias cromis Black drum 1 O 0.66 Not enhanced
Pomatomus saltatrix Bluefish 2 0 All mudflat - 0.5 Not enhanced
Sciaenops ocellatus Red drum 2 1 All sand - all reef Not enhanced*

- Scomberomorus maculatus Spanish mackerel i ¢ All sand Not enhanced
Tautoga onitis Tautog 2 2 2 —all reef Recruitment enhanced
Trinectes maculatus Hogchoker 1 0 All mudilat Not enhanced
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- species abundances, both sessile benthic invertebrates %07

on reefs and also small mobile crustaceans, -also 80

reached their natural densities on restored oyster -

reefs by the first spring-summer after a summer BT

restoration (Grabowski 2002}, One important prey spe- Em 60

cies, the grass shrimp Paleomonetes pugio (in Wenner f "

et al. 1996), exhibited higher densities on oyster reefs % |

restored within the previous year than on nearby 'fg,’ 40

natural reefs. Consequenily, we found no evidence ?,“ 50

that restoration of this ecosystem service requires more ‘E -

than a single year to be realized. Furthermore, the E ¥

creation of & restored oyster reef does not enhance 3 o

fishing pressure to a degree that would require adjust- 1

ment of mortality rates of reef-dependent fishes, a OD o 20 3 40 50 o 70 B0 % 100

factor that could conceivably require reduction of
the estimated production credit assigned to the reef.
The 0-age-class recruits that comprise most of the
enhanced production on oyster reefs (Tables 2 & 4) are
not exploited.

The production credit attributable to the creation of a
restored oyster reef is dependent on the functional life-
time of the reef. Because of the need to discount the
value of future production, the cumulative production
value discounted to present does not increase linearly.
As reef lifetime increases, the rate of increase in cumu-
lative value of production slows (Fig. 3). For our esti-
mated annual production of 2.57 kg yr!, the dis-
counted cumulative production credit for 20 yr of reef
function is 38.2 kg 10 m? of reef. For 30 yr, this credit
increases to 50.4 kg 10 m2, By 100 yr, an asymptote
of ca. 80 kg 10 m2 is approached (Fig. 3). Although
highly variable as a consequernce of unpredictable
storm impacts, seditnentation, and appropriateness of
site selection, a reasonable estimate for the functional
lifetime of a restored oyster reef that is successfully
protected from damage by bottom-disturbing fishing
gear (Lenihan & Peterson 1998, Lenihan & Micheli
2000} ranges from 20 to 30 yr.

DISCUSSION

Our ‘estimation of enhanced production of fish and
large mobile crustaceans, attributable to replacing an
area of unstructured mud/sand estuarine bottom in the
southeast USA with a restored oyster reef, illusirates &
process that combines review and synthesis of relevant
empirical data bases, followed by application of appro-
priate basic concepts about limits on production of spe-
cies at higher trophic levels in the system. The process
is a generic one, analogous to what has been done to

" the scaling of restoration of seagrass habitat in terms of
ecosystem benefits that flow from that action (Fonseca
et al. 2000). We acknowledge uncertainty about the
magnitude of estimates at all stages in this set of calcu-

Functional life time of oyster reef (y1)

Fig. 3. Long-term projection of cumulative enhanced fish and

mobile crustacean production per 10 m? of restored oyster

reef habitat, discounted to adjust for annual depreciation of

resources as a function of the functional lifetime of the reef.
An apnual discount rate of 3% was applied

lations that lead to the fish and mobile crustacean pro-
duction credit attributable to an area of restored oyster
reef, However, we defend this calculation on the
grounds that it makes use of extensive empirical data
on restoration effectiveness and well-conceived, cur-
rent conceptual understanding in fisheries ecology.
Limitations in the data on rarer species that led us to

~exclide some species from the list of those enhanced

by reef habitat contribute very ‘little error o our
estimate of total augmented production, because the
rare species contribute so little to the sum. We do not
include one indirect mechanism that may contribute
further production benefits from oyster reef restora-
tion. Oyster reefs tend to interfere with trawling and
other hottom-disturbing fishing practices, such that if
reefs are restored in areas wherte historic trawling
operates, then their contribution to protection of
benthic habitat may need to be included in the com-
putation of production benefits.

Results of such scaling calculations are used by gov-
ernment resource agencies, most notably in the USA
by NOAA, in legal seltings to identify and provide
for restoration, as the appropriate remedy for unlaw-
ful injuries to natural resources (NOAA 1997). More
broadly, however, this estimate of one important eco-
system service of oyster reefs can be used by resource
and coastal managers to make decisions about estuar-

- ine management and habitat restoration for a habitat

that has declined over the past century by around
2 orders of magnitude in the Chesapeake Bay and
Pamlico Sound (Rothschild et al. 1994, Lenihan &
Peterson 1998), and has essentially disappeared from
other estuaries in the northeast USA, west coast of

B | _
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North America, Adriatic, and elsewhere around the
world (Jackson et al. 2001). Valuation of fish produc-
‘tion derived from oyster reefs is also central to efforts
to define and then protect essential fish habitat (Coen
& Luckenbach 2000).

Our estimate of the added value of restoring oyster
reefs as measured by production of fish and large
mobile crustaceans should be viewed as a quantitative
prediction. Testing is feasible, although it would te-
quire a spatial scale appropriate to the mobility of the
species to allow isolation of ireatments, and controls
and establishment of a well conceived a prieri plan to
couple the project with its evaluation (e.g. Lindberg
& Relini 2000, Hobbs & Harris 2001). Treatment of
uncertainty in restoration and mitigation projects is an
important concern to provide guarantees that re-
sources and their services are indeed replaced. Uncer-
tainty can be incorporated in 2 fundamentally different
fashions. One approach is to establish and apply a
mitigation ratioc such that restored habitat is made
greater than the amount expected to be necessary for
full replacement of lost value (e.g. Thayer 1992). This
expansion of scale incorporates uncertainty of success,
with ratios increasing as uncertainty increases. An
alternative approach is to monitor the restoration
project carefully and modify it adaptively as needed

to meet the quantitative target of restoration (e.g.

Ambrose & Swarbrick 1989). The adaptive manage-
ment approach has the added value of providing infor-
mation that can test the prediction and enhance undez-
standing to improve future predictions and reduce
‘uncertainty for future applications. Nevertheless, par-
ties held responsible for restoring the lost ecosystem
services typically dislike the open-ended nature of the

adaptive management commitment, and prefer a fixed’

level of effort, as reflected in the mitigation-ratio
approach.

Realized success in enhancing fish production
through oyster reef restoration will depend on many
variables that influence oyster reef function. Our cal-
culations apply to a generic oyster reef in the south-
eastern USA, an approach dictated by the small num-

" ber of data sets preventing incorporation of modifying
covariates. Such covarying factors mostly involve deci-
sions about site selection and design criteria for the
reef restoration. The landscape setting in which a reef
is placed dictates the ability of many higher-level con-
sumers to utilize it. For example, intertidal oyster reefs
placed adjacent to salt marshes or adjacent to subtidal
seagrass beds, rather than in isolation from other struc-
tured habitats, vary in their functioning by supporting
different patterns of fish and crab utilization (Meyer et
al. 1996, Irlandi & Crawford 1997, Micheli & Peterson
1999, Grabowski 2002). Intertidal and subtidal oyster
reefs are likely to differ in value to fish and mobile

crustaceans largely because of the need to find alter-
native submerged refuge at low tide. This considera-
Hon also implies .that landscape setting may impact
intertidal more than subtidal reef function. The choice
of whether to construct a few reefs large in area or sev-
eral smaller ones can affect fish utilization through
modification of perimeter-to-area ratios and, thus, pro-
portions of edges with their intrinsically higher access
to mobile consumers. Networks of oyster reefs built
along environmental gradients can provide refuges for
fish escaping environmental degradation and thus
serve to enhance fish production more than a design

" that isolates reefs in a single environmental regime

(Lenihan et al. 2001). Because of extensive depletion of
spawning stock biomass in some estuaries, siting oys-
ter reefs where larval settlement is reliable enough to
sustain oyster populations is crucial, often involving
the need to understand hydrodynamic setting and
locations of retention cells (Coen & Luckenbach 2000,
Mann 2000). Decisions made about reef design, includ-
ing height and water depth (Lenihan & Peterson 1998},
shape, composition of reef material, prevailing water
flow regime, and stability of underlying sediments
{Luckenbach et al. 1999), all help to determine the
success of achieving restoration goals.

Given that oyster reefs provide many ecosystem ser-
vices beyond enhancing production of fishes and large
mobile crustaceans, there are additional environmen-
tal benefits achieved by reef restoration, These include
positive effects on water clarity, carbon sequestration,
rate of denitrification, and oyster restocking. We do not
attempt to quantify the value of these other attendant
ecosystem services, largely because the currency of
benefits is not comparable to the measure used in this
analysis (i.e. production of fish and mobile crustaceans
at high trophic levels}. We chose this particular cur- .
rency to maich the benefit of restoration with the loss
in a fundamental ecosystem service, production of fish
and mobile crustaceans. The environmental incident,
an acidic process water spill, which caused the loss
of fish and mobile crustaceans (French 1999), clearly
must have had impacts on other components of the
Alafia River ecosystem. To characterize those losses
fully would involve tremendous commitment of re-
sources. For the sake of administrative simplicity and
cost effectiveness, only some of the injuries to eco-
system services were estimated in this and other inci-
dents. When compensation for those measured injuries
to natural resources is achieved by habitat restoration

. like oyster reef creation, then one can be confident that

many other ecosystem services will be simultaneously
provided to help replace those that were injured, but
not studied or quantified. This approach assumes that
many ecosystem services scale linearly to one another.
That does not seem an unreasonable assumption, yet it
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also deserves rigorous testing. Independent of whether
restoration of some ecosystem services is more com-
plete than others, this approach of habitat restoration is
likely to provide greater ecosystem benefits than an
alternative program of species-by-species restoration
at the population level. Habitat degradation is widely
recognized as the greatest cause of species declines
{e.g. Soule 1986}, so its restoration deserves highest
priority in conservation programs and in mitigation
. efforts. '
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0 1 _
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Estimating enhancement of fish production
by offshore artificial reefs: uncertainty exhibited
| by divergent scenarios
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ABSTRACT: Whether artificial reefs installed in estuarine/marine waters function to produce more
fish (enhancement) or simply to attract existing fish (attraction) is still under debate. Despite little
resclution over this issue, artificial reefs are often considered for use as compensatory mitigation for
damaged marine resources. We estimate the quantitative enhancement of fish production under
4 plausible scenarios: attraction, enhancement, enhancement with fishing, and attraction with fishing.
Qur intent is not to resolve the attraction-enhancement debate, but to quantify the uncertainty associ-
ated with using artificial reefs as compensatory mitigation. Pertinent parameters for proeduction calcu-
lations (fish density by size class, length-frequency distributions, diets, behaviors, age-specific growth
and mortality rates) were obtained from syntheses of findings from artificial reef studies conducted
in coastal waters of the southeastern USA and from species life-history profiles. Year-round reef
inhabitants were separated into 2 groups: those whose recruitment appears to be limited by available
reef habitat (only 2 taxa) and those not augmented in recruitment but potentially enhanced in realized
production by provision of refuges and reef-associated prey (15 taxa}, Estimates of enhanced produc-
tion in this latter group were discounted by an index of reef exclusivity in diet {o give production credit
in propartion to consumption of reef-associated prey. Estimates of annual production enhancement per
10 m? of artificial reef ranged from 0 kg under the attraction scenario to 6.45 kg wet weight under the
assumption of enhancement plus protection from fishing. Application of fishing reduced the enhance-
ment estimate by 32% to 4.44 kg 10 m™2 yr 1. A 4th scenario of attraction with fishing may yield a net
decline in production of a similar magnitude. In contrast to many natural structural habitats (seagrass
meadows, oyster reefs, salt marshes, mangroves) that have dramatically decreased over past decades
and are clearly important nursery grounds, evidence is weak that habitat provided by artificial reefs on
the shallow continental shelf of the southeastern USA is currently limiting to fish production, Until con-
vincing empirical evidence appears, high scientific uncertainty limits confidence in using artificial
reefs as compensatory mitigation. Furthermore, even if augmented production were achieved,
managing fishing impacts would be critical to achieving the expected production benefit,

KEY WORDS: Mitigation - Fish production - Southeastern USA - Restoration scaling - Artificial reefs -
Fishing pressure
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INTRODUCTION (Seaman 2000}. Because of the association of high fish

- abundance with offshore artificial reefs, their construc-

Artificial reefs are structures intentionally deployed on tion has been used as compensatory restoration for dam-
the seafloor to influence biological or physical processes, ages to natural resources (e.g. Duffy 1985, Hueckel et al.
and are widely acknowledged as habitat for fish 1989, Ambrose 1994}. However, whether artificial reefs
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actually enhance fish production (i.e. biomass/unit
area/time intervaly or simply attract fish, and thereby act
mostly to facilitate exploitation rates by fishermen (Bohn-
sack 1089, Bohnsack et al. 1994, Grossman et al. 1997,
Lindberg 1997), is still very much in debate. Further
complicating resolution of the production/attraction is-
sue is the possibility that artificial reefs function as fish
habitat at temporally or spatially variable intermediate
. states between atiraction and enhancement. If artificial
reefs are installed in the marine environment with the
expectation of compensating for loss of fish production,
then the implications of the different answers to the at-
traction— enhancement guestion must be addressed.

Because of the high mobility of most fishes and the
large spatial scale at which most fish populations are
distributed, empirical tests of whether the creation of
artificial reefs results in additional production of fish are
problematic (Grossman et al. 1997). Peterson et al. (2003
in this Theme Section) provide the conceptual basis for
'computing estimates of enhancement of fish production
resulting from the creation and/or restoration of marine
habitats. First, one considers whether the recruitrent of
any species of fish is limited by the amount of a particular
habitat. If addition of habitat area relaxes a survival
bottleneck in the early pre-recruitment life history ofa
species, then the creation or restoration of additional
habitat would be expected to result in a numerical

enhancement of recruitment in that species. The second -

process described in Peterson et al. (2003}, by which the
addition of habitat may enhance fish preduction is
through providing refuges from predation (e.g. Hixon
1998} and increasing the production of, or access to, ad-
ditional reef-associated prey resources, which then pro-
"mote more rapid growth of individual fish. This response
affects fish production not by adding new fish to the sys-
tem, but rather by enhancing growth of and protecting
individuals already present, and thereby producing gains
in fish biomass. These 2 fundamental responses are in-
cluded in most models of how artificial Teefs may impact
populations of reef fish, often incorporated through vary-
ing the intensities of density-dependent larval settlement
and post-settlement growth (Osenberg et al. 2002).
Current scientific opinion on the question of whether
installation of artificial reefs on the shallow continental
shelf enhances fish production can be separated into
4 plausible scenarios. Under the first scenario, high
abundance associated with artificial reefs is interpreted
as the sole consequence of aggregating existing fishin
the system (Grossman et al. 1997). In this scenario, the
production of fish does not increase as a function of
additional habitat because the availability of habitat
and the food resources that the habitat provides are as-
sumed not to be limiting. Under the second scenario,
the addition of reef structure (habitat area) results in
increased fish production by enhancing recruitment

currently limited by habitat area, or by enhancing
growth currently limited by reef refuges and associated
prey resources (Peterson et al. 2003). The third scenario
assumes that addition of artificial reef habitat on the
shallow continental shelf enhances fish recruitment
and/or realized growth, but that mortality is increased
by fishermen who target their effort on the new concen-
trations of fish (Polovina 1991, Friedlander et al. 1994,
McGlennon & Branden 1994). A 4th scenario combines -
this elevation of fishing mortality with the assumption
that fish are merely attracted to artificial reefs. Given
the wide variation in the ecology of fishes on reefs, the
response of individual species to the addition of reef
habitat almost certainly varies with life history and
susceptibility to fishing. Consequently, estimation of
expected enhancement in fish production from con-
structing offshore artificial reefs should assess the
implications of all scenarios at the level of species.
Because of the lack of consensus on how the addition
of artificial reef habitat influences key population
processes in reef fish, we develop estimates of fish pro-
duction that correspond to the first 3 plausible scenar-
ios and thereby quaritify the implications of the biolog-
ical uncertainties. For the 4th scenario, we assume that
the quantitative reduction in net fish production is a
constant independent of whether reefs enhance
recruitment and growth or simply attract fish. We then
evaluate the assumptions that serve as the basis for
each scenario. Assessing the processes by which off-
shore artificial reefs may affect fish production de-

_ mands not only the review of applicable theory on fish

population dynamics and bioenergetics, but also syn-
thesis of available empirical data, reorganized in ways
that allow insight into population dynamics, behavior,
diet, and growth. We calculate our estimates of fish
productivity gains expected from offshore reef con-
struction in the southeast USA, specifically focused on
the Tampa Bay region of southwest Florida. The shal-
low continental shelf of the southeast USA is fre-
quently targeted for construction of artificial reefs, so
quantifying the uncertainty in their impacts on fish
production may guide future fishery management and
restoration efforts. This specific locale was chosen to
evaluate the potential for compensatory Testoration
(see NOAA 1997 for the use of habitat equivalency
analysis in environmental mitigation) for losses that
resulted from an acidic-process water spill in the Alafia
River, a tributary of Tampa Bay.

MATERIALS AND METHODS

Synthesis of data. We first conducted a search of
both published and gray literature on offshore artificial
reefs in the southeastern USA. Several studies docu-
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mented fish occupation of artificial reefs; however,
because of inferior construction materials and designs
or poor quantification of fish densities, only a few are of
use in estimating production of reef-associated fishes.
No study design was adequate t¢ demonstrate un-
" equivocally whether production was actually increased
by artificial reefs, or alternatively whether fish were
merely aggregated on them. Nevertheless, using a few
reasonable assumptions (see Peterson et al. 2003), cal-
culations can be made from availabie field data in
the applicable studies to quantify the enhancement
of production under different plausible scenarios, and
thereby bracket the range of expected changes in pro-
duction. We utilized 2 studies conducted on the shal-
low shelf offshore of Tampa Bay, Florida (Smith et al.
1979, Lindberg 1996), to identify those species likely to
occur on an artificial reef constructed in this area.
Smith et al. (1979) performed diver surveys and collec-
tions with rotenone to document fish abundance on
both natural (Dunedin Reef) and artificial {Clearwater
Artificial Reefs) reefs from 1975 to 1976. Study reefs
were located at 7 to 9 m depth, approximately 7 km off-
shore along the west coast of central Florida. Lindberg
(1996) conducted a 5 yr study {1990 to 1995) examining
fish utilization of multiple reefs in the Suwannee
Regional Reef System, Florida, This system consists of
22 reefs, each spaced 2 km apart along the 13 m depth-
contour and located 24 to 29 km offshore from the
mouth of the Suwannee River. This study, designed
to examine how physical atiributes of reefs (i.e, reef
patch size and spacing) relate to fish utilization and
development of prey resources, represents the most
detailed study of artificial reefs in the region.

We used 4 other studies to fulfill specific data needs
for estimating production enhancement of fish result-
ing from installation of an offshore artificial reef. Bohn-
sack & Harper (1988) provide length-frequency distri-
butions, as well as parameters for length-weight
conversions for reef fish in southern Florida waters.
Bohnsack et al. (1994) compare fish occupation of a
south Florida offshore area before and after construc-
tien of an artificial reef, The results allow us to address
important assumptions related to estimation of density
enhancement by artificial reefs, and provide necessary
information on life history characteristics for several of
the fish species. Lindquist et al. {1985) reported infor-
mation on the gut contents of fishes from offshore reefs
of North Carolina. In the absence of complete informa-
tion on feeding habits of reel fish from southwest
Florida, we use feeding behavior data from Lindquist
et al. (1985} to assign the reef fish of southwest Florida
into 5 broad categories of relative reliance on reef-
associated prey. This approach assumes that fesding
behaviors documented in North Carolina reefs apply
also to those of southwest Florida, an assumption sup-

ported by Bohnsack et al's {1994) assignments of
Florida reei fish to various trophic guilds, Finally, Lind-
berg & Loftin's (1998) study examines the effects of
habitat and fishing mortality on residency, growth and
movement of gag grouper. This data set was central to
our ability to estimate production gains under sce-
narios that include effects of elevated fishing pressure.

Density estimates. The first step in estimating en-

" hancement of fish production by construction or

restoration of a habitat is to gather data on fish abun-
dance in that habitat, We used the work of Lindberg
{1996) to derive estimates of density per unit reef area
for each of 25 abundant species or species groups
{listed in Table 1). We restricted our analyses to these
25 taxa because they account for the vast majority
(>95%) of fish abundance and biomass on offshore
reefs in this geographic region. As an estimate of the
steady-state fish community, we computed an average
density of each taxen calculated over the 3rd, 4th, and

5th yr after installation of the reefs, because total fish

biomass stabilized by Year 3. We used the area of the
seabed occupied by the reef structure, and over which
fish were tallied, to convert visual abundance to den-
sity per unit bottom area. Although vertical relief and
overall volume of the reef structure can be important
determinants of fish utilization, we assume that artifi-
cial reefs would be designed to provide sufficient ver-
tical relief (see Sheng 2000). Although the structural
attributes, incduding materials and shapes, doubtless
influence fish utilization of artificial reefs, we do not
attempt to use these variables to explain variation
among reefs, but instead base our fish density esti-

- mates upon artificial reefs made of concrete modules

of varying sizes (Lindberg 1996). This construction
method is the one most widely used currently to con-
struct offshore artificial reefs. Lindberg (1996) used
diver surveys to document abundance of fishes on or
in close proximity to artificial reefs that were closed
to fishing. In clear waters, visual censuses provide
relatively reliable estimates of total numbers of reef-
associated fishes (see Bohnsack et al. 1994) that can
then be related to the area oceupied by reef structure.
While this technique samples resident fishes with
accuracy, densities of the highly mobile and transient
pelagic species like king mackerel and albacore may
be underestimated. In principle, enhancement of fish
density from construction of a reef is estimated by com-
paring average densities on reefs to correspending
densities over the unstructured and unmedified sea
floor (Peterson et al. 2003). In the case of nearshore
shelf habitat, fish density on the unstructured hottom is
so low (<1% of that on artificial reefs: Bohnsack et al.
1994) that computing enhancement on artificial reefs
does not require adjustment for the small fraction of
fish that would be present in the absence of the reef.
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numbers of individuals remaining on the reefs at the
lower seasonal (summer vs winter) density as a con-
servative estimate of numbers of fish that depend on
the reef for prey resources that sustain growth.
Because fish abundances in Lindberg (1996) are ag-
gregated across multiple age classes, we partitioned the
total abundance (N) by age class i for each species. For
those species whose recruitment was deemed limited by
reef habitat, we generated an expected abundance curve
that followed a stable age-distribution using published
mortality rates (Table 2) and disiributed the observed
total density of fish into age classes accordingly (Table 3},
Assumption of a stable age-distribution has the con-
sequence of eliminating year-to-year variance in the
subsequent estimation of production impacts, For those
species whose recruifient was not judged to be limited
by reef habitat, reef occupation generally began as late
stage juveniles or adults, so assuming a stable age distri-
bution starting from recruitment and continuing until
death would not accurately reflect the true age distribu-
tion on the offshore reefs. To compute age distributions,
and ultimately to credit the artificial reef for production
of those life stages that do use the reef, we applied
published age-length relationships {Table 2) to empirical
{ish-size distributions in Bohnsack & Harper (1988},
Because the size-frequency data come from fished
reefs, and we wished to partition observed abundance
by age on unfished reefs (from Lindberg 1996}, we had
to compute what these age distributions would be in
the absence of fishing. We converted the age distribu-
tions to analogous distributions expected on reefs
closed to fishing by using published estimates of age-
specific fishing mortality, F (Table 2), to remove effects
of fishing on each susceptible species, First, we com-
puted modified relative age frequencies by dividing
each age frequency in the fished distribution by eF*,
where i is number of years that an age class has expe-
rienced fishing mortality (F}). This procedure assumes
a species whose immigration onto the reef occurs only
~ at a single age. For those species that immigrate over
multiple year-classes (e.g. gag grouper}, this proce-
dure may overestimate the degree to which fishing has
reduced abundance of older fish, because fishing mor-
tality is assumed to have been applied for some num-

ber of years before their appearance on the reef, To

determine the magnitude of error associated with this
method, we used sheepshead as a model, because its
immigration resulted in the highest percentages of
older age-classes and recalculated the production by a
more complex procedure, which actually estimated the
proportions of new immigrants to survivors of previous
immigrations for each age class, This complex method
then allowed application of the correction for fishing
mortality for only those years when the fish were pre-
sent on the reef. Comparison of results of this method

and the procedure that we used for all our calculations -
showed a relatively trivial 1.4% overestimate for pro-
duction of sheepshead, despite its high rates of ca.
40% of immigration in each older age class. Conse-
quently, we used the simpler method to adjust age-
frequency distributions for fishing effects.

Next, we took the modified relative frequency of the
oldest age class observed by Bohnsack & Harper
{1988) and used published estimates of natural mortal-
ity (Table 2) to compute the exponential decay in
abundance over the remainder of the published life
span. We then normalized these modified frequencies
s¢ that they totaled f. This correction has the effect of
extending the age distribution expected on unfished
reefs to include several older age classes, while retain-
ing total abundance at the level on unfished reefs
observed by Lindberg (1996). For those 7 species
(identified in Table 2) whose recruitment was not
judged to be limited by reef habitat and were not
reported in Bohnsack & Harper (1988), we assumed a
stabie age-distribution based on published (Table 2)

-natural mortality rates, with an age of first occupation

of the reef based upon life-history profiles {Table 2),
Production calculations. The 25 most abundant

‘species or species groups expected to occur on an arti-

ficial reef constructed offshore of Tampa Bay, Florida
(Table 1}, were reduced to 17 (Table 2) by pooling the
2 species of blennies and removing 7 species that were
not present during 1 of the 2 seasons {sand diver,
greater amberjack, whitespotted soapfish, reef croaker,
slippery dick, Spanish mackerel, and blue runmer).
Alter we computed for each taxon the on-reef density
of each age class (N1), we calculated expected produc-
tion using the methodology in Peterson et al. (2003).
Specifically, for annual species (blennies), we esti-
mated annual production by multiplying the average
weight attained by an individual that survives its full
natural life span by the summer density. This computa-
tion fails to include production achieved by fish that
settled but died before censusing; however, compensa-
tion for this underestimation is achieved by assuming
that all individuals alive in summer grow to reach
maximum size before dying.

For all other species (those that live for more than 1
y1}, we determined the average weight at age i (W)
using the exponential weight-length relationship:

Wi =axLP (1

in which a and b are species-specific constants
(Table 2) and L, is calculated using the von Bertalanffy
growth equation:

Li=L.x[1-e¥xt-%] (2)

The parameters L.. (the asymptotic maximum lengthy,
K (the Brody growth coefficient), and f; (& constant
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Table 3. Estimated augmented fish density and production for the 17 species or species groups (2 blenny and multiple herring
species are grouped because the species within each group exhibit similar life histories) that are most densely populated on arti-
ficial reef habitat in southwest Florida. The index of reef exclusivity (IRE) is an estimate of species utilization of resources associ-
ated with artificial reef habitat compared to resources from adjacent non-reef habitat. The IRE is based on diet information when

available and/or life-history profiles of each species or species
R = species whose recruitment is limited by the amount of re

group. Grouping is assigned for enhanced production estimates;
ef habita; G = species whose recruitment is not limited by reef

habitat area, but may experience enhanced growth because of the presence of reef refuges and reef-associated prey.
: Scenario 1 = Attraction, Scenario 2 = Enhancement, and Scenario 3 = Enhancement with intense fishing

Species or Average increase 1IRE Grouping Annual increase in fish production
species group of fish density kg 10m2yr'l)
(ind. 10 m?) Scenario 1 Scenario 2 Scenario 3

Herring 1362.28 0.10 G 0.000 0.170 0.175
Round scad 1.50 0.10 G 0.000 0.010 0.024
Tomtate 29.00 0.25 G 0.000 0.505 1.284
Blennies 4.90 - R 0.000 0.049 0.054
Leopard toadfish 0.64 - R 0.000 0.017 '0.019
Sheepshead . 017 1.00 G 0.000 0.028 0.009
Black seabass 2.20 0.75 G 0.000 0.151 0.025
Cubbyu 8.93 0.75 G 0.000 0.433 - 1.844
Gag grouper 4.70 0.75 - G 0.000 4,321 0.691
Gray snapper 0.07 0.75 G 0.000 0.004 0.002
Gray trdggerfish 0.25 0.75 G 0.000 0.023 0.007
Pigfish 2.20 0.75 G 0.000 0.174 0.002
Spadefish 1.30 0.75 G 0.000 0.094 0.032
Spottail pinfish 1.30 0.75 G 0.000 0.071 0.034
White grunt 5.70 0.75 G 0.000 0.350 0.165
Belted sandfish 1.40 0.50 G 0.000 0.045 0.061
Sand perch 0.17 0.50 G 0.000 0.007 0.010
Total annual increase in fish production: 0.000 6.452 4.438

representing the age at 0 length) of this latter equation
are derived from lterature values for each particular
species (Table 2). The change in weight between suc-
cessive age classes is equal to the annual production
(P) of an individual surviving through age class i:

P =W;- Vv(i—u 3

To estimate production for each age class, we multi-
plied the incremental weight gain of a fish surviving
the entire age interval (P;) by the numbers of fish pre-
sent in that age class (M), Our N; numbers are derived
from counts made months before the end of the year,
s0 use of N; to compute total production of this age
class fails to include contributions from fish that had
been present earlier but died earlier in that year before
censusing. However, use of this approximately mid-
year fish density overestimates the numbers that will
ultimately survive until the end of the year, In the
absence of explicit information on seasonal mortality
and growth rates, this approximation achieves the best
possible estimate of annual production in each age
class, assuming a balance between the underestimate
from ignoring those that died young and the overesti-
mate from assuming no additional deaths among those
that survived to mid year, The production by species is
then computed by summing P; x N; over all age classes
present on the reef.

Because species differ in affinity to reef habitat and
use of reef resources, we weighted the preduction of
each species or species group by the degree to which
its growth is attributable to prey resources produced
on the reef, Thus, we adjusted the production compu-
tation of each group by an index of reef exclusivity
(IRE: Peterson et al. 2003) in diet. In some cases, this
index was constructed from gut-content informatjon.

‘For species without quantitative information on gut

contents at a level of taxonomic discrimination that

- allowed reef-dependent prey to be identified, we used

life-history profiles and observed feeding behaviors
(sources listed in Table 1} to assign a value to the
index, The IRE ranged over 5 broad categories from
0.10 to 1.0 (Table 3). We used 0.1¢ as a minimum to
reflect the assumption that survival may have been
enhanced among reef-associated fishes, even if no
reef-dependent prey were. consumed. Values of
1.0 reflect a very strong association of the species with
the reef and its resources. Applying the IRE, anaual
production of a species for year (AP) attributed to the
presence of a standard area of 10 m? of artificial reef
was calculated by:

AP = IRE x ¥, (P, x N}) (4)

beginning with i = 1, reflecting the convention of
accounting for production at the completion of each
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year of life, Finally, total annual enhancement of fish
production per 10 m?* of reef is the sum of AP across all
17 species or species groups. Effects of reef-associated
refuges from predation are incorporated into these
calculations of production, because the natural moz-
tality rates (Table 2) that are applied come from the
synthesis of data on fishes inhabiting reef habitat. -
Adjusting production for fishing and discounting
over time. We compute the quantitative estimate of
enhancement of fish production reflecting each of 3
plausible alternative scenarios (attraction, emhance-
ment, and enhancement with fishing) that may resuit
_from installation of an artificial reef. The first scenario,
attraction, specifies the enhanced fish preduction,
under the assumption that fish associated with a new
artificial reef could have survived and grown as well:
on another artificial reef, natural hard bottom, or alter-
native habitat elsewhere, without ahy penalty from
competition. The second scenario, enhancement, as-
sumes that reef habitat and associated prey resources
regulate fish survival and growth and that no fishing
occurs. Under this scenario, all production estimated
from Eq. (4) is credited to the reef. The third scenario,
enhancement with fishing, also assumes that reef habi-
tat regulates fish survival and growth but incorporates
recent information (Lindberg & Loftin 1998) to quantify
impacts of fishing on artificial reefs. Under this third
scenario, the enhancemenl estimate for each reef

species is adjusted by multiplying by a species-specific
index of fishing pressure (IFP} to account for direct
effects of fishing mortality and indirect effects of
reduced predation and/or competition. IFP estimates
the percentage biomass change after application of
fishing by comparing the actual biomass caught on
fished reefs to the expected amount if these reefs were
not open to fishing. The IFP was computed by dividing
observed fish biomass on fished reefs by the biomass
expected in the absence of fishing, based on data from
Lindberg & Loftin (1998). We used the magnitude of
the interaction between year and treatment (fishing for
a year vs unfished) in results from Lindberg & Loftin
(1998) to compute expected biomass for 5 species; for
7 species we used biomass in the year prior to fishing
(Table 4). For the remaining 5 species for which spe-
cies-specitic changes with fishing are not provided in
Lindberg & Loftin (1998}, we assigned an iFP equal to
the best acological analegue (Table 4). Thus, the third
scenario accounts for the very likely possibility of
increased fishing pressure by appropriately adjusting
the expected values under the second scenario (en-
hancement). .

Because the fish and prey community on newly con-
structed artificial Teefs may require several years to
develop fully, we had to determine whether the esti-
mated annual production for existing reefs required
some reduction in the initial years after construction to

Tahble 4. Derivation of the Tndex of Fishing Pressure (TFP) used in the scenario of enhancement with fishing. Based on data pre-
sented in Lindberg & Loftin (1998), the IFP, the proportional change in biomass {kg) as a consequence of fishing, was calculated’
by dividing the biomass (kg wet wt per reef) of each fish species measured on reefs open to fishing for 1 year (1996 to 1997) by’
the expected biomass in the absence of fishing. The expected biomass was calculated by adjusting biomass measured iz 1996

pefore the application of the fishing treatment by the percent gain

or loss in biomass on reefs closed to fishing from 1996 to 1997

{contrel reefs). For those species for which density data on controt (unfished) reefs in 1997 were not available (NA), the IFP was

caleulated by dividing the observed biomass in 1997 by the initial biomass in 1996. For the 5 species (round scad, blenny, black

sea bass, spotail pinfish, and sand perch) for which taxon-specific information on the-effect of fishing was not available, we chose

to use the most ecologically similar species for which information was presented in Lindberg & Loftin (1998): torntate, leopard
: toadfish, gag grouper, white grunt, and belted sandfish, respectively

Species Fish biomass on reefs in Expected change  Expected biomass Observed biomass IFP
1996 that wouid be in biomass on open on reefs
opened to fishing in 1997 on reefs opened to reefs in 1997 opened to
(kg reef!) fishing if fishing (kg reef™} fishing
did not occur (%} if fishing in 1997
did net occur (kg reef™)
Gag grouper 233.8 41 329.7 54.0 0.16
Sheepshead - 4.6 22 3.6 1.2 0.33
Gray triggerfish 5.6 53 8.7 2.6 0.30
White grunt 1.8 148 4.5 2.1 0.47
" Hogfish 1.2 -56 0.5 0.0 0.01
Herring ' 186.7 NA NA 192.2 1.03
Tomtate 36.6 NA NA 93.1 2.54
Leopard toadfish 14.5 NA NA 161 1.11
Cubbyu 3.0 O NA NA 12.8 4.26
Gray snapper 7.7 NA NA 5.3 0.69
Spadefish 55.9 NA NA 19.2 0.34
Belted sandfish 1.4 NA- NA 1.9 1.36
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account for community development during succes-
sion. To address this question, we used the changing
total fish biomass figures in Lindberg (1996) to adjust
the production estimates in those first years of reef life.
These data supported a 35% reduction from full pro-
duction in Year 1 and a 25% reduction in Year 2 from
the asympiote reached by Year 3. Each succeeding
year achieves full production, as estimated by Eq. (4).
Because a reef continues to produce enhancements in
secondary production for the duration of its lifetime,
calculating the quantitative compensation in fish pro-
duction to mitigate for losses or to enhance fisheries
requires integration of the annual contributions of the
artificial reef over its full lifetime. Estimating the life-
time of an artificial reef is difficult, so we provide these
calculations for a range of feasible lifetimes. Finally, to
reflect the influence of time, we discount future pro-
duction estimates by the standard 3% annual discount
rate (NOAA 1997) to adjust for the time lags between
the injury warranting restoration and when the com-
pensating production enhancement is achieved.,

RESULTS

_The 25 species or species groupsincluded in our esti-
mates of enhanced production (Table 1) account for
over 95 % of the biomass of all fishes found on artificial
reefs in the offshore area of the ‘west coast of Florida.
We provide procduction estimates (Table 3) for 17 taxa
because 7 of the original 25 were absent from reefs in
either winter or summer, and 2 blennies (crested and
-seaweed) were pooled, Of the 17 remaining species or
species groups, only 2 were judged to be limited in
recruitment by reef habitat: blennies and leopard
toadfish (Table 3). We inferred recruitment limitation
by reef habitat from the data showing occupation
of the reef by new recruits and from knowledge of the
life history, suggesting saturation of available reef
habitat by recruits of these 2 species. The remaining
15 taxa were expected to exhibit enhanced growth at
older life stages as a result of the installation of the
reef. The IRE values (Table 3) for these
species ranged from 0.10 for pelagic
forage fishes (herring and scad) to
1.0 for sheepshead, which feed almost
exclusively on reef-dependent prey
(e.g. barnacles, mussels). The plankti-

foraging, but also consuming resources off the reef,
ranged from 0.50 to 0.75 (Table 3).

Estimates corresponding to the 3 likely alternative

scenarios resulting from the creation of an offshore
artificial reef ranged from 0, under the atiraction
scenario (Scenario 1), to 6.45 kg wet wt 10 m™2 yr-!
under the conditions of enhancement and no fishing
(Scenario 2). The addition of fishing pressure, typical
of artificial reefs, reduced the latter estimate of en-
hancement by 32% to 4.44 kg 10 m 2 yr! (Scenario 3,
Table 3}. Gag grouper contributed the highest percent-
age of any single species {67 % of the total) to the pro-
duction estimates under the enhancement scenario;
however, after inclusion of direct and indirect impacts
of fishing, the gag contribution fell to 16 % and cubbyu,
at 42 %, contributed most to enhanced production. Gag
grouper are intensely targeted by fishermen, whereas
the smaller demersal cubbyu are not. Although numer-
ically dominant, the 2 pelagic taxa, herring and tom-
tate, accounted for only 10% of total production under
the no-fishing Scenario 2, and 33% under Scenario 3
where fishing impacts are included (Table 3j.
The large range in production estimates among the
3 scenarios is also reflected in the cumulative produc-
tion over the lifetime of the artificial reef. A reef lasting -
30 yr would be expected to augment fish production by
a cumulative amount of 123 kg wet wt 10 m~2 under
Scenario 2, and 84 kg 10 m~? under Scenario 3 dis-
counted to present-day value (Table 5}, Cumulative
production (Fig. 1) approaches an asymptole after
90 yr for Scenario 2 (~200 kg 10 m™? or 3 (~140 kg
10 m™? as a result of depreciating enhancement esti-
mates by an annuai discount rate of 3 %. Thus, the ratio
of these 2 enhanced cumulative production scenarios
that vary fishing mortality approaches is 1.43,

DISCUSSION

The 3 alternative scenarios for which we quantify
expected enhancement of fish production after instal-
lalion of an artificial reef ofishore of southwest Florida

Table 5. Long-term projection of enhanced fish production from reefs, discounted
to account for annual depreciation of resources. Total angmented fish production
of offshore reefs was reduced by 35% in Year 1 and 25% in Year 2 to account for
succession on reefs (Lindberg 1996). All production estimates were discounted

at an annual rate of 3%

vore tomtate is the only species that

Scenario Cumulative production
was assigned an IRE of 0.25, reflecting (kg wet wt 10 m™2) for given project lifespan
its feeding in the water coiumn rather 1yr 2yr 10yr 20yr  30yr
than on the reef, but also its virtually
exclusive occurrence on rteefs. IRE ; gtnhtr‘:;ﬁ"n ; ggg g'gg S?gg gg'gg 1 2322 _
" . ER1eIV B N - f -
values for demersal fishes that use the | ;' g/ Ceere fishing 280 594 3530 6347 8443

reef for shelter and to a large extent for
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Fig. 1. Long-term projection of cumulative fish production per
10 m? of artificial Teef habitat. Cumulative values were dis-
counted at an annual discount rate of 3%. In Scenario 1
(attraction), it is assumed that sufficient habitat is already
available for reef fish (i.e. zero over all years; parallel with
x-axis}, so that all biomass observed on the artificial reef is
derived from immigrants leaving neighboring hard struc-
tures. Scenario 2 (enhancernent) assumes no fishing, and that
fish on the artificial reef would not have found adequate habi-

" tat if the new reef were unavailable. Scenario 3 (enhancement

with fishing) also assumes that fish are dependent on artificial
reef for habitat, but introduces empirically derived impacts {(di-
rectand indirect) of fishing on the 17 species or species groups

characterize the large degree of uncertainty associated
with using artificial reefs as mitigation or compen-
satory restoration for natural resources losses (Fig. 1).
Furthermore, each of these estimates is itself based
upon sets of assumptions that inject further uncertainty
in the quantitative estimates of enhanced fish produc-
tion. Perhaps most importantly, our method of estimat-
ing enhancement of fish production for the 2 scenarios
that represent enhancement assumes that prey re-
sources and/or opportunities to exploit those prey re-
sources through provision of refuges from predation
are limited by the areal extent of reef habitat in this
environment. Thus, our estimates for the enhancement
‘scenarios are maxima because they assume that re-
cruitment of species deemed limited by reef habitat
and the full realized growth of immigrant fishes on the
newly constructed reef would not have taken place in
the absence of the addition of reef area. Many of these
species associated with the new reef could conceivably
have recruited, survived, and grown elsewhere on
other artificial reefs, natural hard bottoms or on an
entirely different habitat. A definitive experimental
test of impacts of addition of new artificial reefs could
possibly be designed to resolve this set of critical ques-
tions (Osenberg et al. 2002), but it would need to be
done on a broad spatial scale appropriate to the mobil-
ity of the key species (Seaman 2000). In addition, the
answer may well vary geographically. Shelf areas with

Attraction

extensive natural hard-bottom habitat may not exhibit
substantially enhanced fish production with addition of
artificial reef habitat, whereas shell areas with little
natural hard bottom may show larger responses. Reefs
that serve to anchor kelps and other large macroalgae,
like those in southern California (e.g. Ambrose 1994},
may differ in their effects on fish production from those
that serve as substrata for suspension-feeding inverte-
brates (see Miller & Falace 2000).

Given the present uncertainty about the fundamen-
tal assumption of habitat limitation, and the wide
range among plausible scenarios in our quantitative
estimates of enhanced fish production (0 to 123 kg
10 m~2 of reef over the first 30 yr of reef life), confi-
dence in using this form of mitigation or compensation
for injury to fish resources is low. The range among
production estimates for the 3 scenarios that we quan-
tify provides one means of quantifying the consequen-
ces of underlying biological uncertainty. The range in
outcomes is even greater than is depicted in Fig. 1,
when a 4th scenario is added that includes the combi-
nation of the attraction process with the addition of
fishing mortality. This 4th scenario implies a net reduc-
tion in fish production after installation of a new artifi-
cial reef, arising from the increased ability of fisher-
men to catch fishes which have become aggregated on
the new reef (Bohnsack 1989). A first-order estimate of
the net reduction suggests a magnitude identical to the

~ difference between Scenarios 2 and 3, or a decline in

ca. 40 kg of wet wt fish production per 10 m® of reef
over 30 yr. However, Bohnsack's analysis of the effects
of the increasing fishing effort under the attraction sce-
nario suggests high temporal variahility, rendering the
computation of cumulative declines, like those that we
developed for Scenarios 1 to 3, extremely risky (Fig. 1).
This temporal instability, and our concern about accu-
rately modeling the behavior of fishermen as reef fish
abundances decline, inhibit us from quantifying this
4th scenario.

Assessing which of our 4 scenarios is most likely
helps resolve the uncertainty. This requires careful
evaluation and synthesis of both the empirical studies
as well as the conceptual literature. Our first (attrac-
tion) scenario expresses the enhanced fish production
under the assumption that fish associated with a new
artificial reef could recruit, survive and grow just as
well on another artificial reef, natural hard bottom, or
alternative habitat elsewhere, without suffering any
abundance or growth penalty from competition for
limited refuges or habitat-associated resources. This
estimate thus assumes that reef habitat for offshore fish
is not limiting, which has substantial support in the
literature relative to at least the southwest Florida shelf
{Bohnsack 1989, Bohnsack et al. 1994, Grossman et al.
1997). For example, Bohnsack et al. {1994) found that
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fish did not colonize artificial reefs as early recruits but,
instead, at larger sizes and older ages, implying that
immigration from other reefs or habitats is the major
mechanism by which artificial reefs become occupied
by fishes. Similar processes can be inferred from the
data sets in Bohnsack & Harper (1988) and Lindberg
(1996). Thus, a synthesis of the best available evidence
suggests that fish aggregating around a new reef first
recruited elsewhere, supporting our assumption that
- newly installed reefs do not enhance recruitment,
except for certain exceptional species. Furthermore,
this synthesis shows that these recruits were growing
and surviving elsewhere up to the time of migration to
the new reef. That may imply that subsequent produc-
tion that they achieve on the new reef would have
occurred elsewhere, but whether enhanced avail-
ability of reef-associated prey resounrces would have
increased realized growth and production is not clear,
Furthermore, some demersal fishes associated with
artificial reefs benefit from using the reef as a refuge
from which to forage more effectively on off-reef prey
buried in surrounding soft sediments (Lindquist et al.
1994).

Both the amount of reef habitat currently available in

a region, as well as the possibility that many reef fish
may be recruitment limited (but not by artificial reef
area), offer further conceptual support for the attrac-
tion scenario that reef habitat is not limiting fish pro-
duction in the coastal shelf of southwest Florida. Artifi-
cial reefs have been installed in large numbers over
the past 2 decades, with over half of the artificial reefs
in the USA located in Florida waters (Seaman 2000). In
addition, naturally occurring hard-bottom habitats
exist over large areas of the shelf in the southeastern
USA, especially in southwestern Florida (Srmith et al.
1979). Because overfishing has reduced populations
of many marine fishes that are associated with hard-
bottom and artificial reef habitats on the shelf, there is
a high probability that low levels of available recruits
may currently limit many of these fish populations
{Sala et al. 2001). Consequently, there is little likeli-
hood that the current curnulative area of artificial reef
and hard bottom habitats limits recruitment for fishes
on the shelf (Bohnsack 1989, Bohnsack et al. 1994,
Grossman et al. 1997).

