ATTACHM]

SNT 7



ENVIRONMENTAL  ENGINEERING LABorATORY, INC.

ST ——— SAN DIEGO, CALIFORNIA 92110 ® P, 0,BOX 10033 o TELEPHONE 224-2885

December 6, 1968

San Diego Gas & Electrlo Comyany
107 Ash Street :

San Diego, Calirornia

Attention: Mr. J. E. Thomas

Gentlemen:

In accordance with the terms or Purchase Order No. C-188,

we are herewith submitting our report entitled "Marine organisns

(MW,J cooling water discharge",

¢

South San Diego Bay, their natural environmental condltiona, and

July and August 1968

We wish to express our appreclatlon or this opportunity to

" important area oT inquiry.

Respactrully submitted by,

o or South San Diego Bay and the eoologlcal errects or power station

The report deals with the marine organisms charaoterlstic or

the errects on them or power station cooling water dlsoharge during

serve the San Diego Gas & Electric Company in the study or this -

{ e . B3I0OLOCICAL AND CHEMICAL CONSULTING SERVICES
WATER AND AIR POLLUTION S5TUDIZS

WATER TREATMENT
CHEMICAL AND MICROBIOLOGICAL LABORATORY SERYICES,

APPROYED Y CALIFORNIA STATE DEPARTMENT Or pPUBLIC HEALTH

TN —— e S AT T T e e e e e e S

San Diego State College - ' Environmental Engineering Laboratory
- s . . l. /-: / . .
S AE Tt N ,/f;‘pé//% gy Grsizdis e
Dr. Richard F. Ford Robert L. Chambers
Principal Investigator ' Project Director.

et e s e



TABLE OF CONTENTS

ACKNOWLEDGMENTS . . . . . . e e e
LIST OF FIGURES +. « « « « o o o . . .
LIST OF TABLES . . . . .+ W & o . . .
INTRODUCTION + . . . . . . . . . . .
METHODS '+ .~ v v v v v o v e oe ..
THE PHYSICAL ENVIRONMENT IN SOUTH SAN DITGO BAY

BIOLOGICAL CHARACTERISTICS OF SOUTH SAN DITCO BAY

ECOLOGICAL EFFECTS OF POWER STATION COOLING WATER DISCHARGE

SUI'HMRY . . . . . . @ . e . . LY

LITERATURE CITED. &« & v o « o o o o .

i1

Page
iii

iv

18
21
33
63
276




ACKNOWLEDGMENTS

. We should like to graterully acknowledge the considerable
proressional assistance that the Trollowing have contributed to

this report..

Mr. William Wignt, San Diego State College, who had sole

responsibility ror the Peripnyton Investigations.

Dr. Olga Hartman, University Southern Calirornia; Dr. Abraham
Fleminger and Dr. Carl Hubbs, Scripps Institution; Dr. Richard Darby,
San Diego State College; and Mrs. Joan Stewart, University Calirornia

Irvine, ror their assistance in the identirication or Bome species. -
)

T e e e . L B T e e e ey T e e e

iii




A
Ecrb

iv

- ra

LIST OF FIGURES
Figure . V Page

1. Locations or subtidal sampling stations at which physical
measurements and benthic biological samples were taken. . 64

2. Locations or beach seine sampling stations « v ¢ & « 4 4 o o . 65
3. Locations or periphyton (diatometer) stations: . . . . » + . . &6
4. Locatiohs or plankton and nekton sampling stations . . . . . . 67
5 Bird Census ATeas + v «v v v v 4 4 v v o o v o ... e o s .« 68

6. Ceneralized summer sub rood w2b ror marine invertsbrates and
algae in South San Diego Bay « v v v v 4 v 4 4 4 4 v o . 69

7. Generalized summer sub rood web ror benthic and pelagic rishes 70
8. Ceneralized summer sub rood web ror major marine birds . . . . T1 C