Under both enhancement scenarios (Scenarios 2
and 3), the increase in production is achieved largely
by realizing faster individual growth rates, as a conse-
quence of greater foraging cpportunity provided by
addition of artificial reef habitat. Larger sizes at age
also imply better condition, greater fecundity and
enhanced spawning stock biomass. Thus, for species
whose recruitment is limited by low spawning-stock
biomass, the enhanced growth on artificial reefs under
our enhancement scenarios may have an added bene-

fit of increasing regiomal recruitment. We did not
attempt to compute a production credit to reflect this
possibility because of the absence of reliable spawner-
recruit relationships for the resident fishes. How-
ever, under conditions of protection from fishing
(Scenario 2), this benefit of installing artificial reefs
could be significant and could contribute to a regional
system of marine reserves (Roberts 1997). Without
regulating fishing pressure (Scenario 3}, this potential
benefit would dissipate, as fishing not only reduces
targeted fish populations but also selectively removes
the largest, most fecund fish in the populations (Bohn-
sack 1992}. Furthermore, the establishment of marine
reserves to promote recovery of overfished stocks of
recruitment-limited fishes does not require the con-
struction of new reefs on the shallow continental shelf;
rather, it requires the management of existing reefs as
reserves in an effective design (Lubchenco et al. 2003).

A comparison of our second and third scenarios
reveals the potential importance of management of
habitats, following creation and/or restoration, if
increasing fish production in the system is the ultimate
goal. The possibility that any gain in production from
creation of an artificial reef may be offset by intense
fishing pressure, especially by recreational fishermen,
has been recognized for some time (Bohnsack et al.
1997). Lindberg & Loftin (1998) provide a lest of this
hypothesis in their study of gag grouper and other reef
fishes, They found that opening an artificial reef to
fishing reduced the gag biomass by 7% in the first
8 mo, compared to simultaneous changes on analogous
reefs that were not fished. Furthermore, while other
intensely fished species declined after a year of fish-
ing, some unexploited species like tomtate greatly
increased, presumably from the ‘indirect effects of
removing targeted species (Table 4}. Consequently,
we used this information to modify the estimates of
enhanced production accordingly. Thus, Scenario 3
accounts for the very likely possibility of increased
fishing pressure by adjusting the expected values
under Scenario 2 based on the empirical fishing mor-
tality data of Lindberg & Loftin (1998). The decision of
whether to control fishing on offshore artificial reefs,
and the ability to enforce any closure, play a large role
in determining levels of fish production that are real-
ized from installation of an artificial reef in this system.
More efficient fishing on more highly aggregated fish
may diminish or even negate the contributions of in-
creasing the area of even limited habitat to net produc-
tion of key fish stocks. Furthermore, depending on the
nature of the reef and the fishing practices in the area,
management may be necessary to insure that destruc-
tive harvest practices (e.g. oyster dredging, Lenihan &

Peterson 1998, Lenihan & Micheli 2000, and bottom

trawling, Jennings & Kaiser 1998) do not alter the qual-
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ity or lifespan of restored habitats, thereby reducing
the fish production. '

- Substantial uncertainties exist in estimating the level
of enhanced fish production from the creation or re-
storation of any marine habitat (Peterson et al. 2003},
Such uncertainties result from the lack of empirical
tests of many of the assumptions required to quantify
the linkages between recruitment, survival and growth
of fish and habitat availability and quality (Zedler
2000, Madon et al. 2001}. A wide variety of reasons can
motivate habitat creation (Ttackney 2000), particularly
for offshore artificial reefs (see Seaman 2000 for a full
discussion). If the primary goal of habitat creation/
restoration is the addition of new fish production, then
the likelihood of enhancement must be carefully eval-
vated. For natural habitats that have dramatically
decreased over recent decades and are clearly impor-
tant nursery grounds for fish postlarvae (i.e. seagrass
meadows, salt marshes and oyster reefs), the assump-
tion that habitat is currently limiting is probably
reasonable and agrees with the current scientific
consensus (Peterson et al. 2003). However, for artificial
reefs no such consensus has been reached; if there is
emerging consensus, it points to a process of habitat
selection, rather than release from habitat or resource
limitation, as the most compelling explanation for high
aggregations of-fish around newly creafed offshore
artificial reefs. Further, the probability that any en-
hancement in fish production resulting from artificial
reefs would vary both spatially and temporally, and
by species, increases the large uncertainty that the

construction of artificial reefs could meet quantitative

mitigation goals. Until uncertainty is resolved and
actual enhancement of fish production is demon-
strated, only habitats in which the current scientific
consensus supports the assumption of habitat limita-
tion represent good candidates for compensatory
restoration. Qur calculations of the range of outcomes
in enhancement of fish production associated with the
construction of a new artificial reef habitat serves to
show the extreme sensitivity to the untested assump-
tions about key underlying biological processes.
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Bioenergetic and landscape considerations
for scaling expectations of nekion production
from intertidal marshes |

R. T. Kneib*

University of Georgia Marine Institute, Sapelo Island, Georgia 31327, USA.

" ABSTRACT: The connection betweeh fishery production and vegetated intertidal habitats is often a

key consideration in the rationale for protecting

contribution of marsh habitats to estuarine ne

and restoring estuartine salt marshes. Evaluating the
kton production requires an understanding of the

mechanisms and constraints controlling production flows to nekton populations; this is especially
important for setting and judging success criteria associated with restoration projects. This contribu-
tion considers both bioenergetic and landscape constraints on direct flows of marsh-derived produc-
tion to populations of resident and migrant nekton. Nekton access to marsh resources is defined in
terms of trophic (bicenergetic) and physical (landscape) constraints that determine the amount of
nekton production that can be expected. Production to biomass (P:B) ratios applied to measurements
of nekton standing stock from multiple marsh sites around Sapelo Island, Georgia, USA provided an
example of the spatial variation in mekton producticn that can be expected from natural marshes.
When P:B ratios of 2, 5, and 3 were applied to standing stocks of tishes, caridean shrimps and penaeid
shrimps, respectively, annual net production of nekton from 12 intertidal marsh sites ranged from
0.12 to 2.88 g dry weight (dw) m-2 and averaged ca. 1.50 g dw m~2; other scenarios using different sets
of P:B ratios yielded production ranges of 0.11 to 2.25 and 0.17 to 4,57 g dw w2, There was a strong
sigmoid relationship between nekton production and the amount of intertidal marsh/creek edge
within a 200 m radius of a site for both resident and migrant species. Production was lowest at sites
with relatively little marsh/creek edge, and increased rapidly with increasing drainage density until
reaching an asymptote, after which even large changes in the amount of marsh/creek edge had no
effect on nekton production. The findings suggest that bioenergetic constraints determine the ulti-
mate capacity of intertidal marsh systems to produce nekton, but nekton production may be
enhanced by relatively small additions of marsh/creek edge up to a threshold level above which no
additional enhancement should be expected. Site-specific bioenergetic and landscape constraints
should be considered when developing realistic expectations and success criteria for marsh restora-
tion efforts aimed at enhancing estuarine nekton production,

KEY WORDS: Estuaries - Fundulus - P:B ratio - Salt marsh - Palaemonetes - Litopenaeus

INTRODUCTION

Tidal marshes along the Atlantic and Gulf coasts af
the US can produce up to 8 kg m~ yr~! of plant mater-

ial, inclusive of vascular plants, benthic algae and -

phytoplankton (Mitsch & Gosselink 1993}). The quan-
tity of organic material annually generated in these
habitats clearly suggests their potential for supporting
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organisms at higher trophic levels. While most of the
production from intertidal wetlands is used in situ,
some is exported fo adjacent estuarine and coastal
habitats (Odum 2000, Teal & Howes 2000). There is no
clear consensus regarding the magnitude of those
exports or the mechanisms involved -(e.g. passive
movement of organic material or directional migration
of animals). However, local and regional variation in
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- tidal regimes, edaphic and climatic factors, together
with geomorphic characteristics of the landscape (both
natural and anthropogenic} may affect variation in pri-
mary production {Mendelssohn & Morris 2000) as well
as material and energy fluxes between the intertidal
and subtidal components of estuanes (Mitsch™ &
Gosselink 1993).

Intertidal vegetation contributes not only to the foun-
dation of many estuarine food webs but also to the
maintenance of structural complexity ai multiple spa-
tial scales in the coastal landscape (Kneib 1994, 1997,
Trophic support and refuge values have been the
basis of a long-standing rationale within the scientific
community for the importance of intertidal wetlands
in maintaining coastal productivity (e.qg. Teal 1962,
Boesch & Turner 1984). Positive statistical relationships
between fishery yields and either the area of vegetated
intertidal habitat (e.g. Turner 1977, Zimmerman et al.

. 2000} or the amount of intertidal edge associated with

such habilats (e.g. Teal & Howes 2000, Minello & Rozas

2002) can be found at multiple spatial scales (Webb &

Kneib 2002), adding credence to the original tenet

{sensu Teal 1962} that these habitats are net exporters _

of secondary production and highlighting the impor-

tance of transitional areas that promote the movements

of organisms and materials among habltats (e.g. vege-
tated intertidal and subtidal estuary).

Recognition of the importance of intertidal wetlands
in the support of estuarine and nearshore coastal
secondary production has led to their designation as
‘essential fish habitat' (e.g. see Benaka 1999), and pro-
moted interest in the restoration and creation of inter-
tidal wetlands as a management tool for enhancing
ecosystem ser-viées,'including fisheries production, in
estuaries (e.g. Lewis 1992, Kruczynski 1099). The
amount of nekton production annually attributable to a
given area of vegetated intertidal habitat is a long-
standing and crucial question from the perspectives of
both basic science and applied management. It must
encompass an understanding of what species and life
stages are dependent upon the resources available in
intertidal vegetaled habitats, including accurate mea-
sures of densities and standing-stock biomass and how
these vary in time and space. For some species, inter-
tidal wetlands may be essential for survival, while for
others their presence may simply improve survival and
growth, contributing to an enhancement of production.

Marshes. are only periodically available to fully
aquatic organisms and the boundaries of the aquatic
and terrestrial portions of the environment continu-
‘ously change with the ebb and flow of the tides.
Consequently, most nekton associated with intertidal
vegetated environments do not permanently reside
there, and exhibit a range of life-history strategies
involving ontogenetic shifts in habitat use as well as

tidal, seasonal and annual migration patterns that
vary acress a range of spatial scales (Kneib 1994,
19587). The open nature of intertidal habitats has pre-
sented a unique challenge to researchers attempting
quantitative studies of the dynamics of mobile popu-
lations, and consequently, actual estimates of produc-

* tion by nekton populations within tidal wetlands are

uncommon.

Most estuarine species rely on the resources of many
habitats during their life histories and so it is difficult to
quantify the fraction of a population's total annual pro-
duction that can be attributed to a specific environ-
ment (e.y. intertidal marsh, subtidal seagrass bed,
etc.}). Also, one must recognize that there is variation
both among and within habitat types in regard to
potential for contributing to production of estuarine
nekton. The secondary production attributable to in-
tertidal wetlands depends on the amount of primary
production entering the base of the food web, and its
accessibility to consumers, Accessibility is used here in
4 very general sense that encompasses physical access
to intertidal production, which is controlled by the fre-
quency and duration of tidal inundation as well as
structural features of the landscape {e. g. tidal chan-
nels, levees, impoundments, etc.), and trophic access,
which controls the efficiency of production transfers
within the system (i.e, the number of trophic links and
the amount of production lost at each link). There is
substantial variation in primary production not only at
the global and regional level but alse within wetland
ecosystems (Mitsch & Gosselink 1993, Mendelssohn &
Morris 2000), and one might expect a similar degree
of variation in the secondary production attributable
to different intertidal wetland sites.

Here 1 describe” constraints on nekton production
from bicenergetic and structural landscape perspec-
tives that should be considered in scaling the contribu-
tions of frequently flooded natural and restored inter-
tida! marshes to estuarine fisheries production. The
bioenergetic component focuses on availability of pri-
mary production to consumers and trophic transfer
efficiency as reflected in annual production to biomass
{P:B} ratios, while the landscape component considers. .
the effect of marsh channel complexity (i.e. tidal
drainage density) on habitat use, standing-stock bio-
mass and production of nekton. The concepts are
applied to data collected from Sapelo Island, Georgia,
USA, to demonstrate expected levels of spatial varia-
tion (10 m to 10 km) in nekton production derived from
undisturbed intertidal marshes where Spartina alterni-
flora is the characteristic emergent vegetation. This is
intended to provide an empirical framework for the
development of realistic targets and expectations in
connection with marsh restoration projects aimed at
enhancing estuarine nekton production.
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Nekton assemblages of tidal marshes

Nekton assemblages of intertidal wetlands are not
easy to define because there is not a universally recog-
nized seaward boundary for these systems. Histori-
cally, tidal marshes have been characterized by the
presence of certain vegetation types found primarily at
intertidal elevations between mean sea level and the
highest spring-tide line (Chapman 1960). If either
vegetation type or some tidal elevation above mean
Iow water defines the boundary of the system, then
subtidal waters are not—strictly-speaking—compo-
nents of these habitats (e.g. Kneib 1997). From this
perspective, intertidal creeks, ponds, pannes and
impoundments within the vegetated matrix may be
considered ‘elements embedded within the marsh
habitat, but subtidal creeks that maintain a continuous
aquatic connection with the sea at low tide are transi-
tional habitats between the marsh proper and the
broader open water estuarine system.

A popular alternative perspective among estuarine
fisheries researchers extends the tidal marsh to include
the adjacent shallow subtidal creek system into which
intertidal creeks drain (see Rountree & Able 1992 or
Deegan et al. 2000). The problem with this perspective
is that the boundary between the open estuary and the
intertidal wetlands becomes very subjective. How far
into the open estuary or coastal ocean does a tidal
marsh extend? Note that this question does not refer to
the influence of the intertidal vegetated habitat, but

-the seaward boundary of the marsh habitat. It also has
important implications for the measurement of nekton
secondary production from marshes. What is the rela-
tionship between distarice from the intertidal habitat
and thé amount of estuarine secondary production
supported by marshes?

Regardless of the perspective in defining the system,
it is clear that as one proceeds from the open embay-
ments and large tidal channels of the estuary into the
smaller creek channels, and ultimately onto the inter-
tidal plain of the vegetated marsh proper, the nekton
assemblage becomes a smaller subset of the total estu-
arine nekton community. Mere species and higher
densities of nekton usually occur at the seaward edge
of intertidal vegetation than in the interior of the vege-
tated marsh plain (Kneib 1997, Kruczynski & Ruth
1997, Minello 1999, Rozas & Zimmerman 2000), Densi-
ties of nekton also often decline with increasing water
depth and distance seaward of intertidal edge habitats
{Ruiz et al. 1993, Kurz et al. 1998).

Species vary considerably in their degree of associa-

tion with intertidal vegetated habitats. Some, such as
the mummichog Fundulus heterociitus and other killi-
fishes, range widely throughout the habitat whenever
it is tidally inundated (Kneib 2000}, while others, such

as spotted seatrout Cynoscion nebulosus or red drum
Sciaenops ocellatus, are found primarily at the estuar-
ine edge of intertidal vegetated habitat (Minello 1999)
and only occasionally forage across the marsh plain
(see Montague & Wiegert 1990, p. 507). Detailed
knowledge of how nekton species (much less their var-
ious life stages) use intertidal habitats is far from com-
plete, but different species and size classes clearly
have affinities for different portions of vegetated inter-
tidal habitats (Hettler 1989, Montague & Wiegert 1990,
Whitman & Gilmore 1993, Kneib & Wagner 1994,
Minello 1999, Kneib 2000, Rozas & Zimmerman 2000}.
Although the estuarine nekton community comprises

- mostly migrant or transient species that usually spend

only a portion of their life history (usually juvenile
stage’s) in the estuary, nekton assemblages most
closely associated with intertidal vegetation are domi-
nated by resident species—those that can complete
their life cycles within the shallow subtidal or even
intertidal portions of the estuary (Kneib 1997}. Even
when maximally accessible to all estuarine nekton
(e.g. at high-amplitude spring tides), interior portions
of vegetated intertidal wetlands are frequented pri-
marily by small (<10 cm} 1esident species (Peterson &
Turner 1994, McIvor & Rozas 1996, Kneib 1997), Along
the Atlantic and Gulf coasts of the southeastern US,
these generally include killifishes (e.g. Fundulus hete-
roclitus on the Atlantic coast, F. grandis on the Guif
coast), live-bearers {e.g. Poecilia Jalipinna and Gambu-
sia holbrooki) and grass shrimps (Palaemonetes spp.).
All serve as important prey resources for juveniles of
piscivorous species such as snock {Gilmere et al. 1983},
red drum (Reagan 1985) and a variety of other estuar-
ine predators (Abraham 1985) which compose the
migrant or transient components of estuarine nekton
assemblages.

NEKTON ACCESS TO MARSH RESOURCES
Trophic access

Primary production in intertidal marshes has 2 prin-
cipal sources: vascular piants and benthic algae. Vas-
cular plants are the most conspicuous and defining
elements of marsh systems, but there has been con-
siderable debate over their relative contribution to
marsh food webs. Estimates of annual production from
benthic algae in tidal marshes of the southeastern USA
range from about 140 to 470 g dry weight (dw) m™2
(converted from g C m~2 yr! given in Table 2 of Sulli-
van & Currin 2000—assuming 1 g C = 2 g dw), while
estimates of net annual above-ground production of
Spartina alterniflora (hereafter referred to as Spartina}
in marshes within the same region range from 130 to
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3700 g dw m2 (Table 8-7 in Mitsch & Gosselink 1993),
with the lower values associated with marshes in
northwestern Florida {Kruczynski et al. 1978). Algal
production is generally grazed as live biomass by inter-
tidal consumers, but relatively little {ca. 10%) of the
vascular plant material produced annually in these
systems is consumed live (Montague & Wiegert 1990},
Instead, it enters a detritus-based food-web driven by
fungi and bacteria, with a substantial loss of produc-
tion to respiration of the microbial community.

In salt marshes, decomposition of Spartina leaves
begins while the plant material is still in the standing
state and fungi play a key rele in the process. Recent
estimates of conversion efficiency of dead Spariina
biomass to fungi are in the range of 50 to 60 % (Newell
& Porter 2000). Fungi can be an important food source
for a variety of invertebrate marsh consumers, includ-
ing gastropods and amphipods (Kneib et al. 1997,
Newell & Porter 2000). Nekton that feed on these
potential prey can more efficiently capture marsh pro-
duction derived from vascular plants before it enters
the next phase of the decomposition process within the
sediments, where bacterial communities can rapidly
respire much of what remains to the atmosphere, and
in the process re-mineralize nutrients that may become
available to estuarine phytoplankton or benthic algal
communities in adjacent habitats (e.g. unvegetated
mudflat or open water column}. ‘

Diets of typical marsh resident species (e.g. killi-
fishes} tend to include a variety of small intertidal
invertebrates, such as copepods, amphipods, poly-
chaetes, gastropods and insects (Kneib 1878, 1986).
Even resident fishes with diets composed largely of
algae (e.g. Cyprinodon variegatus or Poecilia latipinna)
will feed opportunistically on animal prey (Harrington
& Harrington 1961, 1982). Diets of common nektonic
decapods (e.g. caridean and penaeid shrimps) simi-
larly include a mixture of plant and animal food
sources {e.g. Sikora 1977, Morgan 1980, Gleason &
Wellington 1988, McTigue & Zimmerman 1991). Al-
though evidence from analyses of stable isotopes (cazr-
bon, nitrogen and sulfur) in tissues of estuarine nekton
has consistently demonstrated links to tidal marsh-
derived organic matter (e.g. Deegan & Garritt 1997,
Woeinstein & Litvin 2000), the relative importance of
algae and vascular plant detritus in support of estua-
rine nekton production is an issue that remains
unresolved (Deegan et al. 2000).

Marsh systems contain an abundance of plant mate-
rial in various stages of decomposition, and it is not
surprising that detritus is commonly found in the gut
contents of virtually all common aquatic organisms
associated with these habitats, leading many investi-
gators to identify this material as an important food

source for nekton (e.g. Darnell 1967, Odum & Heald

1972, Welsh 1975). Although a few fish and shrimp
species are capable of assimilating some components
of plant detritus (e.g. Condrey et al. 1972, Deegan et al.
1990) and results of stable isotope studies suggest that
detritus plays a role in supporting marsh food webs
(e.g. Currin et al. 1995), other empirical studies have
shown that plant defritus is of questionable direct
nutritional value to some of the most common marsh
nekton, including killifishes (Prinslow et al. 1974,
D'Avanzo & Valeila 1990). In contrast, detrital diets
have been shown to support not only growth, but also
reproduction of smaller invertebrate prey populations
such as amphipods (Kneib et al. 1997).. The indirect
pathway from microbial decomposers of defritus to
small invertebrate prey populations and ultimately
marsh nekton seems the most likely principal path-
way by which detrital material contributes to nekton
production. '

Physical access to iniertidal resources

Intertidal plant production, regardiess of quantity or
quality, cannot contribute to the production of estuar-
ine nekton unless it is accessible. The previous section
considered accessibility in terms of trophic pathways,
but the physical structure of the landscape (e.g. Mclvor
& Rozas 1996, Kneib 1997, 2000) and the tidal regime
{e.g. Rozas 1995, Kneib 2000) also define accessibility
through effects on movements of nekion and food
sources between the intertidal and subtidal portions of
the estuarine environment. Experimental evidence for
the importanée of access to the intertidal marsh surface
in the maintenance of estuarine nekton populations
is rare. One study conducted by Weisberg & Lotrich
(1982) used field enclosures to demonstrate that access
to food resources available on the intertidal marsh was-
essential to support observed growth rates and popula-
tion densities of the killifish Fundulus heteroclifus in
Canary Creek, Delaware. :

Current conceptual models of the transfer of produc-
tion from intertidal to subtidal estuarine environments
have been focusing on predator-prey interactions and
ontogenetic shifts in the use of estuarine habitats by
different species of resident and migrant nekton.
Movements of production across the estuarine land-
scape via nekton populations have been referred to as
a ‘trophic relay’ (Kneib 1997, 2000, Deegan et al. 2000),
Vegetated intertidal habitats that are impounded or
otherwise disconnected from direct communication
with the open estuary obviously interfere with such
transfers. This is evident in the species compositions
and densities of nekton in closed and open impound-
ments examined in Florida wetlands (e.g. Gilmore
et al. 1982, Rey et al. 1990, Vose & Bell 1994). These
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studies have shown that closed impoundments, while
dominated by small resident nekton, rarely contain
estuarine transient species, but when these impound-
ments are open, usage by transient species increases
while densities of residents may decline. Given that
many transient species are predators, these observa-
tions imply that production accumulated in the bio-
mass of resident species is quickly passed on to the
transients when the system is physically accessible.

If there are no physical obstructions between the
open estuary and intertidal wetlands, the tidal regime
of a region determines the potential level of opportunity
. for direct use of the habitat by nekton (e.g. Rozas 1995,
Mclvor & Rozas 1996). The frequency and duration of
tidal inundation control the amount of time that inter-
tidal habitat is available to nekton, while tidal ampli-
tude influences the areal extent of the habitat. Species-
specific life histories, behavior and size-specific
swimming ability then determine the actual level of
direct use of intertidal habitats by nekton (see Kneib
1995). For example, resident nekton (e.g. killifishes
such as Fundulus spp.) use intertidal creeks and pools
as low-tide staging areas from which they have imme-
diate access to all areas of the marsh that are tidally
inundated, while some migrant species (e.g. juvenile
white shrimp Litopenaeus sefiferus) may not appear on
the vegetated marsh until it has been inundated for a
longer period of time (see Fig. 1 in Kneib 2000). The
‘extent of movement by nekton across the marsh plainin
response to tidal stages (i.e. flooding vs ebbing flows)
varies with species and size (Kneib & Wagner 1994},
and relates in part to the swimming capacity and the
degree of aversion to intertidal stranding exhibited by
different organisms. In general, resident species are
least averse to stranding and thus tend to'be the first to
enter and the last to leave the marsh, thus maximizing
their time directly using the resources of the tidal
marsh. Transient species tend to arrive later on flood

tides and leave the marsh earlier on ebbing tides than -

resident nekton (Kneib & Wagner 1994).

Edges defining the border between the vegetated
intertidal and adjacent water bodies {embayments,
tidal creeks, canals, etc.) can be described as ‘critical
transition zones' (Levin et al. 2001). These are areas of
potentially intense biological activity and often exhibit
the highest densities of nekton associated with inter-
tidal wetlands, particularly in microtidal environments
associated with marshes along the northern shoreline
of the Gulf of Mexico (e.g. Minello 1999, Rozas &
Zimmerman 2000). The attraction of nekton to struc-
tural edges has prompted the application of manipula-
tive management techniques designed to enhance the
amount of edge habitat as a means of increasing fish
production, particularly in shallow open water habitats
(e.g. Rozas & Minello 2001}). A narrow (a few meters}

vegetated intertidal edge can provide a structural
refugre for prey or a habital from which predators can
ambush prey organisms {Thayer et al. 1987, Whitman
& Gilmore 1993), but this relatively small area of marsh
habitat is unlikely to have the capacity to satisfy the
nutritional requirements of the high densities. of nek-
ton often found there, unless there is additional trophic
support from adjacent portions of the estuary (e.g. inte-
rior marsh, mudflat or subtidal aquatic/benthic habi-
tats}. In most estuarine marshes, tidal channels and
their associated edges function to increase accessibility
of intertidal resources to both resident and migrant
nekton. Higher densities of nekton occur in the interior
of tidal marshes associated with complex drainage net-
works compared to marshes drained by only a few
simple tidal channels (e.g see Fig. 6 in Kneib 1994).

- NEKTON PRODUCTION

Bottom-up estimate of nekton production
from tidal marshes

From the background information on plant produc-
tion, food sources and trophic links involved in the pro-
duction of nekton from intertidal habitats (previous
section on Trophic access), together with a basic un-
derstanding of ecological energetics, one can roughly
estimate the amount of net production of nekion
expected from an area of Spartina marsh with an inter-
mediate rate of annual plant production totaling 1250 g

“dw m? (Fig. 1). For purposes of illustration, I have

assumed above-ground net primary production that
includes 1000 g from Spartina alterniflora and 250 g
from benthic algae. Trophic transfer efficiencies of
10% (Pauly & Christensen 1995} were applied in all
cases, except for conversion of detritus to fungi, which
is more efficient and was assigned a value of 55%
(Newell & Porter 2000). Neither dissolved organic
carbon (DOC) nor below-ground production from
Spartina were included here because there is currently
little evidence linking these sources directly to food
webs that support the production of nekton from
marshes, Foliar release of DOC from Spartina is
quickly taken up by bacteria {Hullar et al. 1996) and
respired into the atmosphere, while most of the below-
ground plant production—the source of which of
course is aerial production—is readily translocated
among living roots, rhizomes and above-ground shoots
{Dai & Wiegert 1996). Thus, above-ground growth of
Spartina in the spring depends on winter reserves
stored in the below-ground rhizomes and roots. How-
ever, the current model (Fig. 1) should be viewed as an
underestimate if some nekton production derives from
these sources either directly or indirectly.
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Fig. 1. Production flows -to nekton populations from a hypo-
thetical 1250 g dry weight {dw} m2 of annual primary pro-
duction from an intertidal salt marsh. Size of arrows indicates
relative importance of flows to nekton populations, not neces-
sarily total magnitude of material or energy pathway. Eco-
logical efficiencies were assumed to be 10% except for con-
version of Spartina alterniflora to fungi, which was 55% (see
section 'Botiom-up estimate of nekton production from tidal
marshes’ for additional constraints). It was further assumed
that most of the production of herbivores (10 g dw} from live
Spartina contributed to a terrestrial food web (i.e. spiders
and birds), and only 20% was available to nekton

In the present scenario, 10% of the Spartina produc-
tion is consumed live by insects and other herbivores
(Montague & Wiegert 1990), and most of that pathway
would likely contribute to a terrestrial food web (e.g.
spiders and birds). Nonetheless, [ presumed that 20%
of that production or 2 g of insects (100 g x 0.1 x 0.2)
would be available to aquatic predators and thus
would vield 0.2 g of nekton {2 g x 0.1}. Most of the
Spartina production (900 g} enters a deirital path-
way beginning with fungi, which yields 495 g dw m™2
(800 x 0.55 eificiency of conversion to fungi} poten-
Hially. available to benthic/epibenthic invertebrate con-
sumers. Assuming further that invertebrate consumers
(amphipdds, annelids, insect larvae, etc.) could capture
1/3 of that material before it entered the next phase of
decomposition involving bacterial communities, the
available material could yield 16.3 g dw m~
0.33 x 0.1 of invertebrate prey organisms.

The balance of detrital production which passes .

through the fungal component and on to bacterial com-

- munities (495 x 0.67 x 0.1 = 33 g dw) also could con-

tribute 3.3 g dw m~? (33 x 0.1) to the invertebrate prey

2 (495 x -

assemblage through a weaker link to the microbial
loop. If most of the primary production from benthic
algae is readily and directly available for consumption,
it would vield an additional 25.0 g dw m™2 (250 x 0.1} of
potential invertebrate prey, providing a potential food
reservoir for nekton of 44.6 g dw m™? not all of which
would be available to aquatic predators. Some molluscs
(e.g. periwinkle snails and mussels) and larger crus-
taceans (e.g. fiddler crabs and mud crabs) may be rela-
tively long-lived and ultimately consumed by terrestrial
predators (Carlton & Hodder 2003). However, here I
have assumed that a substantial majority (90 %) of in-
vertebrate prey production is available and turns over
rapidly, so could vield 4.0 g dw m™2 (44.6 x 0.9 x 0.1} of
nekton. Combined with the 0.2 g from the consumer
pathway linked to live Spartina production, this vields a
grand total of 4.2 ¢ dw m™ of fishes, shrimps and crabs
supported on 1250 g dw m2 of above-ground tidal
marsh primary production.

If 2/; of this total represents resident species with the
balance in migrants, and the residents are an impor-
tant source of prey for other estuarine migrant species
(e.g. drums, flatfishes and other predatory species), a
total of 1250 g dw m2 of primary production from a
marsh could contribute 1.7 g dw m™2 of migrant nekton
to the estuary (4.2 x 0.33 = 1.4 g produced directly by
the marsh and another 4.2 x 0.67 x 0.1 = 0.3 g produced
as a result of migrant predators feeding on resident
prey species). The estimate of 4.2 g dw m2 of total
nekton production from this hypothetical marsh system
provides a ‘ball park’ value that may not adequately
account for all potential pathways by which marsh pro-
duction contributes to the trophic support of adjacent
estuarine and terrestrial ecosystems, including con-
sumption by birds or other nom-aquatic predatlors
(Carlton & Hodder 2003}. Neither does it account for
the biomass stored in long-lived potential prey species
such as marsh periwinkles Littoraria irrorata or ribbed
mussels Geukensia demissa, both of which have lifes-
pans ranging from 10 to 20 yr (Stiven & Hunter 1976,
Franz 2001). However, it provides a point of reference
from which to compare estimates from an alternative
empirical method described in subsequent sections.

Production:biomass ratios

Production (P} during short time intervals can be
estimated from a single measure of biomass (B} if there
is some prior knowledge of both growth (G) and mor-
tality (Z) rates, as these vital rates can be related to
production as follows: P = GB [(e%Z - /(G - Z)}].
Annual production is then calcilated by summing the
production over all short time intervals. Of course, this
assumes that growth and mortality schedules are accu-
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rately known for a sufficient number of short time
intervals to define the annual pattern. Chapman (1978}
pointed out that while growth rates can usually be esti-
mated with reasonable certainty, mortality rates can be
notoriously inaccurate, not to mention difficult and
time-consuming to obtain. If one can assume an empir-
jcal relationship between production and biomass (i.e.
P = cB, where cis a constant for a given species and set
of conditions} on an annual basis, a reasonable esti-
mate of one variable can be made from an accurate
estimate of the other; this concept is supported by a
substantial literature that has developed for some
aquatic systems.

Fishes

Production is strongly correlated with standing-
stock biomass for fishes in freshwater lakes and
stream systems. Several researchers (e.g. Chapman
1978, Banse & Mosher 1980, Downing & Plante 1993}
have compiled lists of P:B ratios for freshwater fishes
and observed that the ratio also varies consistently
with species size and with regional climatic tempera-
ture regimes. Values of P:B ratios are inversely
related to aduli or maximum body mass (Banse &
Mosher 1980}, mostly because smaller species tend to
exhibit more rapid growth rates and exhibit shorter
generation times than large species. P:B ratios of the
11 species listed by Banse & Mosher (1980) ranged
from 0.4 to 2.82 and averaged 1.78; those listed in
Chapman (1978) ranged from 0.44 to 5.0 and aver-
aged 1.69. A larger survey of 100 fish populations by
Downing & Plante (1993) indicated a range of P:B
values between 0.2 and 5.0, with an average value of
0.93 (Fig. 2).

30
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Fig. 2. Distribution of production to biomass (P:B} ratios from
100 populations of fishes. Data came from Downing & Plante
{1993)

Note that there is a primary mode around a P:B ratio
of 1 and another between 2 and 3. The higher P:B val-
ues are associated with smaller fish species, This is an
important consideration for neklon assemblages in
tidal marshes because they are characterized by spe-
cies or size classes that are relatively small, averaging
<10 cm in length (Kneib 1997). A survey of the few -
studies of fish production available from tidal marshes’
reveals a range of P:B ratios similar to those reported
for freshwater fishes (Table 1}. Mean values of P:B
ratios from the few studies of marsh fishes that pro-
vided sufficient information to permit an estimate,
ranged from 0.81 to 4.48, with an average value poocled
across all studies of 2.41.

The P:B ratios from studies based on mark-recapture
data, which should provide the most accurate esti-
mates of population size (i.e. standing stocks) and mor-
tality rates, yielded values around 1 (e.g. Valiela et al.
1977, Weinstein & Walters 1981). The higher values
presented in some-studies (e.g. Warburton 1979, Allen
1982} were based on variable intervals during which
species were present in the system, and may not
tepresent expected values on an annual basis. Conse-
cuently, a P:B ratio of 2 for marsh fishes is a reasonable
compromise, given the lower values (Fig. 2) represent-
ing freshwater fishes and the paucity of information on
estuarine species.

Many of the literature estimates reported for fishes
from both freshwater and marine environments may
not include the earliest life stages within Age 0, which
often account for most of the preduction in a popula-
tion. For example, Wang & Houde (1995) estimated
production of bay anchovy in Chesapeake Bay from
acoustic-calibrated data and found that young-of-the-
year accounted for 92,6 % of the annual production in
the population; they reported a P:B ratio of 0.97 {very
similar to the value for fish in lakes} when larvae and
early juveniles were excluded, but when these earliest

. life stages were factored in, the P:B ratio jumped to

7.08 (note: incorrectly reported in the paper as 8.07).
Similarly, Allen (1982) cbserved that the P:B ratio for
young-of-the-year atherinids from the littoral zone of a
California wetland systermn was substantially higher
(7.55) than that of adults (1.27).

The high P:B values resulting from the production of
the very ecarliest life stages in tidal wetlands are not
considered further here for 2 reasons: (1) Much of the
mortality in the youngest age classes of resident spe-
cies has been connected to consumption by adult resi-
dents {Kneib 1987, 1993), essentially forming a closed
trophic loop (i.e. early larval production is used in situ)
and so is unavailable for direct export from the inter-
tidal to the open estuary; (2) Migrant species found in
tidal marshes arrive as juveniles because the early
stages are generally produced elsewhere {spawned in
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Table 1. Summary of annual preduction and production to biomass (P:B) estimates for nekton (fishes and decaped crustaceans) from tidal

wetlands. Values are converted to g dry weight (g dw) m™2 from units used in the original papers (conversion factors: dry wt = 0.22 x wet wi;

1 g dry wt = 4.7 kcal; 1 keal = 4.2 kJ). YOY: young of year

corrected for surrounding
marsh drainage)

Species Location Production (g dw m2vyr-l)  P:B Source
Fishes . :
Fundulus heteroclitizs Great Sippewissett Marsh, MA 1.62 0.81 Valiela et al. (1977)
Fundulus heteroclitus Canary Creek, DE 8.8 (78 % from YOQY) for Meredith & Lotrich (1979}
' creek only
Fundulus parvipinnis Ojo de Liebre Lagoon, Mexico 0.32 (tor iagoon only) 21 Pérez-Espafia et al. (1998}
Leiostomus xanthurus Creeks on Cape Feéar River, NC 0.26 {creek only, YOY) 1.06 Weinstein & Walters (1981)
Leiostomus xanthurus 2 tidal creeks in York River, VA 4.2-4.6 in creeks only; Weinstein (1983),
corrected for marsh drain- Weinstein et al. (1984)
age area, value is 0.38
All fishes Mesohaline impounded 9.6-14.0 {not inclusive of Schooley {1981)
salt marsh, FL surrounding marsh
drainage)
Atherinops affinis: Adults  Littoral zone of tidal marsh, 0.13 1.27
YOY  Upper Newport Bay, CA 7.96 7.55
(not inclusive of entire intertidal); Allen (1982)
9 other spp. only species present in more <(.01 to (.46 {mean: 0.16}) 0.54-10.59
than 1 mo are included here (mean: 3.42)
Mugil curema Caimanero Lagoon, Mexico 2.7 3.25-8.44
Anchoa panamensis subtidal area only} 2.7 mean: 4.48)
GaIeicthI)Jys caerulescens [ 1.8 [ Warburton (1979) .
Ali other spp. All others 2.8 (average)
Decapod crustaceans
Palaemonetes pugio Killer Creek, SC 10.8 for creekbank area 5.06 Sikora {1977)
' only, and 0.67 when adjusted
for marsh drainage area
Palaemonetes pugic Bissel Cove, RI 6.8 (embayment only, not 2.34 Nixon & Oviatt {1973},

Welsh (1975)

aAnnual production value reported in Valiela et al. (1977) was 16.0 g dw m™2, but length-weighi equations used in calculations over-
estimated dry mass of individuals by an order of magnitude, thus the annual preduction value was reduced proportionally for this table

the coastal ocean or open estuary) and so the earliest
production cannot be associated directly with the
marshes.

Fish production is strongly influenced by the effect of

temperature on growth rates (Downing & Plante 1993).

and the P:B ratios of fish populations in tropical areas
are-expected to be greater than in temperate areas.
Chapman (1978} suggested a P:B value of 1.5 as an esti-
mator for cold-water habitats and 1.7 to 2.0 for warmer
waters for fishes in freshwater streams. However, a
survey of P:B values associated with tropical fish spe-
cies worldwide does not differ dramatically from those
in temperate waters. For example, Lowe-Mc¢Connell
(1987) reported P:B values for tropical fishes ranging
from 0.68 to 3.77 and averaging 1.8. Agostinho &
Penczak (1995) reported mean values of 0.79 and 0.90
for 2 small tributaries of the Parana River in Brazil; the
range for individual species at the 11 sites examined
ranged from 0.51 to 1.35.

Decapods

P:Bratios for decapod crustaceans in tidal marshes are
even less common than those for fishes. The 2 studies of
grass shrimp production cited in Table 1 yield an aver-
age value of 3.70, which is substantially higher than that
for fishes. Grass shrimp reach maturity at a size of 20 to
25 mm, produce multiple generations annually {Sikora
1977), and serve as important forage species for many

. other estuarine nekton, including marsh resident fishes,

The 2 studies of grass shrimp production shown in Table
1 are from different latitudes, and thus very different
climatic regimes. The higher value (5.06) reported from
South Carolina compared to Rhode Tsland (2.34) most
likely reflects latitudinal differences in mean annual
temperatures and length of the growing season. The
value from Sikora (1977) should be more representative
of warm temperate and sub-tropical conditions in the
southeastern USA, '
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Estimates of production from commercially har-
vested decapod species focus on mariculture and
yields to the fishery rather than on net production
from natural populations. Herke et al. (1992) reported
on the net export of nekton, including penaeid
shrimps, from a pair. of 35 ha impoundments in a
Louisitana marsh. Each impoundment enclosed ca.
26.5 ha of open water and ca. 87 ha of Spartina
patens marsh {ca. 75% open water, 25% marsh); one
included a fixed-crest weir across the channel con-
necting the impoundment to the estuary and the other
had no weir. Sampling was conducted fer 2 conse-
cutive years and the average net annual export (yield)
of penaeid shrimp was 4.5 g wet weight (ww) m™>

-{0.99 g dw) in the absence of a weir and 1.8 g ww m™
(0.4 g dw) when a weir was present, but no estimate
of standing-stock biomass in the ponds was provided.
Consequently, I used data from Rozas & Minello
(2001) on penaeid shrimp density expressed in bio-
mass from a reference marsh (18 g wwm2or40 g
dw} and reference pond (1 g ww m™ or 0.22 g dw} in
Louisiana to provide an expected value of penaeid
standing stocks that reflected the vegetated condition
of impoundments in Herke et al. (1992},

Data in Rozas & Minello (2001) were taken to repre-
sent conditions from spring through autumn; penaeids
were assumed to be absent from these shallow marsh
habitats in winter, so the values for annual standing
stocks had to be adjusted (reduced to 75% of the
spring to autumn average) for this seasonal effect.
Thus, the annual standing stock of penaeids in the
25% of the impoundment area that was vegetated was
taken to be 3.0 g dw m2 (4 x 0.75) and 0.16 g dw m™>
{0.22 x 0.75}) in the 75% that was open water. This
gives an overall average annual standing-stock bio-
mass estimate for the impoundments of ca. 0.9 g dw
m~2 (3.0 x 0.25 marsh area + (.16 x 0.75 open water
area). _

If the exported biomass is considered the total net
production, then the P:B ratio for penaeid shrimp in the
unobstructed impoundment studied by Herke et at
(1992) would be 1.1 {0.99:0.90). However, this does not
account for losses to predators such as red drum and
other sciaenids, which were abundant in the impound-
ment. Knudsen et al. (1989} had earlier estimated mor-

tality rates of brown shrimp in these same impound- |

ments and, in the sifuation without weirs, estimated
mean monthly instantaneous mortality rates of be-
tween 0.877 and 1.27. Assuming an average mortality
rate of 1.07, net production would have to account for
atleast 2.9 times (e!'%) the standing stock to maintain a
constant value for shrimp biomass in the ponds, If this
rate is used as a multiplier, the estimated P:B ratio for
penaeids is then 3.2 (1.1 x 2.9). Given that penaeid
shrimp are larger than grass shrimp and decapods

generally exhibit growth rates greater than most
fishes, a P:B value that falls between grass shrimp and
fishes seems reasonable for penaeids.

SPATIAL VARIATION IN NEKTON
PRODUCTION—AN EXAMPLE

Field collections

In order to provide an estimate of the expected spa-
tial variation in standing-stock biomass and production
of nekton from a warm-temperate/subtropical tidal
marsh, samples were collected at 2 wk intervals from 6
intertidal marsh sites on Sapelo Island, Georgia (Fig. 3)
using flume weirs (see Kneib 1991 for details). The
flume weir was designed for the quantitative collection
of nekton (>20 mm in length) from 100 m? sampling
areas of tidally inundated vegetated marsh surface,

Two sampling sites weTe selected in each of the
lower, middle and upper reaches of the Duplin River
{designated LD, MD, UD, respectively) to represent
relatively simple and complex (designated 1 and 2,

Fig. 3. Sapelo Island, Georgia, USA showing locations of the 6 prin-

cipal sampling sites (lower, middle and upper reaches of the Dupln

River, designated LD, MD, UD, respectively, representing relatively

simple and complex tidal drainage networks, designated 1 and 2,

respectively: LD1, LD2, MD1, MD2, UD1 and UD?2} for nekton in
marshes along the Duplin River
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Table 2. Summary of physical characteristics at each of 12 sampling sites in marshes on the Duplin River, Sapelo Island, Georgia.

Abbreviations represent lower, middle and upper reaches of the Duplin River, designated LD, MD, UD, respectively, represent-

ing relatively simple and complex tidal drainage networks, designated 1 and 2, respectively: LD1, 1.D2, MD1, MD2, UD1 and

UD2. At each site, a flume weir was located at each of 2 distances (6 to 20 and 28 to 85 m) from the nearest tidal channel {desig-
nated -L and -H, respectively). +MLW: above mean low water

LDI-L ED1-H LD2-L LD2-H MP1-L MDI1-H MD2-L MD2-H UDI-L UDM-H UD2-L UD2-H

Physical feature

Elevation (+MLW, cm) 2212 2254 1942 1971 1782
Meters to intertidel creek 12 85 20 44 16
Meters to subtidal zone 178 278 89 142 o7
Intertidal edge within 1935 1103- 2269 2472 2267
200 m radius (mj}

Subtidal edge within 326 0 805 628 436
200 m radius {m}

2008 1539 1794 1999 2163 154.7 - 189.2
49 16 28 | 6 44 10 73 .
181 168 171 276 321 149 265

2024 5723 5660 2998 1971 5201 2781
341 164 68 0 0 132 0

respectively) tidal drainage networks. At each site, a
flume weir was located at each of 2 distances (6 to 20
and 28 to 85 m) from the nearest tidal channel (desig-
nated -L and -H, respectively). For example, the sam-
pling location designated ‘LD1-L" was the flume weir

nearest the creék in a relatively simple drainage sys-

tem within the lower reaches of the Duplin River
(Fig. 3). Nekton samples were collected {rom each
flume weir at or very near slack high tide approxi-
mately twice monthly during 1999.

Landscape complexity

Some physical characteristics of each of the 12 flume
weir locations are given in Table 2. Included is a mea-
sure of tidal creek complexity, expressed as the linear
amount of intertidal and subtidal channel edge within a
200 m radius of each flume weir location. Channel edge
data were collected from digitized black & white nega-
tives (1:16000 scale) recorded during an aerial photo-
graphic survey conducted in December 1989. A scaled
circle of 200 m radius, centered on the location of each
flume weir, was superimposed on the photographs (23 by
23 ¢m) and the combined images were enlarged to 9.5
times their original size. Qutlines of the intertidal and
subtidal creeks located within the ciicle were traced and
. measured using Sigma Scan Pro® (Version 4.0, SPSS)
- software on a Dell® Optiplex XMT 5100 desktop com-

puter. :

Results of nekton sampling

A total of 94827 individuals (>20 mm in total
length) distributed among 33 species of nekton was
collected. As is typical of estuarine nekton samples,
most of the individuals were represented by only a

few species. In this case, 11 species of fishes and
decapod crustaceans accounted for >99% of the indi-
vidual organisms in the samples (Table 3). Three
species, the caridean shrimp Palaemonetes pugio -
(49.1%), the killifish Fundulus heteroclitus (30.2%),
and juveniles of the white shrimp Litopenaeus
setiferus (10.8%), accounted for >80% of all the
nekton. Overall, resident species composed ca. 85%
of the assemblage, with the remainder (15%) con-
sidered migrants. Densities within each group were
averaged across all samples to provide a mean annual
demnsity for each flume weir site (Table 4),

A substantial amount of spatial variation was evident
across sites, with the maximum mean annual density of
ca. 7.0 ind. m? at the MD2-H site being >17 times
greater than the minimum density of 0.4 ind. m~2 at the
LD1-H site. In general, densities were similar to those
reported from other marshes on the east and west
coasis of the USA, but were substantially lower than
those reported from many sites in the Guif of Mexico
(Table 5). Resident and migrant species both were
more abundant at lJower intertidal elevations (Fig. 4a});
slopes of regression lines relating nekton densities to
elevations were significantly different from zero (p =
0.004 for residents and migrants). Weaker relation-
ships seemed to exist between nekton abundance and
proximity to the marsh edge (Fig. 4b), but these regres-
sions were not statistically significant (p = 0.09 for
residents and p = 0.116 for migrants}. Observations of
decreasing nekton densities with increasing distance
landward of the marsh/estuary edge are common
elsewhere {Table 5).

Individual fishes and shrimps from each sample
were measured (fotal length to the nearest mm) and
hiomass (mg dw)} was determined from a set of empiri-
cally derived length-weight equations for each species
(Table 3). The annual mean standing-stock biomass
{g dw m™) at each site (Table 4) was determined by
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Table 3. Length-weight equations used to calculate dry weight {DW; mg) of indi-
viduals for each of the 11 most common species captured on the marsh surface,
Sapelo Island, Georgia, USA. n = number of individuals measured and weighed;
TL = total length in mm; for shrimp, TL is from the tip of the rostrum to the tip of
the telson. Wet weight (WW; mg) can be estimated by applying the following: WW
= DW/0.22; resident and migrant species are identified as R and M, respectively

pected annual secondary production of
estuarine nekton from intertidal marsh
sites around Sapelo Island, Georgia,
USA.

Three scenarios were generated from
different combinations of P:B ratios to

Species n Equation Regression r2 estimate a range of production values
(Table 6). Scenario 1 was the least
" Fishes ) ' . complicated and most conservative. I
Fundulus het-erochtus R) 1744  D'W = 0.0005616(TL)* o 0.987 applied a P:B ratio of 2 as a multiplier on
Fundulus luciae {R) 742  DW =0.0007498 {TL)> 0.935 tho standing stocks of all species to pro-
Cyprinodon variegatus (R) 351  DW = 0.0005207 (TLP**®  0.961 16§ g 5 speciesto p
Poecilia latipinna (R) 317 DW = 0.000740 (TL)34% 0.973 vide an average production estimate of
Gobionellus smaragdus (R) 177 DW =0.002117 (TL)>%* 0.984 ca. 1.2 g dw m? for all nekton that use
Leiostomus xanthurus (M) 556 DW= 0.0005674 (TL)**®  0.987 intertidal marsh as habitat. In Scenario
Mugil cephalus (M) 123 DW = 00006724 (TLP>  0.980 2, production of fish was estimated by
Mugl'j ‘cu.rema (M} 121 DWW = 0.0008644 (T‘L}a'zls 0.989 mu].ﬁplymg their mean anntlal Stand'
Menidia menidia (M) 230 DW = 0.0005886 {TL)™ 0991 . . ! .
D a ing-stock biomass by a P:B ratio of 2,
ecapo crustaceans . TS ] .
Palaemonetes pugio {R) 1385 DW= 0.0007118 (TL)***! ~ 0.873 while 1I_nmnﬂller of t5 "Sas dapphefd ;0
Litopenaeus sefiferus (M) 286  DW = 0.0008046 (TL)*™  0.982 grass shrimp (the most abundant of the
. resident nekton), and an intermediate-

applying the length-weight relationships to the size
distributions of each species, and averaging across the
24 sampling dates at each site. Standing stocks varied
by more than an order of magnitude across sites, rang-
ing from a maximum of 1.13 g dw m™ at UD1-L. to a
minimum of (.05 g dw x m™2 at LD1-H. In general,
annual standing stocks were greater toward the upper
. reaches and least in the lower reaches of the Duplin
River system. With respect to seasonal variation, stand-
ing stocks were greatest in the summer and autumn
(July to November) and lowest during the winter
(December to February).

‘Estimates of nekton production based on P:B ratios

Using the annual standing-stock biomass estimates
from Table 4, and applying the appropriate set of P:B
ratios, one can calculate an estimated range for ex-

value of 3 was used for juvenile white
shrimp; this gave an annual production
estimate of ca. 1.5 g dw m™2, and is considered the most
likely and defensible scenario based on current knowl-
edge. Scenario 3 was the least conservative and applied
a relatively high P:B value of 3.to fishes and 5 to all
shrimp species (caridean and penaeid shrimp), resulting
in a production estimate of 2.2 g dw m ? . '
Mouch of the considerable spatial variation in produc-
tion from the intertidal marsh in this example is associ-
ated with the amount of intertidal creek edge within
200 m of each sampling site (Fig. 5). The production
data for both resident and migrant species were fitted
to non-linear relationships using the regression wizard
in SigmaPlot® Version 8 (SPSS) and both exhibited
similar sigmoidal shapes, with production increasing
sharply above 2000 m of edge before reaching an
asymptotic limit at or above 3000 m in a radius within
200 m of the sampling sites. The fitted equations for
resident and migrant species respectively were as
follows:

Table 4. Summary of mean annual densities (ind. m™) and standing-stock biomass (g dry weight m=? } of resident and migrant
nekton collected by flume-weir at slack high-tide from 12 sampling sites in marshes on the Duplin River, Sapelo Island, Georgia;
N = 24 col-lections site™ during January to December 1999. See Table 2 for site abbreviations

LDI1-L LD1-H 1LD2-L LD2-H MD1-L MDi-H MD2-L MD2-H UD1-L UDI1-H UD2-L UD2-H

Mean annual density

Resident species 1.00 0.39 1.96 2.89 1.46
Migrant species 0.002 0001 001 006 1.59
Total nekton 1.00  0.39 1.97 295 3.05
Mean annual biomass

Resident species 0,135 0.053 0.558 0.534 0375
Migrant species <0.001 <0.001 0.004 0016 0.707
Total nekton 0.135 0.053 0.562 0550 1.082

0.88 6.28 6.30 4.69 0.94 512 200
0.004 0.71 0.71 0.56 0.03 1.81 041
0.88 6.99 7.01 5.25 0.97 6.93 241
0.231 0565 0.809 0.941 0.196 0412 0.500
0.025 0310 0.139 0.185 0.006 0532 0.092

0.876 0,948 1.126 0.202 0944 0.593

- 0.256
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Table 5. Survey of nekton densities (ind. m %) mostly from Spartina alferniflora marshes identified as natural or reference sites
compared to created or restored sites

Location Natural/reference Restored/created :
Residents Migrants Residents  Migrants Source

Harkers Island, NC, 42 9.2 Mevyer et al. (1996)

Swansboro, NC, 14 17.8

Sneads Ferry, NC 4.0 3.0

Newport River, NC*® : 1.2 0.85 Hettler (1989)

Tampa Bay, FL? 1.4 01 0.77 0.49 Kurz et al. {1998)

Pascagoula, MS 2.0 0.7 7.9 2.1 LaSalle (1995)

- Terrebonne-Timbalier, LA (2-22 m 7.9 3.0 Rozas (1992}, Rozas &
in from marsh edge) Reed (1993)
Célc_asieu Lake, LA® (edge) 51.9 51.8 32.2 43.3 Rozas & Minelle (2001}
Pooled sitesin TX and LA 134 -39 Minello (1999}

(>5 m in from marsh edge)

East Matagorda, TX {edge} 325 154 14.3 6.2 Minello &
Chocolate Bay, TX (edge) 136.8 34.9 29.0 21.8 Zimmerman {1992)
Stedman Island, TX (edge} 73.4 15.2 9.2 10.2

Galveston Bay, TX (1993) Rozas &

(edge, 1-2 m from water} 50.8 40,4 Zimmerman (2000}
- (interior, 5-6 m from edge) 12.4 4.3

East Bay, TX (1994}

(edge, 1-2 m from water) 50.8 38.0

(intericr, 5~6 m from edge) 18.4 13.8

San Diego, CA 1.6 - 056 2.8. 1.1 Williams & Zedler (1999)
2Fish only, no decapods; Pno grass shrimp included; assumes most unspecified fish species are mig‘raht

y =1.6431 L6431

1 (5
2196.2

0.8026

_(x—2911‘4}
14g \ 1378

-8.393

(1)

and

y=0.0172
{2)

where y = annual production (g dw m™2) and x = the
amount of intertidal creek edge (m) within a 200 m
radius of the sampling location. One data point shown
as an open triangle in Fig, 5 was omitted from the
analysis as an outlier. It was associated with migrant
species (mostly the penaeid shrimp Litopenaeus
setiferus) at the MD1-L, which was the only frequently
flooded sampling site immediately adjacent to the
main channel of the Duplin River in its middle reaches
where fransient species that grew in the upper reaches

of the system would be subject to capture dm"ing' their |

ontogenetic migrations into the open estuary.

DISCUSSION

Estimatés of annual nekton production from the pre-
sent study ranged from 0.11 to 4.57 g dw m2, depending

on location and the set of P:B ratios applied to the mea-
sured standing stocks. The range of values within any
scenario demonstrated that one can expect substantial
spatial variation in the amount of nekton production
from intertidal marshes, even within a limited geo-
graphic region. The amount of material at the base of
the food web {e.g. vascular plant detritus and benthic
algae) that is ultimately available to nekton populations
through trophic interactions sets the upper limit to the
production that can be suppoited. An independent initial
‘ball park’ estimate of nekton production expected from
1250 g dw m™? of annual marsh primary production (4.7 g
dw m?, Fig. 1), following the application of bisenergetic
constraints within the food web, was consistent with
the high end of the range of nekton production values
estimated from P:B ratios applied to empirical nekton
standing stocks from the flume weir samples.

Physical constraints (e.g. tidal frequency and dura-
tion of flooding} on accessibility of marsh resources
also contribute to controlling the amount of intertidal
production available to aquatic consumers. To some
degree, these constraints are reflected in structure of
the landscape as represented by the measure of creek
drainage density (intertidal creek edge within 200 m of
a site), which was a good predictor of nekton produc-
tion (Fig. 5). This measure may have combined the
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effects of intertidal elevation and proximity to tidal
channel, which, when considered as independent
factors, were weaker predictors of nekton abundance
and, presumably, production (Fig. 4). More complex
creck-drainage networks offer greater potential for
low-tide aquatic refugia that may be used by nekton
as staging areas between flood-tide forays on the
vegetated marsh surface (Kneib 1995).

Estimates of nekton annual production from the pre-
ferred intermediate set of P:B ratios ranged from ca.
0.12 to 2.88 g dw m? and were similar to values from
150 160 170 180 190 200 210 220 230 ~ other studies that used the total area of intertidal

. marsh as the basis for the estimate (Table 1}. Consider-

Elevation above MLW (cm) ably higher production estimates reported for some
systems often included an inherent assumption that all
of the nekton production originated from only a portion
o ¢ _ (b) of the habitat adjacent to the marsh, such as a tidal
: creek or the vegetated marsh edge. Sufficient infor-
mation to estimate production corrected for the entire

© area of vegetated intertidal marsh that may have con-
" tributed to the production of nekton was not always
available, However, in the few cases where it was pos-
sible to correct for total area, one can see that values
which initially appeared to differ substantially from
those estimated from the Sapelo Island data are actu-

r ally quite similar. For example, Weinstein et al. (1984)
0 20 40 60 80 100 and Weirnstein (1983) estimated the annual production
Distance to intertidal marsh edge (m) of juvenile spot Leiostomus xanthurus from tidal
creeks in Virginia to average ca. 4.4 g dw m? but

F:ig. 4. Mee_m del.nsities of re:sident and migrant nekton in rela- when extended to the entire area of tidal marsh, pro-
tion to (a) 1ntert.1dal elevatm:fn above mean 10\_nr water (MLW); duction of spot was 0,38 g dw m~2 Similarly, produc-
p = 0.004 for residents and migrants, and (b) distance from the ' '
vegetated marsh edge; p = 0.09 for residents and p = 0.116 for tion of grass shrimp in South Carolina was estimated
migrants by Sikora (1977) to be 10.8 g dw m2 of creekbank area,

O 2 N WA O~

Nekton density (individuals m?)

- N W e O

d ® Resilent species
A Migrant species

[=]

Table 6. Summary of annual nekton production estimate (g dry weight m™2) scenarios at 6 tidal marsh sites on Sapelo Island, GA us-
ing the indicated production to biomass (P:B) ratio values. Overall average annual production includes all sites. See Tahble 2 for
site abbreviations

Nektongroup LDi-IL LD1-H LD2-L LD2-H MDI-L MDi1-H MD2-L MD2-H UD1-L UDi1-H UD2-L UD2-H Mean

Scenario 1; P:B ratio = 2.0 for all species . .
Residents 02686 0106 1.116 1.06¢ 0750 0461 1,131 1618 1.882 0392 0.810 1.001 0.884

Migrants <0.001 <0.001 ©.008 0.032 1477 0050 0617 0278 0369 0.013 1051 0.185 0.340
Total 0.270 0,107 1.124 1.101 2227 0511 1748 1.896 2251 0405 1861 1.186 1.224

Scenario 2: P:B ratio = 2.0 for fishes, 5.0 for Palaemenetes pugio, 3.0 for Lifopenaeus setiferus (recommended)®

Residents 0.326 0115 1.207 1.23¢ 0814 0.525 1558 2081 1955 0409 1232 1064 1.044
Migrants <0.001 <0.001 0.011 0,038 2070 0074 0.663 0364 0538 0018 1433 0247 0455
Total 0.327 0116 1.218 1.277 2.884 0.599 2221 2445 2493 0427 2665 1311 1499

Scenario 3: P:B ratio = 3.0 for fishes, 5.0 for Palaemonetes pugio, 5.0 for Litopenaeus setiferus

Residents 0.442 0165 1735 1716 1,168 0734 1981 2.736 2872 0599 1496 1543 1432
Migrants <0001 <0.001 0017 0.061 3.401 0122 1.016 .0.590 0.891 . 0029 2340 0402 0739
Total 0.443 0166 1752 1,777 4569 0.856 2097 3.326 3.763 0.628 3836 1945 2171

aThe preferred scenario uses P:B ratios that match most closely those from the literature for the small fishes and shrimp that
predeminated in samples from the intertidal marsh (see 'Production:biomass ratios’)
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Fig. 5. Relationships between spatial variation in production

of resident and migrant nekion estimated from production

to biomass (P:B) ratios in Scenario 2 {see Table &) and land-

scape complexity measured as the amount of intertidal marsh

edge within a 200 m radius of the sampling site (see fext
. for equations;

but was 0.67 g dw m2 when adjusted for the intertidal
area drained by the marsh creek from which shrimp
were sampled. If estuarine nekton production is attrib-
uted to intertidal production, then the standing-stock
biomass must be calculated on the basis of the entire
area providing the trophic support.

Nekton densities, standing stocks and production
estimates from Sapelo Island were substantially lower
than those reported from marshes in parts of the Gulf of
Mexico. Most of the density estimates reported from
Texas and Louisiana have been based on collections
from 2.6 and 1 m? drop traps used at, or very near, the
edges of marsh vegetation and do not account for
standing stocks or production of nekton attributable to
the interior intertidal marsh plain. In many cases, these
marshes comprised a complex, reticulated pattern of
vegetated patches {i.e. almost entirely edge) such that
‘marsh edge’ was assigned the status of a separate
habitat (e.g. Minello et al. 2003). Because such marsh
systems are surrounded by shallow subtidal water, and
perhaps are adjacent to seagrass beds, it can be very
difficult to determine their relative contribution to the
production of estuarine nekton. It is also possible that

nekton production asscciated with some marshes in the
Gulf of Mexico is substantially greater per unit area
than in other regions because of substantial allochtho-
nous nutrient inputs discharged from the Mississippi
River (Chesney et al. 2000). In contrast, all samples col-
lected by flume weirs in the present study would be
classified as representing the marsh ‘interior’ by the
definitions used in Minello (1999), Rozas & Zimmerman
(2000) and Minello et al. (2003). The sites had neither a
source of substantial allochthonous nutrient inputs nor
areas of submerged aquatic vegetation as alternative

“sources of primary production to support nekton.

Deegan et al. (2000) recently considered the avail-
able evidence for the tenets that salt marsh habitats are
assocCiated with enhanced growth rates, reduced mor-
tality rates and greater abundance of nekton compared
to other estuarine environments. Their focus was on
juveniles of migrant species, and also considered the
potential mechanisms by which salt marsh food webs
support nekton production. They concluded that there
was no difference in growth rates of species associated
with tidal marshes compared to other estuarine and
coastal areas if one adjusted for effects of temperature.
Higher temperatures were associated with shallow
waters of the estuary and this factor alone could
explain higher growth rates in juvenile nekton associ-
ated with intertidal wetlands. If growth rates per se are
not enhanced by the presence of vegetated intertidal
habitat, then the principal contribution of vegetated
wetland habitat to estuarine nekton production might
be through reduced mortality or greater trophic sup-
port for populations at higher densities. Evidence for
the contention that mortality rates are generally lower
in marshes compared to other estuarine environments
was mixed, but Deegan et al. (2000) recognized that
accurate measures of mortality rates are extremely
difficult and there is a paucity of reliable estimates on
which to base any general conclusions regarding the
refuge value of tidal marshes. The strongest evidénce
connecting intertidal primary production to production
of estuarine nekton remains in studies of diet and tis-
sue analyses, which continue to link nekton production

‘primarily to a mixture of detritus and benthic algae

originating from tidal marshes.

There has been considerable debate over the issue
of attaining habitat equivalency with respect to the
restoration or creation of natural marsh functions.
Whether engineered habitats can match the function-
ing of natural systems, and the length of time required
to do so, seem to depend largely on what function is
being considered (e.g. Simenstad & Thom 1996). The
development of substrata containing a high organic
content, and benthic assemblages that match those of
natural marshes or reference sites, may require a con-
siderable time (e.g. Moy & Levin 1991, Craft et al.
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1999). However, as long as aquatic connections with
the open estuary are maintained, marshes that have
been created or restored are populated by nekton
relatively quickly and early indications suggest that
fishes do not discriminate between natural and exca-
. vated wetland channels {Whitman & Gilmore 1993,
Zedler et al. 1997, Williams & Zedler 1999}, Clearly, the
immediate appearance of nekton at a new site is driven
by immigration from elsewhere and not new produc-
tion from the restored or created habitat. However,
once a source of primary production is established and
begins to be processed through detrital or herbivorous
trophic pathways, it will lead to secondary production.
Most estuarine nekton species are opportunistic and
remarkably flexible in their dietary choices (Kneib
1997), and so will quickly begin to forage on whatever
prey sources become established. Initial concerns
about the development of a suitable prey base for nek-
ton that forage in restored or created marshes (e.g.
Moy & Levin 1991, Allen et al. 1994) seem to have
given way o a recognition that vegetated intertidal
habitats can rapidly (within 1 to 3 yr)} develop prey
resources useful to both resident and migrant nekton
(Shreffler et al. 1992, Fell et al. 1998, James-Pird et al.
2001). Assuming that restored or created tidal wetland
develop a level of primary production typical of the
region in which they are established, and the site is
engineered in a way that allows access to nekton (i.e.
adequate connection to the estuary and sufficient edge

for the free flow of organisms and materials between

intertidal and subtidal portions of the environment),
then there should be every expectation that nekton

production from the restored/created site has potential.

to rapidly match that of natural systems. In practice,
many marsh restoration projects have taken consider-
ably longer to achieve functional parity with natural
systems, including the development of benthic prey
communities (e.g. Craft et al. 1998}, and may not meet
the assumptions of appropriate site selection and engi-
neering. Furthermore, the net enhancement of nekton
production from a created or restored tidal marsh
depends on the pre-project contribution of the candi-

" date site to nekton production in the estuary. The con-
version of a site that may already be contributing sub-
stantially to the trophic support of nekton populations
{e.g. a productive mudflat with rich communities -of
benthic algae and associated invertebrate prey popu-
Iations) will not provide the same net benefit as restor-
ing a site that had previously been altered in a way
that removed or reduced its communication with the
estuary (e.g. impounded or diked marsh].

The findings presented here suggest that the amount
of available primary production as modified by bioen-
ergetic constraints operating through foed web inter-
actions will set the upj)er limit on the amount of nekton

production from marshes in a region, but that rela-
tively small additions of marsh/creek edge may en-
hance nekton production up to a thresheld level, above
which no additional enhancement should be expected.
Site-specific bioenergetic and landscape constraints
should guide the development of realistic expectations
and success criteria for marsh restoration efforts de-
signed to enhance estuarine nekton production.
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ABSTRACT: Satisfying the needs of mitigation for losses of habitat and biological resources demands
further development of ecological theory to improve quantitative predictions of benefits of ecological .
restoration projects. Several limitations now exist in scaling compensatory restoration to match losses
of ecosystem services. Scaling of restoration projects has historically been done by area of habitat,
assuming that function follows. One recent development in compensatory mitigation uses a currency
of secondary production, which has the important merit of specifying one measurable, functional goal
against which to judge success. Future development of the fundamental basis for restoration ecology
might profitably include: (1) identifying and quantifying important ecosystem services to serve as
alternative goals of restoration; (2) discriminating among size classes in a population in estimating
their contributions to ecosystem services; (3) re-evaluating the practice of restoring the populations of
only a few representative or dominant species to replace a diversity of species losses; (4) contrasting
the success of habitat restorations versus population enhancements; (5) incorporating more landscape-
scale considerations into ecosystem-based restoration designs; (6) injecting more formal uncertainty
analyses into scaling restoration projects; {7) enhancing the basic science of population, community,
and ecosystem ecology to improve the capacity of the discipline to predict impacts of interventions;
(8) integrating empirical and theoretical developments in food web dynarmics to resolve contradictions
in our models of how population changes propagate across trophic levels; and (9) incorporating the
concept that populations, communities or ecosystems targeted for restoration may now be in alterna-
tive states and that restoration targets have been biased by shifting historical baselines. Forging part-
nerships between the practitioners of ecolagical restoration and basic ecologists holds a dual promise
for testing ecological theory and for improving the effectiveness of environmental restoration. .

KEY WORDS: Restoration ecology - Research needs - Ecosystem services - Secondary production -
Scaling restoration projects - Conceptual challenges .
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INTRODUCTION

If ecological restoration is ever to approach the effi-
cacy of conservation as a tool to combat the growing
' ‘degradation of habitat {Vitousek et al. 1997) and de-
pletion of living resources (Botsford et al. 1997), both of
which are driven by pressures of expanding human
populations, dramatic advances will be needed in the
conceptual ecological foundation on which. restoration
relies (Allen et al. 1997, Young 2000). Both approaches,
conservation and restoration, seem necessary because

*Email: cpeters@email.unc.edu

while conservation is the typically more reliable and
less costly means of sustaining ecosystem services,
restoration is often required to respond to unexpected
losses and to compensate for a long cumulative history
(Jackson et al. 2001, Scheifer et al. 2001} of incremental
degradation and destabilization of natural ecosystems.

In many ways, restorafion ecology makes more de-
mands on the discipline of ecology (e.g. Ewel 1987}.
This is not to argue that conservation comes easy: in
fact, many of the biggest challenges in conservation
biclogy involve developing novel techniques for recon-

© Inter-Research 2003 - www.int-res.com




208 Mar Ecol Prog Ser 264: 297-307, 2003

ciling human uses of natural resources with a mandate
to sustain provision of those resources indefinitely {e.g.
Soule 1987, Wilson 1992}, For example, recent growth
in the conceptual basis for designing marine reserves
may lead to management actions to sustain fishery
stocks and harvest levels (Palumbi 2001, Lubchenco et
al. 2003). In contrast to conservation, which involves
managing human activities to reduce their influence

on nature, restoration typically requires overt human .

intervention into degraded ecosystems to achieve a de-
sired target (Jordan et al. 1987, NRC 1992). Restoration
ecology depends on population, community, and eco-
system ecology to provide the conceptual basis for
predicting not only direction but also magnitude of
responses of ecosystems to restoration actions (Zedler
2000). Designing restoration projects and evaluating
their subsequent success involves interdisciplinary
science, including consideration of hydrology, hydro-
dynarmics, sedimentary geology, biogeochemistry, and
land-use planning (NRC 1992). The history of human
interventions into ecosystems does not inspire high
levels of confidence in our ahility to design and engi-
neer model ecosystems through intervention, raising
skepticism about achieving restoration goals. Intentional
introductions of non-native species have an especially
poor record of achieving their predicted benefits. The
practice of scaling to achieve compensatory restoration,
despite its flaws and uncertainties, has the positive
benefit of identifying an explicit functional goal of
restoration against which success can be measured; this
can force restoration ecology to become more focused,
rigorous, and quantitative (Hobbs & Harris 2001).

This Theme Section on restoration scaling in MEPS
(Peterson et al. 2003, in this Theme Section) publicizes
the recent development of alternative approaches to
designing and scaling compensatory restorations in
the marine environment. Specifically, the papers illus-
trate the application of ecological concepts to design
restoration actions for the purpose of guantitatively
enhancing ecosystem services to compensate for nat-
ural resource injuries (NOAA 1997). Agencies respon-
sible for protecting and managing public trust re-
sources are often required by law or policy to facilitate
restoration as compensation for losses (Peterson et al.
2003b). This mandate has inspired original syntheses
of available scientific evidence on population regula-
tion of many affected species and their practical appli-
cation to develop alternative designs for restoration
actions. The requirement to achieve full quantitative
compensation for the losses places a special burden on
the discipline of ecology because of its explicit need
to predict numerical responses (Ewel 1987). Here we
identify important ecological considerations that still
need to be addressed to improve the conceptual
underpinnings for restoration scaling.

FUTURE CHALLENGES TO IMPROVE
RESTORATION SCALING

Identifying and measuring ecosystem services.
From its initiation, habitat restoration in the marine
environment focused almost exclusively on developing
the methods for re-establishing and sustaining the bio-
genic structural element, usually a plant, that defines
the habitat and facilitates its function (NRC 1992). Suc-
cessful culture methods have now been achieved for
salt marsh grasses (Woodhouse et al. 1974), seagrasses
(Fonseca et al. 1998), and oysters (Luckenbach et al.
1998). Many habitat restoration projects have been
scaled based upon the simple metric of habitat area,
assuming that function would follow structure (Lawton
1996). This assumption has been partially tested by
evaluation of the rates of return of animal communities
that depend upon the structure-providing {foundation)
species (e.g. Cammen 1976, Fonseca et al. 1996,
Grabowski 2002). Growing knowledge of the rate of
return of associated animals has allowed this compo-
nent of habitat function to be included in scaling some
restoration projects. More recently, the movement
towards quantifying success of restoration by func-
tional measures has been accelerated by governmental
mandates for compensatory replacement of injured or
lost ecosystem services after environmental disasters
(Peterson et al. 2003b).

The fundamental assumption underlying most gov-
ernmentally mandated attempts to scale restoration
actions to achieve quantitative compensation for losses
of living natural resources is the assumption that bio-
mass production is an appropriate proxy for ecosystem
services (e.g. NOAA 1997, Fonseca et al. 2000). Many
processes of value and significance to the ecosystem
clearly are enhanced as biclogical production grows.
For example, a system in which production of an ex-.
ploited species is augmented will typically sustain en-
hanced levels of exploitation. Yet choice of the trophic
Jevel at which to assess production can make an enor-
mous difference to evaluation and quantification of
ecological benefits of potential restoration options. For
example, eutrophication is the process of nutrient
loading in aquatic ecosystems that enhances primary
production in the water column (Nixon 1995). This en-
hanced primary production can interfere with food-
chain transfers to higher trophic levels by stimulating
production of inedible nuisance algae, destroying
nursery habitats such as rooted macrophytes and oys-
ter reefs, killing benthic invertebrates by induction of
bottom-water hypoxia and ancxia, and diverting ener-
gy flow away from consumers and into microbial loops
(Elmgren 1989, Jackson et al. 2001, Baird et al. in
press). Eutrophication is understandably viewed as a
process that degrades the services provided by lakes,
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estuaries, and coastal oceans (Carpenter & Lathrop
1999). Consequently, stimulating additional biological
production at the level of phytoplankton would not
serve as compensation for lost ecosystem services and
benefits in eutrophic estuaries or coastal oceans.

Restoration design and scaling needs to consider not
only the trophic level at which success should be mea-
sured, but also the species-specific responses within
trophic level. For example, replacement of Sparfina
alterniflora marsh with Phragmites communis marsh is
widely viewed as a failure to restore the functional
value of the marsh habitat for animals (see Able et al.
2003) in large part because of difficulty in accessing
the much denser Phragmites. Recent work in natural
Spartina marshes, Phragmites marshes, and restored
Spartina marshes in the Delaware Bay (New Jersey,
USA) has demonstrated not only that juvenile fish
(Fundulus heteroclitus) utilization is far greater in
Spartina marshes but also that marsh restoration
through Phragmites removal re-establishes the quanti-
tative level of this particular nursery function (Able et
al. 2003). Documenting and quantifying more such
species-specific services of marine and estuarine habi-
tats is a necessary step towards including species-level
predictions in scaling restoration projects.

In principle, one could specify the important services
provided by any given species or habitat and then
design restoration actions to enhance one or more of
them, with compensation computed as the sum of all
such scaled benefits. Unfortunately, this procedure
requires recognition and definition of the important
services provided by the species or habitats that may
~ serve as the target of restoration. Some benefits are
known and widely acknowledged. However, others
that are equally important may be unrecognized. For
example, oyster reef habitat provides the ecosystem
benefits of: (1) producing oysters of market vaiue and
of value to recreational fishermen; (2} filtering the
estuarine waters, which can enhance their clarity and
allow sufficient light penetration to support expansion
of seagrass habitat, an important estuarine nursery;
(3) promoting denitrification by concentrated deposi-
tion of feces and pseudofeces; (4) providing a hard sub-
stratum that enhances biodiversity and production of

epibenthic invertebrates; (5) serving as emergent bio-

genic habitat that provides food and shelter to many
demersal fishes and mobile crustaceans; {6) sequester-
ing carbon in the calcium carbonate of shells, thereby
reducing concentration of a greenhouse gas; (7} acting
as a breakwater to protect the estuarine shoreline,
including salt-marsh habitat, against erosive waves
(Peterson et al. 2003a, in this Theme Section); and
(8) diversifying the seascape to enhance the synergis-
tic benefits of multiple habitat types, such as creating
corridors between shelter and foraging grounds (Peter-

son et al. 2003a). Other benefits of oyster reef habitat
doubtless exist without due recognition. Even after
recoghition of the suite of important benefits, convert-
ing them to a common comparable unit so as to sum
them represents a major challenge to both ecology and
natural resource economics. Scaling restoration so as
to provide a sum of all benefits that will match a given
loss represents a complex task certain to overlook
some important ecosystem functions. Thus, the use of
secondary production as proxy for ecosystem services
may actually result in more accurate compensation '
from a restoration project. Nevertheless, this assertion
is wishful thinking that deserves to be tested by actu-
ally enumerating ecosystem services, scaling them to
production, and summing them in defensible ways to
evaluate whether the procedure of matching gains
anad losses in secondary production suffices to achieve
quantitative compensation in eéosystem services.

Few alternative metrics have been suggested to
replace production as the scalar for compensatory re-
storation of ecosystem services. M, Buchman (unpubl.},
however, has developed a metric for marine soft-
sediment habitats to scale restoration of sediment
chemistry through pollutant removal or capping. In
several places, notably Chesapeake Bay {Weisburg et
al. 1997} and the shallow shelf of the Pacific Ocean
coast of North America (Word 1978}, scientists have
developed a site-specific index of benthic community
health. M. Buchman (unpubl} proposes a scaling
method for quantifying the ecosystem benefits that
scales benefits linearly to the increase in value of this
index. Because an index like B-IBI (Benthic Index of
Biotic Integrity: Weisburg et al. 1997} for the Chesa-
peake Bay includes several disparate components,
such as categorical ratings for pollution-tolerant
species and pollution-indicator species, and implicitly
weights the multiple components in pooling them, it
is unclear how scaling on such an index would com-
pare to actual enhancement in production or to other
explicit and quantifiable ecosystem services. This
approach, however, represents a novel means of eval-
uating one component of the restoration process,
specifically the quality of the restored resource. A nec-
essary adjunct to this qualitative measure of restora-
tion success is the integration of quantitative mea-’
sures, such as estimates of secondary production, into
a joint metric of ecosystem benefits of marine restora-
tion.

Size-dependent value of production. Current use of
secondary production as the metric by which to scale
restoration projects and achieve compensation for bio-
logical losses assumes that the ecosystem services pro-
vided by production are equal independent of the size
class in which that production occurs. This is clearly
false, at least for some readily specified ecosystem ser-
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vices. For example, small size classes of bivalve mol-
luscs such as surf clams and hard clams serve as prey
largely for crabs but also for fishes, octopi, seastars,
predatory gastropods, and other marine predators
(Kraeuter 2001). As bivalves grow larger, they gradu-
ally reduce their risk of predation (e.g. Arnold 1984).
On the cther hand, they contribute more to reproduc-
tive output (e.g. Peterson 1986) and they filter water at
much higher per capita rates. Consequently, quantify-
ing restoration success by the enhanced production of
juvenile clams, which would lead to greater trophic
transfer to consumers, differs substantially from that
measured by enhanced preduction of older clams,

~which would lead to greater release of gametes and

reduction of turbidity. These ecosystem services are
not equivalent and one may be preferred over the
others depending upon the situation. For example, if
recruitment limitation exists because of depletion of
adult spawning stock (e.g. Peterson 2002), then
enhancement- of larger clams would be the more
appropriate metric for restoration success than aung-
mentation of juvenile abundance. On the other hand,
for populations in which recruitment is not limited by
spawning stock biomass, enhancement of juveniles
may provide the more suitable measure of restoration
-success by supporting production at higher trophic
levels. This issue drose but was not resolved in plan-
ning the compensatory restoration for loss of surf clams
and other bivalves after the North Cape oil spill
(French McCay et al, 2003b, in this Theme Section).
Enhancing one species to compensate for many.
Frequently an environmental incident will cause losses
distributed among many species within an ecological
guild, such as the losses of benthic invertebrates in salt

ponds (French McCay et al. 2003b) or seabirds (Sper- -

duto et al. 2003, in this Theme Section) following the
North Cape oil spill. Because it would seem impractical
. and dispropertionately costly to design and conduct
population restoration projects for each species sepa-
rately, one species is commonly chosen for restoration
to compensate for the total loss within the guild (Zedler
2000). This decision may imply an assumption of func-
tional equivalence among guild members such that the
total abundance within the guild, not the distribution
of abundances among component species, dictates the
level of ecosystem services provided, This may be rea-
sonably. accurate in some situations, but such a deci-
sion contradicts the usual management strategy and
conservation position maintaining that biodiversity is
important to sustaining ecosystem functions (Naeem &
Li 1997, Tilman et al. 1997, Elinquist et al. 2003). One
possible alternative to implicitly assuming that main-
taining biodiversity is unimportant in conducting com-
pensatory restoration may be to replace losses of guilds
of species with a habitat restoration project designed to

enhance many species rather than employing popula-
tion restoration options.

bDiifering uncertainty in population versus habitat
restoration. Designing a restoration project for a single
species carries high uncertainty. Success requires
deep understanding of the factors that control the spe-
cies population at the site and time of the restoration.
For many species, there exists little history of previous
restoration attempts on which to base scaling computa-
tions or even on which to make accurate predictions of
direction of population response to intervention in the
ecosystem. Predicting the quantitative magnitude of
enhancement and projecting that forward over years
represents a form of ecological hubris of extraordinary
dimensions. When such population restorations are
chosen to compensate for losses of important public-
trust resources, conducting well-designed monitoring
and retaining financial resources for any necessary
adaptive management of the restoration would seem
advisable (NRC 1992). For some exploited resources,
such as targets of fisheries, substantial information is
available on population regulation and often also on
the success of population enhancement programs (e.q.
French McCay et al. 2003a,b, in this Theme Sectionj.
Such information can justify choosing a population-
based restoration project for those resources. Further-
more, if an endangered or threatened species is
affected by an ecological mishap, then for both legal
and ethical reasons, choosing an action that is ex-
pected to restore that population is understandable,
despite the practical difficulties that lie ahead (Donlan
et al. 2003, in this Theme Section).

Alternatively, compensatory restoration might be
achieved by habitat restoration instead of targeting a
specific population (Soule 1987, Wilson 1992}. Because
of loss and degradation of so many important habitats
{(Jacksan et al, 2001}, actions taken to construct, revi-
talize, restore, or protect otherwise-doomed habitat of
established value to critical living resources generally
carry less uncertainty about success and performance.
In estuarine and coastal environments, this approach
would be represented by accelerated restoration of salt
marsh, seagrass, mangrove, oyster reef, and other
structured, biogenic habitats (Thayer 1992, Heck et al.
2003, Peterson et al. 2003a). It may not be prudent,
however, based on the resuits of Powers et al. (2003,
in this Theme Section), to construct offshore artificial
reefs to compensate for lost fish production, given the
high uncertainty about their ability to promote higher
net production of associated fishes if fishing pressure
targeting those reefs cannot be controlled.

When population enhancement is chosen as the
means of achieving compensatory restoration, there
arises a potential to flood the system with the en-
hanced species and thereby induce unanticipated den-
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sity-dependent responses that limit or eliminate the
enhancement pulse. For example, ﬂooding the envi-
ronment with large numbers of small organisms as part
of a population enhancement project could induce
either functional (prey switching in their feeding
choices) or numerical (population increases) responses
in predator populations such that survival of the target
of restoration is negatively density-dependent and
no net enhancement is achieved. Spreading out the
enhancement over several years is one means of mini-
mizing the impacts of this effect, but numerical
responses in predators could result in persistent
build-up of predator populations that could conceiv-
ably negate most or all of the benefiis of enhancement.

Another density-dependent mechanism that could
impede restoration efforts, particularly those involving
modest population enhancements, involves the Allee
effect (Allee 1931)—positive density dependence in
fitness at low population size (Courchamp et al. 1898,
Stephens et al. 1999). Allee effects may be manifested
at the population level through: (1) reproductive activ-
ity, which often depends on adequate population den-
sities to achieve effective egg fertilization or to locate
a mate {Petersen & Levitan 2001): or (2} predation-
induced mortality of juvenile stages. Allee effects gen-
erally have been ignored in restoration and conserva-
tion efforts (Gascoigne & Lipcius in press), with a few
notable exceptions {e.g. Tegner & Dayton 1977, Quinn
et al. 1993, Marshall & Lipcius unpubl.). Positively deri-
sity~-dependent survival due to predation (= inversely
density-dependent predation]j is a widespread attribu-
te of marine predator-prey systems (Seitz et al. 2001},
and could easily prevent the recevery of populations at
low abundance (Gascolgne & Lipcius in press, Lipcius
et al. in press a). In these cases, attempts at restoration
would require information on the minimal level of
population enhancement needed to overcome Allee
effects due either to predation or to reproductive limi-
tations. Furthermore, there may be interactive mecha-

nisms between multiple juvenile and adult stages
' experiencing density-dependent predation. For in-
stance, in queen conch the presence of older juveniles
significantly increases the survival of young juveniles

{Lipcius et al. in press a). Older juveniles provide a

positive feedback on younger juveniles through modi-
fying their susceptibility to predators, which appar-
ently increases handling time and decreases attack
Tates on younger juveniles when older juveniles are
available. Restoration of such stage-structured popula-
tions may therefore require attention not simply to a
single Hfe stage, but also to the interdependent stages
that impinge on population recovery. .

Landscape effects of project siting and ecosystem-
based restoration. In estimating the quantitative en-
hancement expected from alternative restoration pro-

jects, each project is often considered independently.
Ecosystem benefits of paired or multiple projects can
exceed the sum of projects done in isolation. These
extra benefits typically are derived through landscape
effects of proximity of restorations (NRC 1992). For ex-
ample, salt marsh restoration has the well-appreciated
benefit of providing additional subsidy of the detrital
food chains of estuaries, leading to enhanced produc-
tion of many important estunarine organisms, such as
penaeid shrimps and their consumers (Haines & Mon-
fague 1979, Zimmerman et al. 2000). Benthic micro-

. algal production is high in salt marshes (Pinckney &

Zingmark 1993) and leads to secondary production of
many marsh animals {Sullivan & Moncreiff 1990, Cur-
rin et al. 1896, Deegan & Garritt 1997). The structure
provided by salt marsh grasses is also important as
habitat for many hirds, such as rails, and invertebrates,
including marsh periwinkles and mussels. Oyster reef
restoration enhances production of fishes and mohile
crustaceans by providing habitat for recruiting larvae,
shelter for juveniles, and prey for all life stages (Peter-
son et al. 2003a). Kneib (2003, in this Theme Section)
estimated the guantitative benefits of salt marsh re-
storation by computing the likely enhancement of ter-
tiary production by small fishes and crustaceans that
are the major beneficiaries of the increased primary
production. Nevertheless, if a salt marsh restoration
were paired in proximity to a restored oyster reef,
interactions between the 2 habitats would be likely to
provide additional ecosystem benefits that derive from
landscape-level synergism between the habitats and
that would not normally be included in the 2 indepen-
dent scaling exercises. For example, demersal preda-
tors that seek structural habitat as shelter from their
own enemies are likely to be better able to utilize the
restored salt marsh if there is a corridor of biegenic
oyster reef habitat connecting the restored marsh in
the intertidal zone to subtidal refuge habitat (Micheli
& Peterson 1999). Low-tide exposure of salt marshes.
forces aguatic consumers to retreat to the subtidal,
where availability of structural refuges, such as sea-
grass beds or subtidal oyster reefs, may determine the
capacity of these mobile consumers to use the re-
sources available at high tide in the salt marsh, More-
over, marsh-associated nutritional subsidies appar-
ently enhance the abundance of benthic prey in the
subtidal zone bordering salt marshes (R. Seitz & R.
Lipcius unpubl.), such that additional food would also
be available to epibenthic predators, in addition to the
shelter provided by the oyster reef. Furthermore, as
sea level continues to rise through effects of green-
house warming of the earth’s atmosphere, erosion and
destruction of salt-marsh habitat will likely grow at an
increasing pace. Fringing oyster reefs serve as a bio-
genic breakwater that can not only reduce the erosive
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energy of waves striking the marsh shoreline but also
can grow vertically at rates that exceed sea-level rise.

With adequate sources of sediments from rivers, the

elevation of the salt marsh could also be maintained in
depositional environments. Consequently, pairing of
salt-marsh restorations with oyster reef restorations
has the potential to extend the longevity of the marsh
and thus enhance the long-term delivery of ecosystem
services. This sort of ecosystem-bhased based restora-
tion can be considered part of ‘integrated resource
management’ and is strongly encouraged (NRC 1992).
The decision about where to locate a restoration pro-
ject has many implicatious for its subsequent function-
ing and value to the ecosystem. The primary consider-
ation in locating a restoration project is to place it in
an environment suitable for sustaining the restoration
over a long time. This requires assessing and then
matching the environmental conditions required to

support development and success. Often historical pre-

sence of the targeted restoration habitat guides siting
decisions, although envirommental changes do occur
and may render past knowledge obsolete (see ‘Alter-
native stable states and shifting baselines in popula-
tions and ecosystems’). However, even within the
range of physically suitable conditions, habitat func-
tions can vary with physical setting. For example, sea-
grass habitat located in high-energy environments is
patchier and utilized by fishes and invertebrates in dif-
ferent ways than seagrass beds in low-energy settings
(Fonseca & Bell 1998).

There can be advantages to designing restoration
projects in a fashion that creates a network of habitat
patches along an environmental gradient, similar to
that being proposed as a solution to the problems
posed by environmental uncertainty (Allison et al.
2003) and by unknown complexities of metapopulation
source-sink dynamics (Lipcius et al. in press b) in the
effective design of marine protected areas. Then, if
environmental conditions deteriorate in one part of the
gradient, habitat at the remaining portions of the gra-
dient could serve as a refuge for mobile organisms to
survive what otherwise could become a widespread
mortality event. This process has been documented by
Lenihan et al. (2001} for oyster reefs restored along a
depth gradient in an estuary subject to bottom-water
hypoxia; by placing reefs in shallow as well as deep
water, fish possessed a refuge during a major hypoxic
event that eliminated their sessile invertebrate prey on
deep-water reefs. Reefs in shallow waters are, alterna-
tively, more vulnerable to storm damage. In addition,
survivors in one habitat paich could become a source
population for recruits to sink habitats where popula-
tions have been extirpated by environmental (e.g.
hypoxia) or biotic (e.g. disease) catastrophes (Lipcius
et al. in press b). The potential impact of source-sink

dynamics on the effectiveness of population restora- '
tion efforts in marine reserves has heen recognized
{Crowder et al. 2000, Lipcius et al. 2001, Botsford et al.
2003) and integrated into conceptual models that syn-
thesize the multiple pathways by which metapopula-
tion structure may drive restoration success in marine
reserves (Lipcius et al. in press b}, Similarly, for habitat
and population restoration efforts, whether dealing
with plants or animals, it is imperative to examine the
impact of spatially explicit processes and metapopula-
tion implications on the efficacy of restoration.