9. Comparison or periphytic diatom diversity indices « « + « . . T2

10. The log normal distribution curves ror the periphytic dlatom
communities collected on glass slides at representative
STAaTionSe ¢ 4 & ¢ 4 4 4 4 e o e e e .. . D I




LIST OF TABLES

(.. Table | Pago

- 1. Physical and chemical measurements July 25 = 26 . + v & . , . 76.
2. Physical and chemical measurements August 30. . . « o v . ., . 81
3. Summafy or water tempurature measurements « + +» . ¢ . . o . . 86
4., Bottom current speed, direction, and related femperatures . . 88
5. Composition or sediment . . . C e e e .. s v e e e s 89

6. Percentages or organic matter and organic nitrogen in

surrace sediment . .+ . . v v 4 v L e v e w e e e e e . 90
7. Species or large algae and benthic invertebrate animals . . . 91
8. Species or bentnicfénd pelagic rishes . v v v ¢« 4 2 . . , .« 94
9. Species or aquatic and other birds . . . « v « v v ¢ v . o . 95
10. Maximum densities or invertebrate aniﬁala D L

11, Maximum densities or rishes and large invertebrates « » « » . 101

12, Numbers or species and diversity indices ror benthic rishes

and invertebrates « + o v 2 « s . o o . R 103 v
------- ., ' | :
(‘ i 13, Numbers or species and diversity indices ror periphytic i
. diatoms L T T T 104

E 14. Periphytic diatoms present . v . ¢ v v v b b v e b e e e e . 10%

15, .Benthic algae and invertebrates taken in grab saﬁples . v e . 108

16. Small benthic invertebrates taken in grab samples . . . . . . 190

17. Benthic and pelagic rishes and large, surrace-living
invertebrates taken in grab-samples « v « » v » ¢ . . . . 207

18. Benthic and pelagic rishes taken in beach seine samples . . 236

243

19, Fishes and invertebrates taken by trap and setline sampling
20. Large area bird population censuses « + « o+ + v s o » » o « o 246 :

21. Small area bird population CENBUEES + « « v « o =« o » o » o « 248

___'_‘.]l,._'..‘ ‘ e e e e e e
i ' )




Table

23:

24.

vi

Page
Phytoplankton taken in South San Diego Bay July 25 - 26 . ., ., 253 -

Zoaplankton and nekton taken in South San Diego Bay .
JULy 25 =26 4 ¢ v v et e e e e e e e .. 260

Fish eggs, rish larvae and otnér nektion taken in Soutn
San Diego Bay July 26 and 28 v v v v « = o s » o o 5 o o . 269




THE BIOLOGICAL CHARACTERISTICS
OF SOUTH SAN DIEGO BAY

Cne or the major purposes or this study was to establish the
species .composition, distribution, abundance, and reeding relation-
ships or marine organisms in the South Bay as a baseline ror as—
sessing present conditions and possible rTuture ecological changes.
The data which rorm the basis ror this discussion are given in de-

tailed rorm in tables 7 — 9 and 14 - 24. 1In the case or benthic

diatoms, invertebrates, and I'ishes, these data are summarized in

Tables 10 ~ 13, and ror all species in Figures 6 - 8.

South San Diego Bay supports assemblages or marine organisms
that are characteristic or the inner portions or relatively undis-
turbed bays and estuaries in Calirornia and Baja Calirornia.
Ecologically similar rorms inhabit bays and estuaries in other
temperate areas or the world (Hedgpetn, 1957). In general, the
- Yorms round in the South Bay are tolerant or moderately wide
“--ranges or temperature, salinity, and dissolved oxygen content and

thus are able to survive seasonal and short term changes in these
Tactors that occur there.

Major Organisms and Feeding Kelationships

The dominant or characteristic marine organisms inhabiting
South San Diego Bay are considered in the rollowing sections. Tne
scientiric and common names or all species considered in the study,
and the major groups to which they belong, are given in Tables

T -9, 14, and 22 -~ 24 ror retrerence.