- Evaluation of the significance of ecosystem setting to
the functional role and value of estuarine habitats is an
active current focus of ecological research (e.g. Irlandi
& Crawford 1997, Grabowski 2002, Hovel et al. 2002}).
Ecology may not be capable yet of providing confident
predictions of the interactive benefits of landscape
pairing of natural or restored habitats because study of
trophic subsidies and connectivities from one system
to another are still in their infancy (Polis et al. 1997).
However, as ongoing research is completed, this cur-
rent focus in ecosystems ecology can contribute to
more complete and accurate valuation of restoration
projects. .

Uncertainty analyses. In rigorous ecological model-
ing, it is customary to provide formal uncertainty and
sensitivity analyses to provide quantitative indications
of how much risk of error is associated with various
maodel predictions. Uncertainty analyses have not vel
been formally incorporated into the practice of restora-
tion scaling. Uncertainty is typically acknowledged
and even used by employing qualitative rankings of
restoration options to help guide choices for com-
pensatory mitigation of natural resource losses (e.g.
Powers et al. 2003). Yet trustees of natural living
resources would be able to make more informed deci-
sions about future compensatory restoration actions if
they were armed with explicit estimates of the proba-
biliies of a suite of alternative outcomes associated
with each restoration alternative {e.g. Reckow 1999,
Kinzig et al. 2003). If quantitative estimates of uncer-
tainty were available, they could conceivably be used
to modify the scale of restoration effort required for
compensatory restoration, applying & replacement

' ratio for resource or habitat lost that grows with un-

certainty. This principle is already regularly used by
management agencies in scaling mitigation projects
required as conditions of various construction permits
(Fonseca et al. 2000). Perhaps the most reliable means
of insuring quantitative replacement of a lost public-
trust resource involves monitoring of the resource(s) of
interest and then adaptively modifying the scale or
even type of restoration in response to documented
performance of the restoration (Fonseca et al. 1998}
Such monitoring and adaptive management could
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legitimately be included among the costs of restora-
fion. Similarly, knowledge gained about the efficacy of
alternative restoration actionis, which has value for
pl'anm'ng future restoration and adaptive management
acticns, could be credited as a benefit of restoration. At
present, most monitoring of coinpensatory restoration
projects seems rudimentary, incomplete, and inade-
quate to advance restoration science. Knowledge en-
-hancement is not presently included as one of the
credits in conducting compensatory restoration.
Building the science of restoration ecology. Com-
pensatory restoration projects occasionally involve
large-scale experimental interventions that represent
ideal, and perhaps otherwise unaffordable, opportuni-
ties to test basic ecological hypotheses inveolving dy-
narrics of populations, communities, and ecosystems
{Zedler 2000}, Yet,; there is insufficient collaboration
between restoration agents in government and agen-
cies charged with supporting basic science (Carpenter
& Lathrop 1999, Hobbs & Harris 2001). After an ex-
tended period of denigration by mainstream academia,
terminated by bold syntheses (e.g. Lubchenco et al.
1991), conservation biology became academically
accepted as part of the science of ecology, Restoration
ecology is, however, still typically viewed with suspi-
‘tion by academia and often characterized as applied
horticulture with inadequate fundamental foundation
in theory (e.g. Palmer et al. 1997). The ability to render
accurate predictions about interventions into ecologi-
cal systemns indeed represents an acid test of the capa-
bilities of the science of ecology. The practice of
restoration can be greatly enhanced by further devel-
oping the conceptual foundation of restoration eco-
logy, which could be achieved by forging partnerships
Pbetween ecosystem restoration and basic ecology.

Unresoived conflicts in habitat paradigms and food-
web dynamics. Basic ecclogical understanding of the
functioning of important biogenic habitats in estuarine
and coastal marine environments is still incomplete.
Presently prevailing models for the functioning of the
most important biogenic habitats such as seagrass
beds and salt marshes contain largely unrecognized
and thus unresolved conflicts. For example, the pre-

sumption that seagrass beds serve as an obligate nurs- .

ery habitat for juvenile fishes does not stand up to
rigorous scrutiny: other structured habitats are popu-
" lated by similar densities of juvenile fishes and mobile
invertebrates (Heck et al, 2003). One of the most
important unrecognized conflicts in our present para-
digms for the functioning of important biogenic habi-
tats relates directly to estimation of production at
higher trophic levels and thus to the ability to accu-
rately scale restoration projects. Specifically, seagrass
beds and salt marshes are commonly assumed to pro-
vide enhanced food availability and simultaneously

enhanced refuge from predation. This dual function of
the habitat can pose an unresolved contradiction. A
refuge from predation implies inhibition of energy flow
up the food chain to higher-order predators, not
enhancement of energy flow to apex consumers. Con-
sequently, the quantitative production enhancement
achieved by establishment of restored seagrass or salt-
marsh habitat may be expected to vary dramatically by
trophic level. Secondary producers, the herbiverous
and detritivorous marine benthic invertebrates, may
experience dramatically enhanced production through
energy subsidies in seagrass and salt-marsh habitat.
However, structural refuges provided by the emergent
plants and their subsuiface roots may block high rates
of transfer of energy to their predators, the tertiary pro-
ducers (Coen et al. 1981, Peterson 1982), Integration of
these 2 processes of bottom-up enhancement of sec-
ondary production and provision of structural refuges
from predation could be achieved in restoration scal- -
ing by appropriately modifying the ecological transfer
efficiency between the second and third trophic levels,
However, ecologists have not yet recognized this
contradiction in prevailing concepts of energy flow
through vegetated estuarine habitats and thus have
not provided estimates of how the refuge action modi-
fies these transfer efficiencies. Even when transfer effi-
ciencies can be confidently assigned to reflect refuge
functions, computation of the benefits of habitat
restoration will still vary between the second and third
trophic levels. Thus, application of the approach of
French McCay & Rowe (2003, in this Theme Section)
that synthesizes all ecosystem injuries and benefits
by conversion to a single trophic level would yield
different answers at different levels.

A related role of emergent structure in restored habi-
tats is also nol adequately incorporated into present
energetics-based estimations of production benefits
from restoration. Energetics-based methods of compu-
tation combine knowledge of gains in primary preduc-
tivity, trophic structure of subsequent energy flow, and
conversion efficiencies to compute the enhancement of
secondary or tertiary production (e.g. French McCay
& Rowe 2003, Kneib 2003). However, secondary and
tertiary production is also enhanced by mere provision
of structural habitat for species that do not feed on pri-
mary producers in that habitat. For example, the emer-
gent culms of Spartina alternifora baffle currents and
wave energy sufficiently to stabilize the sediment sur-
face and allow occupation by oysters. Those oysters
feed largely on microalgae, phytoplankton and benthic
diatoms (Haines & Montague 1979, Riera & Richard
1996, Page & Lastra 2003), and do not derive much
nutritional benefit from the vascular plants whose pro-
duction is directly enhanced by marsh-habitat restora-
tion. In addition, clumps of oysters provide habitat for
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mussels, barnacles, and other filter feeders energeti-
cally dependent to some large degree on phytoplank-
ton, which are not enhanced by the marsh, Conse-
quently, when enhancement of secondary production
through restoring salt marshes is estimated by tracking
the fate of the enhanced primary production in the
marsh, the mechanism of enhancement of secondary
production by habitat provision is not included.
Similarly, in seagrass-bed habitat, water currents are
baffled by emergent vegetation projecting into the
water column. This deceleration of flow induces depo-
sition of larvae of marine benthic invertebrates and
deposition of suspended organic food particles (Peter-
son et al. 1984, Fckman 1987, Wilson 1990). Thus, sec-
ondary production in restored seagrass beds is also
enhanced through physical effects of the provision of
habitat for organisms that are not fully, or in some
cases even partially, nourished by the enhanced pri-
mary production of that habitat. Like the salt marsh,
scaling calculations for the seagrass habitat that are
based solely upon bottom-up enhancement of produc-
tion would miss this contribution from provision of
structural habitat and thus underestimate ecosystem
benefits (see French McCay & Rowe 2003).

Successful enhancement of populations by restora-
tion etforts will also be shaped by food-web interac-
tions because secondary production in restored habi-

tats is dictated by size-dependent growth and survival -

within the habitat, which depend on predator-prey
_ interactions (see Lipcius et al. in press b for exarnples
from population restoration using marine reserves).
The manner in which food web interactions will deter-
“mine the size structure and abundance of individuals
within a restored habitat may be predictable to some
degree based on fundamental relationships between
the life-history features of the target species and the
geometry of the restored habitat (Walters 2000). As the
abundance of predators increases within a restored
habitat, ‘the abundance of their major prey may de-
cline, which can result in trophic cascades that further
modify community structure. For instance, in popula-
tion restoration projects using marine Teserves in New
Zealand, abundance and size of a predatory demersal
fish (sparid snapper Pagrus auratus) and spiny lobster
(palinurid lobster Jasus edwardsii) increased signifi-
cantly, which decreased abundance of an invertebrate
grazer (sea urchin Evechinus chioroticus), and sub-
_ sequently permitted re-establishment of vigorous kelp
forests dominated by the laminarian Ecklonia radiata
{Babcock et al. 1999). Changes in food-web and
trophic structure allow some species to increase, but
 cause others (notably prey species) to decline, which
may lead to lower production and slower biomass
accumulation in restored habitats than expected. Simi-
larly, establishment of reserves in kelp beds led to sub-

stantial increases in the abundance of sea otters Enhy-
dra lutris, which subsequently reduced the abundance,
size and microhabitat use of the targeted restoration
species, red abalone Haliotis rufescens, even more
than fishery exploitation {Fanshawe et al. 2003}, Vari-
ous features of restored habitats will interact with life-
history characteristics of target species to determine
restoration effectiveness, and these must be addressed

' to increase the likelihood of restoration success.

Success of restoration projects will therefore depend,
in part, upon the incorporation of multispecies man-
agement approaches, based predominantly on food-
web dynamics {e.g. Pauly et al. 1998). For instance, in
coastal salt marshes, reductions in blue crab abun-
dance (Lipcius & Stockhausen 2002), partly through
heavy fishing pressure, may have allowed marsh snails
Littoraria irrorata to increase in abundance and subse-
quently injure salt marsh grasses through their feeding
activities, ultimately leading to reduction of the marsh
habitat (Silliman & Bertness 2002). If such an interac-
tion were strong in restored marshes, it could easily
rétard or preclude recovery of the salt marsh and its
community. Hence, it is imperative to incorporate
an ecosystem-based approach in restoration ecology.
Admittedly, there is considerable debate over the reli-
ability of predictions about changes in the abundance
of target species derived from multispecies approaches
(Yodzis 2001), Thus, restoration ecology must incorpo-
rate mullispecies approaches, preferably as testable
hypotheses to be evaluated during monitoring and, if
supported, acted upon through adaptive management
of the restoration.

Alternative stable states and shifting baselines in
populations and ecosysiems. A significant potential
difficulty for restoration efforts arises from the possibil-
ity that populations and ecosystems may exhibit alter-
native stable states (Scheffer et al. 2001, Carpenter
2002). Given that many food webs and ecosystems
have undergone dramatic, historical alterations due to
both anthrepogenic (e.g. overfishing and eulrophica-
tion: Jackson et al. 2001) and natural (hurricanes:
R. Lipcius & R. Seitz unpubl.) disturbances, it is pos-
sible that restoration attempts will fail fo restore habi-
tats or communities to their ‘pristine’ state. Even when
there is agreement among restoration biologists on the
preferred state of a habitat or community, its composi-
fion, and its biomass structure, that habitat or commil-
nity may be unattainable due to the ‘stability’ of the
degraded ecosystem or distorted community (Schefter
et al. 2001, Carpenter 2002). 'Stability’ refers to the
situation wherein a disturbed or degraded ecosystem is
an ‘alternative stable state’ (Scheffer et al. 2001, Carx-
penter 2002), one not easily shifted back to the undis-
turbed state due to feedback mechanisms maintaining
the status quo. The characteristic of stability is not lim-
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ited to pristine systems; it is also a feature of disturbed
systems (Scheffer et al. 2001, Carpenter 2002}, which
is one of the factors that may render restoration of
disturbed ecosystems difficuit. Restoration biologists
.should therefore consider the possibility that some
desired habitat or community configurations may not
be readily achievable, at least in the short term, with-
out massive intervention (Carpenter 2002}. For in-
stance, the seaside lagoons of the Eastern Shore of
Chesapeake Bay harbored extensive seagrass beds
that supported a lucrative bay scallop fishery until the
Storm King hurricane of 1933 devastated the ecosys-
tem. The resultant turbid conditions have not only pre-
cluded restoration of seagrass beds, but also prevented
the re-establishment of a productive bay scallop fish-
ery in the seaside lagoons for over 6 decades (R. Lip-
cius & R. Seitz unpubl.). Alternative stable states of
ecosystemns are a very real possibility in disturbed
ecosystems that must be considered in planning and
scaling restoration efforts.

In summary, the process of scaling restoration pro-
jects to' compensate for natural resource injuries has
served to identify important unresolved guestions that
may help direct new basic research in the science of
restoration ecology and promote partnerships between
habitat restoration and basic ecology.
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September 15, 2006

Ms. Tam Doduc, Chair and Board Members
State Water Resources Control Board

1001 I Street

Sacramento, CA 95814

Via Email: commentletters@waterboards.ca.gov

Re: Comments on “Proposed Statewide PoIicy on Clean Water Act Section 316(b) Regulations”

Dear Chair Doduc and Members:

The undersigned groups respectfully submit the following comments with respect to the
State Water Resources Control Board (“State Board™) staff’s proposed policy (“draft policy™) on
once-through cooling (“OTC”). We thank the State Board and staff for its dedication to this issue.
Staff has done an excellent job engaging the public through workshops and expeditiously preparing
a draft state policy that implements state law and represents a much-needed, and legally required, -
improvement over the federal Clean Water Act section 316(b) regulations. We also appreciate the
State Board’s ongoing coordination with the California Energy Commission (“CEC”), Ocean
Protection Council (“OPC”) and its member agencies, and other agencies in the continued
-development of this policy. -

Multiple federal and state agencies, including the Environmental Protection Agency
(“EPA”), CEC, OPC, and State Lands Commission (“SLC”), have recognized that once-through
cooling causes significant, ongoing devastation to our valuable marine resources. In June of 2005,
the CEC released a comprehensive staff report identifying OTC as a contributing factor to the

_degradation of California’s fisheries, estuaries, bays and coastal waters.! The SLC, which includes
the Lt. Governor, Director of Finance and State Controller, unanimously adopted a recent resolution
opposing the continued use of OTC, finding that “the Governor’s Ocean Action Plan calls for an
increase in the abundance and diversity of aquatic life in California’s oceans, bays, estuaries and
coastal wetlands, a goal which can best be met by prohibiting, phasing out. or reducing to
insignificance the impacts of once-through cooling.”® The SLC’s resolution contained a number of
findings, including that “once-through cooling significantly harms the environment by killing large
numbers of fish and other wildlife, larvae and eggs as they are drawn through the screens and other
parts of the power plant cooling system” and that “once-through cooling also significantly adversely
affects marine, bay and estuarine environments by raising the temperature of the receiving waters,
and by killing and displacing wildlife and plant life.”?

Similarly, through a resolution adopted in April 2006, the OPC, representing the Secretaries
of the Resources Agency and Cal-EPA and the Chair of the State Lands Commission, unanimously
urged the State Board to go beyond the federal rule and implement “more stringent state

! California Energy Commission (2005) Issues and Environmental Impacts Associated with Once-Through Cooling at
California’s Coastal Power Plants: Staff Report. Available at: www.energy.ca.gov/2005publications/CEC-7(0-2005-
013/CEC-700-2005-013.PDF. Accessed 8.2.06. (“CEC Staff Report”). _ oo

2 Resolution By The California State Lands Commission Regarding Once-Through Ceoling In California Power Plants
(adopted April 17, 2006) (emphasis added). Available at: archives.sle.ca.gov/Meeting_Summaries/2006_Documents/04-

17-06/ I TEMSANDEXHIBITS/R71ExhA pdf Accessed 8.2.06 (“SLC Resolution™).
3 !
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requirements requiring reductions in entrainment and impingement at existing coastal power
plants.” The OPC further encouraged the State Board to “implement the most protective controls to
achieve a 90-95 percent reduction in impacts.’ * Through both resolutions, the top elected and
appointed officials in the State, including officials overseeing the health of the state’s economy,
agreed that: (a) once-through cooling causes significant, devastating impacts to California’s
coastal and estuarine ecosystems, and (b) this antiquated technology needs to be phased out-on
an expeditious schedule that reflects the state’s strong commitment to a healthy coast and
ocean. :

In a state where over 86% of our total economic activity is fueled by the health of our
coastal resources, and in a state leading the nation in a strong commitment to sustainable energy,
there is no question that California has the right and responsibility to move beyond the minimum
standards outlined in section 316(b) of the Clean Water Act (“CWA™).” Accordingly, we support
the draft policy’s stated goal of 90-95% reductions in impacts, language that follows the

- guidance in the OPC’s and SLC’s Resolutions, and that reflects the leadership asserted by the
Governor in support of policies that steer California towards both a sustainable energy infrastructure
and a sustainable environment. 'We also support the proposal to disallow economically-based
exceptions in the draft policy, which similarly underscores California’s dedication to protecting our
marine and coastal environment by minimizing impingement and entrainment in our waters.

We encourage the State Board to continue along this path and adopt a final policy that
effectively and fully prevents impacts from OTC to California’s marine and estuarine environment.
. Any interim industry steps to evaluate or potentially implement methods to comply with the federal
requirements of CWA section 316(b) regulations (which are under legal challenge in the U.S. Court
of Appeals for the Second Circuit, Surfrider Found. v. U.S. EPA, No. 04-6692) should not deter the
State Board from pursuing its own policy on OTC that reflects state law and state needs, as such
steps can serve as the basis for plans to comply with the pending state policy.

We provide the following recommendations and comments to address potential loopholes
and implementation gaps in the draft policy that may impede progress towards the stated goals. In
particular, to ensure the goal of 90-95% reduction in impacts is achieved rather than thwarted,
we urge that, among other things, the draft policy be amended to: (a) include all plants (rather
than exempting the numerous plants impacting our environment and generating little electricity), (b)
ensure that the method for calculating the reductions is based on the flow needed to actually
generate electricity, (c) narrow the definition of what a “feasible” reduction to prevent a rush to seek
exemptlons from required prevention of impacts, (d) avoid use of restoration, mitigation and credits
- in place of actual prevention of impacts, (€) put responsibility for nuclear safety issues on the
Nuclear Regulatory Commission, and (f) set clear deadlines for action and for achieving the stated
- goals. Only if these and other loopholes and gaps are addressed will the policy be effective at
protecting the beneficial uses of the waters of the state from OTC’s devastating impacts.

These comments are further delineated in the following pages as outlined below:

* Resolution of the California Ocean Protection Council Regarding the Use of Once—Through Cooling Technologies in

Coastal Waters (adopted April 20, 2006). Available at: _ |
[ESOUICes.cd. gov/copc/docs/060418 OTC resolution LH2 adopted 2006-4-20.pdf Accessed 8.1.06. (“OPC |

Resolution”

* National Ocean Economics Program (July 2005) California’s Ocean Economy: Report to the Resources Agency, State

of California, p.1. Available at: resources.ca.gov/press_documents/CA_Ocean_Econ_Report.pdf Accessed 9.12.06.
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I. The Policy Goal of 90-95% Reduction in Impingement and Entrainment Impacts is
Appropriate for California
A. It Is Well-Established that Once-Through Cooling Systems Significantly Impact
Surrounding Ecosystems o .
The Goals Set by the Policy Are Consistent with State and Federal Law
The Proposed Reductions Are Technologically and Economically Practical
The Draft Policy Is Consistent with California’s Energy Action Plan
The Role of the Expert Review Panel Should Be Expanded to Include Review of All
Technical Analyses Required by the Policy
II. Potential Loopholes in the Draft Policy Should Be Closed to Ensure that 90-95% Reduction
in Impacts from Existing Power Plants Is Actually and Expeditiously Achieved -
- A. All Plants Must Be Included in the Policy
B. “90-95% Reduction from What?” The Calculation Baseline Must Be Set to Ensure
that Required Reductions Are Achieved '
C. There Must be Limits Governing Determinations of “Feasibility”
D. Credits Should Be Allowed Only to Reward Decisions Intended to Reduce Impacts
E. The Policy Must Include Seasonal Protections for Larval Organisms to Effectively
Meet Entrainment Reductions
F. Existing Facilities that Repower or Retool Must Be Classified as “New” Facilities.
G. The Policy Should Provide a Well-Defined and Expeditious Compliance Deadline
I11. Restoration and Mitigation Are Not Effective Substitutes for Preventing Impacts
A. Compliance Alternatives that Rely on Restoration And Mitigation Should Not Be
Included in the State Policy, as the Use of Restoration Cannot Achieve the Goals of
the Clean Water Act and Porter-Cologne
B. A Rigorous Analysis of All Feasible Technological and Cooling Alternatives,
Including Use of Treated Wastewater as Coolant, Should Be Conducted at Each
Facility :
IV. Nuclear Safety Questions Should Be Addressed to the Nuclear Regulatory Commission
V. The Policy Must Include Needed Details to Ensure Consistent Implementation
A. The Plants Required to Conduct Cumulative Impact Studies Should Be Explicitly
Identified - _ :
B. The Monitoring Provisions Must Be Further Specified to Ensure Consistent
Implementation and to Characterize Compliance Accurately

V1. Conclusions

Mo aw

The State Water Board would never approve a state policy that allowed chemical
pollutants to continually destroy fish, wildlife and habitats impacted by a Clean Water Act-
regulated facility. Similar commitment to the Clean Water Act and Porter-Cologne is needed
to control impacts associated with once-through cooling. Accordingly, we applaud the goals of

- staff’s proposed policy as not only implementing the letter and intent of state and federal law, but
also California’s strong commitment towards a sustainable environment and energy future. We
urge the Board to make the changes outlined in these comments in order to effectuate those goals -
most closely. With the amendments suggested below, the State Board will have a policy that finally
protects the state’s long-suffering coastal waters and habitats from the enormous local and regional
impacts associated with once-through cooling. '




I. THE POLICY GOAL OF 90-95% REDUCTION IN IMPINGEMENT AND ENTRAINMENT IMPACTS IS
APPROPRIATE FOR CALIFORNIA :

As noted above, we support the draft policy’s proposed requirements that impingement be
reduced by 95% from the calculation baseline, and entrainment by up to 90% but not less than 60%
of the calculation baseline. These goals reflect the significant, ongoing damage caused by once-
through cooling systems, and are consistent with both California’s commitment to a healthy coastal
ecosystem and to a sustainable energy policy.

A. ItTs Well—Estabhshed that Once-Through Cooling Systems Slgnlficantly Impact
Surrounding Ecosystems

After a thorough review of the comprehensive rulemaking record for implementation of
section 316(b) of the Clean Water Act, the U.S. EPA determined conclusively that there are
multiple types of undesirable and unacceptable environmental impacts associated with once-through
cooling technology. Specifically, the EPA found the impacts to include entrainment and
impingement; associated reductions of threatened and endangered species; damage to critical
aquatic habitats and organisms, including important elements of the food chain; diminishment of a
population’s compensatory reserve; losses to populations including reductions of indigenous species
populations, commercial fisheries stocks, and recreational fisheries; and stresses to overall '
communities and ecosystems, as evidenced by reductions in diversity or other changes in system
structure and function.

The CEC has come to similar conclusions. In its comprehensive June 2005 staff report on
OTC, the CEC identified OTC as a contributing factor to the degradation of California’s fisheries,
estuaries, bays and coastal waters.® The CEC further found that in addition to the entrainment and
impingement impacts, once-through cooling technology causes damage to the nearby aquatic
ecosystem through thermal impacts from the discharge of cooling water; this harm is especially
damaging in more enclosed water bodies and in areas that are subjected to cumulatlve effects from
closely sited plants.

The SLC and the OPC also both recognized and confirmed the serious impacts OTC has on
our marine and estuarine environment in their resolutions, both unanimously passed in April 2006.
In addition, the OPC’s April Resolution noted that, contrary to industry’s assertions in the August
2006 State Water Board workshop, the full negative impacts of OTC have yet to be fully assessed,
stating:

a recent report by the California Energy Commission found that, of the 21 Californian
coastal power plants that use once-through cooling, only seven have recent studies of
entrainment impacts that meet current scientific standards; and all these studies have found
that adverse impacts occur due to entrainment of aquatic organisms; impingement and
entrainment result in changes to community structure; thermal impacts from the discharge of
cooling water may be significant, particularly in enclosed water bodies; and the possible
cumulative impacts of entrainment and impingement are currently unknown.

¢ CEC Staff Report, supra note 1, p.1.




This daily assault on California’s valuable coastal environment causes ongoing, serious
harm. As exhibited in the recent Los Angeles Times 5-part series, Altered Oceans, our marine and
coastal environments are under incredible amounts of stress and threatened, both globally and
locally, by a diverse array of impacts. " The decrease of biodiversity in the world’s oceans and
declining populatlons of commercially and non-commercially important marine species are well
documented.? Recreational fish landings in the Southern California Blght have decreased from an
annual mean of 4.25 miilion fish in 1963 to 2.5 million fish in 1998.° Many marine populatlons
including certain species of rockfish and abalone, are at strikingly low levels, and some species
which were common decades ago are now rare off the coast of California. The perilous state of
California’s coastal and ocean ecosystems make a meaningfisl OTC policy all the more important.

Some examples of the local and regional impacts of OTC are instructive. Michael Foster
from the Moss Landing Marine Laboratory estimates that 50 ll‘llﬂlOll marine and estuarine fish
are entrained by coastal power plants each day in California.'° The California Energy
Commission has also stated in testimony before the State Water Board that “[o]nce-through cooling
is a major, ongoing environmental issue with California power plants,” with “potentially
widespread” cumulative effects in Santa Monica Bay and the SF-Bay Delta Estuary in particular.'!
Three facilities — Scattergood, Redondo Beach and El Segundo Generating Station - located within
the same 51x-rmle stretch of the Santa Monica Bay consume 13% of nearshore waters in the Bay
every six weeks.'? Even more astonishing is the impact of the facilities on Alamitos Bay; Haynes
and Alamitos Generating Stations turn over the entire Alamitos Bay every five days.” The
resulting indiscriminate take of plankton, fish, invertebrates, and other marine life help deplete
commerclally and recreationally important species; decrease spemes diversity; and cause further
threat to species at risk of extinction and fisheries at risk of economic collapse. The combined
impingement from power plants south of Point Conception amounts to up.to 30% of the
recreationally caught fish in this region each year.'* These impacts can no longer be justified at
coastal facilities, given that technologies to reduce these impacts have existed for decades and are
used at non-coastal power facilities in California. '

" Nowhere has OTC’s severe impacts on the California coastal environment been more well-
documented than at the San Onofre Generating Station. The intake of this plant is estimated to have
destroyed over 200 acres of kelp forest (approximately 59,000 kelp plants) > This, in turn, caused

7 Weiss, Ken and McFarling Usha Lee (July 30 — August 3, 2006) Altered Oceans: A five-part series on the crisis in the
seas, Los Angeles Times. Available at: hitp://www.latimes.com/news/local/oceans/la-oceans-series,0,7842752. special.
Accessed 8.12.06.
¥ Myers and Worm (May 2003) Rapid worldwide depletion of predatory fish communities, Narure, vol. 423; Hutchings
and Reynolds (April 2004) Marine Fish Population Collapses: Consequences for Recovery and Extinction Risk,
_ BioScience, vol. 54, no. 4.
® Dotson and Charter {2003) Trends in the Southern Callforma Sport Fishery, CalCOFI Rep., Vol. 44, 2003,p 94,
10 Roster, Michael, Presentation to the SWRCB (Sept. 26, 2005)
http:/www.swrch.ca.gov/npdes/docs/wrkshp_laguna2005/pres_mosslandingfoster.pdf Accessed 8.10.06.
T CEC, Presentation to SWRCB (Sept. 26, 2005), http://www.waterboards.ca.gov/pInspols/docs/pres_: cecmekinney. pdf
12 CEC Staff Report, supra note 1, p.37.
13 Tenera Environmental and MBC Applied Environmental Science (October 2005) Summary of Existing Physical and
Biological Information and Impingement Mortality and Entrainment Characterization Study Sampling Plan for Haynes
Generating Station, p.2
14 CEC Staff Report, supra note 1, p.31.
15 UN Atlas of the Oceans, Foster, S. and Shiel, David, “The Ecology of Giant Kelp Forests in Callforma A
Community Profile” (1985), hitp://www.oceansatlas.org. Accessed 9.10.06.
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the displacement or death of thousands of individuals from numerous other species. In total, the
kelp fish popuIatlon in the water surrounding San Onofre Generating Station is estimated to have

declined by 80%.'® To understand the magnitude of these kelp losses, one need only compare the

plant’s destruction of 200 acres (0.3125 square miles) of kelp forest with all existing stands of kelp
. forest along the entire Southern California mainland coast (3.7 square miles, according to the

California Department of Fish & Game’s Living Marine Resources Status Report). 17 In other

words, this single power plant alone destroyed almost 10% of the kelp forests along Southern
California’s mainland coast, forests that cannot come back while OTC is in use. These calculations
do not even include the associated losses of fish, invertebrate, and other marine life, as well as the
ongoing destruction that occurs from the other coastal power plants using OTC. For example, a fish -
kill due to entrainment in the San Onofre cooling system in August 2005 wiped out over five tons of
anchovies in a single event.'®

OTC also has significant impacts on estuarine environments. For example, a pair of Contra
Costa County power plants that have killed up to tens of millions of fish a year are being scrutinized
by researchers investigating potential causes of the ecological crash in the Delta."” Regulators say
that while the pumping stations at Byron and Tracy that deliver water to the San Joaquin Valley and
Southern California are heavily scrutinized, the Mirant pumps in Contra Costa County are
almost completely ignored, even though the power plants take water out of more sensitive
habitat, “right in the heart of [endangered] Delta smelt area."*

At the State Water Board’s Sacramento workshop on July 31, 2006, industry consultants
alleged that these decreasing fish populations and other negative resource trends have not been
occurring in regions around coastal power plants, and specifically stated that recreational catch per

unit effort in and around the waters of the Diablo Canyon nuclear plant has not changed since
before the plant was built.®! These claims are mlsleadmg Both recreational effort and catch in the
waters adjacent to Diablo Canyon have been declining since the late 1980s.2 Concurrently,
commercial landings from nearshore rocky habitats in this region have been dechnmg since the late
1990s, and Morro Bay landings have been in decline over the past 15 years.” For example, recent
studies show that some recreationally and commercially important and threatened fish, including
rockfish, croaker, and rock crabs, are among the most abundant species entrained by Diablo

1 Jd, see also CA Department of Fish and Game, “California’s Living Marine Resources: A Status Report” (Dec. 2001}
(“Marine Resources Report™). _ _
1" Marine Resources Report, supra n. 16, at 279.

¥ NC Times, San Onofre Reports Fish Kill (August 22, 2005)
http://www.nctimes.com/articles/2005/08/23/news/top_stories/82205191806.txt Accessed 9.10.06.

19 See Taugher, Mike, “Mirant plants attract attention in Delta crisis,” Contra Costa Times (March 15, 2006),
http://www.sfbayjv.org/news summaries/2006/march/Mirant plants attract_attention_jn Delta_crisis.html Accessed
9.14.06

X 14, Statement by Jerry Johns, Deputy Director, California Department of Watet Resources.

! Oral comments given at the Proposed Statewide Policy for Once-Through Cooling [Clean Water Act 316(b)
Reguiations] Public Scoping Meeting on July 31,2 006 by John Steinbeck, Tenera Environmental

2 Starr, Richard M, et al. (2002) Trends In Fisheries and Fishery Resources Associated with the Monterey Bay National
Marine Sanctuary from 1981 — 2000. Available at: http:/montereybay.noaa. gov/research/techrenorts/ﬁshervtrends pdf.
Accessed 9.10.06

 California Coastal Commission (February 2, 2001) Periodic Review of the San Luis Obispo County LCP Preliminary
Report (As revised to incorporate errata/clarifications of the July 12, 2001 action). Available at:

http://'www.coastal.ca gov/recap/slo/slo-chil.pdf Accessed 9.10.06; Starr, Richard M, et al. (2002) Trends In Fisheries
and Fishery Resources Associated with the Monterey Bay National Marine Sanctuary from 1981 —2000. Available at:

hitp://montereybay .noaa.gov/research/techreports/fishervtrends.pdf. Accessed 9.10.06
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Canyon.?* Although many factors contribute to species decline, OTC is an unnecessary and
significant added stressor that can be controlled by a meaningful state policy.

Moreover, the impacts from OTC are likely far more extensive than determined to
date. For example, as stated in our February 23, 2006 letter (Attachment A), the state policy must
consider environmental impacts beyond just entrainment and impingement of small organisms.
Neither CWA § 316(b) nor Porter-Cologne § 13142.5 make any distinction as to the type or size of
marine organism impacted by once-through cooled facilities. In fact, voluntary reporting from
marine mammal rescue personnel continues to illustrate that protected species including sea lions,
harbor seals, and some sea turtles are “taken” by these facilities.”> Nevertheless, Regional Boards
do not appear to gather data consistently on the impacts of cooling structures on larger, non-fish
~ species, such as marine mammals and sea turtles, although they have been documented to be caught
in power plant intakes.?® The state policy should change this practice and require permit
applications to include information on cooling systems’ impacts on larger organisms, including
number and type of species swept into plant forebays, as well as those impinged against intake
screens. This is all the more important because, despite long-standing mandates in the Endangered
Species Act, Marine Mammal Protection Act, and other authorities, the National Oceanic and
Atmospheric Administration also has not formally collected data on the impact of these power
plants on larger organisms.27 Impacts on marine mammals, sea turtles, and other larger
organisms, in addition to fish and invertebrates must be evaluated. Although the scoping
document addresses the need to minimize impacts to threatened, endangered, and protected species,
this concept is not reflected in the draft state policy itself. We encourage the State Board to
incorporate into the policy directorial language requiring evaluation of these species in any permit
reviews. :

B. The Goals Set by the Policy Are Consistent with State and Federal Law

Both federal and state law mandate the use of the best technology available for minimizing
environmental impacts. For the past thirty years, closed-cycle recirculating cooling has been in
wide use globally and achieves the 90-95% reductions called for by the draft policy. Also in wide
use for many years are technologies that reduce impacts even further, including dry cooling and
hybrid cooling systems. The applicable laws do not distinguish among power plants based on
capacity factors or particular combustion types. Nor do the statutes speak to cost-benefit analysis or
economics; rather, the statutes reflect decades of successful mechanisms intended to ensure the use
of modern technology across the state.”®

* CEC Staff Report, supra note 1, p. 15.

B See, e.g., 67 Fed. Reg. 61 (Jan. 2, 2002), “Small Takes of Marine Mammals Incidental to Specified Activitics; Taking
of Marine Mammals Incidental to Power Plant Operations,” http://fwww.epa gov/fedrgstr/EPA- . '
IMPACT/2002/January/Day-02/i32238 htm Accessed 9.10.06 (Letter of Authorization granted pursuant to Marine
Mammal Protection Act to take certain number of harbor seals, gray seals, harp seals, and hooded seals from in power
plant operations). ' 7

#«Radioactive Leak Reaches Nuclear Plant's Groundwater,” Los Angeles Times (Aug. 18, 2006), available at:
http//www.latimes.com/news/local/fa-me-radioactive18aug18.0,1 132872, print story ?coll=la-home-local Accessed
9.10.06. (“Radio Active Leak Reaches Nuclear Plant’s Groundwater”).

7 Yoluntarily reported data is collected for the Marine Mammal Stranding Network by the National Marine Fisheries
Service Southwest Regional Office. This data includes take information from only a subset of plants.

8 See, e.g., Lisa Heinzerling, Statutory Interpretation in the Era of OIRA, 33 Fordham L. J. 101 (2006).
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1, The Clean Water Act

The objective of the CWA is “to restore and maintain the chemical, physical, and biological
integrity of the Nation’s waters.”” To effectuate this goal, in 1972, Congress fundamentally
reformed the Act in what this Court has described as a “sea change” in this country’s water
pollution control strategy.>® As amended, the Act prohibits all discharges of pollutants to waters of
the United States, except as permitted in a National Pollutant Discharge Elimination System
(NPDES) permit.’! NPDES permits, issued by State agencies or EPA’s regional offices, transform
the generally applicable effluent limitations and other standards into specific obligations borne by
the individual discharger.”” These obligations were determined by Congress’s focus on uniform
technology standards in the 1972 amendments, which “predicated pollution control on the
application of control technology on the plants themselves... 7 These national technology
standards, morcover, become more stringent over time. As the Supreme Court has recognized,
the potential for economic consequences does not dampen these mandates.** Indeed, with the
passage of time and the tightening of the standards, cost considerations were to be relegated to a
more petipheral role in the selection of best technology.”

2. Clean Water Act Section 316(b)

“[W]ell aware of the dangers posed to aquatic life by the withdrawal of large volumes of
water through cooling water intake structures™® and of the availability of alternatives (such as
closed-cycle cooling), Congress included section 316(b) in the 1972 Act as part of its technology-
based framework. Section 316(b) provides: -

Any standard established pursuant to [CWA §§ 301 or 306] and applicable to a point source
shall require that the location, design, construction, and capacity of cooling water intake
structures reflect the best technology available for minimizing adverse environmental
impact.”” (Emphasis added.) :

® CWA §101(a), 33 U.S.C. § 1251(a).

3 Riverkeeper, Inc. v. EPA4, 358 F.3d 174, 184 (2d Cir. 2004) (“Riverkeeper”). The Act defines “pollution” broadty to
include aquatic mortality caused by power plants: “The term ‘pollution’ means the man-made or man-induced
alteration of the chemical, physical, biological, and radiological integrity of water.” CWA § 502(19),33 US.C. §
1362(19).

31 CWA §§ 301, 402, 33 U.S.C. §§ 1311, 1342,

32 EPA v. California, ex rel. State Water Res. Control Bd., 426 U.S. 200, 205 (1976).

3 Hooker Chemicals, 537 F.2d at 623. Water quality standards were retained in the 1972 Act as a supplementary

" mechanism that can be used to set limitations stricter, but not more lenient, than technology-based limitations.
Riverkeeper, 358 F.3d at 184 n.10.

M EPAv. National Crushed Stone, 449 U.S. 64, 80 (1980) (“Comments in the Senate debate were. explicit: “There is no
doubt that we will suffer some disruptions in our economy because of our efforts; many marginal plants may be forced
to close.”)..

3 NRDC v, EPA, 822 F.2d 104, 110 (D.C. Cir. 1987); see also Riverkeeper, 358 F.3d at 185 citing cases (EPA “should
give decreasing weight to expense as facilities have time to plan ahead to meet tougher restrictions.”).

% 1n re Brunswick Steam Electric Plant, USEPA, Decision of the General Counsel, EPA GCC 41 at 3 (June 1, 1976).
During CWA debate, Senator Buckley cited with approval newspaper articles reporting a decision to require closed-
eycle cooling at Hudson River power plants to abate massive fish kills caused by their cooling water intake structures.
Id atn.10, citing Senate Com. on Public Works, “A Legislative History of the Water Pollution Control Act
Amendments of 1972,” 93d Cong., 1™ Session, at 196-197.

¥ For a comprehensive discussion of section 316(b)’s legislative history, see Karl R. Rabago, What Comes Out Must
Go In: Cooling Water Intakes and the Clean Water Act, 16 Harv. Envil. L. Rev. 429, 445-455 (1992).
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Although they govern withdrawals rather than discharges, section 316(b)’s limitations are
“technology-based performance requirements analogous to those derived for point sources under
sections 301 (existing sources) and section 306 (new sources).”33 Congress’s use of “best
technology available” (BTA) language in section 316(b) — which is textually similar to “best
available technology” (BAT)* and “best available demonstrated control technology” (BADCT)* -
and its explicit cross-reference to sections 301 and 306, illustrates its intent to incorporate cooling
water standards as an integral component of the NPDES program. In fact, regulations issued under
section 316(b) are also promulgated under section 301 and 306.*! As the Fourth Circuit explained
in VEPCO, section 316(b) “requires § 301 and § 306 standards to deal with cooling water intake
structures.” VEPCO cited Bethlehem Steel® as support for its conclusion that section 316(b)
regulations are “closely related to the effluent limitations and new source standards of performance
of §§ 301 and 306” and distinguishable from “state-imposed water quality standards under § 303.7%

Section 316(b) requires the “best technology available to minimize adverse environmental
impact.” Section 301, pursuant to which the Rule was also issued, requires the “best available
technology economically achievable™ (BAT).* BAT should represent “a commitment [by an
industrial category] of the maximum resources economically possible to the ultimate goal of
eliminating all polluting discharges.”® The most critical aspect of BAT is that it is a “techriology

- forcing” standard, compelling polluting industries to meet ever more stringent limitations on the
path towards complete elimination of water pollution.”’ Sections 316(b) and 301 therefore require
EPA to select the technology that both minimizes impact and represents the maximum commitment
of industry resources economically achievable.

Finally, Section 316(b) creates a mandatory duty for EPA to promulgate standards for
cooling water intake structures within the time limits of sections 301 and 306.** Thus, EPA was
required to promulgate section 316(b) regulations for new facilities by January 18, 1974,* and for
existing facilities by July 1, 1977,

% 66 Fed. Reg. 65255, 65285 (Dec. 18, 2001).

¥ Gee CWA § 301(b)}(2), 33 U.S.C. § 1311(b)?2).

“ See CWA § 306(a)(1), 33 U.S.C. § 1316(a)(1).

* Riverkeeper, 358 F.3d at 185, citing Va. Elec. and Power Co. (“VEPCO”} v. Costle, 566 F.2d 446, 449-50 (4th Cir.
1977); Cronin v. Browner, 898 F. Supp. 1052, 1059 (S.D.N.Y. 1995). '

“* VEPCO, 566'F.2d at 450.

“ Bethlehem Steel Corp. v. EPA, 538 F.2d 513, 515 (2d Cir. 1976).

* VEPCO, 566 F.2d at 450-51 & n.17.

* CWA § 301(bX2)(A), 33 U.S.C. § 1311 (b)(2)(A).

* NRDCv. EPA, 863 F.2d 1420, 1426 (Sth Cir. 1988).

1 NRDC v. EPA, 822 F.2d 104, 123 (D.C. Cir. 1987).

*® Cronin, 898 F.Supp.at 1059. '

¥ See CWA §§ 306(b)(1)(A), (B) (requiring new source performance standards no later than one year and ninety days
after October 18, 1972); see alsc Riverkeeper, 358 F.3d at 185-86 (“When the EPA ‘established’ new source
performance discharge ‘standard[s]’ ‘pursuant to section . . . 306,” it ought zhen to have regulated new intake structures
because, by virtue of section 316(b), section 306's standards ‘shall require that . . . cooling water intake structures reflect
the best technology available.") (emphasis in original). : ’

50 See CWA § 301(b)(1)(A), (B) (effluent limitations for existing sources no later than July 1, 1977).
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3. California Constitution and the Public Trust Doctrine

California has a duty, mandated by the state Constitution and a long line of state Supreme
Court cases, to hold coastal lands in trust for the people of California. Historically, this Public Trust
Doctrine provided for the public our waterways for "commerce, navigation, and fisheries." Later
court rulings added hunting, fishing, swimming and recreational boating, and in 1971 cxpanded the
list to include "preservation of those lands in their natural state," in order to protect both scenic and
wildlife habitat values. The California Supreme Court held that the State has an "affirmative duty to
take the public trust into account” in making decisions affecting public trust resources, and also the
duty of contmumg superv151on over these resources, which allows and may require modification of
such decisions.”

The Court found in City of San Diego v. Cuyamaca Water Company®” that the public trust
doctrine does not allow authorities to make concessions to individuals for the perpetual and
exclusive use of portions of the waters without reference to the needs of other inhabitants. Such
concessions would be a clear abuse of the public trust. Failure to set stringent regulations for use of
once-through cooling by coastal power plants would amount to a grant of such a perpetual and
exclusive use of portions of public trust waters, since these plants are destroying coastal resources
on a daily basis. Allowing these plants to use these outdated technologies unfettered, when less
harmful technologies are feasible, and giving them a competitive advantage over inland plants
by allowing them to use billions of gallons of publicly held seawater each day essentially for
free, arguably is an abuse of the public trust that would be recognized by the courts.

The State Water Board should take strong and decisive action to exercise its public
trust responsibilities, by implementing stringent regulations for these coastal plants, in order to
protect the interests of its coastal residents and other industries that have made California by far the
country’s biggest coastal treasure and economy.

4. California Law Governing Protection of Coastal and Marine Resources

Numerous authorities have been enacted in California to provide increasing protection,
enhancement, and restoration of the State’s coastal and marine resources. The California Coastal
Act, Marine Life Protection Act and the Marine Life Management Act are models for the nation.
Most recently, the Governor’s Ocean Action Plan, California Ocean Protection Act (signed into law
in 2004), and Ocean Protection Council again put California in the forefront of ocean and coastal
management nationwide. These initiatives symbolize the Golden State’s recognition of the many
values of its world-renowned marine and coastal environment, a recognition that should be
considered in developing a policy to protect those resources from the devastating local and regional
impacts of once-through cooling.

5. Porter-Cologne Water Quality Control Act

In continuing to develop the statewide policy, it is imperative that the State Board recall
Water Code section 13142.5, which mandates that the “best available site, design, technology, and
mitigation measures feasible shall be used to minimize the intake and mortality of all forms of

*I' National Audubon Society v. Superior Court, 33 C.3rd 419 (1983).
% City of San Diego v. Cuyamaca Water Company, 209 Cal. 105 (1930).
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marine life.” Given the inherently destructive nature of once-through cooling systems, anything
less than best available technology would fail to meet Porter-Cologne’s mandate to protect the
beneficial uses of the waters of the state.

The regulated community has attempted to extricate itself from the requirements of Porter-
Cologne by arguing in public workshops that other OTC should not be regulated to the required
extent of the law because other threats to marine life, such as fishing, have greater impacts than
OTC. This argument is specious on both the facts and the law. First, by making sweeping
generalizations about entire ocean ecosystems, this argument ignores the clear facts of the severe
localized and regional impacts of OTC, particularly on unique coastal ecosystems such as National
Estuarine Research Reserves, among others.

Second, there is no legal support for the regulated community’s argument that some threats
to beneficial uses can be ignored or minimized because of the mere existence of other threats to the
same beneficial uses. If that were the case, Porter-Cologne would never be implemented. For
example, by that logic a municipal POTW could discharge wastewater doused with enough chlorine
to kill virtually every living thing in the vicinity of the discharge pipes without penalty, simply
because fishing is also a threat to marine life. It is a rare comment letter where we must
emphasize that Porter-Cologne does not allow for unfettered impacts to California’s waters;
we urge the Board to reject this argument and to implement the mandates of Porter-Cologne
fully in order to protect the waters of the state.

C. The Proposed Reductions Are Technologically and Economically Practical '

Despite the unsupported, sweeping generalizations by some in the regulated community that
the proposed, legally required reductions in impacts are “technologically impossible,” the proposed
reductions are both technologically and economically practical, as has been proven time and
again around the country. Steam plants in other states such as New York have been successfully
retrofit to updated cooling technology without harm to their energy supply. A nuclear plant in
Michigan has also been safely retrofit with updated cooling technology.’ '

" In addition, although many coastal plants in California might claim that there is not enough
space to build cooling towers as an alternative cooling technology, this is simply untrue. For
“example, many coastal steam plants are considering the co-location of desalination plants. Any
steam plant with space available for a large desalination plant generally has adequate space fora
wet cooling tower retrofit.>* A review of aerial photographs of San Onofre and Diablo Canyon
nuclear plants indicates there should be adequate space at both facilities for wet towers. To -

53 EPA Federal Clean Water Act 316(b) Phase II Technical Development Document, Chapter 4 - Cooling System
Conversions at Existing Facilities (April 2002) p.4-3. Available at: '

http://www.epa.gov/waterscience/316b/devdoc/ ch4.gdf#search=%22michigan%20nucléar%20retroﬂt%200nce%20thro
ugh%22 (“EPA 316(b) Phase II TDD Ch.4")

5 For example, a 50 million gallon/day desalination plant is under evaluation for an 11-acre site at the AES Huntington
Beach steam plant. (City of Huntington Beach, “Seawater Desalination Project at Huntington Beach - Draft -
Recircutated EIR,” May 2005, p. 3-1.) Units 3 and 4 steam units at Huntington Beach, a total of 450 MW, were recently
repowered. (CEC, Huntington Beach Project Description, available at: S o :
hitp://www.energy.ca.cov/sitingcases/huntingtonbeach/index.htm! accessed 9.1.06) Less than 2 acres of land would be
needed for inline wet towers for Units 3 and 4. (“CEC Huntington Beach Project Description”).

53 Ror example, San Onofire has two reactors and sits on a 257 acre site. (Utilities Service Alliance, San Onofre
webpage: http://www.usainc.org/sanonofre.asp.) The cooling tower for each 1,100 MW reactor would require from 2 to
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address more directly these and other industry claims of technological “impossibility,” the
California Coastal Conservancy, as directed by the Ocean Protection Council in its April 2006
Resolution, is currently undertaking a six-month study that will “analyze each of the existing coastal
plant’s conversion to alternative cooling technologies or installation of best technology available.”

Conversion and/or phase-out of aging OTC systems can occur concurrently with
modernization of coastal steam plants with high efficiency, gas turbine combined-cycle plants,.
which is a stated goal of California’s Energy Action Plan and recent Cahforma energy legislation
that supports California’s progress toward reducing greenhouse gases.”® There are currently 13,000
MW of new power plants under construction (960 MW? approved for construction (7,643 MW), or
under formal review by the CEC (approx 4,500 MW).”" This compares to approximately 14,000
MW of existing aging OTC steam boilers along the Cahfomla coast.>® Most steam plants are 30 to
50 years old and at or beyond their expected service life.”® The MW capacity of these aging OTC
plants could be replaced almost entirely by projects already approved or about to be approved by
the CEC.

The overall cost of power production of coastal plants would decline over time as more fuel-
efficient combined-cycle plants displace steam plants and OTC technology is replaced at those
converted plants, as the cooling system is a small part of the overall cost of a new power plant.
There is very little difference in the cost of a new combined-cycle plant whether it incorporates
OTC, closed-cycle wet cooling, or dry coolmg O At plants that are not converted, the cost of power
producnon related to an OTC retrofit would increase by not more than 3 to 4 percent.®!

6 acres of land, depending on whether an inline or round cooling tower is used. Inline wet cooling towers can provide
500 to 600 MW of steam plant cooling per acre (210 feet by 210 feet area). (Powers, William, direct and rebuttal
testimony, Danskammer Power $tation draft permit proceeding — SPDES NY-0006262, October 2005 and December
2005.) Testimony describes design basis for retrofit plume-abated tower measuring 50 feet by 300 feet for 235 MW of
steam plant capacity. Only 2 to 4% of the San Onofte site would be needed for the towers,

5 See, e.g., AB 32 (Nuitez), passed by the Legislature Sept. 2006 to address greenhouse gas emissions; see also AB
1576 (Nufiez, 2005), which authorizes utilities to enter into long-term contracts for the electricity generated from the
replaceinent or repowering of older, less-efficient electric generating facilities.

57 California Energy Commission Power Plant Fact Sheet (August 9, 2006), Attachment D, bar charton p. 3. Also
available at http://www.energy.ca.govisitingeases/FACTSHEET SUMMARY PDF Accessed 9.9.06. (“CEC Power
Plant Fact Sheet Attachment D)

% California Energy Commission comment letter to SLC dated April 12, 2006, p. 3. MW capacity for each coastal plant
category in 2004 (steam, nuclear, combined-cycle, combustion turbine) is calculated from data provided in table on p. 3.
Total MW for all four plant categories is calculated at 20,650 MW,

% California Energy Commission Staff Paper (July 2003) , Aging Natural Gas Power Plants in California, Table 1.
Available at: http://www.energy.ca.gov/reports/2003-07-17_700-03-

006 PDF#search=%22A ging%20Natural%20Gas%20Power%20Plants%20in%20California%22 Accessed 9.12.06.
(“CEC Aging Natural Gas Power Plants in California”).

% John Maulbetsch presentation on cost of cooling technologies to the State Water Resources Control Board at State
Board Workshop in Oakland on December 7, 2005. Available at:

http://www.swreb.ca.gov/npdes/docs/wrkshp _oakland2005/pres _jmaulbetch.pdf Accessed 9.8.06.

¢ See fin. 19 (xix) of Attachment B (Fact Sheet on Energy and OTC) for calculation. Retrofitting to a wet tower is
fundamentaily simple - the OTC pipes going to and from the ocean are rerouted to a cooling tower. At facilities that
have been retrofit, the hook-up of the new cooling system has generally been carried-out without requiring an extended
unscheduled outage. The cost to retrofit 300 MW Palisades Nuclear (MI) was to wet towers was $68/kW (1999 dollars).
The cost to retrofit 750 MW Pittsburg Unit 7 (CA) was $46/kW (1999 dollars). EPA 316(b) Phase Il TDD Ch.4,5 upra
note 53.
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The power industry estimates that the capital cost to retrofit all existing facilities,
approximatel;r 20,700 MW of capacity, ranges from $2.0 billion for wet cooling to $2.5 billion for
dry cooling.”” The complete retrofit of the existing fleet of aging coastal steam plants, which
represents 14,000 MW of the 20,700 MW total, is not a credible scenario. In reality only the two
nuclear plants and a few of the steam units that have recently been upgraded are likely to still be
" operational in 2020. It is probable that all other steam plants will have converted to combined-cycle
using closed-cycle wet or dry cooling technology or been retired by that time.

It is useful, however, to use the industry retrofit cost figure to determine the cost impact of a
closed-cycle conversion at California’s two coastal nuclear power plants. A large capital
investment like a wet tower retrofit would be amortized over 20 to 30 years. Industry estimates the
cost to retrofit 20,700 MW of coastal power plant capacity with wet towers at $2 billion, or $100
million per 1,000 MW of capacity. Assuming 30 years and 7% interest, the payment per year on the
$100 million capital cost would be $8 million per year. Nuclear plants are baseload units with high
usage levels, typically 90 percent of potential output or greater. The relative cost impact of a wet
tower retrofit at nuclear plants would be low relative to natural gas-fired boiler plants due to the
very high usage rates, and associated revenue streams, of nuclear plants. Each reactor at SONGS
and Diablo Canyon generates approximately 1,000 MW. At a 90 percent annual capacity factor
each reactor will produce approximately 8 million MW-hr of electricity per year. The average price
of wholesale power in California in 2005 was in the range of $70/MW-hr.> Each reactor would
generate a revenue stream of approximately $550 million per year at'a 90 percent capacity factor
and current wholesale electricity rates.®* The annual capital cost expense of a wet tower retrofit
at either SONGS or Diablo Canyon would be in the range of 1.5 percent of annual revenue
using ind(%stry’s own generic wet tower retrofit cost estimate of $100 million per 1,000 MW of
capacity.

Another cost issue that industry has raised as justification for not retrofitting nuclear plants
is the revenue that would be lost during the outage required for the hook-up of the closed-cycle
cooling system. However, nuclear plants are characterized by periodic extended outages. If the
retrofit hook-up is coordinated with one of these extended periodic outages, no unplanned
downtime will be caused by the hook-up of the closed-cycle cooling system. Asthe EPA states:®®

The Agency learned that for 2000 the industry mean nuclear refueling outage was

approximately 40 days (Nucleonics Week, January 18, 2001). In addition, NUREG-

1437 shows that nuclear plants undergo periodic and predictable outages for

inspections. The following excerpts from NUREG-1437 explain the NRC’s view of
“outages at nuclear plants:

82 { etter from CCEEB to State Lands Commission, “Comments on Proposed Staff Resolution™ (March 24, 2006).

¢ Energy News Data — Western Price Survey, 2005 weekly archives: http://www.newsdata com/wps/archives.htmi

Accessed 8.2.06. .

 Nuclear Energy Institute 2006. Nuclear Energy Fact Sheet. Available at: www.nei.org Accessed 9.1.06.

5 The industry estimate of $100 million per 1,000 MW of capacity is equivalent to §100/kw. Capital costs are typically

presented in the “$/kw” format in the power industry. The capital cost of the one closed-cycle retrofit carried outon a

U.S. nuclear power plant, the Palisades Nuclear Plant in Michigan, was $68/kw in 1999 dollars. EPA 316(b) Phase I1
“TDD Ch.4 supra note 53, p.4-6. The industry estimate is conservative, though reasonable, in the context of the actual

cost to retrofit the Palisades Nuclear Plant in Michigan. , .

5 Nuclear Energy Institute 2006. Nuclear Energy Fact Sheet. Available at: www.nei.org Accessed 5.1.06.
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From Section 2.2.6- Nuclear power plants must periodically discontinue the
production of electricity for refueling, periodic in-service inspection (ISI), and-

- scheduled maintenance. Refueling cycles occur approximately every 12 to 18 months.
The duration of a refueling outage is typically on the order of 2 months. Enhanced or
expanded inspection and surveillance activitiés are typically performed at 5- and 10-
year intervals. These enhanced inspections are performed to comply with Nuclear
Regulatory Commission (NRC) and/or industry standards or requirements such as the

~ American Society of Mechanical Engineers Boiler and Pressure Vessel Code. Five-
year IS1s are scheduled for the 5th, 15th, 25th, and 35th years of operation, and 10-
year ISIs are performed in the 10th, 20th, and 30th years. Each of these outages
typically requires 2 to 4 months of down time for the plant. For economic reasons,
many of these activities are conducted simultaneously (e.g., refueling activities
typlcally coincide with the ISI and maintenance activities).

Many plants also undertake various major refurbishment activities during their
operational lives. These activities are performed to ensure both that the plant can be
operated safely and that the capacity and reliability of the plant remain at acceptable
levels. Typical major refurbishments that have occurred in the past include replacing
PWR steam generators, replacing BWR recirculation piping, and rebuilding main

" steam turbine stages. The need to perform major refurbishments is highly plant-
specific and depends on factors such as design features, operational history, and
construetion and fabrication details. The plants may remain out of service for
extended periods of time, ranging from a few months to more than a year, while these
major refurbishments are accomplished. Qutage durations vary conisiderably,
depending on factors such as the scope of the repairs or modifications undertaken, the
effectiveness of the outage planning, and the availability of replacement parts and
components.

In fact, both SONGS and Diablo Canyon have received authorization from the CPUC to
conduct boiler replacement projects. The cost at each facility will be approximately $700 million.”’
One ideal time to convert SONGS and Diablo Canyon to closed-cycle cooling would be at the time
the boiler replacement projects are underway. This approach would eliminate any issues associated
with downtime or construction in the vicinity of an operating reactor.

In sum, substantial evidence from both government agencies and the industry itself indicates
that the proposed 90-95% reductions in impacts are both technologically and economically
practical, and should be adopted and implemented.

D. The Draft Policy Is Consistent with California’s Energy Action Plan
California’s Energy Action Plan calls for California to move towards cleaner, more efficient

technology. The overarching goal is for “California’s energy to be adequate, affordable,
technologically advanced, and environmentally-sound,” and for our energy to be reliable and

6710’(. )
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“provided when and where needed and with minimal environmental risks and impacts.”® In order
to reach this goal, the Energy Action Plan calls for the establishment of “appropriate incentives for
the development and operation of new generation [sic] to reglace the least efficient and least
environmentally sound of California’s aging power plants.” ° The Energy Action Plan outlines
specific actions needed to achieve electricity adequacy, reliability, and infrastructure including
“significant capital investments” to “augment existing facilities, replace aging infrastructure, and
ensure that California’s electrical supplies will meet current and future needs at reasonable prices
and without over-reliance on a single fuel source.””’

Many of the coastal steam plants are 30-30 years old and are beyond their expected
life1;imes.71 Tt would be inconsistent with state environmental and energy policy to artificially
prolong the life of these antiquated, inefficient, polluting power plants with a weak OTC policy. It
is not the province of the State Board to facilitate re-licensing of energy plants or to preserve
antiquated technology.” In fact, California state law mandates the opposite. Moreover, the required
changes necessary for power plants to comply with the law would in no way threaten California’s
energy supply. According to the CEC website, there is a total of 4056 MW of new energy cagac‘ity :
currently under review by the CEC, some of which include renewable energy developments.7
Further, the state has a backup of licensed but not-yet-built capacity. »

We strongly encourage the State Board to consult with the expert staff at the CEC to
answer any questions about the State’s demonstrated, strong support for a sustainable,
environmentally-friendly energy supply. The alarmist claims made by industry of power
shortages resulting from the draft 316(b) policy can be soundly resolved through careful _
consideration of all of the facts. Please see Attachment B’s “Energy and OTC Fact Sheet” for more
information and supporting documentation. '

Modernization of coastal steam plants with newer technologies such as high efficiency, gas
turbine combined-cycle plants is not only consistent with California’s Energy Action Plan - it is also
consistent with recent California energy legislation and with the state’s clear commitment towards
reducing greenhouse %ases, as evidenced by, among other things, the recent enrollment by the
Legislature of AB 32. 4 As stated by Lt. Governor Cruz Bustmante, “new technology [can] provide
a way to resolve both our economic issues, our energy issues, as well as the environmental issues. I
don't buy the idea that we have to continue to degrade the environment and do business. I think you
can do good environmental work and still have good business.” 75 o

8 California’s Energy Action Plan 1L, p. 1 (emphasis added). Adopted by the CA Public Utilitics Commission and the
CA Energy Commission on September 21, 2005. Available at: http://www.energy.ca.gov/energy_action plan/2005-09-
21 EAP2 FINAL.PDF accessed 8/30/06. ' '

® Jdatp.7. ' ' '

" 1d.

"\ CEC Aging Natural Gas Power Plants in California, supra note 59.

72 See CEC Expected and Disclosed Energy Facility Projects in Review 8/9/06, Attachment C. Table created from data
available at: www.energy.ca.gov/sitingeases/all_projects.html Accessed 8.8.06. (“CEC Projects in Review-8/9/06,
Attachment C) C

7 CEC Power Plant Fact Sheet Attachment D, supra note 57. ,

™ Soe also AB 1576 (2005) - authorizes utilities to enter into long-term contracts for the electricity generated from the
replacement or repowering of older, less-efficient electric generating facilities.

75 Ljeutenant Governor Cruz Bustamante, February 9,2 006, speaking at State Lands Commission Hearing regarding the
State Lands Commission Resolution regarding Once-Through Cooling.
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California’s Lt. Governor, State Controller and Director of Finance all concluded that
- “the elimination, or reduction to insignificance of the adverse environmental impacts, of once-
through coolingytechnologies can be accomplished without threatening the reliability of the
 electrical grid.”"® We urge the State Water Board to follow their leadership, and adopt a strong
state 316(b) policy that protects the environment consistent with the state’s commitment to a
sustainable energy supply.

E. The Role of the Expert Review Panel Should Be Expanded to Include Review of All
Technical Analyses Required by the Policy

We commend the State Board for proposing to convene an Expert Review Panel to assess
the entrainment and impingement impact studies and advise the State Board on technical issues
related to OTC. Given the technical focus of the draft policy, we encourage the State Board to
expand the role of this Panel to assess additional technical analyses required for the implementation
of, and compliance with, the state policy. For example, in addition to the responsibilities of the

. panel-outlined in the draft policy, the Expert Review Panel should also evaluate how the calculation
baseline is determined for each plant; how the capacity utilization factor is determined for each
plant; the feasibility analyses of alternative technologies (including the use of wastewater:-for
cooling) conducted by each plant; and the design, results, and interpretation of the cumulative

* impact studies. Expanding the role of this group will maximize the use of its collective technical
expertise and assure that the implementation of, and compliance with, the policy is a truly science-
based process. Broadening the purview of the Expert Review Panel will also ensure that the
analyses conducted by industry consultants for compliance with the policy are given adequate
review., . :

Although we support the State Board’s efforts to identify a balanced expert panel to review
the technical aspects required by the policy, we have concerns surrounding the structure of this
group. The draft policy proposes that the panel be comprised of three academic members, two
technical experts representing industry, two environmental group representatives, and one
consulting scientist. However, the role and background of the single consulting scientist is not

- outlined in the draft policy. Without better characterizing this representative, there is potential that
the final composition of the pane! will be unbalanced. The single consulting scientist may be biased
toward industry or the environmental groups. Instead of featuring an unspecified consulting
scientist, we recommend this seat be filled by a member from the CEC staff, Including a member
trom the CEC staff .on the Expert Review Panel would provide additional technical expertise
regarding capacity utilization rate, feasibility analyses, and other technical assessments, as well as
facilitate further collaboration between the State and Regional Water Boards and CEC.

IL. POTENTIAL LOOPHOLES IN THE DRAFT POLICY SHOULD BE CLOSED TO ENSURE THAT 90-
95% REDUCTION IN IMPACTS FROM EXISTING POWER PLANTS IS ACTUALLY AND
EXPEDITIOUSLY ACHIEVED '

~ In order to ensure that the policy’s appropriate goal of 90-95% reduction in impacts is
achieved, the loopholes and potential implementation gaps in the draft policy must be closed and -
filled. These are described in detail below. :

7® SLC Resolution, supra note 2. (emphasis added).




A. All Plants Must Be Included in the Policy

Loopholes created for littie-used, inefficient plants must be closed. Entrainment
standards should apply to all power plants, not just those with a capacity utilization rate
greater than 15%. As the draft policy is written, plants that have a 15% or less capacity utilization
rate will not be subject to the entrainment standards. According to data presented by the CEC at the
State Board workshop on July 31, 2006 (“Sacramento workshop™), nine of the old coastal steam
powered “peaker” plants operate at a capacity utilization rate less than 15% and so would be
exempted from the proposed entrainment standards. Taking into account the recent and upcoming
closures of some coastal plants, this means that about 40% of the coastal steam plants potential];.r :
affected by this policy would be excused from complying with the new entrainment standards.”
This exemption was simply lifted from the federal CWA section 316(b) regulations (which, as noted
above, are under legal challenge by numerous groups). Yet according to CEC staff, it is difficult to
understand why this exemption should apply to California. :

California’s coastal power plants are old and inefficient, and should not be given artificial
life support through harmful and unsupportable exemptions. Industry claims that such exemptions
are essential to the energy grid, but as described in detail above, this is simply not true. It is
important to remember that these outdated, now little-used “peaker” plants are only one part of the
electrical grid, and they do not operate in a vacuum. According to the CEC, there are new energy
projects currently under review that would bring online more capacity using state of the art, cleaner
technology. The CEC website shows that fourteen new projects are currently under review, totaling
4,506 MW capacity.” Of these new projects, eight are designed as “peaking” plants, and wonld
provide 2,238 MW of peaking capacity.*® Not only is there new peaking capacity coming on line,
but many of these plants are owned by the very same companies that own the coastal, now- -
“peaking” plants that are using outdated and harmful cooling technology. For example, the CEC is
currently reviewing a request by subsidiary company of Southern California Edison to develop two

500 MW “peaker” plants that use new, cleaner technology.®! Companies with coastal “peaker” '
plants clearly already are planning for and implementing new generating capacity with more
efficient and less polluting inland plants they already own or are building.®

The State Board.should not encourage the continuance of impacts caused by outdated, -
polluting, inefficient plants through loopholes. Instead, the loopholes should be eliminated so that
the market runs its course and these plants are replaced as needed with more efficient, cleaner,
technologically superior alternatives, as was recently done with the Humboldt and Encina power
plants. Exempting extremely low capacity plants from the rule makes no sense, as they are the most
inefficient of all of the once-through cooled plants and also cause significant environmental '

77 Oral Comments given at State Water Resources Controf Board on July 31, 2006 by California Energy Commission
Staff.

™ 1d.

™ CEC Energy Projects in Review 8/9/06, Attachment C, supra note 72.

“1d.

81 1 d ) . . ) .

82 See, ¢.g:, Califonia Energy Commission, “In the Matter of: Application for Certification, AES Highgrove Power
Plant Project” (Aug. 16, 2006}, http://WwWw.energy.ca. gov/! sitingcases/highgrove/notices/2006-08-

16_notice pubhring_sitevisit.htm] (describing construction by AES of 300 MW inland peaking power plant).
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damage. The law does not allow them to continue to damage the public’s resources and kill marine
life, particularly when peaking power can be generated using more efficient technology. -

Finally, a significant related loophole is that the draft policy considers capacity at the plant,
not the unit, level. This perspective would enable generators to include old or retired units in the
ccalculation of annual capacity factor. In other words, plants operating over 15% capacity utilization
rate may have some inactive units. These plants may factor their idle units into the calculation of
capacity utilization rate to reduce it to 15% or less. Given that the average capacity utilization rate
of each coastal steam plants is less than 20%, this provision could provide a significant loophole for
virtually all of the coastal plants, ®* Calculating capacity utilization rate at the unit, rather than plant
level would also more closely correlate with actual generational flow, which we urge the State
Board to use as the basis for determining calculation baseline (further explained below). Thus, the
final policy should be revised to require capacity utilization rate to be calculated at the unit,
not plant, level.

- B, %90-95% Reduction from What?” The Calculation Baseline Must Be Set to Ensure
that Required Reductions Are Actually Achieved.

As described in detail above, and as documented in years of U.S. EPA, CEC, and other
agency records, the persistent use of OTC at coastal power plants clearly has contributed to the loss -
of biodiversity and the documented population decline of many marine species over the past 50
years. The draft state policy on once-through cooling appropriately improves upon the federal
regulations by requiring facilities to implement reductions in impacts at the upper ends of the
performance standards in the federal rule. The approach for calculating these reductions in impacts
is critically important {o whether these reductions are actually achieved in the environment. In
other words, the baseline from which the 90-95% reductions in impacts is calculated — the
“calculation baseline” — must be set to actually achieve reductions, rather than mask
inactivity by the regunlated comm_lmity.84

However, the discussion of how exactly the calculation baseline should be determined and
reductions measured remains vague in the draft policy. Without explicit direction, there is
significant risk that the calculation baseline will not be determined in a consistent manner for each
facility in the state and great potential for confusion among Regional Boards, facilities, and the
public surrounding this issue. More significant than inter-state inconsistency, however, is the real -
risk that use of varying assumptions in such calculations will result in little to no real reductions in
impacts. We urge the State Board to provide detailed direction regarding the determination of

¥ Letter from CEC to SLC (April 12,2 006), p.3. MW capacity for each coastal plant category in 2004 (steam, nuclear,
combined-cycle, combustion turbine) is calculated from data provided in table on p. 3. Total MW for all four plant
categories is calculated at 20,650 MW.
® The baseline is also significant in that para. 2.d. of the draft policy ties the baseline to the requirement to reduce
-intake flow when energy is not being produced. Specifically, the draft policy states that entrainment must be minimized
when electrical energy will not be produced for two or more consecutive days, by reducing the intake flow to “ten
petcent-of the baseline flow rate.” The more the policy allows the baseline flow to be set over the amount actually
needed to produce electricity, the less likely it will be that this necessary shut-down measure will be implemented. [CA
State Water Resources Control Board, “Scoping Document: Proposed Statewide Policy on Clean Water Act Section
316(b) Regulations (June 13, 2006),” Appendix I, p.2. Available at:
http:/fwww.swirch.ca.gov/npdes/docs/cwa3 16b/316b_scoping.pdf Accessed 9.1.06].
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calculation baseline in the revised policy, one that ensures that the reductions in impacts are actually
achieved. Our recommendations of how to provide this direction are further delineated below. -

1. The relationship between generational and actual flow should be explored and if
differences exist, the calculation baseline should be determined using generational flow
rather than actual flow : '

We support State Board staff’s effort to improve on the federal rule by requiring that
facilities use flow other than the permitted maximum flow to determine calculation baseline.
Although intuitively the actual flow, which is the proposed basis for the calculation baseline in the
draft policy, appears to reflect the flow required for a facility to operate, in many cases the actual
flow is significantly greater than the flow required to generate electricity (i.e, the “generational
flow”). For example, generating Units 1 & 2 at El Segundo Generating Station ceased producing
electricity in 2002; however the mean annual flow at Intake 001 (which draws in cooling water for
Units 1 & 2) continued at or above the level prior o 2002. Industry has argued these high flow
levels — which, at El Segundo range from 50 to over 200 million gallons per day - are needed to
control biofouling for maintenance of pipes.85 However, the regulated community has provided no
support for such an assertion. Indeed, numerous other options either exist or are in active
development to address fouling that are far more environmentally sound than running the pumps
almost continuously, with no regard for whether the plant is generating electricity.®® Thus, we urge
the State Board to identify the true volume of water actually needed at each facility before
making any decisions to base entrainment and impingement reductions on actual flow.

Moreover, if the baseline for reductions is calculated using actual flow, then depending on
how long it takes the policy to be adopted, facilities may be able to elevate their flow levels beyond
the necessary amount for generation to augment the baseline. This would make it easier for
generators to comply with performance standards without actually making real reductions (similar
to problems with early efforts to reduce residential water use in the face of droughts — those over-
using water when the baseline was set were “rewarded” while conservers punished). Accordingly,
we also urge the State Board to consider how to set a fair and meaningful time frame for
determining the calculation baseline.

We understand that researching this issue as needed will require cooperation among the -
State Board, Regional Boards, and CEC. However, CEC staff representatives at the State Water
Board’s July workshop affirmed that determining the relationship between actual and generational
flow will provide valuable information for the State Board’s policy development and :
implementation process. The CEC staff also offered their assistance in researching this relationship.
We encourage the State Board staff to work with CEC staff to develop a process for determining the
calculation baseline that will best implement the goal of 90-95% reduction in impacts. Ata
minimum, we urge the State Board to revise the draft policy to require that the calculation
baseline be determined according to generational flow. We also encourage the State Board to
explore the use of deterrents, such as a negative credit that lowers the baseline, to ensure that
facilities do not seek creative compliance avoidance strategies.

% E| Segundo Generating Station Report flow data 1996-2004 (E1 Segundo Power, LLC), available at

ht_tp:/[www.swrcb.ca.gov/rwgcb4/html/permits/316b Issues.diml. Accessed 8.1.06. o
% See, e.g., http://www.onr.navy.mil/sci toch/3t/transition/tech_tran/stories/adv_fouling/ Accessed 9.12.06; see also

ht_tp:/f'www.epri.com/gortfolio/product.aspx?id=1 160 . Accessed 9.12.06.
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2, Reference sites should be used in determining the calculation baseline to reflect the
true impacts power plants have on marine and coastal resources -

In our February letter to the State Board regarding OTC policy development (see

.Attachment A), we raised the concern that allowing facilities to establish a calculation baseline
detived solely from historic levels of intake, entrainment, and impingement, as well as potentially
depleted source waters surrounding the facility, will generate biased results that produce no
meaningful environmental improvement. To reconcile this problem, we recommended that the
policy require facilities to be responsible for past entrainment and impingement damages at their
sites by using reference sites to assist in determining the calculation baseline. Although the staff has
considered these comments in the draft policy by giving discretion to the Expert Review Panel to
determine whether or not reference sites are appropriate, the draft policy fails to commit to the use
of reference sites in determining the calculation baseline.

The scientific community broadly accepts the use of reference sites in study de51gn to
determine the extent of environmental impacts. These studies typically use a control, or reference
site, to provide the data necessary to make comparisons between an impacted and unimpacted site
and quantify the ecosystem effects of an environmental stressor.®” In addition to academic studies,
reference sites have historically been used in management to determine the extent of industrial
impacts on marine and coastal resources. For example, both Hyperion Treatment Plant’s and the
Joint Water Pollution Control Plant’s permits have historically and continue to require monitoring
both within their zone of initial impact and at reference stations to determine the impacts of
discharging primary sewage to benthlc infaunal, demeral fish, and macroinvertebrate community
composmon and species abundance.®®

Takmg a reference approach to determining the calculation baseline would help account
for the years of degradation that has occurred in waters adjacent to power plant facilities. This
approach is consistent with sections 13142.5(c) and (d) of the Porter-Cologne Act, which raise
concerns about the coastal region’s ecological balance. The reference studies we recommend
align with the “independent baseline studies” foreseen by the Legislature, which to date have
been largely ignored. Additionally, community composition and population structure have likely
changed since the establishment of coastal power plants decades ago. This reference approach -
will help provide current data at a site that is undisturbed by OTC for which to compare the
ecologlcal structure of marine life at coastal power plant facilities.

We uphold the recommendations outlined in our February letter and strongly urge the state
to take a sound scientific approach by incorporating the use of reference sites to determine the
calculation baseline. This approach will avoid the possible confounding effects from potentially
depleted source waters caused by historic impingement and entrainment at each facility. For
example, the facilities on Alamitos Bay - Haynes and Alamitos Generating Stations - are located in
close proximity to one another, and both impact the same small body of water. Based on circulation

*7 Schroeter et al., “Detecting the Ecological Effects of Environmental Impacts: A Case Study of Kelp Forest
Inrvertebrates,” Ecological Applications, Vol. 3, No. 2., May 1993; Osenberg et ol., “Detection of Environmental
Impacts: Natural Variability, Effect Size, and Power Analysns »* Eco!agzcal Apphcatrons Vol. 4, No. 1, Feb 1994,
* Thompson, SCCWRP, “Hyperion Monitoring Report”

hitp://www. lac@ org/SAN/EMD/products/ pdf/SMB Repoﬂs/2001 02/Chapter] pdf. Accessed 9.10.06
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and volumetric relationships, the combined OTC systems of these two power plants consume all of
the water in Alamitos Bay every five days, and have done so for decades.” It is very likely that
organisms living in Alamitos Bay have been severely depleted by the operation of these two power
plants. It is imperative that a reference approach be used in situations like Alamitos Bay to

determine the true baseline for facilities.

In this reference approach, we recommend the State Board convene an independent
technical working group (through the Expert Review Panel or otherwise) to collaboratively select a
series of reference sites that represent habitats characteristic of each facility, but are not impacted by
cooling water intake systems. Monitoring should be conducted at both reference sites and power
plants. The team should be charged with developing and implementing a monitoring plan to
characterize the composition, abundance and diversity of marine life that are entrained or impinged
at each power plant and compare the data to monitoring conducted at reference sites.

Although this approach does not provide baseline data from before establishment of coastal
power plants, it does provide data from sites that have not suffered decades of damage from
entrainment and impingement. Thus, taking a reference approach indirectly addresses these ongoing
~ impacts because samples are not limited to a potentially depleted source water area (as they are in

the currently outlined Proposal for Information Collection report and Comprehensive
Demonstration Studies). Such a process is essential if the state foresees continued use of once-
through cooling. -

C. . There Must be Limits Governing Determination of “Feasibility”

Porter-Cologne section 13142.5(b) requires application of the best available technology
“feasible” to “minimize the intake and mortality of all forms of marine life.” It is important to note
that the interpretation and application of this state law cannot be less stringent than federal law,
which calls for the “best technology available for minimizing adverse environmental impact.”

However, the draft policy defines “feasible” in a way that almost eviscerates the BAT
standard in the Clean Water Act. Specifically, the draft policy defines “feasible” as “capable of
being accomplished in a successful manner within a reasonable period of time, taking into account
economic, environmental, legal, social, and technological factors.”®® This definition is vague to the
point of being unimplementable, allocating practically unbridled discretion to the Regional Board
staff responsible for implementing the policy.- For example, the draft policy arguably would allow a
plant operator simply to demonstrate (to no particular identified standard) that no combination of
operational and structural controls can feasibly achieve the 90% entrainment standard, at which
point the operator would become eligible to use restoration measures to meet the standard (further
discussion is provided below on the significant limitations of restoration or mitigation to address the
impacts of OTC). Just examining, for example, economics: how is staff to know when economic
factors make a project infeasible? Is it when the cost of a certain measure decreases annual profits
by a certain proportion? When that cost exceeds the cost of air poliutant reduction technology?

' Tenera Environmental and MBC Applied Environmental Science, “Summary of Existing Physical and Biological
Information and Impingement Mortality and Entrainment Charactetization Study Sampling Plan,” (September 28, 2005)
p. 2.

% A State Water Resources Control Board, “Scoping Document: Proposed Statewide Policy on Clean Water Act
Section 316(b) Regulations (June 13, 2006),” Appendix I, p4. Available at: o

hitp://www.swrcb.ca.gov/npdes/docs/cwa316b/316b scoping.pdf Accessed 9.1.06. (“Scoping Docunient”).
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When that cost makes financing impossible? When that cost cannot be passed on to ratepayers?
When that cost exceeds the cost of fiel for operating the plant? These questions do not even
address how the other factors are to be measured, much less compared to the economic factor.
Indeed, the questions left open by this definition could fill pages of this comment letter.

Because of how it is presently defined, the interpretations of “feasible” by Regional Board
staff are likely to be extremely divergent. Implementation of the policy will result in a hodgepodge
of compliance measures determined mainly by the persuasiveness of industry representatives at the
regional level, rather than by consistent and fair application of the performance standards across the
state. Such inconsistency is all the more nonsensical in the contemporary market, where merchant
generators compete against one another to sell electricity on the open market

But most importantly, the definition transports the policy dangerously away from the
requirement in both state and federal law that plants adopt the “best available technology.” The
practical effect of the current “feasible” definition is essentially to provide a wide-open, site-
specific compliance loophole. This clearly is inconsistent with the draft policy’s express
prohibition of the site-specific optlons ! 1t is also inconsistent with established policy in the State
of New York, which “will not consider a ‘site-specific’ alternative BTA determination.”*

A better definition of “feasible” would follow the generally-accepted definition of
“capable of being done or carried out. % This is the definition being applied in New York State,
which defines “feasible” as “‘capable of being done’ with respect to the physical characteristics of
the facility site but does not involve consideration of cost.”> Application of this accepted definition.
of “feasible” allows Regional Board staff to apply objective technical knowledge and focus on
technological infeasibility. Moreover, since application of the term could have large consequences
for statewide consistency, the state policy could vest the Expert Review Panel with review and
approval of feasibility determinations that are in question. The State Board would be on solid legal
footing with these changes, because applicable law certainly does not require the State Board to
carve such large loopholes into the state policy.

Futhermore, if economtic factors remain in the policy (a position with - which we strongly
disagree), consideration of economic data must be comprehensive and transparent. The policy
must place the burden on the permit applicant, who alone holds all the economic data for a facility,
to spell out, among other things, how the cost of the purportedly infeasible technology was
calculated; over what time period the plant would have financed the technology; and how this cost
relates to investments in other pollution-reduction technologies (including, for exampie, the use of
selective catalytic reduction), other plant costs including fuel and capital expenditures, gross
revenues, etc. All data must be presented for public review, and Regional Board staff must explain
thoroughly and transparently how the conclusion on infeasibility was derived.”

These protections are essential in light of expected actions based on past experience in this
area. For example, the Stanford Environmental Law Clinic’s experience with Moss Landing was

1 Id. Appendix I, p.3

*2 Id. Appendix II, “Memorandum from Lynette Stark, NY Department of Environmental Conservation to Benjamin
Grumbles U.S. EPA”, (Jan. 24, 2005). p.4.

* Merriam-Webster OnLine, http://www.m-w.com/dictionary/feasible.

o Scoping Document,su pra note 90, Appendix I at p.4.

s Requiring this type of cost information s also consistent with the New York policy. See id.
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that the company’s own estimates of the cost of OTC relative to other forms of cooling changed by
$20 million over four years, to serve the company’s changing goals.”® In addition, when
determining the amount of money to put in a “restoration fund,” the company valued the land in the
restoration plan around the plant at $18,000 per acre, when all estimates in the record showed such
land to be worth between $60K and $260K per acre. Had the company simply valued the land
appropriately and contributed proper funding, OTC plus the restoration plan would have been more
expensive than alternative technologies, which should have been adopted based on a complete and
accurate economic analysis.97 Finally, the company said that the total commercial value of the
marine life that its OTC system would kill was $2,900 over 30 years. - The Moss Landing Plant
alone cycles 1.224 billion gallons per day at maximum permitted capacity. This represents over a
quarter of the volume of the adjacent Elkhorn Slough (a National Estuarine Research Reserve) and
Moss Landing Harbor, cycled through the plant each and every day.98 It is extremely unlikely that
the value of coastal, estuarine, and marine life and habitats affected by the Moss Landing plant
amounts to less than $100 a year, or the current market value of seven pounds of wild-caught
salmon. '

In addition, if economic factors remain in the policy, generators should not be allowed to use
the potential for co-located desalination at their facilities to evade compliance with impingement
and entrainment reductions though the “feasibility loophole.” In other words, generators may argue
that the potential loss of product water from the co-located desalination facility should be a factor in
the cost of transitioning to the best technology available. Several coastal generators considering -
proposals for co-located desalination facilities have been on notice that these facilities need to be
analyzed as “stand alone” plants, in part because of the pending state regulation of OT C.” Given
clear notice, both the desalination projects as well as the co-located generators should not be
allowed to prematurely create circumstances that undermine state policy.

Similarly, generators may assert that they do not have sufficient space to upgrade to
alternative technologies because they anticipate building a co-located desalination facility at their
site. However, as previously stated, steam plants with space available for a large-scale desalination
plant generally have space for a wet cooling tower retrofit.'® Furthermore, arguments of
infeasibility based on the potential future of co-located desalination at a site should be discredited;
the policy should apply only to the structural configuration of existing facilities at the date of
approval for the final policy. Lastly, it should be noted that viable alternatives such as beach well
intakes allow development of desalination facilities without connection to OTC facilities.

~ In contrast to these arguments, which selectively apply the rules of economics to bolster the
status quo, the economics of alternative cooling technologies make sense for California. Look no
further than the prosperity of inland power plants, for which using OTC is simply not an option. In
sum, economics should not be considered in the definition of “feasible,” but if they are, a

% Testimony of Ben Rottenborn, Stanford Law School Environmental Law Clinic, before the State Water Resources
Control Board {Dec. 7, 2005, Oakland, CA).

7 Id. . _
% Available at http://www.energy ca gov/sitingcases/mosslanding/documents/index.htmi. Accessed 9.1.06.
% May 26, 2005 California Coastal Commission letter to the City of Huntington Beach regarding the Draft Recirculated

Environmentat Impact Report No. 00-02 — Proposed Poseidon Corporation Desalination Facility SCH#2001052092
http://www.ci.huntington—beach.ca.us/ﬁles/users/plannjng/state_agencies pdf
190 CEC Huntington Beach Project Description, supra note 54.
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comprehensive, publicly-heard review of all the economic data is absolutely essential to thoughtfill,
careful decision-making.

Finally, the State Board should make it immediately clear to affected generators that there
will be no allowance for “feasibility” factors that are created by coastal generators between now and
the time of implementation of this policy. To do otherwise would create incentives for the affected
generators to prematurely undermine the intent of reducing entrainment and impingement.

D. Credits Should Be Allowed Only to Reward Decisions Intended to Reduce Impacts

~ The draft policy on once-through cooling loosely allows facilities to receive credit towards
achieving performance standards for past efforts to reduce impingement and entrainment. However,
it fails to clearly expound which measures would be appropriately considered impingement and
entrainment reduction strategies, and how the appropriate credits would be determined. Identifying
a consistent and justifiable approach to assigning credits would be an arduous task for staff. Thus,
we urge the State Board to eliminate the opportunity for facilities to receive credits from the
policy. Removing the credit provision from the policy would considerably streamline its application
and implemeéntation. : :

If the State chooses to move forward with this element of the policy, credits should only
be allowed in cases where operational and/or structural controls were implemented for the
primary (ie. not incidental) purpose of reducing environmental impacts. Credits should not be
given for designs that were not originally intended for environmental protection. Furthermore,
power plants should bear the burden of proof in demonstrating the motive behind each measure to
be considered for credit. In the absence of clear and convincing proof, the State Board should
presume that such measures and controls have been implemented exclusively or primarily for
business or other non-environmental purposes, and facilities should not be awarded credits.

The federal regulations (which, as noted, are being challenged as inconsistent with the Clean

Water Act) allow for a variety of credits towards impingement and entrainment reductions that are
not likely to be consistent with state law or facts, or even the current version of the draft policy. For
example, the federal rule allows facilities to receive credit towards the performance standards for
intake pipes located within the water column, because it characterizes the calculation baseline
relative to impingement and entrainment that would occur at.the séa surface. This type of credit
should not be allowed in the state policy. Most facilities along the coast of California have
submerged intake pipes. There is no evidence that this structural design was originally intended to
reduce entrainment. Instead, plants were most likely designed in this fashion solely for practical -
purposes. Le., if intake pipes were placed along the surface, they would impede boat traffic, suffer.
~ potentiai damage from storms and wave action, have functionality restricted by tidal fluxes, etc.

Although submerged intakes may have less impact on the planktonic community than surface
intakes, there is substantial evidence that even with submerged intakes, OTC has significant adverse
_ environmental impacts.'® Instead of contemplating various sleight-of-hand scenarios like plants
moving their intakes from the water column to the surface in order to avoid mandatory reductions,
the intention and application of a new state policy must be to promote real reductions in '
environmental impact.

'! CEC Staff Report, supra note 1; Michael Foster (September 26, 2005) Presentation at State Water Board 316(b)
Laguna Beach workshop.
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As currently outlined in the draft policy, the language addressing the assignment of credits
for already-implemented impingement and entrainment reductions is vague and potentially
misleading. We urge the State Board to strengthen the policy by eliminating the opportunity for
facilities to receive credits, which would be a difficult and time-consuming exercise that would take
up staff time better suited to implementing reductions. At a minimum, however, the policy should
clarify in what cases, and how credits will be allotted, and ensure that credits are allowed only for
past actions clearly, demonstrably and specifically taken to protect the environment. The State
cannot weaken the law by adopting a policy that allows credits for actions not demonstrably and
specifically intended to reduce OTC’s environmental impacts.

E. The Policy Must Include Seasonal Protectiohs for Larval Organisms to Effectively
Meet Entrainment Reductions

As previously stated, it is the intent of both state and federal law to protect marine and
coastal species from impacts associated with entrainment and impingement. However, as currently
written, the draft policy would allow for continued high levels of entrainment because it fails to
provide detailed guidance for how entrainment reductions should be calculated. Although the policy
proposes using flow as a proxy for entrainment, it does not specify whether these flow reductions
should be calculated on a daily, monthly, annually, or some other basis. Without such specification,
it is likely that policy implementation will not be consistent throughout the state. For example,
facilities that choose to calculate flow reductions on an annual basis may not provide necessary

‘protection to critical fish eggs, larvae and plankton in some areas of California.

In southern California, peak larval abundance coincides directly with peak energy needs in
the state — during the summer. Because of the ambiguity of the proposed policy, facilities may
choose to calculate flow reductions on an annual basis. In doing so, facilities might reduce their
intake flow (shutting down the pumps or reducing them to the minimum intake necessary) during
the winter, and continue using high flow rates in the summer. While such a practice could
technically meet the flow reduction standard as written, it would not reduce the entrainment impacts
in southern California. The relative abundance of fish larvae and eggs is so great during the
summer in southern California that if operations were restricted to onl?/ the summer months, it
would still account for the majority of year-long entrainment impacts. 2 Thus, it is imperative that
the policy include protections for seasonally abundant organisms to truly achieve the intended
entrainment and impingement reductions. We recommend that impingement and entrainment
reductions be calculated on a monthly basis, rather than leaving these calculations
unspecified, in order to ensure real reductions in entrainment impacts.

F. Existing Facilities that Repower or Retool Must be Classified as “New” Facilities

State Board staff should amend the proposed definition of “new power plant” to
include all existing facilities that repower and retool. A “new power plant” must comply with

192 A RS Huntington Beach LiL.C. Generating Station Entrainment And Impingement Study Final Report (April 2005)
Prepared by MBC Applied Environmental and Tenera Environmental, sec section 4.4.3 Entrainment Results,
Ichthyoplankton and station data for California Cooperative Oceanic Fisheries Investigations survey cruises, CalCOF1

website: http:/swise nmfs.noaa. gov/F RD/CalCOFL/On-LineDataSystem/ documentation.htm#data.
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- the federal Phase I rule mandating performance equivalent to closed-cycle wet cooling towers or
_ better. The proposed definition of “new power plant” in the draft policy currently reads:

a) Any power plant that is issued an NPDES permit and which commenced construction -

~ after January 17, 2002, or b) any power plant that was in operation prior to January 17,
2002 but, as of the effective date of this Policy, has undergone or will undergo a major
‘modification, such that its electrical production capacity will increase and its intake flow
rate will increase.!™

" The scoping document states that the definition was intended to “capture as 2 new power
plant modifications to the plant that fall short of construction of a greenfield or stand-alone facility
as long as the modifications increase both the plant’s electrical production capacity and the design
capacity of the existing intake structure. »104

" As currently worded, it could be argued that the definition of “new power plant” does not
apply to plants going through repowering (a process in which the generation units are replaced) or
retooling (applying to lesser modifications including replacing burners), because such changes
might not be “major modifications” under the definition. These modifications might not increase
electrical production capacity (repowering upgrades combustion facilities to state-of-the-art
technology but does not always increase production capacity) and/or flow rates. However, it is
obvious that repowering and retooling are major modifications in any sense of the term. Both
require an elaborate proceeding at the CEC. Retooling and especially repowering involve the
expenditure of up to hundreds of millions of dollars and significant disruption to plant generation
and site logistics—the very same kind of expenditures and site disruption occurring during
development of a greenfield facility. The implicit justification for a different policy governing new
versus non-new facilities is the assumption that retrofit costs are higher than newly-built costs;
importantly, however, the State Board has cited no evidence to buttress this assumption. Moreover,
simple common sense prompts the question: how are costs different where there is nothing on the
land after an old facility is razed and removed (as is sometime the case in repowering) and where
there is nothing on the land to start with (as in greenfield development)? In addition, the disruption
and investment associated with repowering and retooling make that an ideal time to implement
changes in cooling systems needed to prevent impacts to the beneficial uses of impacted waters.