T
F N

order to understand the biological, as opposed to physi-

cal, environmental relationships or organisms in the South Bay

ecosystem, it is also important to consider the trophic or reeding
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reiationsnips 0I' the major groups or species present. This was
accomplished by qualitatively examining the d;gestive tract con-
tents or larger animals (primarily rishes) and utilizing pub-
lished inrormation on the rood habits or the remaining species.
The results or this synthesis are summarized in a three-part rood
web diagram shown in Figures 6 — 8. The separate sections o1 such

a diagram are generally designated as sub rood webs.

The primary purpose or the diagram is to show the general

1Tood habits and speciric pathways or rood and energy transrer

among major groups or species in the ecosystem. The complexity

or pathways is an indication or the degree or stability exnibited
by the association or coﬁhunity or animals and plants in the eco-
system. Because or the diverse diet and seasonal shirt in r'ood
habits among many rishes, birds, and 6tner r'orms, the diagram

must be considered as a generalized rood web which is most direct-
-y applicable to the summer months. Primary producers and species
<T groups that are used as rood by man are indicated in the dia-
gram. Pertinent reatures or this rood web are considered in the

tollowing sections.

Benthic Plants

The sort sediment bottom throughout most or the South Bay
is overlain by extensive mats or living plant material which are
interspersed with areas or exposed sediment (Table 15). The dense

reavily branched red alga Gracilaria verrucosa rorms the bulk or

tals mat throughout most or the outer (higher number) D station
area, as well as at O and I stations close to this region. In
some areas, notably D-6 and D-7, the mat is 1 - 2 reet thick.
Other much less common species, including particularly the red

algae Hypnea valentiae and Grirrithsia SP., Iorm part or the mat

at some locations. Two apparently undescribed species or the
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‘rilamentous green alga Chaetomorpha épp. rorm dense but generally
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thinner mats in the inner D and more northerly O and I station
regions.

Direct observations underwater indicated that these algal
mats are an important microhabitat reature, because they provide
cover and reruge rrom predators ror many species or rishes and
invertebrates, much as marsh vegetation does ror ducks and other
aquatic birds. The algae also serve as a major, primary rood
source ror many animals, including the Calirornia killirish, crabs,
isopods, gastropod molluscs, and some aquatic birds (Figures 6-8).
The distribution or these algal mat species in relation to the ther-
mal discharge pattern is considered in a later section or this

report. o

Periphytic diatoms, minute single celled plants that are at-—
tacned to the surrace or the sediment, probably are another sig—
niricant primary rood source ror the striped mullet and a variety~
or small invertebrates (Figures 6 & 7). These animals reed by in—
Jesting sediment or selectively removing the diatoms rrom its sur—
race. The periphytic diatoms and their relationships to the Ther-—

mal discharge are considered in detail in a later section.

Benthic Invertebrate Animals

The invertebrate rauna living on and in the bottom sediment
is dominated in terms or species composition, abundance, and bio-
mass by molluscs and polychaete worms (Tables 7 & 15), as it is in
San Diego Bay as a whole (Marine Advisers, 1958). Several species
0I the common bivalve molluscs are used as rood by man. These are
the banded, smooth, and wavy cockles (Chione spp.) and the bent-—

nosed clam, Macoma nasuta. Unrortunately, the size or most indi-

viduals is quite small compared with those in nearby areas, such

as the TiaJuana Slough, at least during the summer months (Table

15). The jack-knire clam, Tagelus calirornianus, and other small

bivalves are used commonly as bait ror hook and line tishing.
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Wnile none or the other invertebrates are or direct value to
man, they are extremely important to the biological economy oI the
area, a ract that is evident trrom examining Figures 6 & 7 in de=
tail. The teeding or nematode and polychaete worms, gastropod mol
luscs, brittlestars, crabs, isopods, and a wide variety or smaller
crustaceans serves to transtorm detritus and other organic material
into usable rood ror larger invertebrates and rishes; the latter,
in turn, are eaten by other large rishes and aquatic birds, most
or which are of esthetic or direct rood value to man. Bivalve
molluscs and other suspension reeders serve a similar runction
~in transrorming plankton‘and suspended detritél material into
usable rood ror rishes and birds.