Thus, staff should revise the definition of “new power plant™ to clearly capture repowermg
and retooling facilities, as there is no rational basis for why these facilities should be upgrading to
state-of-the-art generation and air pollutant-reducing technology without also upgrading their
antiquated cooling systems. Moreover, such an approach would be consistent with the CEC staff
recommendation from its June 2005 report on once-through cooling, which recommends
disallowing the use of OTC for any repower or replacement project uniess there is no other viable
alternative. In that report, the CEC staff suggested a policy whereby the CEC would “approve once-
through cooling by power plants it licenses, or for licenses it amends related to cooling system
modifications, only where alternative water supply sources or alternative coolmg technologies are
shown to.be both environmentally undesirable and economically unsound. 103

'% Scoping Document, supra note 90, Appendix I, p. 4.
4 1d. at p. 20.
15 CEC Staff Report, supra note 1, p.4.




G. The Policy Should Provide a Well-Defined and Expeditious Compliance Deadline

At present the draft policy does not provide an ultimate deadline by which power plants
must be in compliance with entrainment and impingement reductions. Instead, the draft policy
directs the Regional Boards to implement the policy when a permit for an existing plant is first
reissued (after the effective date of the policy) or when the permit is reopened, whichever occurs
first. This implementation strategy fails to account for frequent administrative delays in reissuing
permits by some Regional Boards. For exam 0ple the most recent reissuance of the Potrero’s NPDES
permit was delayed for more than 10 years.”” Due to these delays, a circumscribed deadline is
necessary to ensure that this policy is robust and enforceable.

In determining this deadline, the State Board should consider the timeline for compliance
under the federal rule. Under the Phase 11 schedule, Comprehensive Demonstration Studies
examining impingement and entrainment at each facility will be finished at the latest in January
2008. Thus, actions towards compliance at the state level should reasonably begin by no later than
mid-2008. Accordingly, we urge the State Board to require implementation within the first
permit cycle immediately following the effective date of the final policy, or when the permit is
reopened, or no later than five vears after adoption of the policy, whichever occurs first.

III. RESTORATION AND MITIGATION ARE NOT EFFECTIVE SUBSTITUTES FOR
PREVENTING IMPACTS

A. Compliance Alternatives that Rely on Restoration And Mitigation Should Not Be
Included in the State Policy, as the Use of Restoration Cannot Achieve the Goals of the
Clean Water Act and Porter-Cologne

The draft policy allows restoration to be used when the facility operator proves that
operational and structural controls cannot “feasibly” (see above discussion regarding “feasible”) be
used to achieve the required 90% reduction in entrainment. In such cases, the draft policy states
that the facility may use restoration to achieve the required 90% reduction in entrainment (of

~course, the policy requires that a minimum of 60% reduction in impacts be achieved in any event, a
position that we strongly support).

Compliance alternatives that rely on restoration (or, for the same reasons, mitigation) should
not be inclided in the state policy, which instead should require the 90-95% reductions be achieved
through prevention, as encouraged by the OPC and SLC. The plaintiffs in both the Phase I and
Phase II federal lawsuits (including California Coastkeeper Alliance and Surfrider) have
consistently argued that restoration is not allowed under the language of CWA section 316(b). This
argument was successful in the Phase I case regarding new power plants.'”’ Among other things, the
court in that case said that restoration measures are “plamgy inconsistent with the statute's text
and Congress's intent in passing the 1972 amendments.”” The court added that:

1€ New permit issued May 10, 2006 retrievable at http://www.waterboards.ca.gov/sanfranciscobay/Agenda/05-10-

06/mirantfinalorder.pdf,
' Riverkeeper, supra note 30, 358 F.3d at 189-191.

1% Jd, at 189 (emphasis added).
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[restoration measures,] however beneficial to the environment, have nothing to do with the
location, the design, the construction, or the capacity of cooling water intake structures,
because they are unrelated to the structures themselves. Restoration measures correct for the
adverse environniental imgacts of impingement and entrainment; they do not minimize those
impacts in the first place.1 ? :

The court conciuded that “we find that the EPA exceeded its authority by allowing
complianiceé with section 316(b) through restoration methods, and we remand that aspect of the
Rule.”"® A decision in the Phase IT case is likely in the next year.

As the United States Court of Appeals for the Second Circuit held in reviewing EPA’s
national cooling water intake structure regulations, section 316(b) of the CWA requires facilities to
minimize, i.e. prévent, environmental impacts, rather than attempt to make up for them after they
oceur. It is for this reason that the New York policy does not consider restoration as an appropriate
or aceeptable best technology available, stating that restoration is inconsistent with Clean Water Act .

" section 316(b) because “such measures merely attempt to correct for the adverse environmental
impacts of impingement and entrainment; they do not minimize those impacts in the first .
instance.” 1! California should follow suit.'’> Additionally, California Water Code section 13142.5
mandates that all new or expanded power plants (and industrial installations) use the best available
site, design, technology, and mitigation measures feasible to minimize the intake and mortality of all

forms of marine life. For the same reasons as restoration, mitigation cannot be viewed as a substitute
for preventing impacts from occurring in the first instance, most importantly because the “best
technology available” is capable of exceeding the high-end of the entrainment and impingement
performance ranges. :

Thus, we urge the State Board to eliminate restoration as a compliance alternative under the

 draft policy, just as New York State has done. However, if the state policy does include a
restoration component, it should be considered the exception, not the rule, and should be only the
minimum amount necessary to achieve the required 90% reduction in entrainment impacts. In
particular, the policy should more carefully define the hierarchy of restoration measures and exactly
when a plant might derogate from the top-level priority of in-kind, on-site restoration to lower
priorities (which shouid be severely discouraged). We further recommend the State Board assign
the Expert Review Panel to assess and approve any limited situations where restoration may be
acceptable to achieve the 90% reduction goal, and validate acceptable restoration actions that can be
taken to comply with the policy.

Additionally, the scoping document for the draft policy states that the State Board will
require the “habitat production foregone” methodology to be used when assessing entrainment
losses to apply towards restoration.’ > This methodology places all entrainment losses in the same
context — acres of damages done. However, the habitat production forgone method was not

Lz

1 Id. at 191, : _
UL §ooping Document, supra note 90, Appendix 11 at p. 6 (emphasis added); see also Riverkeeper, 358 F.3d at 189-192.
112 It should be noted that the Second Circuit’s decision in Riverkeeper is binding nationwide. The decision confirms
that restoration measures are not authorized under section 316(b) for new facilities. The question of whether restoration
measures are authorized under section 316(b) for existing facilities is presently under review by the Second Circuit in
Riverkeeper. Inc. v. EPA, 04-6692-ag(1.), which was transferred to the Second Circuit by the Ninth Circuit.

3 Scoping Document, supra note 90, p.18. :
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originally developed for restoration purposes, and consequently no mitigation ratio was built into
the development of this model. Thus, solely using habitat production foregone to determine
restoration needs would only achieve a mitigation ratio of 1:1, which is not sufficient and is rarely if
ever used in practice in other restoration situations. If the State Board continues to include
restoration in its policy, a mitigation of 3:1 to 5:1 or greater should be required to account for the
high level of uncertainty surrounding whether or not restoration actually mitigates for any of the
environmental damages caused by OTC. This approach would be consistent with other restoration
requirements, as the Coastal Conservancy and other agencies have historically required miti gation
ratios of 3:1 and higher for habitat loss. .

B. ARigorous Analysis of All Feasible Technological and Cooling Alternatives, Including
Use of Treated Wastewater as Coolant, Should Be Conducted at Each Facility

In the past, restoration and mitigation options (or worse, minimal one-time “payments” in
lieu of actual restoration or mitigation) have been quickly turned to, with little to no analysis of
alternatives that would actually prevent the impacts that such restoration and mitigation ostensibly
would address. A far more rigorous analysis of alternatives to once-through cooling technology
should be conducted at each site to ensure that beneficial uses are best protected. While the scoping
document cites the availability of less damaging, alternative cooling technologies to once-through
systems,'! the policy should go further to ensure the mandates in the Clean Water Act and Porter-
Cologne are achieved. It should specify that, in permitting proceedings, applicants must analyze
and report on the potential for adoption of alternative cooling technologies at their facilitiés. In
turn, Regional Board staff should consider these reports and state the basis for adopting or rejecting
any given technology. In making these determinations, Regional Board staff could consider the
results of a forthcoming report from the OPC concerning the potential of such alternative cooling
technologies at each site. This requirement would improve consistency of State Board decisions
with the resolutions passed by the SLC and OPC earlier this year, inform the feasibility
demonstration that facilities must make to gain approval for restoration measures (if such a
‘provision is included in the final policy), and bolster the Regional Board staff’s interpretation of
Cal. Water Code 13142.5 and implementation of Clean Water Act section 316(b). As with our
suggestion regarding feasibility determinations, we also recommend that the Expert Review Panel
review staff determinations concerning adoption of alternative cooling technologies, to ensure
consistency with state and federal law across the state.

Similarly, the draft policy only requires plants to “consider” the use of “treated wastewater”
for plants that are “in close proximity” to POTWs.'"” State law and policy strongly encourages the
use of recycled water (see, e.g., Cal. Water Code sec. 13142.5(e); State Board “Water Quality
Control Policy on the Use and Disposal of Inland Waters Used for Powerplant Cooling” (1975)"¢;
“Recycled Water Task Force Final Report” (June 2003)'"). Accordingly, the State Board’s policy
should impose a presumption that where the use of treated/recycled wastewater is technically
feasible, a facility must demonstrate with clear and convincing evidence why an alternative
source of water is superior.

" 1d. atp.27
5 1d at Appendix I, p. 3.

'®This policy states clearly that “fi}t is the Board’s position that from a water quantity and quality standpoint the
source of power plant cooling water should come” first from “wastewater being discharged to the ocean” aver all other
sources of water,” This policy should be reflected clearly in the Board’s 316(b) policy.

"7 Available at: hitp://www.owue.water.ca.govirecycle/docs/TaskForceReport.htm. Accessed 9.1.06.
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IV. NUCLEAR SAFETY QUESTIONS SHOULD BE ADDRESSED TO NUCLEAR REGULATORY
COMMISSION

The nuclear plants account for well over half of the once-through cooling water flow
currently used in the state. It is noteworthy that while the California nuclear power plants utilize
once-through cooling with significant impacts on the marine environment, other nuclear plants
around the country use closed-cycle cooling effectively and safely.

Despite using the majority of once-through cooling water in the state, the draft policy gives
the nuclear facilities a virtually blanket exemption from complying with the impingement and
entrainment standards. If the owner or operator simply “demonstrates that implementation of
operational and/or technological measures for the reduction of impingement and entrainment will
conflict with safety requirements instituted by the Nuclear Regulatory Commission,” then according
to the current draft policy they are exempt from the operational or structural controls.!'® Because
neither “démonstration” nor “conflict with safety requirements” are defined in the draft policy, this
provision would allow for almost any statement by an owner or operator of a nuclear facility to opt
out of the policy on the allegation that there was a “safety conflict.” Given the overall contribution
of the nuclear facilities to the damages associated with once-through cooling, if they were exempt

from compliance, the proposed policy would provide significantly less environmental protection for
our marine environment.

Safety is obviously important. However, the people of the state and the state’s resources
would be better protected if resolution of any safety questions raised by the owner or operator were
left to the Nuclear Regulatory Commission (“NRC”), which is charged with the oversight of such
matters. The NRC has shown that it will properly interject if it sees a potential safety issue. For
example, the NRC became closely involved immediately in the recent discovery of a radioactive
leak from the San Onofre Nuclear Generating Station that had reached local groundwat’er.“g NRC
ofﬁcig!)s said “they were concerned because the contamination was found in a place ‘it should not
Cbe’”

The draft policy should be rewritten to put the responsibility for resolving safety issues back
on the NRC, not on the power plants, who might benefit from any “demonstration” of a claimed
“safety conflict.”

1t is also important to note that the EPA thoroughly examined the issue of retrofitting
nuclear power plants in its CWA 316(b) Phase 1I Technical Development Document (TDD),
and at no time did the EPA identify retrofits at nuclear plants as infeasible due to safety issues. The
two issues raised in the TDD that distinguish nuclear plants from fossil fuel boiler plants are the
potential sensitivity of nuclear piants to excavation inthe vicinity of the reactors, and an increased
safety margin in the upgrading of surface condensers at nuclear plants. 12 The EPA addresses these
possible safety issues appropriately by adding a cost premium for excavation and surface condenser
upgrades at nuclear plants. ' '

© 118 §oping Document, supra note 90, Appendix I, p. 2, para. 2.c.

19 oo e.g, “Radioactive Leak Reaches Nuclear Plant's Groundwater” supra note 26.
120 Id

2 EPA 316(b) Phase Il TDD Ch.4, supra note 53 pp. 2.31, 2.35.
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Conversions at nuclear plants have been shown to be feasible and safe for some time. The
Palisades Nuclear Generating in Plant in Michigan, for example, successfully and safely carried out
a conversion from once-through cooling to closed cycle cooling in 1974, Additionally, the owner
(Entergy, Inc.) of the 2,000 MW Indian Point nuclear power plant on the Hudson River in New
York carried out an extensive wet tower retrofit design assessment as a component of the plant’s
NPDES permit renewal process in 2003. The wet tower evaluated, a 500-foot diameter round tower
in hilly terrain, required extensive blasting and excavation of granite near the operational reactors.
One element of the retrofit analysis conducted by Entergy was determination of the effect of the
blasting on the reliable operation of the reactors.'® The result of the study was that the extensive
blasting presented no safety concerns if conducted as planned and would have no impact on the
operational reliability of the reactors. It is unlikely that such significant disturbances would be
necessary at either SONGS or Diablo Canyon due to the coastal sedimentary geology of these two
sites. Even if such disturbances were necessary, the Entergy study would indicate that such
disturbances in the vicinity of a nuclear power plant can be done is a safe fashion, and in rio way
represents an automatic technical or safety impediment to a wet tower retrofit at a nuclear power
plant. The NRC, which has expertise in safety issues raised and resolved around the country,
is the most appropriate arbiter of potential safety concerns, more so than a local plant facing
regulation under section 316(b). Coordination can be undertaken with the Expert Review Panel and
the State Water Board to ensure full public vetting of such issues.

V. THE POLICY MUST INCLUDE NEEDED DETAILS TO ENSURE CONSISTENT
IMPLEMENTATION

A. The Plants Required to Conduct Cumulative Impact Studies Should be Explicitly
Identified :

We support the requirement in the draft policy that power plants with overlapping intake
water source areas conduct a cumulative ecological study analyzing their coilective impacts, even
when the closely-sited plants fall under the jurisdiction of different Regional Water Boards.
Although we support this provision, however, we are concerned that the phrase “overlapping intake
water source areas™ is too vague. The draft policy does not clearly establish how facilities should
determine whether or not they have “overlapping intake water source areas.” To clarify this section
of the policy, we recommend the State Board or Expert Review Panel specify which facilities are
required to conduct a cumulative impact study. For example, facilities on the same enclosed bay
(such as Alamitos and Haynes Generating Stations on Alamitos Bay) and those closely located
along the coast (for example, the three power plants in Santa Monica Bay) should be defined has
having overlapping intake water source areas. Given that there are only 21 coastal power plants in
California, this should be a relatively simple task that will streamline implementation by :
circumventing potential arguments raised by various facilities to the State Board as to whether or
not a cumulative impact study is required at their power plants.

i22 . .

Id atp. 3.
** Calvin Konya, PhD, Indian Point Blasting Feasibility Study,p repared for Enercon Services (consultant to Entergy),
May 22, 2003, Appendix 6A to June 2003 Enercon repott “Economic and Environmental Impacts Associated with
Conversion of Indian Point Units 2 and 3 to a Closed-Loop Condenser Cooling Water Configuration.” _
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B. The Monitoring Provisions Must Be Further Specified to Ensure Consistent
Implementation and to Characterize Compliance Accurately

_ The draft policy outlines impingement and entrainment monitoring provisions to be
‘completed as part of permitting following adoption of the policy. This monitoring is essential for
policy implementation, as its results will be used to determine compliance. Thus, it is imperative
that this monitoring generates results that accurately reflect impingement and entrainment at each
facility. It is also vital that monitoring be consistent for all power plants, so that impacts of
entrainment and impingement can be examined on a statewide basis. -

As currently written, the monitoring provisions within the draft policy are too open-ended

and need more detail. For example, prior to permit issuance or renewal, the draft policy requires a
year-long impingement and entrainment characterization study, but no sampling frequency is
determined. We recommend that both impingement and entrainment sampling be conducted at least
once monthly, to account for changing facility and ocean conditions. Furthermore, after the permit
is effective, the draft policy requires “periodic” impingement sampling; however the term
“periodic” is not defined. This and other indistinct terms should be explicitly characterized to
streamline implementation and ensure that the policy is interpreted consistently across all facilities.

" The draft policy also states that the need for new impingement studies must be evaluated at theend
of a permit period, but does not define who will conduct this evaluation. We recommend that an
entity separate from the power plants or their hired consultants determine the level of future
impingement studies that are necessary, and suggest that the State Board, in consultation with the
Expert Panel, take on this role.

The proposed monitoring provisions also discuss the need for ongoing entrainment studies
and state that entrainment studies shall be performed “unless the permittee demonstrates that prior
studies accurately reflect current impacts.” It is unreasonable and unrealistic for the permittee to
determine accurately whether or not past studies accurately reflect current conditions. The ocean is
a dynamic systém, and entrainment should be continually monitored to ensure that progress towards
policy compliance is made and once met, compliance continues. Furthermore, as reflected in the
recent CEC report, many of the past entrainment studies are no lonﬁer valid because they are
outdated and/or inconsistent sampling techniques were employed.] Power plants should not be

allowed to use these studies to gauge whether or not they are meeting current entrainment
reductions. The current language in the draft policy provides a potential loophole for power plants
to neglect entrainment sampling, and should be revised. Unless structural changes (e.g. dry
cooling) are made that assure unequivocally that entrainment standards are met, ongoing
entrainment studies are necessary to evaluate compliance at each facility. These studies also should
continually monitor entrainment during the peak annual period of larval density, to test the efficacy
of the structural or operational compliance strategies implemented to achieve needed entrainment
reductions. '

124 CEC Staff Report, supra note 1; see e.g. pages 3, 14, and 71. For example: “The review showed that because of
problems with study designs and analyses, and lack of current information, the accuracy of the described impacts of
over balf of these plants {13) is unknown” (p.3); and “ To evaluate that argument, Energy Commission staff carefully
reviewed [the Scattergood study] and found it had “a number of serious scientific problems,” particularly with sampling
methods, and concluded most concentration estimates for larval fish used in the Scattergood analysis are highly
unreliable” (p.71).
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VI. CONCLUSION

The time is ripe for the state to embrace a policy on once-through cooling that reflects
Californians’ demand for providing the utmost protection for our valuable marine and coastal
resources, and for investing in a sustainable, environmentally sound future energy supply.
California has consistently set high standards for the protection of the state’s world-renowned
coastal and marine resources, through the Marine Life Protection Act, the California Ocean
Protection Act, and the Marine Life Management Act, among others. The State Water Board’s
policy on once-through cooling should be consistent with these laws, and with similar state laws
and policies that commit California to a sustainable energy path. We urge the State Water Board to
adopt and implement a state policy on once-through cooling that charts a course for California’s _
future, consistent with the Clean Water Act and Porter-Cologne.

Thank you for your consideration of our comments.

Sincerely,

Linda Sheehan, Executive Director
California Coastkeeper Alliance
Isheehan@cacoastkeeper.org

Tracy Egoscue, Executive Director
Santa Monica Baykeeper

baykeeper@smbaykeeper.org

Bill Jennings, Executive Director
California Sportfishing Protection Alliance

deltakeep@aol.com

Jim Metropulos, Legislative Representative
Sierra Club California

Metropulos(@sierraclub-sac.org

Joe Geever, Regional Manager
Surfrider Foundation
jgeever@surfrider.org

Sejal Choksi, Baykeeper
Baykeeper, San Francisco Chapter

sejal@baykeeper.org

Gordon Hensley, Executive Director
San Luis Obispo Coastkeeper

GRHensley@aol.com

Mark Gold, Executive Director
Heal the Bay

mgold@healthebay.org

Zeke Grader, Executive Director
Pacific Coast Federation of Fisherman’s Associations

zgrader@ifrfish.org

Bob Strickland, President
United Anglers of California, Inc.

bstrickland@unitedanglers.org

Pietro Parravano, President
Institute for Fisheries Resources -

fish3ifr@mindspring.com -

Deborah A. Sivas, Director
Stanford Law School Environmental Law Clinic

dsivas@stanford.edu

Bruce Reznik, Executive Director
San Diego Coastkeeper

breznik@sdcoastkeeper.org

Tim Eichenberg, Director, Pacific Regional Office
The Ocean Conservancy

teichenberg@oceanconservancy.org




Matt Vander Sluis, _Pr.oject Coordinator
Planning and Conservation League

mvander@pcl.org

Rory Cox, California Program Director
Pacific Environment

RCox@pacificenvironment.org

Jack McCurdy, Co-President
California Alliance on Plant Expansion

pi mccurdy@sbeglobal.net

Conner Everts, Executive Director
Southern California Watershed Alliance
Co-Chair, Desal Response Group
connere(@west.net

Jan D. Vandersloot, MD, Director
Ocean Outfall Group
JonV3(@aol.com

Ce:
Cruz Bustamante, Lt. Governor
Michael Genest, Director of Finance

Laura Hunter, Director, Clean Bay Campaign
Environmental Health Coalition '

: LauraH@environmentalhealth.org

James A. Peugh, Conservation Committee Chair
San Diego Audubon Society

peuch@cox.net

Lorell Long, Secretary
California Earth Corps
Lorell@ispwest.com

Alan Ramo, Director, Environmental Law Clinic
Golden Gate University School of Law

on behalf of Bayview Hunters Point Community
Advocates '
aramo .edu

Alan Levine, Director

‘Coast Action Group

alevine(@mcn.or

Steve Westly, Chair, California State Lands Commission and State Controller

Linda Adams, Secretary for Environmental Protection, Cal-EPA

~ Mike Chrisman, Secretary, California Resources Agency and Chair, Ocean Protection Council
Drew Bohan, Executive Policy Officer, Ocean Protection Council
Meg Caldwell, Chair, California Coastal Commission
Peter Douglas, Executive Director, California Coastal Commission
Sam Schuchat, Executive Officer, California Coastal Conservancy
Jackalyne Pfannenstiel, Chair, California Energy Commission
B.B. Blevins, Executive Director, California Energy Commission
~ Yakout Mansour, President and CEO, California ISO
Dominic Gregorio, Division of Water Quality, State Water Resources Conirol Board
 Tom Luster, Environmental Specialist, California Coastal Commission

- Attachments

A Coalition Letter to the SWRCB dated February 23, 2006

B. Fact Sheet on Energy and OTC

C. CEC Expected and Disclosed Energy Facility Projects

D. CEC Power Plant Fact Sheet August 9, 2006
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ATTACHMENT A

February 23, 2006 Coalition Letter to
the State Water Resources Control Board




Fsbruary 23, 2006

Ms. Tam Doduc, Chair

Members of the Board

State Water Resources Control Board
1001 1 Street

Sacramento, CA 95814

Re: State Policy Goirerning Once-Through Cooling at Coastal Power Plants
VIA EMAIL: commentletters@waterboards.ca.gov

Dear Chair Doduc and Members:

The undersigned groups respectfully submit the following comments regarding the development
of a statewide policy on once-through cooling.

First of all, we thank the State Water Resources Control Board (“State Board™) for its attention to
this issue, and for providing the opportunity for public participation at workshops in Laguna
Beach and QOakland. We also appreciate the State Board’s continuing coordination with the
California Ocean Protection Council in the development of a once-through cooling policy. We
also support the efforts of other state agencies addressing once-through cooling. Many of us
attended the State Lands Commission (SLC) hearing on February 9" to support their initiative
opposing once-through cooling. We will send the State Board a copy of our separate comments to
the SLC regarding this topic. '

- Through a statewide policy, the State Board, together with other agencies, can fulfill the _
Legislature’s recognition that “the preservation of the state’s ocean resources depends on healthy,
productive, and resilient ocean ecosystems,” and that “the governance of ocean resources should
be guided by principles of sustainability, ecosystem health, precaution, recognition of the
interconnectedness between land and ocean, decisions informed by good science and improved
understanding of coastal and ocean ecosystems, and public participation in decision-making.”! We
look forward to playing a constructive role in developing a policy that is appropriately protective

of the state’s invaluable coastal resources.

We strongly support the implementation of a consistent statewide policy and appreciate the State
‘Board staff recommendations regarding this policy. We attended both the September 26® and
December 7™ workshops on this issue. This letter highlights our perspective on the draft
recommendations for a statewide policy on once-through cooling presented by Regional Board
staff at the December 7% workshop. We also take up elements of the pending policy that were not
addressed by staff at either workshop.

¢ Pub. Resources Code, section 35505(c).




Based on the information presented at these workshops, we have the following main points
regarding a statewide policy on once-through cooling:

Compliance alternatives that rely on restoration and mitigation should not be included:
The cost exceptions presented in the federal rule as site-specific determinations of best
technology available should not be included,; _

¢ A scientific and consistent approach should be used to determine the calculation baseline,
which provides the basis from which impingement and entrainment reductions are
evaluated; . '

* Arigorous analysis of all feasible technological and cooling aliernatives should be
conducted at each facility; _

» Power plants going through repowering should be treated as “new facilities” and

* The Regional Boards should evaluate impacts on marine mammals, sea turtles, and other

~ larger organisms, in addition to fish and invertebrates.

Response to State Board Staff Draft Recommendations for a Statewide Policy

Following the preliminary State Board discussion at the Qakland workshop on December 7, 2005,
we have recommendations about what to include in the state policy for Phase II facilities. Above
all, we believe that restoration/mitigation and the site-specific compliance alternatives that allow
for economically based exceptions (both elements permitted in the federal rule) should not be
included in this policy.

First, we strongly support the following staff recommendations for a statewide policy presented at
the Oakland workshop: :

e Utilize standardized data collection methods;
Use actual flow, rather than the permitted maximum to determine the calculation baseline.
Most power plants use a lower volume of seawater than permitted for normal operations;
we support basing impingement and entrainment reductions on the actual flow used by
each facility;

* Set targets at the upper end of the federal performance standards (95% reduction for
impingement, and 90% for entrainment);
Discourage cooling water use when power is not generated: and _ :
Require a cumulative impact evaluation for areas where power plants are in close
proximity, such as Santa Monica Bay.,

In addition to supporting these recommendations, we have further suggestions for improvement.
In continuing to develop the statewide policy, it is imperative that the State Board recall Water
Code section 13142.5, which mandates that the “best available site, design, technology, and
mitigation measures feasible shall be used to minimize the intake and mortality of all forms of
marine life.” This Water Code section echoes numerous other state authorities enacted to protect,
enhance, and restore the State’s coastal resources. The following list summarizes our main points:

? As has been noted in both workshops, the viability of restoration and the site-specific compliance alternatives (as
provided in the federal Phase II rule) is pending litigation in the Second Circuit Court of Appeals.
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e Calculation baseline: While we agree that calculation bascline should be based on actual
- rather than permitted flow levels, the term “actual flow” needs to be more clearly defined.
Further recommendations regarding the calculation baseline are discussed below.

o Performance Standards: We support using the upper end of the performance standards as
reduction targets, but there must be clear and enforceable deadlines set in order to meet

these targets.

e Mitigation/Restoration: Although we appreciate the State Board staff's effort to specify
types of mitigation that are acceptable (e.g. in-kind mitigation), we do not believe that
fnitigation/restoration should be considered as an option for a compliance alternative.
Restoration does not mitigate directly for the impacts of once-through cooling, and it has

“been consistent practice in the past to vastly under-fund mitigation in comparison with the
ecological costs of once-through cooling impacts. Mitigation and/or restoration should be
~ permitted in this policy only with respect to ensuring that 100% of the impacts associated
with once-through cooling are mitigated; that is, mitigation would be allowed only for the
difference between the upper end of the performance standards (95% for impingement and
00% for entrainment) and 100% of the damage. '

e Thermal Plan: Although we support placing this policy in an enforceable document, we are
concerned that amending the Thermal Plan may be a slow process. This policy is of high
.importance and needs to be implemented soon to provide guidance for the Regional Boards
and industry. We encourage the State Board to proceed expeditiously with the policy and
Thermal Plan amendment process, and to ensure that all permits issued include such policy

requirements whether or not the Thermal Plan process is complete.

The State Policy Should Address the Potential Loopholes Afforded By the
Federal Rule to Protect Water Quality and Marine Resources '

While we applaud many of the recommendations made by staff at the December workshop held in
Oakland (summarized on slide 9 of the staff Presentation), all of staff’s good intentions could be
meaningless unless the State closes off potential loopholes in the federal rule. If these loopholes
remain, the time and resources spent by the State Board and other agencies on this issue will likely
result in litfle to no environmental benefit. Loopholes exist in the form of site-specific
determinations, the range of feasible options that must be considered, and the “new facility”
definition currently allowed by the Phase II rule?

1 Site-Specific BTA Determinations: The “Cost Exceptions”™

Despite attempting to promote a national standard, the Phase II regulations allow for site-specific
determinations of best technology available (“BTA”).4 If either (1) the costs of compliance with

3 Again, as stated above, the site-specific alternatives are currently subject to federal litigation in the Second Circuit.
The same litigation also challenges the scope of the Phase [ and Phase II rules as it relates to which facilities fall under

each rule. . .
4 69 Fed. Reg. 41597-98; 40 C.F R, Part 125.




the performance standards and/or restoration requirements would be significantly greater than the
costs considered by the EPA Administrator for a similar facility (cost-cost exception), or (2) the
costs of compliance with the performance standards and/or restoration requirements would be
significantly greater than the benefits from compliance, the plant can request a site-specific BTA
determination. In'either case, the State Board must ensure that these requirements achieve an
efficacy “as close as practicable to the performance standards and/or restoration requirements.”
However, for the reasons stated below, the undersigned environmental groups oppose both
avenues for site-specific determinations.

The site-specific determinations raise a number of questions that will be nearly impossible to
answer accurately and consistently. What are “significantly greater” costs? Are these greater
costs offset by other advantages the plant possesses due to location or other attribute? How should
environmental benefits be monetized? Are non-market and non-use values fully and accurately
depicted? Should plants situated near commercial fisheries be favored or disfavored against plants
in other locations? How do the Regional Boards know when proposed measures operate as close
as practicable to the performance standards? These are just a few of the challenges awaiting
Regional Board staff. Moreover, preliminary indications from the Proposals for Information _
Collection (PICs)® suggest that plant operators will frequently pursue site-specific determinations,
not rarely as EPA apparently anticipated.® -

Compounding these larger questions are uncertainties inherent in the calculation of compliance
costs and environmental benefits. These uncertainties are likely to favor the plant operators at the
expense of the coastal environment. ‘

Calculation of Compliance Costs

Calculations of compliance costs are a critical basis for determining plant eligibility for the more
lenient site-specific standards. However, calculation of these costs is notoriously difficult; the
technical development documents supporting the Phase IT rule attest to EPA’s own difficulties in
this area. Under both cost exceptions as currently stated, plant operators have an incentive to
overstate such costs because they are hard for regulators to verify and the lure of more lenient
standards means higher profits. Complicating matters, because neither the State Board nor
Regional Boards routinely evaluate the operations of electricity generators, the Boards are not
currently prepared to rigorously evaluate the cost figures to be provided by the power plants,

One common sense requirement of these cost analyses is to evaluate compliance costs in the
context of plant operations. For example, if a given technology costing $20 million will satisfy
the desired performance standards, how significant is this cost when compared to the annual or
expected lifetime operating costs? How significant is the cost compared to other regulatory costs
imposed on the plant to meet other regulations? Can the cost be financed over the lifetime of the
plant? It appears that Regional Board staffs have historically not requested contextual data. And

* 40 C.F.R. §125.95(b)(1) [The PICs are blueprints for impingement and entrainment studies which are required by the
Phase II rule when plants elect not to reduce their flow commensurate with closed-cycle recirculating cooling

systems. ] _ -

€69 Fed. Reg. 41590. [ “In most cases, EPA believes that these performance standards can be met using design and
construction technologies or operational measures,”] .




" when environmental groups have requested these data directly from plants, plants have raised
confidentiality concerns. However, when the allocation of public resources is in question, it is not
sufficient to evaluate cost without reference to context, nor is it acceptable that necessary data are
shielded from agency review.

If the State Board is to rely on a policy that depends on assertions of compliance cost, the Board
should retain an independent panel of experts that is qualified to review such data in appropriate
context. Data from the presentation by agency consultant John Maulbetsch at the Oakland
workshop could be a good starting point for this panel’s inquiry. In his presentation, Mr.
Maulbetsch showed that fuel costs are by far the largest cost of production at combined cycle
plants, and that capital costs, of which the cooling system is only one component, appear (o range
around 11 to 16 percent.”® The independent panel could review these variables and other relevant
ones in determining the true significance of compliance costs. ' '

Calculation of Environmental Benefits

Just as plant operators have an incentive to shield or overstate data on compliance costs, operators-
also have an incentive to understate the benefits of compliance with the Phase II performance
standards under the second cost exception. Because the precise calculation of environmental
benefits is challenging and subject to debate, plants will likely stop after calculating only the most
immediate and transparent benefits. In doing so, plants will ignore or avoid the quantification of
non-use and non-market benefits. Calculation of these benefits pushes the frontiers of
environmental economics; indeed, EPA itself could not quantify the non-use benefits to be
afforded by the national rule? Given this reality, rather than encouraging a simplistic and
inaccurate approach to benefits calculation, the State Board should reject any alternative that relies
on it. '

The latest example in the monetization of environmental benefits comes from a study concerning
the Huntington Beach Generating Station. This study, published in 2005, focused only on the
impacts of the plant to commercially valuable fish species. In doing so, the study ignored certain
use and non-use categories. The study concluded that the power plant reduced environmental
benefits by $317-$2887 annually, which is likely to be a gross underestimation.'?

As can be seen at Huntington Beach, the cost-benefit exception would give plants.an incentive to
dramaticaily understate environmental benefits. In so doing, the exception essentially shifts the
burden to the State Board to prove that other environmental benefits really do exist. This concept
would turn environmental regulation on its head, asking government to prove harm before
industry can be regulated. Clean Water Act section 316, ! the statute on which the Phase II
regulation is in principle based, takes a different approach, commanding simply that steps are

7 Fuel costs may be even higher at traditional steam plants, where more fuel is necessary for a given output of
electricity. .
8 Maulbetsch Presentation at Oakland Workshop, December 7, 20035, Slides 28-29.

9 EPA, Final Rule Economic and Benefits Analysis, Chapter D-1: comparison of Costs and Benefits,
http://www.epa.gov/waterscience/316b/ econbenefits/final. htm.

10 AES Huntington Beach L.L.C. Generating Station Entrainment And Impingement Study Final Report, April 2005.
1331.8.C. §1316(b).




taken to minimize environmental impact from once-through cooling systems. The State Board
should do the same. '

California’s Deregulated Energy Market -

Finally, because California now has a deregulated energy market, the State Board’s once-through
cooling policy will affect not only coastal plants but all plants selling energy on this open market.
In the free market, plants of all types compete to sell electricity to the public. At the same time,
plants are subject to individual review when first built or when repowering. Because of water
supply and other concerns, inland plants have been forced over time to operate with cooling
systems that use small amounts of water. These plants have demonstrated that the use of such
technologies is feasible even in the warmest areas of the State. In this context, prolonging the
lifespan of the ageing fleet of once-through cooling systems, whether through site-specific
exceptions or otherwise, amounts to an undeserved subsidy to coastal plants using the public’s
coastal resources to pay for it. Because sanctioning site-specific determinations will exacerbate
and extend inequalities in the energy market, the State Board should further avoid them as a matter
of public policy.

2. The State Policy Should Require Rigorous Analysis of All Feasible Te echnological and
Cooling Measures

Although plants are still submitting the PICs required by the Phase II tule, those submitted to date
suggest that plants are not evaluating all “feasible” measures. In past permit proceedings, the
determination of what is “feasible” and what is “infeasible” appears to have resided with the plant
operators, with little oversight from the Regional Boards. These assertions of technological or
economic infeasibility have at times rested on a paragraph or less of support.

On this issue, the New York State policy takes a better approach. New York requires evaluation
of all feasible alternatives, where feasibility is defined as ““capable of being done’ with respect to
the physical characteristics of the facility site but does not involve consideration of cost.”
Furthermore, New York requires that the power plant “explore the feasibility of closed-cycle
cooling at each existing facility.” Then, as part of a later technological review, New York
considers the cost of each alternative.’>

New York’s feasibility policy is a good one. What has happened in California is that claims of
infeasibility have rarely been aired before the Regional Board and contested by all stakeholders,
Without a broad view of feasibility at the outset, the consideration of alternatives is artificially
narrowed, and State and Regional Board staff and members are not able to choose meaningfully
among alternatives. One example of this has been the limited analysis of the use of recycled water
for cooling at coastal plants, despite efforts in the water supply and wastewater treatment _

. communities to reclaim water. This approach neither furthers the goals of sound science nor the
mission of the State and Regional Boards. It also hinders public participation.

** Letter to Benjamin Grumbles from New York State Department of Environmental Conservation, January 24, 2005,
P4 . :




3. The State Policy Should Classify Plants As New Facilities When Old Generation
Structures are Razed or New Discharge Permits are Required

Under the current federal regulatory structure, the Phase I rule governs new power plants, while
the Phase 1! rule controls existing power plants. While the contours of this distinction are presently
the subject of litigation, the current federal policy focuses solely on changes to the capacity of a
plant’s cooling water intake structure in dividing new plants from existing plants. Thus, an entire
power plant can be razed and built from new, but so long as the design capacity of the cooling

' structure is not increased, the plant will fall under the more lenient rules for existing pl,a\nts.13 In
California, the same plant might be subject to new waste discharge requirements while perversely

falling under the old intake requirements.

State policy can and should distinguish between existing and new plants more rationally. Under
the federal rules, existing plants receive more lenjent treatment because retrofitting a facility with
an alternative cooling technology is thought to be significantly more costly than when building a
new facility from the ground up. However, when plants “repower,” a process in which generally
all of the plant’s structures are replaced except for the intakes, these higher retrofit costs do not
exist. Thus, in cases of repowering, the reasons for more leniently treating “existing” facilities are
no longer valid. Power plants that go through repowering should comply with either the federal
rules for new facilities or more stringent state rules.

The State Policy Should Take a Scientific and Consistent Approach to
Determine the Calculation Baseline

To date, much of the discussion concerning once-through cooling has involved simply trying to
understand the federal Phase II rule. However, in fashioning a policy for California, the State
Board, together with other agencies with responsibilities for the health of our ocean and coast,
must ask: to what conditions shall our coastal waters be restored? Congress and the Legislature
have already provided some answers. The Clean Water Act famously commands that waters be
restored to fishable and swimmable conditions. The Porter-Cologne Act calls for activities
affecting water quality to be regulated to attain the highest water quality reasonable and that
measures be taken to minimize the intake and mortality of all forms of marine life. Similarly, the
Coastal Act insists that uses of the marine environment be conducted in a manner that sustains
biological productivity and maintains healthy populations of all marine species adequate for long-
term commercial, recreational, scientific, and educational purposes. Most recently, similar goals
were embraced in the California Ocean Protection Act. _

Because the federal rule seeks only to impose a performance standard, without reference to
existing or future environmental conditions, it is critical that the State Board develop a policy that
will help achieve the goals our elected representatives have long pursued.

. We especially urge the State Board to establish a method for determining the calculation baseline
(the basis on which impingement and entrainment reductions are evaluated) using sound scierice,

13 69 Fed. Reg. 41578-79.




involving reference sites, and to promote consistency for all coastal power plants in California, A
clear approach for determining the calculation baseline is paramount to the state policy because it
is the level from which all impingement and entrainment reductions are evaluated. We applaud the
State Board for proposing to base the calculation baseline on actual rather than maximum
permitted flows. However, we are concerned that allowing facilities to establish a calculation
baseline derived solely from historic levels of intake, entrainment, and impingement, as well as
potentially depleted source waters surrounding the facility, will produce biased results that result
in no meaningful environmental improvement.

The decrease of biodiversity in the world’s oceans and declining pcipulations of commercially and
non-commercially important marine species are well documented.'* Recreational fish landings in
the Southern California Bight have decreased from an annual mean of 4.25 million fish in 1963 to
2.5 million fish in 1998." Many marine populations, including certain species of rockfish and
abalone, are at strikingly low levels, and some species which were common decades ago are now
rare off the coast of California. Historic impingement studies (1978-1979) at Harbor Generating
Station document the take of pacific pompano, a species which is almost never seen today in the
coastal waters of Southern California.!® :

The persistent use of once-through cooling at coastal power plants arguably contributes to the loss
of biodiversity and the evident population decline of many marine species over the past 50 years,
Thus, a balanced and scientific approach is needed for determining the calculation baseline. The
historic data taken by power plant facilities is rarely comprehensive, and should not be the single
basis for evaluation of impingement and entrainment reductions. Furthermore, determining the
calculation baseline solely on present data does not account for the decades of destruction '
imparted by coastal power plants and other anthropogenic impacts on marine life. Taking a
reference approach to determining the calculation baseline would help account for the years of
slow degradation that have occurred in waters adjacent to power plant facilities, and it would be
consistent with section 13142.5(d) of the Porter-Cologne Act (requiring such baseline studies),
which to date has been largely ignored. Additionally, population sizes and species compositions
have likely changed since the establishment of coastal power plants. This reference approach will
help provide current data at a site that is undisturbed by once-through cooling for which to
compare the density of marine life at coastal power plant facilities.

We recommend the State Board to convene an independent technical working group to determine
the calculation baseline for all generating facilities in California. This group should be charged
with collaboratively selecting a series of reference sites that represent habitats characteristic of
each facility. In addition, we recommend that the team develop a monitoring plan to characterize
the density of marine life at each reference site. Using the same methods and sampling regime as
these reference surveys, the density of marine life should be determined in the source water at
cach power plant. Additionally, impingement and entrainment studies should be conducted at the

™ Myers and Worm, Rapid worldwide depletion of predatory fish communities, Nature, vol. 423, May, 2003;
Hutchings and Reynolds, Marine Fish Population Collapses: Consequences for Recovery and Extinction Risk,
BioScience, vol. 54, no. 4, April, 2004. :

* Dotson and Charter, Trends in the Southern California Sport Fishery, CalCOFI Rep., Vol. 44, 2003, p.94.

'® Tenera Environmental and MBC Applied Environmental Sciences, Summary of Existing Physical and Biological
Information and Impingement Mortality and Entrainment Characterization Study Sampling Plan, October 2005, p.5.
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intake pipes of each power plant. Based on the density of entrainable marine life in the source
water and the reference site, a simple ratio can be used to determine the multiplicr between these
sites. This multiplier can be used to evaluate the entrainment reduction required for each facility.

~ Qimilar methods can be used to determine the appropriate impingement reductions. We also
recommend that the baseline is revisited every few years to monitor its effectiveness.

We understand that this proposal will require significant resources; however, it is essential if the
state foresees any continuation of the use of once-through cooling technology, which is extremely
damaging to the coastal and marine environment. This approach provides an unbiased approach to
managing problems associated with potentially depleted source waters surrounding power plants
due to decades of impingement and entrainment.

~ The State Policy Should Require Data Collection on All Natural Resource
- Impacts

Neither Clean Water Act section 316(b) nor Porter-Cologne section 13142.5 make any distinction
 as to type or size of marine organism impacted by once-through cooled facilities. Nevertheless,
‘Regional Boards do not appear to have gathered data on the impacts of these facilities on larger,
non-fish species, such as marine mammals and sea turtles. Despite long-standing mandates in the
‘Endangered Species Act, Marine Mammal Protection Act, and other authorities, the National
Oceanic and Atmospheric Administration has also failed to routinely collect data of the impact of
these power plants on larger organisms. However, voluntary reporting and information from
marine mammal rescue efforts illustrate that it is not unusual for sea lions, harbor seals, and some
sea turtles to be “taken” by these facilities.!” We urge the state policy to require gvaluation of these

types of impacts in the permitting process.
Conclusion

Thank you for the opportunity to provide our comments regarding the development of a California
state policy on once-through cooling. As described in detail above, we encourage the State Board
to exclude both the restoration and site-specific compliance alternatives from the impending state
policy. We also urge the State Board to take a scientific approach in determining the calculation
baseline for each power plant that involves the use of reference sites. A state policy on once-
through cooling will affect coastal resources for decades into the future. With this policy, the State
Board has the opportunity to either protect our marine and coastal environment, or subject it to
continued harm. Thus we urge the State Board to take vigilant approach that upholds California’s
legacy of coastal protection by adopting a protective policy regarding Phase II facilities to
safeguard our valuable marine resources. Please contact us if you have any questions regarding
our comments.

17 See, e. g., 67 Fed. Reg. 61 (Jan. 2, 2002), “Small Takes of Marine Mammals Incidental to Specified Activities;
Taking of Marine Mammals Incidental to Power Plant Operations,” Wt/ rwww . epagovitedigst/EPA-
PAPACT/ 2002/ January/Day-02/132238 i (Letter of Authorization granted pursuant to Marine Mammal Protection

Acto to take certain number of harbor seals, gray seals, harp seals, and hooded seals from in power plant
operations}.




Respecttully,

Heather Hoecherl, Esq.
Director of Science and Policy
Heal the Bay
hhoecherl@healthebay.org

Gordon R. Hensley
Executive Director

‘San Luis Obispo Coastkeeper
GRHensley@aol.com

Sejal Choksi
Baykeeper

SF Baykeeper
sejal@baykeeper.org

Jim Metropulos

Legislative Representative
Sierra Club California
Metropulos@sierraclub—sac.org

-Jan D, Vandersloot, MD
Director

Ocean Outfall Group
JonV3@aol.com

Carrie McNeil

Deltakeeper

Deltakeeper Chapter Baykeeper
carrie@baykeeper.org

Cc:

Dominic Gregorio, Division of Water Quality,
The Honorable Steve Westly,
The Honorable Mike Chrisma:

Tracy J. Egoscue

Executive Director

Santa Monica Baykeeper
baykeeper@smbaykeeper.org

Don May

President

California Earth Corps
carthcorps@earthlink. net

Bruce Reznik

Executive Director

San Diego Coastkeeper
bruce@sdcoastkeeper.org

Craig Shuman, D. Env.
- Director

Linda Sheehan

Executive Director

California Coastkeeper Alliance
Isheehan@cacoastkeeper.org

+ Zeke Grader
Executive Director
Pacific Coast Federation of
Fisherman’s Associations
zgrader@jifrfish.org

" Alan Levine
Director
Coast Action Group
alevine@mcn.org

Joe Geever
Regional Manager

Reef Check California Program  Surfrider Foundation

cshuman@reefcheck.org

Conner Everts

Executive Director

Southern California Watershed
Alliance .

. connere@west.net

Tim Eichenberg

Jjgeever@surfrider.org

Jack McCurdy
Co-president

Coastal Alliance on

Plant Expansion
pimccurdy@sbcglobal.net

Director, Pacific Regional Office

The Ocean Conservancy

teichenberg@occanconservancy.org

State Water Resources Control Board
Chair, and Commissioners, California State Lands Commission
n, Chair, and Members of the Council, Ocean Protection Council

Jim McKinney, Environmental Policy Specialist, California Energy Commission -
Tom Luster, Environmental Specialist, California Coastal Commission
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Fact Sheet on Energy & OTC




ONCE-THROUGH COOLING & ENERGY

1. How Critical Are the Coastal OTC Plants to the State’s Energy Supply?

The steam plants have low usage rates. Combined, the 21 coastal plants using OTC in California have a capacity
of approximately 21,000 MW.! Of this capacity a total of approximately 14,000 MW is from natural gas-fired steam
plants.” These steam plants are old and inefficient and have low usage rates as a result, averaging less than 20
percent in 2004.™ The power production from the coastal steam plants accounted for less than 10% of California’s
power demand in 2004." '

The two nuclear plants are used more extensively. In contrast, two nuclear plants (Diablo Canyon and San
Onofte} with a combined capacity of approximately 4,250 MW, opetated at nearly 80 percent capacity in 2004."
These two nuclear plants accounted for well over half the once-through cooling water utilized by the state’s
combined population of coastal nuclear and steam boiler plants in 2004,

2. Aren’t the Coastal Steam Plants Needed in the Summer When Power Demand Is Highest?

This powef can be generated by steam plants or modern replacement plants. There is nothing unigue about the
steam plants. As the CEC notes in its April 12, 2006 letter to the SLC, “Over time, it is anticipated that many of the
steam boilers will be replaced with more efficient generating technologies.” '

3. Does California Have a Commitment to Modernizing the Coastal Steam Plants?

Yes. Modernization of coastal steam plants with high efficiency, gas turbine combined-cycle plants is a stated goal
of California’s Energy Action Plan and recent California energy legislation, and better supports California’s progress
toward reducing greenhouse gases.” Most steam plants are 30 to 50 yeats old and at or beyond their expected
service life.™ An OTC ban by 2020 or earlier would simply reinforce an existing state commitment to phase-out
coastal steam plants.

4. Will Eliminating OTC Add to the Cost of New Coastal Plants?

Not significantly. The éooling system is a small part of the overall cost of a new powér plant. There is very little
difference in the cost of a new combined-cycle plant whether it incorporates OTC, closed-cycle wet cooling, or dry
cooling. "™

5. Will the New Coastal Plants Increase or Decrease Air Emissions?

The new plants will decrease air emissions. Air emissions from gas turbine plants using closed-cycle wet or dry
cooling will be lower than air emissions from steam plants using OTC, due to the much higher efficiency of
combined-cycle in baseload operation.™* '

6. Will Retrofitting to Wet Towers Jeopardize the Reliability of the State’s Electrical Grid?

No. Both nuclear and steam plants have been cost-effectively and efficiently retrofit to closed-cycle wet cboling_ in
the United States.™ Retrofits more costly and complex than a wet tower retrofit are already planned for California’s
two nuclear plants,™ '

7. Is Space Available at the Coastal Plants for Cooling Towers?

Yes. For example, any steam plant with space available for a large desalination plant generally has adequate space
for a wet cooling tower retrofit.™ Many coastal steam plants are considering the co-location of desalination plants.

- Areview of aerial photographs of San Onofre and Diablo Canyon nuclear plants indicates there should be adequate
space at both facilities for wet towers ™ "

8. Will the Retrofits Cause a Drop in Plant Efficiency and/or an Increase in Air Emissions? .

No. The overall energy penalty of a nuclear plant wet cooling tower retrofit is approximately 1.5%, not 10% as cited
by SCE in its March 20, 2006 letter to SLC.™ The air emissions that SCE attribytes to this energy penalty are
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ONCE-THROUGH COOLING & ENERGY

overstated by a factor of 7 in the same letter. The energy penalty for a steam plant wet tower retrofit is less than that
at a nuclear plant, at approximately 1%.

9. How Much Would Air Emissions Increase if the Two Nuclear Plants Are Retrofitted to Wet Towers?

A very small and insignificant amount. About 1.5%, or 30 MW, of the output of each nuclear plants’ 2,100 MW
capacity would be dedicated to the wet towers, primarily to meet wet tower pumping and fan energy requirements. If
this 30 MW is generated by a combined-cycle plant, the annual NOy and PMio emissions from this 30 MW would be
a maximum of 9 tons/year (0.05 tons/day) and 5 tons/year {0.03 tons/day), respectively.™ """

" 10. How Much Will It Cost to Retrofit the Coastal OT C Plants?

Relatively little, as only a few plants are likely to be affected. CCEEB claims in its March 24, 2006 letter to the
SLC that the capital cost to retrofit all existing facilities, approximately 20,700 MW of capacity, ranges from $2.0
billion for wet cooling to $2.5 billion for dry cooling. This is not a credible scenario. In reality only the two nuclear
plants and a few of the steam units that have recently been upgraded are likely to still be operational in 2020. 1tis
probable that all other steam plants will have converted to combined-cycle using closed-cycle wet or dry cooling
technology (which have only minimal additional costs if done during conversion as noted above), or been retired by

that time.

11. How Will the Cost of the Retrofits Affect the Cost to Generate Power?

The overall cost of power production from coastal plants will decline over time as more fuel-efficient
combined-cycle plants displace steam plants and OTC technology is replaced at those converted plants. At
those few plants that are not converted, the cost of power production related to an OTC retrofit will increase

3 to 4%.

12. What Will Be the Source of Water fér the Cooling Towers?

Recycled water is preferred for use in the wet towers. However, seawater is a viable option and is used in cooling
towers at numerous large nuclear and steam plants in the United States. Use of seawater in closed-cycle cooling
towers at either San Onofre or Diablo Canyon would reduce seawater usage by 95 percent or more.” Seawater may
also be used to augment recycled water supplies if these supplies are not sufficient.

13. Will the Cooling Towers Emit Visible Plumes?

Not necessarily. Wet towers can be equipped with plume abatement technology to minimize or-eliminate vapor -
plumes. This is now standard practice in California for power plant cooling towers in urban areas. See Figures 1

and 2.

14. Will the Cooling Towers Emit Particulates?

Yes, some particulate (salt drif) emissions would be generated by the cooling tower. Advanced “drift”
eliminators are incorporated into cooling towers o minimize this water droplet carryover. Cooling towers using
recycled water account for only a small amount of overall power plant PM o emissions.™ An industry survey of
operators of seawater cooling towers notes these operators have not reported any problems associated with salt drift
at their facilities.™ -

15. How Are Other States and Regions Addressing OTC Plants?

Other states and regions are aggressively pursuing wet tower retrofits. EPA Region 1 (New England) has
required the retrofit of a 1,600 MW coal plant (Brayton Point Station, Massachusetts) to wet towers ™" New York
Department of Environmental Conservation (NYDEC) has recommended that the 2,000 MW Indian Point nuclear
plant be retrofitted to wet towers. NYDEC determined that a wet tower cost impact of less than 6 percent of revenue
was not an unreasonable financial burden on the ownet.™™"
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ENDNOTES

" CEC comment letter to SLC dated April 12,2006, p. 3. MW capacity for each coastal plant category in 2004 (steam, nuclear,
combined-cycle, combustion turbine) is calculated from data provided in table on p- 3. Total MW for all four plant categories is
calculated at 20,650 MW.

# Ibid,
B Ibid,
¥ Ibid.
¥ Ibid.

" AB 1576 (2005) - authorizes utilities to enter into long-term contracts for the electricity generated from the replacement or
repowering of older, less-efficient electric generating facilities.

“ CEC report, Aging Natural Gas Power Plants in California, July 2003, Table 1.

" John Maulbetsch presentation on cost of cooling technologies to the State Water Resources Control Board on behalf of .
California Energy Commission, December 7, 20035. '

= Utility boiler NO, limit is genetally 0.15 Ib/MW-hr in California coastal air districts. NO, limit is 0.10 Ib/MW-hr in Ventura
County. ' '

" EPA AP-42, Table 1.4-2 Emission Factors for Natural Gas Combustion — External Combustien (utility steam boilers), 1998, p.
1.4-6. Particulate emission factor is 7.6 Ib/10° cubic feet of natural gas. Average heat rate of coastal boilers is approximately’
10,000 Btu/kw-hr (see footnote 7). Each cubic foot of natural gas has a heating value of approximately 1,000 Btu. Therefore the
emission factor for coastal boilers is 0.076 Ib/MW-hr,

X Retrofitting to a wet tower is fundamentally simple - the OTC pipes going to and from the ocean are rerouted to a cooling tower,
At facilities that have been retrofit, the hook-up of the new cooling system has generally been carried-out without requiring an
extended unscheduled outage. The cost to retrofit 800 MW Palisades Nuclear (M) was to wet towers was $68/kW (1999 dollars).
The cost to retrofit 750 MW Pittsburg Unit 7 (CA) was $46/kW (1999 dollars) [ref: EPA 316(b) Phase II Technical Development
Document, Chapter 4]. . .

42,100 MW Diablo Canyon was recently authorized by the CPUC to replacing aging steam generators at a cost of $700 million
[ref: California Energy Circuit, CPUC Approves 8706 million for Diablo Canyon, February 25, 2005, p. 1]. A steam turbine
replacement project authorized by the CPUC for 2,100 MW San Onofre is estimated to cost $680 million [ref: CPUC San Onofre
Steam Generator Replacement Proceeding, Decision 05-12-040 December 15, 2005] These steam generator retrofits will cost in
the range of $320/kw to $330/kw, much higher than the probable cost to retrofit these plants to wet towers.

“i For example, a 50 million gallon a day desalination plant is under evaluation for an 11-acre site at the AES Huntington Beach
steam plant [ref: City of Huntington Beach, Seawater Desalination Project at Huntington Beach - Draft Recirculated EIR, May
2005, p. 3-1]. Units 3 and 4 steam units at Huntington Beach, a total of 450 MW, were recently repowered {ref: CEC, Huntington
Beach project description, http://www.energy.ca.gov/sitingcases/huntingtonbeach/index.html]. Less than 2 acres of land would be
needed for inline wet towers for Units 3 and 4.

¥ For example, San Onofre has two reactors and sits on a 257 acre site [ref: Utilities Service Alliancé, San Onofre webpage:
http://www.usainc.org/sanonofre.asp]. The cooling tower for each 1,100 MW reactor would require from 2 to 6 acres of land,
depending on whether an inline or round cooling tower is used. Inline wet cooling towers can provide 500 to 600 MW of steam
piant cooling per acre (210 feet by 210 feet area) [ref: B. Powers, direct and rebuttal testimony, Danskammer Power Station draft
permit proceeding — SPDES NY-0006262, October 2005 and December 2005]. Testimony describes design basis for retrofit
plume-abated tower measuring 50 feet by 300 feet for 235 MW of steam plant capacity. Only 2 to 4% of the San Onofre site -
would be needed for the towers,
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ENDNOTES

* EPA 316(b) Phase Il Technical Development Document, Chapter 5, Scctions 5.6.1 through 5.6.3, p. 5-34. The measured annual
efficiency penalty at 346 MW Jeffries Station is 0.16%. The cooling tower pump and fan energy demand for steam plants is
estimated by EPA at 0.73%. Total energy penalty for Jeffties Stations would be approximately 0.9%. EPA also estimates the
overall energy penalty for Catawba and McGuire nuclear plants at 1.7%, and for the Palisades nuclear plant at 1.8%. The generic
annual efficiency penalty calculated by EPA (Table 5-10) for nuclear plants operating at 100% load is 0.4%. The generic nuclear
plant cooling tower pump and fan energy demand is estimated by EPA (Table 5-16) at 0.9%. The total generic energy penalty for
nuclear plants operating at 100% load is estimated by EPA at 1.3%. EPA shows a mean annual nuclear plant energy penalty of
1.7% in Table 5-1. However, when nuclear plants are operational they generally operate at 100% load.

*i CARB, Guidance for the Permitting of Electric Generation Technologies, Stationary Source Division, July 2002, p. 9 (NOy
emission factor = 0.07 Ib/M-hr combined-cycle plants)

it gan Diego County Air Pollution Control District (APCD), Otay Mesa Power Project (air-cooled), Authority To Construct
973881, 18 Ib/br particulate without duct firing (510 MW output), equals ~ 0.04 Ib/MW-hr., '

wil Gan Onofte is located in San Diego County. The NO, and PMo emissions offset thresholds defined by San Diego County
APCD Rule 20.1 —New Source Review General Provisions, are 50 tons/year for NOx and 100 tpy for PM;. Diablo Canyon is
located in San Luis Obispo County. The NO, and PM, emissions offset thresholds defined by San Luis Obispo APCD Rule 204 -

Requirements, where Diablo Canyon 18 located, are 25 tons/year for NO, and 25 tpy for PMje.

=% A large capital investment like a wet tower retrofit would be amortized over 20 to 30 years. CCEEB estimates the cost to
retrofit 20,700 MW of coastal power plant capacity with wet towers at $2 billion, or $100 million per 1,000 MW of capacity.
Assuming 30 years and 7% interest, the payment per year on the $100 million capital cost would be $8 million per year. A
bascload power plant, meaning one that operates most of the time at a fairly high load like 1,000 MW Encina {Carlsbad} prior to
deregulation, would generally have a usage rate of 70% or more. This means the plant averages 70% of its power production
potential over the entire year. Total kw-hr produced by 1,000 MW Encina per year at 70% usage rate is: 1,000 MW x 1,000
kw/MW x 8,760 hours/yr x 0.70 = 6,132,000,000 kw-hr per year. Therefore, the annual cost to pay for cooling system is:
$8,000,000 = 6,132,000,000 kw-hr = $0.0013/kw-hr (0.13 cents per kw-hr) The average wholesale power price in Southern
California (SP-15) in 2005 was approximately $70/MW-hr ($0.07/kw-hr) [ref: Energy News Data — Western Price Survey, 2005
weekly archives: http://ww.newsdata.com/wpsfarchives.hmﬂ]. Therefore the cost of the cooling system would add ~2% to the
cost of power production at baseload plants that are retrofit. For low usage power plants (20%) the retrofit would add ~6% to the
cost of power production. The energy penalty imposed by the retrofit would be the same for high or low usage plants and would
add another 1 to 2% to the cost of power production {see footnote 15).

= Dr. Shahriar Eftekharzadeh — Bechtel, Feasibility of Seawater Cooling Towers for Large-Scale Petrochemical Development,
Cooling Technology Institute Journal, Summer 2003, Vol. 24 No. 2, pp. 50-64. Operators of seawater cooling towers have not
reported any problems associated with salt drift at their facilities. Site inspections of two Jong-time saltwater cooling tower
installations did not exhibit any visible signs of salts fallout.

=i 1] 8. DOE, Final E1S - Tmperial-Mexicali 230 kV Transmission Lines, December 2003. Table G-1, Power Plant Emissions, p.
G-4. ’

wil [y Shahriar Eftekharzadeh - Bechtel, Feasibility of Seawater Cooling Towers for Large-Scale Petrochemical Development,
Cooling Technology Institute Journal, Summer 2003, Vol. 24 No. 2, pp. 50-64. Operators of scawater cooling towers have not
reported any problems associated with salt drift at their facilities. Site inspections of two long-time saltwater cooling tower
installations did not exhibit any visible signs of salts failout.

will EpA Region 1, MA0003654 - Brayton Point Station Final NPDES Document, July 22, 2002, Chapter 7, p. 7-128.
hitn:/forwrw.eba.zoviboston/ bravionpoiny ‘

=i New York Department of Environmental Conservation, Fact Sheet - New York State Pollutant Discharge Elimination System
(SPDES) Draft Permit Renewal With Modification, Indian Point Electric Generating Station, Buchanan, NY - November 2003.
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Figure 1. Retrofit Cooling Tower Options for California Nuclear Power Plants

500 . diameter, 160 ft. tall plume-abated round wet tower
gal/day cooling water flow. Left photo ~ plume abatement
Source: BALC__K_E GmbH

, GKN2 1,300 MW nuclear reactor (Germany), 1 billion
off. Right photo — plume abatement on.

2,000 MW Diablo Canyon - possible wet tower sites

2,000 MW San Onofre - possible wet tower sites -~

Conventional round towers, Palo Verde Nuclear (A7) Conventional linear towers, Prairie Island Nuclear (MN)
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Figure 2. Back-to-Back Inline Wet Towers and Inline Plume-Abated Towers

3_6-celt, space saving back-to-back intine conventional | Retrofit 40-cell back-to-back inline conventional cooling
cooling tower. . ' tower, coal-fired Plant Yates (GA) — 40 cells is
From: GEA Power Cooling stems website adequate size for up to 1,100 MW nuclear reactor.

Schematic of plume-abated cooling tower Effect of plume abatement funciion —

(radiator) section above, conventional wet below. Plume abatement off, left two cells.

Source: P. Lindahl — Marley presentation, Dry Cooling Plume abatement 100% on, adjacent two ceils.
. H M

Symposium, May 2002 Source: P. Lindah! — Marle 2002

Operatiol plume-abated tower, ~60 ft. tali — Selkirk | Operational plume-abated tower, ~50 ft. tail - |.cago

2 Cogen, 330 MW (NY) O’Hare Airport
Source: P. Lindahl — Marley presentation, May 2002. Source: P. Lindahl — Marley presentation, May 2002.
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CEC Expected and Disclosed Energy Facility Projects in Review |
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California Energy Commission Media Office
POWER PLANT FACT SHEET

B : Updated: 8/9/06
(Reflects Riverside Energy Center - Unit 2 on line 7/26/06, EIF Panoche filed 8/2/06,
and Bottle Rock re-power filed 8/4/06) '

‘Since 1998 when deregulation occurred, the Energy Commission has approved (or
given Small Power Plant Exemptions to) 54 power plants totaling *22,906 megawatts
(MW). Thirty-six of these plants are in operation, producing 12,810 MW. Seven projects
came on-line in California in 2005, adding 3,112 MW; and five plants came on line in
2006 adding 1,487 MW to the grid. Thirteen projects remain in active review in the
Energy Commission power plant licensing process, representing 4,506 MW.

* 893'MW of total is from projects that will not be built because the applicant either withdrew the license
after approval or license expired.

Energy Commission Approved Projects (1998-2006)

Projects Approved and On-line 36 12,910 MW
Projects Approved and Under Construction ' 2 960 MW
Projects Approved and Available for Construction 10* - 7,643 MW
Projects Approved but then Cancelled by Applicants | 6 | 1,393 MW
or Whose Licenses Expired ' :

Total Projects Approved Post-Restructuring 54 22,906 MW

* The ten projects have placed their construction on hold. The total megawatts of projects approved
and available for construction includes 51 MW Unit 2 of Valero Cogeneration.

Tota! of Projects in Active Review | 14* 4,506 MW
Project Applications Submitted Since October 2003 14*+ 4,689 MW
Projects Suspended or Terminated in 2006 While In 2 1,150 MW

Review: Potrero Unit 7 [540 MW] suspended application was
terminated by Commission 3/1/06. City of Vernon [610 MW]
filed 3/2/06 and withdrawn 4/6/06.

“Includes one transmission line project. + Includes City of Vernon filed 3/2/06 and withdrawn 4/6/06.
. Fliing does not include 20 MW Bottle Rock re-powering amendment.




Power Plants Approved by Year Power Plants Retired by Year
2006 None yet MW 2006 2 units 1,539 MW
2005 2 facilities 680 MW 2005 0 units 0 MW
2004 8 facilities 4,575 MW+ 2004 20 units 1,725 MW |
2003 8 facilities 3,770 MW 2003 25 units 2,024 MW
2002 4 facilities 1,045 M| 2002 23 units 807 Mw
2001 |23 facilities 6270 Mw| |2001 3 units 39 Mw

(includes 265 Mw 2000 1 wnit 0.7 MW
amendment)
2000 6 facilities 4347 Mw| 1999 2 units 56 MW
1999 3 facilities 2,219 MW Total 2001-2006 |76 units 6,190.7 MW
Total 54 facilities 22,906 MW
7999-2006 Power Plants On-line
MW On-line or 13,870 MW* Approved QOutside
Under’Construction : CEC Jurisdiction 2,664 MW
+ Includes 1,200 MW for Morro Bay (2 units g S -
mothballed). :
* Excludes 1,393 MW unused licenses (see
charton right) and 7,643 MW approved and ,
construction on hold. Power Plants Mothbalied

Power Plants On-Line by Year

As of 6/2/2006 1,358 MW

2006 5 facilities | 1,487 MW*
2005 7 facilities | 3,112 MwW*
2004 0 facilities 0 MW U . o
nused Power Plant Licenses
2003 7.5 Facilities | 3,668 MW* :
2002 7 Facilities | 2,729 MW* 3 facilities cancelled by 342 MW
2001 9.5 Facilities | 1,914 MW* applicants after CEC approval
1999 & 2000 0 Facilities 0 MW (Pegasus Energy, Ramco
2001-2006 36 Facilities | 12,910 MW Chuia Vista 2, Hanford Energy
* Note: Some units split date they come on line, We Park) _
generally use the earliest date project first unit is on ) 3
ling in the totals for each year. See below for years. 1 license expired due to lack of | 51 MW
: - site control (Golden Gate :
2006: Riverside (Unit 1 on line 6/1/06, Unit 2 on line 7/26/06) - -
2005: Mount;ire;view (Unit 3":: line 12/8/05, lj)rlr-ilt Tin line Phase 1, 00-AFC 5) .
1/19/06, total MW added to 2005 : ;
2003: Sunise C%mbinedaCyc!e (365 M\)V in 2003) is added 1license expired after no 500 MW
separately from Sunrise Simple Cycle (320 MW in construction progress (Midway-
2001} because was done as amendment, but is Sunset, 99-AFC-9)
counted as one facility in 2007, :
2002: Huntington Beach (Unit 3 on line 7/31/02, Unit 4 H i
i 817103, totol MW ad de?ﬂnt;nz%oz.) nigon 1 llcense_explred after no 500 MW
construction progress {Three
Mountain, 99-AFC-2)
Total 1,393 MW
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May 20, 2008

Tam Doduc, Chair and Board Members

State Water Resources Control Board

1601 I Street
- Sacramento, CA 95814

Via Email: gommentletters@waterboards.ca.gov

Re: Comments on “Scoping Document: Water Quality Control Policy on the Use of Coastal and
Estuarine Waters for Power Plant Cooling” '

Dear Chair Doduc and Board Members:

The undersigned groups respectfully submit the following comments on the State Water
Resources Control Board (“State Board”) staff's preliminary draft scoping document on the
Statewide Water Quality Control Policy on the Use of Coastal and Estuarine Waters for Power
Plant Cooling (“draft policy™). We thank the State Board and staff for their dedication to this
issue. Staff has done a commendable job of improving upon the draft policy from its original
draft in 2006. We also appreciate the State Board’s ongoing coordination with the California
Energy Commission (“CEC™), Ocean Protection Council (*OPC”) and its member agencies, and
other agencies in the continued development of this policy. :

Multiple federal and state agencies, including the U.S. Environmental Protection Agency
(“U.S. EPA”), CEC, OPC, and State Lands Commission (“SLC”), have recognized that once-
through cooling (“OTC”) causes significant, ongoing devastation to our valuable marine
resources.! In June 2005, the CEC released a comprehensive staff report identifying OTC as a
contributing factor to the degradation of California’s fisheries, estuaries, bays and coastal
waters.” The phase-out of OTC has multiple environmental benefits for the coast and for the
State of California. By phasing out this destructive technology, the State would better protect its
marine and estuarine ecosystems, while advancing to greener and more energy efficient energy
production.

Once-through cooling has caused significant, ongoing harm to California’s marine and
estuarine ecosystems for decades, For example, all of the federally listed and imperiled salmon
species that migrate in and out of the Sacramento and San Joaquin River watersheds, including
the Chinook salmon, Coho salmon, and steelhead trout, must pass the intakes for two aging
power plants on the San Francisco Bay-Delta Estuary (Pittsburg and Contra Costa) on their way

' Clean Water Act section 3 16(b); California Energy Commission, Issues and Environmental Impacts Associated
with Once-Through Cooling at California’s Coastal Power Plants: Staff Report, 2005; Resolution of the California
Ocean Protection Council Regarding the Use of Once-Through Cooling Technologies in Coastal Waters (adopted
April 20, 2006); Resolution By The California State [ ands Commission Regarding Once-Through Cooling In
California Power Plants (adopted April 17, 2006) (“SLC Resolution™). :

* California Energy Commission, Issues and Environmental Impacts Associated with Once-Through Cooling at
California’s Coastal Power Plants, Staff Report. June 2005,




in and out of the Delta. Records for both of these plants demonstrate that they illegally entrain and
impinge endangered species, including the Delta smelt and the Chinook salmon.® In bays such as
the Santa Monica, Monterey, and San Diego, and estuaries such as the Elkhorn Slough, the
impacts from OTC can be more pronounced due to the high biological productivity of these areas
and the concentration of the power plants’ impacts in light of the area affected. In Santa Monica
Bay three power plants using OTC (Scattergood, El Segundo, and Redondo Generating Stations)
cycle 13-percent of the Bay’s water every six weeks.* '

It has been over 35 years since the Clean Water Act (“CWA?”) first outlined requirements
for power plant cooling technology. We are long overdue for a clear, consistent statewide policy
that protects marine ecosystems and helps to move California towards a future with cleaner, more
efficient energy production. We have reviewed the draft policy and, although we believe it is an
improvement on the 2006 draft, a few important clarifications must be made in order to ensure that
~ the policy will actually protect the beneficial uses of the state’s coastal and estuarine waters. ‘Brief

comments and suggestions are outlined below; please refer to the attached comment letter that was

submitted in 2006 in response to the first draft policy for more detail.
In brief, we make the following key points and requests below:

» All plants should be required to reduce entrainment by 90 percent.

e ' The compliance deadlines should be revised so that all plants achieve full compliance
within 10 years. -

e The calculation baseline should be based on generational flow, not on permitted
maximum.

 Interim requirements should not distract from planning and compliance with the actual
policy requirements. : '

e The Statewide Task Force should be used as a streamlining toot to facilitate the various
permitting processes before the multiple agencies involved.

o Nuclear plants should not be exempted.

L Track 1: Closed Cycle Cooling Is the Best Technology Available.

We support the language in this draft policy setting closed cvcle cooling as the standard for
best technology available. Under this policy, a plant could choose to either retrofit or repower to
closed-cycle wet or air cooling.” Tn 1972 the United States Congress recognized that once-
through cooling was creating unnecessary adverse impacts on marine life and consequently
enacted CWA section 316(b). Congress intentionally drafted language in the CWA to force

3 EPA 821-R-02-2002, Case Study Analysis for the Proposed Section 316(b) Phase 11 Existing Facilities Rule, Part E:
San Francisco Bay/Delta Estuary, p. E3-15 (February 28, 2002).

4 California Energy Commission, Issues and Environmental Impacis Associated with Once-Through Cooling at
California’s Power Plants, California Energy Commission Staff Report Prepared in Support of the 2005 Integrated
Energy Policy Report, June 2605, CEC Report No. 700-2005-013.

5 The Ocean Protection Council commissioned a feasibility study that found in most cases retrofitting to closed-cycle
wet cooling is feasible, and some power plant operators have shown that in some cases repowering with air cooling is
preferable. See Ocean Protection Council, California Coastal Power Plants: Cost and Engineering Analysis of
Cooling System Retrafits, and Petition to Amend Final Commission Decision for the El Segundo Power

- Redevelopment Project, CEC-800-2005-001-CMF, June 2007.
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improvements in technology by requiring the best technology available to minimize adverse
impacts.® As the court articulated in Riverkeeper, Inc. v. U.S. EPA, 475 F.3d 83 (2d Cir. 2007)
(“Riverkeeper II'"), Section 316(b) of the CWA does not allow “second best” technology or any -
blanket exemptions to the best technology available requirement.

II. Track 2: All Plants Should Reduce Entrainment by 90 Percent,

In 2004 the California Legislature passed the California Ocean Protection Act (“COPA™)
to protect and restore state coastal waters. COPA outlined several goals, including “provid[ing] a
set of guiding principles for all state agencies to follow, consistent with existing law, in protecting
the state's coastal and ocean resources.” Through COPA the Legislature created the OPC and
charged this body with the responsibility to “coordinate activities of state agencies, that are related
to the protection and conservation of coastal waters and ocean ecosystems, to improve the
effectiveness of state efforts to protect ocean resources...” in a manner “consistent” with the
stated goals of COPA.? :

The OPC exercised its responsibility under COPA in 2006 by passing a resolution
regarding OTC, which officially resolved to “urge the State Water Resources Control Board to
implement Section 316(b) and more stringent state requirements requiring reductions in
entrainment and impingement at existing coastal power plants and encourages the State to
implement the most protective controls to achieve a 90-95 percent reduction in impacts.”®
However, Track 2 in the draft policy falls short of this clear guidance set by the OPC. The current
phrasing of Track 2 states that:

if an existing power plant owner or operator demonstrates to the Water Board’s satisfaction
that Track 1 is not feasible, the power plant must reduce the level of adverse efivironmental
impacts from the cooling water intake structure to a comparable Ievel to that which would
be achieved under Track 1, using operational or structural controls, or both. A reduction in
environmental impacts unider Track 2 will achieve a ‘comparabie level’ if both
impingement mortality and entrainment of all life stages of marine life are reduced to 90-
percent or greater of the reduction that would be achieved under Track 1, using closed
cycle wet cooling.'” :

According to the 2006 OPC study evaluating the feasibility of impingement and -
entrainment control technologies that can meet the 90-95% reduction goal in the most cost
effective manner, “the most effective technology that can meet fthese criteria] is closed-cycle
cooling, commonly referred to as “wet” or “dry” cooling towers.”"! The current phrasing of the

® Kennecott v. United States EPA, 780 F.2d 445, 448 (4 Cir. 1985) found that it was the intention “of Congress to
use the latest scientific rescarch and technology in setting effluent limits, pushing industries toward the goal of zero
discharge as quickly as possible.”

" California Public Resources Code Section 35515 (a).

® California Public Resources Code section 35615(a)(1).

® Resolution of the California Ocean Protection Council Regarding the Use of Once-Through Cooling Technologies in
Coastal Waters (adopted April 20, 2006) (emphasis added). :

'* State Water Resources Control Board, Scoping Document: Water Quality Control Policy on the Use of Coastal and
Estuarine Waters for Power Plant Cooling, P. 84. (“Scoping Document”). o

""Ocean Protection Council, California Coastal Power Plants: Cost and Engineering Analysis of Cooling System
Retrofits (p. ES-1). '




policy phrasing suggests that plants will have to achieve a 90 percent reduction of the reduction
under Track 1; in other words, 90 percent of 90-95 percent, which is 81-85 percent. We urge the
State Board to avoid actions that weaken the findings articulated in Riverkeeper 11, and to instead
follow the suidance sent by the OPC to reduce entrainment by 90 percent with no exceptions.
Should the State Board retain the language in Track 2 as is, we ask that the staff report provide a
clear explanation as to the reason that the draft policy does not follow the 90 percent reduction
recommendation in the OPC’s resolution.

L The Timeline for Compliance Should Reflect Other State Efforts to Move California
Towards Modern and Efficient Power Generation.

We support the intent of this draft policy to categorize the once-through cooled power

plants into three classifications for a compliance schedule, rather than acting on a site-specific
basis. Determination on a site specific basis would only further delay the process, and these dates
are well within an attainable timeframe for all plants. Indeed, some dates are far off when
compared with other compliance projections by agencies with expertise in this area. Accordingly,

we recommend that the deadlines be revised so that all plants achieve full compliance within 10
years.

' The deadline for compliance outlined in this palicy is: 2015 for plants with capacity
utilization rate of 20 percent or less, 2018 for plants with capacity utilization rates of 20 percent or
more; and 2021 for nuclear facilities. However, in its 2005 Integrated Energy Policy Report, and
again in testimony given by staff in 2007, the CEC called for studies to plan for the retirement of
the coastal steam-powered plants by 2012, a full 3 years earlier than the earliest deadline set in
the proposed policy.u Therefore, the proposed compliance schedule might actually artificially

“prolong the life of some of these aging plants. We recommend expediting the compliance
schedule by adjusting the dates to: 2013 for plants with capacity utilization rates of 20 percent or
less, 2015 for plants with capacity utilization rates of 20 percent or more, and 2018 for nuclear
facilities. This is more than a reasonable time frame, as some plants are already transitioning away
from OTC through repowering projects.13 For example, the proposed timeline for E! Segundo
Generating Station’s repowering project before the CEC, which would covert two of its units to
closed-cycle cooling, is four years. '

Extending the life of these antiquated power plants not only prolongs the damage to our
coastal and estuarine ecosystems, but also extends the life of inefficient power generation in
California. In its draft report on repowering and retiring once-through cooled plants, the
California Independent System Operator (“Cal-1SO”) noted that many of the older power plants

12 california Energy Commission, 2007 Environmental Performance Report of California’s Electrical Generation
- System, Drafi Staff Report, CEC Report No. 700-2007-016-8D), p 56-57 (“2007 Environmental Performance Report™).
15" Gince the Riverkeeper II decision in January 2007, four power plants, including El Segundo, Encina, Humboldt,
and South Bay, have announced their intention to repower to combined-cycle operation without the use of once-
through cooling. See 2007 Environmental Performance Report p. 55. _
14 petition to Amend Final Commission Decision for the EI Segundo Power Redevelopment Project, CEC-800-2005-
001-CMF, June 2007. El Segundo submitted their permit amendment to the CEC to repower using closed-cycle
cooling instead of OTC in September 2007 and is scheduted to be finished and re-powered in 2011.

4




being analyzed tend to have “higher greenhouse gas emission rates and other pollutants than new
generation sources.”"” ' .

Further, we encourage the State Board to clearly articulate how the capacity utilization
rates for these plants will be calculated. Over the last several years, there has been a downward
trend in the capacity utilization rate for the majority of the once-through cooled plants in
California. According to the CEC, the total energy production from the coastal fleet decreased by
43 percent between 2001 and 2005.'® We recommend that the capacity utilization rate be '
calculated on an average of the last five years from the date that the policy is adopted.

IV. The Calcuiatio_n Baseline Should be Based on Generational Flow Rather than Permitted
Maximum and Take into Account the Seasonal Variability of Larvae to Ensure Actual
Reduction in Entrainment. :

We are particularly concerned that some of the options discussed in the scoping document
for calculating reductions in impacts would result in 1o changes in operations for many of the
plants, in direct contravention of the Clean Water Act and the intent of the draft policy itself. The
State Board should provide clear direction on how to calculate the flow reductions required by
Tracks 1 and 2 to truly reduce entrainment mortality. The goal of the policy is to reduce actual
damages to marine life. Simply reducing flows based upon the permitted maximum flow as
described in the draft policy will not actually achieve entrainment reductions at many once-
through cooled plants in California, as most facilities operate well below their permitted maximum
flows at what is commonly called, actual flow.

Furthermore, at many once-through cooled facilities in California, the actual flow is
significantly greater than the generational flow, or the flow actually required to generate
electricity. For example, generating Units 1 & 2 at El Segundo Generating Station ceased
producing electricity in 2002; however the mean annual flow at Intake 001 afier 2002 (which
draws in cooling water for Units 1 & 2) continued at or above the level prior to 2002 in order to
prevent biofouling.'” Therefore, if the State Board agrees to base entrainment reductions on-
permitted maximum flow or actual flow instead of generational flow, then the entrainment
reductions may not actually be significant in reduction entrainment. A reduction from permitted
maximum flow may not actually require a reduction in the intake of water if the plant (as most are)
already operate well below permitted flow. If the entrainment reductions are based on actual flow,
depending on how-long it takes the policy to be adopted, facilities may elevate their actual flow
levels beyond the necessary amount for generation to augment the baseline (yet still remain within
- their permitted flow levels). This would make it easier for generators to comply with the policy

without actually achieving true entrainment reductions. Such an approach echoes similar
problems with early efforts to reduce residential water use in the face of droughts — those
overusing water when the baseline was set were “rewarded” while conservers punished.
Therefore, we request that entrainment reduction be based on the generational flow in order to
ensure a real and significant reduction in water intake, not just one on paper '

¥ California Independent System Operator, Old Thermal Generation Retirement and Replacement of Once-Thru
Cooling Long-Term Transmission Planning Study Version 2.0 p.1. -
¥ 2007 Environmental Performance Report, p 56. ' :
" El Segundo Generating Station flow data 1996-2004 (El Segundo Power, LLC), available at
http://www.waterboards.ca.gov/losangeles/water_issues/programs/power ~_plants/index.shtml.
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The policy should also be clear on the temporal scale used to calculate flow/entrainment
reductions to avoid seasonal impacts. For example, in Southern California, peak larval abundance
for most sspecies in coastal waters coincides directly with peak energy needs — during the
summer.'® The policy should avoid allowing facilities to calculate flow reductions on an annual
basis, and instead calculate and assign reductions on a seasonal basis as needed to avoid impacts.
If seasonal larval characteristics are not considered, facilities might reduce their intake flow during
the winter, and continue using high flow rates in the summer to comply with flow reductions,
which would not result in actual reduction of entrainment.

V. Calculation Baseline Determination and Monitoring Must Include Reference Sites.

‘A reference site approach is traditionally used in management to determine the extent of
industrial impacts on marine and coastal resources. For example, the Hyperion Treatment and
. Joint Water Pollution Control Plants permits have historically and continue to require monitoring
both within their impact zone and at reference stations to determine the impacts of sewage
discharge to benthic community composition and species abundance.

The issue of already-depleted source water should also be considered when determining
~ how to develop an appropriate baseline by which to calculate entrainment and impingement
mortality under Track 2. Many of these plants have been operating for decades, and the adjacent
ecosystems have suffered a long history of entrainment and impingement. This is especially true
for once-through cooled plants located on enclosed bays and harbors, such as Haynes Generating
Station and Alamitos Generating Station on Alamitos Bay. Itis estimated that these power plants
take in the entire volume of Alamitos Bay every five days.‘9 Based on this fact, it is likely that the
abundance and community structure of life in Alamitos Bay has been significantly impacted by
30 years of water-intake. Therefore, we urge the State Board to take a reference site approach in
determining the baseline to avoid establishing the baseline upon potentially depleted source waters
surrounding each facility.

VI. Interim Requirements Should Not Distract from Planning and Compliance with the
Actual Policy Requirements.

We support the general intent of the interim requirements to immediately reduce negative
impacts to our marine and estuarine ecosystems but are concerned that they will distract from
" planning and compliance with the actual policy requirements. 1f interim requirements are included
in the final policy, we urge the State Board to clarify that compliance with the actual policy is of
primary importance, and further refine the requirements for the interim measures to ensure
streamlined compliance, We further urge the Statc Board to prohibit credit for past mitigation
offorts as counting toward compliance with interim requirements. The general intent of the interim

18 ARS Huntington Beach L.L.C., “Generating Station Entrainment and Tmpingement Study Final Report” (April
20053}, prepared by MBC Applied Environmental and Tenera Environmental, see Section 4.3.1 Entrainment Results;
«Southern California Time Series: SCOR WGI25: Global Comparisons of Zooplankton T ime-Series” (May 19,
2008), available at hﬂp:-.r’/planktondata.netftime—serieslcalooﬁ-sc us/index html.

19 Tenera Environmental and MBC Applied Environmental Science, “Summary of Existing Physical and Biological
Information and Impingement Mortality and Entrainment Characterization Study Sampling Plan,” (September 28,
2005) p. 2.
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requirements is meaningless if the State Board chooses to give credit to power plants for their past
mitigation efforts through Coastal Commiission or other permitting processes.

Technology to prevent the entrainment of organisms such as marine mammals and turtles
(such as large organism exclusion bars) and restoration are beneficial measures in the interim, but
neither will move the plants closer to the compliance goal of reducing impingement and
entrainment by 90 percent. By comparison, NPDES permits often have interim requirements for
certain constituents while a waste water treatment plant has to install new technology to improve
effluent water quality, but neither these interim requirements nor any past actions count towards
compliance with the final effluent limitations. There is no reason that power plants should be
provided special treatment or credit for mechanisms employed to remediate the past and present
environmental damages caused by OTC. Furthermore, the Second Circuit U.S. Court of Appeals
specifically ruled that restoration measures may not be utilized as a compliance strategy with
Clean Water Act section 316(b). This element of the Riverkeeper IT decision stands, as it was not
taken up by the U.S. Supreme Court in 2008. The focus of this policy needs to be on achieving
uitimate compliance with 316(b) and not on interim measures which do not heip in reaching this
goal. :

VIL A Statewide Policy Should Be Adopted and Implemented as Soon as Possible.

The State Board has been working on this policy for over two years, and still has not
committed to a deadline for completion and implementation. We encourage the Boaid to move
forward with adopting and implementing a policy with clear deadlines as soon as possible. In
carly 2007, directly after the Second Circuit Court of Appeals decision in Riverkeeper II, the U.S.
EPA sent a memo to the Regional Administrators directing them to institute best professional
Jjudgment regarding permits under section 316(b) of the Clean Water Act. Specifically, EPA
headquarters directed the Regional Offices as follows:

With so many provisions of the Phase II [existing facilities] rule affected by the
[Riverkeeper IT] decision, the rule should be considered suspended . . . . In the meantime,
all permits for Phase II facilities should include conditions under section 3 16(b) of the
Clean Water Act developed on a Best Professional Judgment basis.”" '

“Best professional judgment” should be informed by the clear judicial review and holdings in
Riverkeeper II. For example, the federal appeals court found that "after the fact restoration”
cannot substitute for best available technology.

Despite this specific direction from U.S. EPA and the guidance provided by Riverkeeper
11, the Regional Water Quality Control Boards (“Regional Boards™) have failed to properly reissue
NPDES permits for power plants using OTC. Moreover, the State Board has denied petitions for
review of improperly reissued permits, and in at least one case cited the imminence of the long-
overdue and still non-existent state OTC policy as the reason. Out of the 19 plants currently using
OTC, 11 have NPDES permits that have already expired; Regional Board staff has stated that they

# Memorandum from Benjamin Grumbles, Assistant Administrator, U.S. EPA to U.S. EPA Regional Administrators,
“Implementation of the Decision in Riverkeeper, Inc. v. EPA, Remanding the Cooling Water Intake Structures Phase
II Regulation” (March 20, 2007).

* Id; see 40 CFR § 401.14,




are waiting for the statewide policy to update these overdue permits. Three more plants have
NPDES permits that will expire in 2008, which means almost three-quarters of the plants using
OTC will have overdue permits in 2008 because of the delayed policy.

We support the conclusion articulated by Chair Doduc at the May 13, 2008 scoping
meeting in Sacramento - that California can move forward with guidance to the Regional Boards
now as opposed to waiting for any pending court decisions. U.S. EPA specifically directed the
state to do so in the above-referenced BPJ memorandum. While U.S. EPA chose not to appeal the
Riverkeeper II decision, industry continues to resist strict enforcement of 316(b) by makinga
“cost-benefit” claim. This is not surprising — industry’s historical opposition to 316(b) is why it
has taken over three decades to enforce this law. The State Board’s mission and mandate,
however, is quite different, and we urge the State Board to act both now and after the policy is
adopted to incorporate appropriate conditions into NPDES permits to ensure compliance with
316(b). In addition to the U.S. EPA directive, California also has the authority under state law (o

‘implement stricter regulations than the minimum protections of 316(b) — regardless of what the
U.S. Supreme Court decides. Riverkeeper I was instructional in defining what the minimum
conditions must be. The final policy should meet and exceed that minimum as expeditiously as

possible.

~ Finally, the industry also continually calls for delay based on their claim that California’s

grid reliability will be compromised if the state implements 316(b). This is simply not truc. The
_ State Water Board and the Ocean Protection Council cornmissioned a study on grid reliability that

was recently released; it found that “...a phased in approach for enacting the Board’s new rules
could have a relatively modest impact on reliability, and these impacts could be effectively
eliminated through proper plann_ing.”22 Tn 2006, California’s Lt. Governor, State Controller and
Director of Finance afl concluded that “the elimination, or reduction to insignificance of the
adverse environmental impacts, of once-through cooling technologies can be accomplished
without threatening the reliability of the electrical grid.**

VIIL. The Statewide Taskforce Should be used to Streamline Permitting Processes.

We applaud the State Board for its coordination and partnership with other involved
agencies. However, it is imperative that such coordination facilitates, rather than delays, this
process. Therefore. we recommend further use of the Statewide Task Force as a streamlining tool
to expedite the various permitting processes before the multiple agencies involved. At the May 8,
2008 scoping meeting, we heard testimony from industry that they are concerned that the
compliance schedule is infeasible due to complex permitting requirements from other agencies,
such as the CEC, for the plant upgrades that would required by the draft policy. Since the relevant
permitting agencies are members of the proposed Statewide Task Force, we recommend using this
group to expedite and streamline any permit requirements from multiple agencies related to this

policy.