La
An unusual bryozoan animal, Zoobotrvon verticillatum is pre-

sent in some parts or the study area, where it rorms large, rlex—
ible, tree-like masses. Some clumps appear to be attached to shell
material embedded in the sediment or to algae, while much or this
material is moved around rreely on the bottom. It is very abundant
on pier pilings at the G Street boat launching ramp, Chula Vista,
and the riprap and other hard substrates in the South Bay Power
Plant area. This undoubtedly is the animal that was incorrectly
designated as a nydroid in'a recent report (A. W. Delleese, Soutn
Bay Temperature Survey, June 9, 1965, SDC&E File No. EPG 420).

As indicated in this report, the bryozoan masses became abundant
during the Fall or 1964 and are a continuing problem because they
clog the intake screens. There appears to be no obvious, practi-—
cal solution to this problem, short or placing additional screen—
'ing across the inner part or the intake channel. Biological
control or the bryozoan itselr would be impractical because or
its wide distribution in the South Bay and probable continuous

introduction rrom the adjacent areas to the north. Zoobotryon

probably is or moderate biological importance as rood ror a
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and small risheg, Another unusual inhabitant is: the large "wander—-
ing sponge", Tettila mutabilis, which is Very common at the outer
D and adjacent 0 and I stations (Tables 15 & 17). It is a large

r'ilter reeder that attaches loosely 1o the sediment. In gsome areas

it is the major component or benthic biomass; but probably or

little importance as a rood organism.

Benthic and Pelaric Fishes

The study area Supports at least 21 Species or bottom living
and open water I'ishes during the summer months, or which six are
importatnt to man oy recrestional Tishing and Tood, and are rela-
tively abundant (Tables 8 & 17-19). Tae latter are the black
crodxer, Calirornia halibut, diamord turbot, two species 01 sand
bass, and Striped muliet. The mullet appears to be quite abundant
tnrbugnqﬁt most or the South Bay and particularly so in the vici-
nity or the thermal discharge pattern. Unrortunately, mullet are
dirricult to catch Wwith conventional Tishing gear; in tne pPresent’
Study they were taken only in traps (Table 19). Fishermen in the

area who were questioned .about their catch indicated that all or

As in the tase or the invertebrate Tauna, rish species "unim~

portant” to man in ract are vital to the biological economy or

ine ecosystem (Figure 7). Only <the S8triped mullet and topsmelt
utilize detritug and lower organisms directly by injesting sedi-

" mnet.. All Others reed primariiy On other smaller rishes and benthic
or pelagic invertebratés. The three most oommon small righes living
niear The boitom, the Calirornia killirisn, shadow goby, and barred '
Piperisn, as well a8 the larger and very abundanf‘round stingray,
all _prey upon a wide variety-or small invertebratses. The slough

T O S




N T

anchovy is a rilter T'eeder on small plankton, Larger Species, such
&s the black croaker and sand basces, reed Primarily on rishes,
large Crustaceans, and molluscs, while the diet or tne'Calirornia
halibut ig almost exclusively smaller benthie and pelagic Tishes,
The smaller I'ishes generally liwve in holes or within The algal and
bryozoan mats on the bottom aad have gimilar pProtective pattern

anc coloration 1o avoid these Predators.

Some larger T'ishes, particularly guitarrisnes angd rays, may
occur in the study area and have been inerreciively sampled by
the Techaniques used. It also seems likely that the rish rauna may
change Seasonally, possiblyﬁas the result or migration intgo the
area by Species that are igéolerant oI warm water conditions that
exist during the summer months.  Unrortunately, there are no hig-
torical survey data oy systematic Iishing records for Other pericdg

O the year.