2 ralifornia Ocean Protection Council and State Water Resources Control Board, Electric Grid Reliability Impacts
from Regulation of Once-Through Cooling in California.. p.57 available at:

hitp://www, waterboards.ca.gov/water_issues/pro rams/tmdl/docs/power_plant_cooling/re
T Q] C Resolution, supra note 1 (emphasis added). '

Jiabitity_study.pdf




VIIL Nuclear Plants Should Net Be Exempted

Although safety should always be a prime concern, facilities such as the Indian Point
power plant in New York proved that a nuclear plant can safely comply with Section 3 16(b).%*
Further, in Riverkeeper Il the court found that there was “adequate consideration by the EPA of
the nuclear plants concerns” and upheld that Section 316(b) does apply to nuclear facilities.”
Leaving the compliance determination solely to the operator is inappropriate. The Nuclear
Regulatory Commission, the State Board and the plant owner/operator should all be part of the
decision in order to ensure accountability, and the decision and information leading to it should be
made available to the public. Furthermore, the State Board should clarify in its final policy what
information is required for “appropriate documentation” to make any decision about safety and
nuclear plant requirements under the policy.

#ok

We are long overdue for the state to embrace a policy on OTC that reflects Californians’
demand for providing the utmost protection for our valuable marine and coastal resources, and for
investing in a sustainable, environmentally sound future energy supply. California has
consistently set high standards for the protection of the state’s world-renowned coastal and marine
resources, through the Marine Life Protection Act, the California Ocean Protection Act, and the
Marine Life Management Act, among others. The State Board’s policy on OTC should be
consistent with these laws, with the Clean Water Act and Porter-Cologne, and with other state
laws and policies that commit California to a sustainabie energy path. We urge the State Board to
expeditiously adopt and implement a state policy on OTC that charts an environmentally
sustainable course for California’s future.

Thank you for your consideration of our comments,

Sincerely,

Angela Haren Sarah Abramson

Program Director Coastal Resources Director
California Coastkeeper Alliance Heal the Bay
aharen@cacoastkeeper.org sabramson@healthebay.org
Joe Geever : Jim Metropulos

California Policy Coordinator Senior Advocate

Surfrider Foundation Sierra Club California
igeever@surfrider.org Metropulos@sierraciub-sac.ore

* The New York State Department of Environmental Conservation issued a draft NPDES permit in 2003 determining
that closed cycle cooling was the best technology available for that nuclear plant. See New York State Department of
Environmental Conservation Draft State Pollutant Discharge Elimination System Discharge Permit No. NY- 0004472,
* Riverkeeper, Inc. v. U.S. EPA, 475 F.3d 83 (2" Cir. 2007).
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Gabriel Solmer, Esq
Legal Director

_ San Diego Coastkeeper
sabe(@sdeoastkeeper.org

Sejal Choksi

Baykeeper

San Francisco Baykeeper
sejalbavkeeper.org

Steve Shimek
Executive Director
Monterey Coastkeeper
steve 1 096sbeglobal.net

Jack McCurdy

" Co-President
Coastal Alliance on Plant Expansion
jack.mec@gomeast.net

Conner Everts, Executive Director

Southern California Watershed Alliance

Co-Chair, Desal Response Group
copnere(@west.net

Rochelle Becker

Executive Director

Alliance for Nuclear Responsibility
beckers@ithegrid.net

Attachment.

Zeke Grader
Executive Director

Pacific Coast Federation of Fisherman’s Associations

zerader@ifriish.org

Tom Ford

Baykeeper

Santa Monica Baykeeper
tford@bavkeeper.org

Garry Brown

Executive Director

Orange County Coastkeeper
garrvi@coastkeeper.org

Bill Brand

President

South Bay Parkiand Conservancy
bbrand(@carthlink.net

Gordon Hensley

Executive Director

San Luis Obispo Coastkeeper
o r.henslevisbeglobal net
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Proposed Rule Comment Clerk-W-00-32

U.S. Environmental Protection Agency .

Cooling Water Intake Structure (Existing Facilities: Phase II)
Water Docket, Mail Code 4101

Arie] Rios Building

1200 Pennsylvania Avenue, NW

Washington, DC 20460

COMMENTS ON NATIONAL POLLUTANT DISCHARGE ELIMH‘I ATION SYSTEM
PROPOSED REGULATIONS TO ESTABLISH REQUIREMENTS FOR COOLING WATER
INTAKE STRUCTURES AT PHASE II EXISTING FACILITIES (PROPOSED RULE)

Thank you for the opportunity to comment on the Proposed Rule for cooling water intake
structures at existing Phase I facilities that was published in the Federal Register on

April 9, 2002. Iam submitling these comments on behalf of the State Water Resources Control
Board (SWRCB) and its nine Regional Water Quality Control Boards (Regional Boards). These
agencies have been delegated the authority to implement the National Pollutant Discharge
Elimination System (NPDES) program in California. Comments on the Notlce of Data
Availability for Phase I were submitted on August 24, 2001.

Background

The Proposed Rule would affect 19 existing power plants in California. These power plants are
listed in the Enclosure. Cf these 19 facilities, nine draw water from the Pacific Ocean. The
others draw water from bays, harbors, deltas, and estuaries. Environmental factors have affected
the aquatic populations in these water bodies. These factors include pollution, reduction of
freshwater inflows, loss of wetland habitat, invasive species, overfishing, thermal discharges and
water infakes,

California recently deregulated its electrical utilities and required its privately owned utilities to
sell their power plants to other companies. The purpose of this was to separate the delivery of
power from the generation of power, The privately owned utilities complied with this
requirement and sold their power plants, except for two nuclear power plants, the San Onofre
Nuclear Generating Station and the Diablo Canyon Nuclear Power Plant. The new owners have
been modernizing the power plants by adding new combined cycle units or replacing existing
.
' P
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simple cycle units with combined cycle units. Projects of this type have been completed at
Huntington Beach, are under construction at Moss Landing, have been approved at Contra Costa, -
and are under review at Potrero, Morro Bay, and Ef Segundo. The modernization will most

likely continue until all the old single cycle units, except for the nuclear units, are replaced.

The modernization projects are being reviewed by the California Energy, Conservation and
Development Commission (California Energy Commission) and the Regional Boards. To
complete these reviews, the agencies have required biological studies to be completed to evaluate
the impacts of the cooling water intake structures. These projects have been controversial. For
various reasons, including the effects of the cooling water intakes, the public has expressed

' concerns about the continued use of the sites for power generation.

Federal Clean Water Act (CWA) section 3 16{b) studies were completed for California’s power
‘plants in the early 1980s. In some cases, the Regional Boards have required that these studies be
revised. If the new studies showed that modifications of the intake structures would be effective
in reducing impingement and entrainment, the Regional Boards mandated the modifications.

" Qur experience is that existing technologies for once-through cooling water systems are good at

* preventing impingement but are poor at preventing entrainment, the effect of which is a
challenge to model since the effect concerns impacts on complex biological systems. A
parameter that the Central Coast Regional Board has been using for analyzing the effect is the
proportional loss of larval productivity caused by entrainment. The proportional loss is
determined by comparing the number of larvae entrained to the number of larvae in the source
water. The method assumes that larval mortality through the cooling water system is 100 percent
and that ecological systetns do not compensate for the loss in productivity in a positive way. If
this method is used, a once-through cooling water system located in a small bay or harbor will be
shown to have a greater impact than a system located in an ocean. Exceptions for ocean intakes
may occur when the intake is located in a small cove or an area of highly productive habitat.

California has an environmental review law called the Catifornia Environmental Quality Act
(CEQA) that requires environmental review for projects, such as power plant modifications. In
general, CEQA requires that for cach significant impact identified in an environmental impact
report (EIR), the EIR must discuss feasible measures to avoid or substantially reduce the
project’s significant environmental effect. CEQA gives public agencies in California the
authority to require feasible changes in any or all activities involved in a project to substantially
lessen or avoid significant effects on the environment. This authority, however, is not unlimited,
~ and there must be a clear nexus between the impact and the proposed mitigation. Under CEQA,

the California Energy Commission is the lead agency for review of power plant modifications
and has its own environmental review process.

California brought new power plants on line last year, and, at this time, it has enough power
gencration capacity to mect its energy needs. (These new plants do not have water intakes.) K

California Environmental Protection Agency
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does not, however, have a surplus of power generation capacity, and some power plants recently
approved for construction are not initiating construction because of uncertainty in California’s _
energy markets. Hence, any rule that requires an extended down time for plant modifications in
the near future could create energy supply problems in California. '

Comments on Proposed Rule
Definition of Existing Phase II Facilities

Under the definition in the Proposed Rule, additional units or units that replace existing units
would be classified as existing facilities. Although site constraints may prevent the installation -
of recirculating cooling water towers on these new units, for other upgradés the cost of '
constructing a recirculating cooling water tower may be equivalent to the cost of constructing a
recirculating cooling water tower at a new facility. USEPA should consider this in developing its
standards. The issue is whether existing facilities should always be “grandfathered” into the
lower standard of the existing facility rule or whether they should be placed into the higher
standard of the new facility rule as existing units are replaced.

Performance Standards

The proposed rule lists performance standards that a power plant must mect. For a power plant
that generates more than 15 percent of its maximum capacity, the standards are:

* An 80 to 95 percent reduction in impingement from what would occur if the power plant had
no facilities to reduce impingement (i.e., an onshore intake with a trash rack) and

* A0 to 90 percent reduction in-entrainment from what would occur if the power plant had-
no facilities to reduce entrainment.

The Proposed Rule is unclear as to how to measure the required reduction in impingement and
entrainment. Do you measure the reduction by counting the organisms impinged and entrained?
Do you weigh the organisms impinged and entrained? If so, do you use dry weight or wet
weight? Do you have to measure the reduction for each life stage, or do you lump all life stages
together and use a combined count or weight?

The technologies available to meet the required reduction in entrainment are unproven.

Table 5-1 in the development document shows three technologies that can meet a

60 to 90 percent reduction in entrainment. These are the Gunderboom aquatic filter barrier, fine
mesh travelling screen, and fine mesh wedgewire screen. The Gunderboom aquatic filter barrier
has only been used at one facility; it may be susceptible to biofouling; and it may not work in
conditions of heavy currents or wave action. Fine mesh travelling screens have had limited
seasonal applications and require frequent maintenance, especially in marine environments.

California Environmental Protection Agency
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Wedgewire screens are more suitable for closed-cycle make-up intakes because the large size of
{he screens limits their applicability.

Because of the uncertainty of the available entrainment reduction technologies, applicants will
most likely decide not to install them and instead will request site-specific determinations or will
propose restoration measures as an alternative to meeting the performance standards. Otherwise,
the owners would risk violating their NPDES permits and being subject to fines and requirements
to modify or replace their entrainment reduction facilities.

In situations where once-through cooling is being allowed, SWRCB supports a process in which
the applicant is required to evaluate alternative technologies for impingement and entrainment
reduction and to select the most effective available technology for the site. This selection would
be subject to approval from the permitting authority-

Site Specific Determinations

As an alternative to meeting the performance standards, the Proposed Rule allows a site-specific
determination to be made when:

-« Thecostto comply with the performance standards would be significantly greater than the
costs considered by USEPA when developing the performance standards; or

e The costs to comply with the performance standards would be significantly greater than the
benefits.

Our experience is that it is difficult to obtain agreement on costs of benefits. The resultisalong
series of arguments involving dueling cost/benefit analyses.» Cost estimates vary widely between
estimates generated by the applicant and those generated by independent consultants. Estimates
of biological impacts are even more variable, and the applicant often asserts that there will be no
net impact. Even if agreement could be obtained on the benefits to a biological communily of
meeting the performance standards, agreeing on the monetary value on this benefit would still be
difficult. If USEPA decides to adopt this portion of the Proposed Rule, we request that the
Proposed Rule-require the applicant to fund an independent analysis. We also request that
“wholly disproportionate” be substituted for “significantly greater” to ensure that site-specific
determinations will only be used in unusual circumstances. A rule that requires cost/benefit
analyses for most decisions will be difficult to administer.

Restoration Mcasures

" In lieu of or in combination with impingement and entrainment reduction technologies the
Proposcd Rule allows the use of restoration measures as an altemative to meeting the
performance standards. Under the Proposed Rule, the applicant must demonstrate that the

California En vironmental Protection Agency
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restoration measures will maintain fish and shellfish within the water body, including the
community structure and function, to 2 level comparable to those that will resuit if the
performance measures were miet. :

Although restoration efforts may create a net benefit, it may be unrealistic to expect the
restoration effort to restore the original structures to the aquatic community. A cooling water
intake structure will affect each aquatic species differently. Therefore, it may be difficult to
demonstrate that the original community structure and function js being maintained.

In cases where the cost of complying with the best technology available requirements would be
wholly out of proportion to the benefits, it may be preferable to use a Jess effective technology
combined with restoration measures. The emphasis of the Proposed Rule, however, should be

the installation of facilities to minimize impingement and entrainment.
Application Requirements

The Proposed Rule requires the applicant to complete a comprehensive demonstration study at
least 180 days before the existing permit expires. As proposed, the comprehensive
demonstration study must include:

A proposal for information collection;

Source water flow information;

An impingement and entrainment characterization study;

A design and construction technology plan;

Information to support proposed restoration measures;

Information to support a site-specific determination of best technology available for
minimizing adverse environmental impact; and - .

* A verification monitoring plan.

® 9 & o o 9

The proposal for information collection shouid be submitted at least two years before the
submittal of the other portions of the comprehensive demonstration study to allow time to review
the proposal and complete necessary monitoring.

For the design and construction technology plan, it is not clear as to how o calculate the baseline
rate of impingement and entrainment. Rates for mmpingement and entrainment are site specific,
and the only way to accurately characterize them would be to dismantle the existing technology
and to measure the subsequent rate of impingement and entrainment. Since the baseline rates
will later be used for the purpose of determining compliance, both applicants and regulatory
agencies wili probably not find estimated rates based on other sites to be acceptable.

[T — 2 v
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Monitoring Requirement$

We have no comments for this section.

Record Keeping Requirements

We have no comments for this section.

Requirements for the Dircétor

We have no comments for this section. .

Again, thank you for the opportunity to. comment. If'you have any guestions concerning the
comments, please call Stan Martinson, Chief of the Division of Water Quality, SWRCB,

at (916) 341-5458 or Gordon Innes, Division of Water Quality, SWRCB, at (916) _341-5517.

Sincerely,

CelesteCantud
Executive Director

Enclosure

cce Mr. Joe O’Hagan
California Energy Conservation
and Development Commission -
1516 Ninth Street
Sacramento, CA 95814
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Power Plants in California that have Ooo::m Water Intake Structures.

Regional Board Power Plant Name Owner Water Body
2 Plttsburg Mirant Suisan Bay
2 Potrero Mirant San Francisco Bay
3 Diablo Canyon Nuclear Power Plant PG&E Pacific Ocean
3 Morro Bay , Duke Morro Bay
3 Moss Landing Duke Elkhomn Slough
4 Alamitos Generating Station AES Los Cerritios Channel
4 El Segundo NRG/Dynergy Pacific Ocean
4 Harbor Generating Station. City of LA DWP Los Angeles Harbor
4 Haynes Generation Station City of LADWP L.ong Beach Marina
4 Long Beach Generating Station Long Beach Generation LLC{Long Beach Marina
4 Mandalay Bay Generating Station Reliant _ Pacific Ocean
4 Ormond Beach Generating Station |Reliant Pacitic Ocean
4 Redondo Beach Generating Station AES Pagific Ocean
4 Scattergood Generatng Station City of LA DWP Pacific Ocean
5 Contra Costa Mirant Sacramanto-San Joaguin Deltg
8 Huntington Beach AES Pacific Ocean
9 Encina Power Plant NRG/MDynergy Pacific Ocean
9 San Onofre Nuclear Power Generating Stafion |SCE , Pacific Ocean
9 South Bay Power Plant Duke San Diego Bay
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Hearing before the Assembly Committees on Natural Resources and Utilities & Commerce
Testimony of Angela Haren, Program Director, California Coastkeeper Alliance!
“Once~Through Cooling, Air Emission Credits and Electrical Generation”

' Monday, Mareh 2, 2008
State Capitol, Room 4202

SUMMARY - CALIFORNIA SHOULD ACT PROMPILY TO PHASE OUT ONCE-THROUGH COOLING

o California is long overdue for a statewide policy on once-through cooling (OTC) that protects
our marine and estuarine ecosystems. It has been over thirty~five years since the Clean Water
Act required that “cooling water intake structures reflect the best technology available for
minimizing adverse environmental impact,” and three years since the Ocean Protection Council and
the State Lands Commission passed unanimous resolutions calling for the expeditious phase-out of
ongce-through cooling. '

o Multiple state and federal agencies including the State Water Resources Control Board, .8,
Environmental Protection Agency, California Energy Commission, State Lands Commission, and
Ocean Protection Council have recognized the devastating impacts of once-through cooling.

o The 19 California plants using OTC combined are permitted to withdraw up to 16 billion
gallons of sea water every day and kill an estimated 79 billion fish and other m arine life
annually, including threatened and endangered species such as Delta smelt.>. While we wait
for a statewide policy, the daily assault on our invaluable marine and Delta ecosystems continues.

¢ Once-through cooling has significant impact on the San Francisco Bay-Delta Estuary. All of
the imperiled salmon species that migrate through the Sacramento and San Joaquin River
watersheds pass the intakes for two aging power plants.’

©  These concerns were echoed in a 2007 Notice of Intent to Sue for Violations of the
Endangered Species Act by numerous water districts, who raised legal concerns about the harm
caused by the OTC systems at two Delta powers plants on “endangered Sacramento winter-run
chinook salmon, threatened Central Valley spring-run chinook salmon, threatened Central Valley
steelhead and threatened delta smelt.” The water districts’ 60-Day Notice stated that “[c]ooling

' PO Box 3 156, Fremont, CA 94539, 415-753-1481, ghareni@eacoastkeeper.org, www.cacoastkeeper.org.

? State Water Resources Control Board, “Scoping Document: Water Quality Control Policy on the Use of Coastal and
Estuarine Waters for Power Plant Cooling (March 2008)” at p-1. (2008 Scoping Document™). Available at:
Ittp/ivews warerboards.ca gov/plans_policies/docs/coastal_estuarinie/scope_doe031808.ndf. . :

* Environmental Protection Agency “Case Study Analysis for the Proposed Section 3 16(b) Phase II Existing Facilities
Rule, Part E: San Francisco Bay/Delta Estuary,” p. E3-15 (F ebruary 28, 2002). EPA 821-R-02-2002.




water intake structures directly and indirectly cause a number of detrimental effects on fish
populations,” resulting in “illegal take” of those fish.*

o Phasing out once-through co oling has multiple environmental benefits. By phasing out this
destructive technology, the State would better protect its marine and Delta ecosystems while
advancing to greener and more energy efficient energy production. :

‘o - Years of federal and state action on OTC, including numerous studies, agency resolutions, and draft
" policies, underscore that the question is mot if we should stop using once-through cooling, but
how to it phase out statewide on a timeline that protects our ecosystems and advances '
sustainable energy generation. We can “effectively eliminate[e]” any reliability concerns through
proper planning,” and reach for botk of California’s landmark goals of sustainable energy and '
healthy ocean and Delta ecosystems.

1. MULTIPLE FEDERAL AND STATE AGENCIES RECOGNIZE ONCE-THROUGH COOLING’.S
SIGNIFICANT BIOLOGICAL IMPACTS

o Once-through cooling is an antiquated, World War [I-era technology currently in use at 19 coastal
and bay-side power plants in California. The process pulls in cold scawater and bay water to cool
power plants, killing essentially everything alive in the water that passes through the plants.
Combined, these plants are permitted to withdraw up to 16 billion gallons of sea water every day.

o The State Water Resources Control Board (State Water Board) estimates that these plants
kill over 79 billion fish and other marine life annually through entrainment (which kills larvae
* and small fish pulled into the plant) and impingement (which injures and kills larger fish, sea
turtles, and marine mammals trapped on the intake screens).’

o After a thorough review of the extensive rutemaking record for implementation of section 316(b) of
the federal Clean Water Act, the U.S. Environmental Protection Agency (U.S. EPA)
determined that there are multiple types of undesirable and unacceptable environmental
impacts associated with once-through cooling including: reductions of threatened and
endangered species; damage to critical aquatic organisms, including important elements of the food
chain; diminishment of a population’s compensatory reserve; fosses to populations including
reductions of indigenous species populations, commercial fisheries stocks, and recreational
fisheries; and stresses to overall communities and ecosystems as evidenced by reductions in
diversity or other changes in system structure and function.”

o6 The California Energy Commission (CEC) has identified once-through cooling as a
contributing factor to the degradation of California’s fisheries, estuaries, bays and coastal

4 Nossaman, Gunther, Knox and Elliott, LLP, “Notice of Intent to Sue for Violations of the Endangered Species Act”
(Sept. 27, 2007). Available at http:/!www.sustainabledelta.com/’pdﬁlegal-092707 pdf. .
5 [CF Jones & Stokes, Electric Grid Reliability impacts from Regulation of Once-Through Cooling in California,
prepared for California Ocean Protection Council, April 2008, p. 57. (“Grid Reliability Impacts”). Available at:
hittpy/www, waterboords ca.goviwater issues/programs/tmdy/docs/power_plant cooling/reliability_study.ndf.

£2008 Scoping Document, supran. 2 at p. 1. : :

7 California Ocean Protection Council, “Resolution of the California Ocean Protection Council Regarding the Use of
Once-Through Cooling Technologies in Coastal Waters.” Available at:

nitp//resources.ca.gov/cope/docs/066418 OTC resolution L2 adopted 2006-4-20.pdf.




waters.® CEC staff also testified before the State Water Board that “[o]nce-through cooling is a
major, ongoing environmental issue with California power plants,” with “potentially widespread”
cumulative effects in Santa Monica Bay and the SF-Bay Delta Estuary in particular.’

o Once-through cooling has caused significant, ongoing harm to California’s marine and
estuarine ecosystems for decades. For example, all of the im periled salmon species that
migrate through the Sacramento and San Joaquin River watersheds pass the intakes for two
aging power plants on the San Francisco Bay-Delta Estuary.” Records for both of these plants
show that they have killed endangered species, including the Delta smelt and the Chinook saimon."!

o Turning on one coastal power plant (San Onofre) destroyed over two hundred acres (59,000 kelp
plants) of kelp forest. This, in turn, caused the displacement or death of thousands of individuals
from numerous other species. In total it is estimated that the kelp fish population in the area has
declined by 80%, all due to that single plant."

o Inbays such as Santa Monica, Monterey, and San Diego, and estuaries such as Elkhorn Slough, the
impacts from once-through cooling can be more pronounced due to the high biological productivity
of these areas and the concentration of the power plants’ impacts in light of the area affected. For
example, in Santa Monica Bay three power plants using once-through cooling (Scatt ergood, Ei
Segun(g), and Redondo Generating Stations) cycle 13-percent of the Bay’s water every six
weeks.

© The most significant impact is on fish larvae, which support healthy ocean fish populations. The
peak larval abundance generally occurs during the summer months, when peak demand for energy
(and peak use of OTC) is also at its highest.”* :

o In2008, thirteen power plants in Southern California filed incidental take permits with the
National Marine Fisher ies Service under the Marine Mammal Protection Act, asking for
permission to kill and injure marine mammals, including California sea lions, harbor seals,
and northern elephant seals, in their OTC systems."” San Onofre Nuclear Generating Station
estimates that it will kill an average of 14 California sea lions and six harbor seals per year in its
once-through cooling system, while Scattergood reports that over a 17-year period, it entrained 69
California sea lions in its once-through cooling system, 55 of which died.'

* California Energy Commission, “Issues and Environmental Impacts Associated with Once-Through Cooling at
California’s Power Plants, California Energy Commission Staff Report Prepared in Support of the 2005 Integrated
Energy Policy Report, June 2005, CEC Report No. 700-2005-013. (“Issues and Environmental Impacts Associated
With Once-Through Cooling™).
? California Energy Commission, Presentation to SWRCB (Sept. 26, 2005). Available at:
http://www.waterboards.ca.gov/plnspols/docs/pres_cecmckinney.pdf.
' Environmental Protection Agency “Case Study Analysis for the Proposed Section 316(b) Phase II Existing Facilities
ﬁule, Part E: San Francisco Bay/Delta Estuary”, p. E3-15 (February 28, 2002). EPA 321-R-02-2002.

Id
> UN Atlas of the Oceans (2002), htip://www.oceansatlas.org; see also CA Dep’t of Fish and Game, “California’s
Living Marine Resources: A Status Report” (Dec. 2001). )
" Issues and Environmental Impacts Associated With Once Through Cooling, supran. 8. . _
* Michael Foster & John Steinbeck “Compilation of California Coastal Power Plant Enfrainment and Impingement
Estimates for California State Water Resources Coitrol Board Staff Draft Issue Paper on Once-through Cooling.”
Available at: .
httpy/fwww swirch.ca.goviwater issix{_:—_s_/pf_qg[g_r_ﬂs[,mg_e_s_{giocsfcw_g_._’:f_}_éig{gmowerplam_' steinbeck070208 pdf.

* Federal Register: February 20, 2008 (Vol. 73, No. 34).
1d.




2. U.S. EPA AND THE STATE OF CALIFORNIA HAVE TAKEN NUMEROUS ACTIONS IN RECENT YEARS
TO PHASE OUT ONCE-THROUGH COOLING IN CALIFORNIA

k.

972

o Congress passes the federal Clean Water Act including section 316(b), which provides that “any
standard established pursuant to [CWA §§ 301 or 306] and applicable to a point source shall require
that the location, design, construction and capacity of cooling water intake structures reflect the best
technology available for minimizing adverse environmental impact.”

2001 .

o The U.S. EPA issues regulations for once-through cooling systems at new power plants (known as
the 316(b) Phase I Rule). E

2002 - ' .

o Environmental groups file a lawsuit challenging the U.S. EPA Phase 1 Rule regarding new power
plants (Riverkeeper I). :

2004 .

o The Second Circuit Court of Appeals agrees with plaintiffs in the Riverkeeper I case, ruling that the

use off off-site restoration as mitigation for once-through cooling for new plants does not
conform to the Clean Water Act. 1 .

o The U.S. EPA issues regulations for once-through cooling systems at existing large power
plants (known as the 316(b) Phase 1I Rule). Regulations establish a series of “best technology
available” compliance options that create such a wide latitude for power plant owners to comply
that essentially no reduction in impacts appears likely.

o Environmental groups challenge the U.S. EPA Phase IT Rule regarding existing large power plants
(Riverkeeper IT). California Coastkeeper Alliance is a co-plaintiff in the case.

o The California Legislature passes the Ocean Protection Act establishing the Ocean Protection
Council (OPC), which is charged with coordinating actions of state agencies with regulatory
authority over marine resources to improve the state of ocean ecosystems.

2005 .

o The State Water Board, which has Clean Water Act authority to regulate once-through cooling,
initiates a public proceeding to determine if the U.S. EPA’s Phase II Rule regarding existing power
plants meets California’s environmental policy objectives or if a new California rule is needed.

o The CEC finds that once-through cooling “contribute(s) t o the decline of fisheries and the
degradation of bay and coastal waters” in its 2005 Integrated Energy Policy Report and directs
staff to work with other state agencies to.address once-through cooling issues.

7 Riverkeeper v. U.S. EPA, 358 F.3d 74 (2d.Cir. 2004).
18 California Energy Commission, “2005 Integrated Energy Policy Report” #CEC-100-2005-007-ES, (Nov. 2005)
p.147. (“2005 Integrated Energy Policy Report”). Available at hitps/Av Wi energy. ca.gov/2003 _snergypolicy/,




2006

0 The OPC and the State Lands Com mission (SLC) both pass unanimous resolutions calling for
the expeditious phase-out of once-through cooling in California due to the environmental
damages it causes.” The OPC “[r]esolves to urge the State Water Resources Control Board to
implement Section 316(b) and more stringent state requirements requiring reductions in
entrainment and impingement at existing coastal power plants and encourages the State to
implement the most protective controls to achieve a 90-95 percent reduction in impacts.”®

o State Water Board staff releases the first Scoping Document and Proposed Statewide Policy for
implementing the EPA’s Clean Water Act 3 16(b) regulations addressing once-through cooling.?!

2007 : ‘ :

¢ The Second Circuit Court of Appeals rules in the Riverkeeper II case regarding existing power
plants that: (1) EPA’s Phase II regulations for existing facilities fail to require the “best technology
available,” which is the standard that must be implemented; (2) “Cost-benefit” analysis cannot be
used in determining Section 316(b) performance standards; (3) Percent ranges to meet performance
standards cannot be used unless based on “best technology available”; and (4) Restoration measures
cannot be used as a substitute for technology standards required under Section 316(b).”

o Inresponse to the Second Circuit decision, the US EPA formally suspends its 316(b) Phase II
regulations for existing power plants and directs the Regional Adm inistrators to institute
“best professional judgment” regarding permits under section 316(b) of the Clean Water
Act.® Despite this clear directive to reissue permits consistent with Section 316(b), 15 of the 19
plants continue to run with expired NPDES permits.

o California Independent System Operator (Cal ISO) releases a draft study finding that the old
coastal steam generator plants “tend to have higher heat rates than new er combined-cycle
generating plants, and that they also tend to have higher green house gas emission rates and
other poliutants than new generation sources.” The study added that it is likely that “[a] mix of
scenarios will be developed that will include retirement/replacement of old thermal generation,
development of new generation (particularly renewable generation) and related reinforcement of the
electric transmission system.”? :

© A coalition of water districts filed a 60-day notice letter to Mirant, the U.S. Army Corps of
Engineers and others regarding Endangered Species Act violations at Mirant’s Contra Costa and
Pittsburg power plants in the Bay-Delta, alleging that the once-through cooling system “directly

' State Lands Commission Resolution available at: 7
http://archives sle.ca.gov/Meeting_Summaries/2006_Documents/04-17-06/TTEMSANDEX HIBITS/R 71ExhA pdfand
Ocean Protection Council resolution available at:
zzottp:;",-’reseurces.ca.gow’ccmc;’docsf%m18 OTC resclution LH2_adopted 2006-4-20.pdf,

Id
2! Available at: htip://www.swrcb.ca.gov/npdes/docs/owa3 16b/316b scoping pdf
22 Riverkeeper, Inc. v. U.S. EPA, 475 F.3d 84 (2d Cir. 2007).
% Memorandum from Benjamin Grumbles, Assistant Administrator, U.S. EPA to U.S. EPA Regional Administrators,
“Implementation of the Decision in Riverkeeper, Inc. v. EPA, Remanding the Cooling Water Intake Structures Phase 11
Reguiation” (March 20, 2007), '
 California Independent System Operator, Old Thermal Generation Retirement and Replacement of Once-Thru
Cooling Long-Term Transmission Planning Study Version 2.0 “Mitigation of Reliance on Old Thermal Generation
Including Those Using Once-Thru Cooling Systems Study Plan Draft Version 2.0,” p.1(*“Old Thermal Generation
Retirement and Replacement™). Available at: hitp:/www.caiso.com/1038/1058¢92e2¢30.pdf.
25 Id ) .




and indirectly cause a number of detrimental effects on fish populations, including the Sacramento
winter-run Chinook satmon, Central Valley spring-run Chinook salmon, Central Valley steethead,
and delta smelt.”*® : -

2008 -

o OPC releases technical feasibility study that specifically evaluates the feasibility of retrofitiing 15
plants once-through cooled plants (repowering was not addressed). Of the fifieen plants studied, 12
were deemed technically and logistically able to retrofit to closed-cycle wet cooling, including the
two muclear facilities.”” Although the study finds that retrofitting three of the plants is not feasible,
repowering or retirement of the plants were not evaluated and may well be viable options. For
example, although the OPC feasibility study finds that retrofitting at El Segundo Generating Station

“to a closed-cycle wet cooling system “poses several challenges,” 28 the owner of the plant, NRG
Energy, submitted a request to relicense the plant using air cooling, demonstrating that repoweting
is both feasible and preferable.”” '

o State Water Board staff releases second Scoping Document and Proposed Statewide Policy
regarding once through cooling, outlining a phase-out approach requiring plants with a capacity
utilization rate of 20% or less to comply by 2015, plants with a capacity utilization rate of 20% or
greater to comply by 2018, and the nuclear plants to comply by 2021.%°

o The OPC releases Electric Grid Reliability Impacts from Regulation of Once-Through Cooling in
California, finding that under “all but the most extreme scenarios, more than enough power
plants are expected to be operating in 2015 to more than compensate for any or all once-
through cooling plant retirements.”’

o The Supreme Court grants certiorari in the Riverkeeper II case on the question of whether
section 316(b) of the Clean Water Act authorizes the U.S. EPA to compare costs with benefits in
determining the best technology available for minimizing adverse environmental impact at cooling
water intake structures. A ruling is expected in spring 2009.

3. PROTECTING OUR COASTAL & ESTUARINE ECOSYSTEMS 1s FULLY CONSISTENT WITH ENSURING A
SUSTAINABLE ENERGY SUPPLY FOR CALIFORNIA.

o According to data published by the CEC, combined the 19 OTC plants have a capacify of
approximately 21,250 MW 32 Over three-quarters of the steam boiler power plants using OTC were
used at less than 20% of their operating capacity in 2006 (see attachment one for CEC table).

2 Nossaman, Gunther, Knox and Elliott, LLP, “Notice of Intent to Sue for Violations of the Endangered Species Act”
{Sept. 27,2007). Available at i‘d‘m:;’fwwi.sus%ainabiede}ta.cenﬁndﬁ’ieqaiw{),‘,}z?{)?.;)di -

77 Tetra Tech, Inc. “California’s Coastal Power Plants: Alternative Cooling System Analysis” Prepared for the Ocean
Protection Council. Feb. 2008. (“Alterative Cooling System Analysis”). Available at:

Ftn://wwiw resourees.ca.gov/cope/CCRE, ACSA bim.

B Jd. at p.D-1.

 petition to Amend the Final Commission Decision for the E! Segundo Power Redevelopment Project, CEC-800-
2005-001-CMF, June 2007, p. 2-2 and Figures 2.1-1, 2.1-2a, and 2.1-2b (proposes repowering to closed cycle dry
cooling system at Units 1 & 2).

30 208 Scoping Document, supra n. 2.

- 31 Grid Reliability Impacts, supra n. 5,at p. 3.

32 California Energy Commission, 2007 Environmental Performance Report of California’s Electrical Generation
System, Draft Staff Report, CEC Report No. 700-2007-016-5D, (2007 Environmental Performance Report™) atp. 54.
Available at: hti;p:;’fwww.eﬂergv.ca..ﬂov,-"ZI}{)'?pubiicaiif.ms;"CEC-‘?O{}-z{)O’? O16/CEL-T700-2007-016-SDLPDIE.




©  Only a handful of the coastal steam plants were considered as essential by the California ISO
in 2007 to ensure grid reliability.”® The plants include: Encina and South Bay in San Diego,
Potrero and Contra Costa Unit 4 & 5 in the Bay Area, and Humboldt in Northern California.
However; all of these plants are already slated for replacement.”

o The power plant operators have demonstrated that repowering is often a preferred
alternative that offers an opportunity te solve multiple environmental impacts and improve
energy efficiency. To date four power plants - including El Segundo, Encina;, Humboldt and
Gateway- have announced their intention to repower to combined-cycle operation without the use
of once-through cooling.’® Additionally, approximately 3,000 MW of new combined cycle
replacement projects have been permitted at coastal steam boiler plants.*’ :

© The OPC-funded technical feasibility study found that retrofitting the two nuclear plants, San
Onofre and Diablo Canyon is technically and logistically feasible.*®

o Other states and regions are aggressively pursuing nuclear plant wet tower retrofits. The
New York Department of Environmental Conservation (NYDEC) has recommended that the 2,000
MW Indian Point nuclear plant be retrofit to wet towers. NYDEC de termined that a wet tower cost
impact of less than 6 percent of revenue was not an unreasonable financial burden on the owner.*
U.S. EPA has recommended that the 600 MW Oyster Bay nuclear plant be retrofit from once-
through cooling to a wet cooling tower.*

o Retrofitting to cooling towers will not jeopardize the safety or reliability of the nuclear plants.
One nuclear plant has already been cost-effectively and efficiently retrofit to closed-cycle wet
cooling in the United States."! No modification was required to the core components of the nuclear
plant. Many U.S. nuclear plants use wet cooling towers already, and a number of these plants are
capable of switching between wet cooling towers and once-through cooling.*?

B 1d.

** Grid Reliability Impacts, supran. 5 at p.12.

%5 An air-cooled combined cycle replacement project is proposed in Encina; an air-cooled combined cycle plant (Otay
Mesa) will being operation near South Bay in 2009, PG&E is constructing an air-cooled combined cycle plant at
Contra Costa, the Humboldt plant will be replaced with an internal combustion engine plant that does not use water for
cooling, and the Potrero plant is proposed to be replaced with the San Francisco Electric Reliability Project, using
combustion turbines that do not require cooling water. Listings for all proposed projects are available at:
hip://wiww.eneigy ca.gov/sitingeases/alphabetical htmi.

** Environmental Performance Report, supra n. 32 at p. 56-57.

*" Grid Reliability Impacts, supra n. 5, Table 1-1, p.S.

* Alternative Cooling System Analysis, supran. 27. .

* New York Department of Environmental Conservation, Fact Sheet - New York State Pollutant Discharge
Elimination System (SPDES) Drafi Permit Renewal With Modification, Indian Point Electric Generating Station,
Buchanan, NY - November 2003. )

* J. Filippelli - EPA Region 2, comment letter to Nuclear Regulatory Commission on draft EIS for Oyster Bay
Nugclear relicensing, September 7, 2006,

“ Retrofitting to a wet tower is fundameritally simple - the once-through cooling pipes going to and from the ocean are
rerouted to a cooling tower. At facilities that have been retrofit, the hook-up of the new cooling system has generally
been carried-out without requiring an extended unscheduled outage. The cost to retrofit 800 MW Palisades Nuclear
(MI} to wet towers was $68/kW (1999 dollars). [ref: EPA.316(b) Phase Il Technical Development Document, Chapter
4], -

* Prairie Island Nuclear (MN) and Vermont Yankee (VT) arc two examples of nuclear plants designed to operate in
closed-cycle with cooling towers or in open cycle with once-through cooling.




o In addition to repowering, retirement of some of the once-through cooled plants might be a
preferable option. In its 2005 Integrated Energy Policy Report the CEC called for studies to plan
for the retirement of the coastal steam-powered plants by 2012.% :

o - To date, four coastal power plants have voluntarily filed applicatibns or license amendments
with the California Energy Commission to switch from once-through cooling to air cooling: El
Segundo, Encina, Humboldt Bay. and Gateway (see attachment 2 below).

o Two once-through cooling plants have already retired: Hunters Point in San Francisco in 2006,
and Long Beach combined cycle units in 2005. :

4. PHASING OUT ONCE-THROUGH COOLING SUPPORTS CALIFORNIA’S LANDMARK INITIATIVES TO
PROTECT MARINE ECOSYSTEMS AND THE DELTA, AND TO PROMOTE CLEAN, SUSTAINABLE,
EFFICIENT ENERGY :

o The Governor’s Ocean Action Plan asks the state to “incre ase the abundance and diversity of
aquatic life in California’s ocean, bays, estuaries, and coastal wetlands.”” Given that many
power plants using once-through cooling are located in some of the most ecologically productive
bays and estuaries on the coast, we must end the use of once-through cooling statewide in order to
fully accomplish these goals.

o The California Ocean Protection Act a cknowleédges that “California’s coastal and ocean
resources are critical to the state’s environmenta! and economic security” and that “the preservation
of the state’s ocean resources depends on healthy, productive, and resilient ocean ecosystems and
that these resources should be governed by principles of sustainability, ecosystem health,
precaution.® ;

o The California Marine Life Protection Act, the first law of its kind in the country, calls for the .
creation of a scientifically-based network of marine protected areas (MPAs) along the state's
¢oastline in order to “protect the natural diversity and abundance of marine life, and the structure,
function, and integrity of marine ecosystems % The Initiative to implement MPAs in Southern
California focuses on many of the ecologically important areas that are impacted by the
concentration of once-through cooled plants in the region. To ensure actual protection for critical
marine habitats and endangered, threatened, and protected species, we must be consistent across all
regulatory processes. The needless desteuction of billions of fish larvae and the incidental take
of threatened and endanger ed species off California’s coast should be a thing of the past.

o Billions of dollars have been spent to restore the Bay-Delta Estuary, but further action is needed, as .
illustrated in large part by litigation to protect threatened and endangered fish that are being pushed
to extinction by water withdrawals and the impacts of once-through cooling systems in their paths.
California’s Delta Vision Blue Ribbon Task Force and Bay-Delta ‘Advisory Council process,
among others, cannot fully succeed if OTC in the Delta is not addressed.

42005 Integrated Energy Policy Report, supra, nl8.
* Available at: bttp//wwiv res0uIces La. covioceay/Cal_ Ocean_Action Strategy.pdf
* Available at: htto://resources.ca,gov/oupe/3-21:03 moeting/cal_ocean_protection_getpdl

% Cglifornia Fish and Game Code Section 2853(b)(1)-




o The majority of the once-through cooled power plants have higher emission rates of
greenhouse gases and other pollutants compared to new generation sources *’ but continue to
operate despite this because the primary costs of their cooling systems are placed heavily on the
environment and the public.

o Phasing out once-through cooling will encourage modernization of the coastal steam plants,
which is a stated goal of California’s Energy Action Plan and AB 1576 (Nunez, 2005).% Phasing
out once-through cooling also supports California’s progress toward reducing greenhouse

- gases per AB 32 (Nunez), the California Global Warming Solutions Act of 2006.

o] California has the right and responsibility to protect the beneficial uses of all of the state’s
waters for current and future residents, and has authority under state law to go beyond
federal minimum standards to accomplish this goal.

7 Old Thermal Generation Retirement and Replacement, supran, 24 at p.1.
“# AB 1576 (Nunez, 2005) authorizes utilities to enter into long-term contracts for the electricity generated from the
replacement or repowering of older, less-efficient electric generating facilities,




. : Attachment 1
Table excerpted from California Energy Commission, 2007 Environmental Performance Report of
California’s Electrical Generation System, Draft Staff Report, CEC Report No. 70:0-2007-016-8D,
(2007 Environmental Performance Report™) at p. 54. Available at:
hiin ::"/www.gnerg?.ca.govﬁﬁﬁ’?g}ublications/CEC-?GG«Q{)O’?—OE §/CEC-700-2007-016-SD.PDY..

Table 16:.2006-2007 Operations Data for the Coastal Power Plant Fleet

2006 203066 . 2006 2001 2007
_ Caparity' | Generation | Capacify | Capacity RMR
Power Plants :faitoré Factor | Contract” |
MW | ewn | % % (MW
Alamitos 1,970 1,677 9.7] 47
C(}ntfa:{:(}ﬁm e e o 0 s T s >3 ST
Diable Canyon (Nuclear) 2,202 18,465 G93.7] 941
El Seguindo 674 617} 18,3 327
Encina | 965 1,255 148 465 946
Harbor ' 462 o0 5.2 25.5
Hayries' 1,606 3,482} 24.7] 241
Humboldt Bay 137 441] 36.8 s61] 106
Huntington Beach 1,013 1341} 129 14.9
Mandalay 573 315t 6.3 42.2
Morro Bay 912 324, 4. 51.7
Moss Landing” 2,484  6A08] 294 - 685
OmomiBeach 1 wen  4ml 33 457
Piitsburg 1,370 447 5.7 574
Polrero : 363 53l 174 363 362
Redondo Beach 1,343 583} 5 53.7
Sar Onofre (Nuclear) 2,254 13,570 68.7 76.7
Seattergood. 203 1,498 21.3 24.8
South-Bay 709 939} 153 318 6%
{Totals 21,250 52557 2,103
Sources: Genaralion and Capasity, Energy Commission Earterly Fugls Energy Feport Databese
: RMR Contract Status, California 1502097 Local Area Relfabifilyf RMR Contract Stelqs Report
Mes Phess capacity fguires are only for the:steam boller. gombined gle pnd nugiear unite that use-enge-dhrough cogling. Many
of e coastal power plard sites &iso have:rombushon urbine peakers. which 4o nol Tequire mci’m;; water,
* ¢ apaeity factors indicate annust generation-as g propurtion of ol possitie gnnuat-gengration ilthe plant were fo_ operats at:
£ capacify forat £ 760 hiours in o year, “Capacity fador™ should et be confased with the Capacily proviced by eotstal power

- plants:during periods pf.peak demand. when all available capacity is needed 1o ensyrs TesoUrce acequnny and grid reliabilty,

Sorhis cotumn: shows only e Califbmiz (0 RWR conitacts needed for focat refiabiiy. |t does nol incude the new ‘tocal
apatity reguirements” betause those dusignation & sre desmed proprietary, s sssummed that sever! more coastal power
plantsare nolude in the iocsl caparity requirements:

“ taynes and #oss Landing:both have pastially repewered to combined pycleunils, sitille-retainingy some of the older steam

Hiterpapasity. Moss Landing's 1.080 WA cembined cycle umits ran al 8 .58 piateent capacity fector s 2008
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Attachment 2
Status of California Power Plants Phasing Out Once-Through Cooling

Plant Owner | Location Announced Plans

El Segundo NRG Santa Filed license amendment with CEC to repower 630MW
Monica Bay | using air cooling.

Encina NRG San Diego Intends to repower 3 units with 550MW combined cycle

plant using air cooling.
Humboldt Bay | PG&E | Humboldt Filed application to repower with 163MW internal

_ Bay combustion engines using radiator cooling.
Gateway™ PG&E | SF Bay- Filed license amendment with CEC to switch to air
Delta cooling for 530MW unit.

* Formally Contra Costa Unit 8.
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