Shore Birds
—=Til Birds

aquatic birdg Species. Becauge they are generally isolated I'rom
public access, the shoreline and dikes or tne South Bay Power Plant
are particularly important in This regard. On the basig or largé
and shall segment'surveys O the area (Figure 5, Tables 20 & 21)
The most common shorebirds in the South Bay during August 13 - 25,

1968 were:
Brown pelican Western Sandpiper
Double—crested cormorant Short-billed dowitcher
Unidentiriegq ducks Marbled godwit
Snowy plover ‘ Black-necked gtilt
Black-bellied plover Western gull
Fuddy Turnstone Forster's tern
Willet Caspian tern
Least sandpiper Savannah sparrow

26
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These surveys did not include most or the salt'pond property at
The extreme southern end or the bay. It should bé.empnasized that
the species composition will vary daily, particularly ror less
abundant birds, as well as secsonally. Thus the species ror whion
population census data were obtained (Tables 9, 20 & 21) are not
the only ones inhabiting the area during the summer months. Ano-
ther complicating ractor is that, because individuals move about
.in the bay and adjacent ocean areas a great deal, the censuses

at any given time may include as rew as 50% or the birds actually
present. However, the counts obtained probably are g reasonably

good indication or relative alundance.

- The gulls, brown pelican, and royal and elegant terns uti-
lize the dikes or the South Bay Power Plant and those ad jacent
0 it as roosting areas. They return to the dikes in the evening
arter reeding at sea. These species normally are ocean I'eeders,
but also reed to some extent in the study area. Thus they pro-
bably would be arrected primarily by environmental changes that

aliered the roosting areas themselves.

The shore birds recorded, with the exception or two regi-
dent species, the snowy plover and black-necked 5tilt, are birds
on rall migration rrom northern breeding grounds which commences
in mid—July. Some or the individuals move rarther south in the
'Tall months, while others winter in the South Bay (see Table 9
ror residency status). In general, some indivuduals or nearly
all species censused winter in this area. Many additional migra-
tory species appear in great numbers during the rall months, in-
cluding the dunlin (Erolia alpina), which is very abundant arter

September. Thus shore birds are most abundant and diverse in
species'composition during the winter. lMost leave on spring

migration in May, and in the early to mid-summer only remnant

- . . B - et T T e e e i er e
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again is established in the South Bay.

Brown pelicans, cormorants, western gulls, some Snowy egrets,
and black-crowned night herons are bermanent residents in the

South Bay. Thig also is true or the Savannan sparrow, which in-

Heerman's gull and the elegant tern, are present during late
Summer, rall, and winter, while the least tern ig g summer resi-
dent only. The common tern ig g spring and rall migrant. For-
ster's terns are present all year, but decrease in abundance in

summer.

A variety or gulls inhabit the study area during the winter
months. Ducks which winter in large numbers on San Diego Bay do
not arrive until November. For example, the winter Population
01 surr scoters in the San Diegé Bay area may exceed 30,000 in-
dividuals. . Thqse noted. in the August censuseg (Tables 20 & 21)

migration, All or these individuals were in poor molting condi~

Tion and unable to rly.

The birds Present in éummer are important bPredators on a
variety or benthic invertebratesg and small to medium sigegd
Tishes. The rood relationships or major species are summarized in
Figure 8; they are considered in detail by Bent (1921; 1922),
Poygn (1951), Kortrignt (1962), ang other authors oited by them.
The brown pelican and double-oiested cormorant reed almost exclu—

. 8ively on righes by diving while others utilize small risnés,
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‘nent o' the South Bay marine commuity,
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crustaceans, molluscs and polychaetes‘to varying degrees.
birds, such as the herons,

Some
also reed on small terrestrial mammals

and repitles; many species also reed heavily on insects. In gen—

eral, most sandpipers reed on the exposed mudrlats by probing a
Tew millimeters into the sediment ror polychaetes, small molluscs,

and limited amounts or plant material. Plovers and some sandpi-

pers reed by picking similar rood rrom the sediment surrace.
Gulls are scavengers that eat practically all aquatic lire and

associated organic detritus. They serve an important biological

Tunction in cleaning up detritus and carrion rrom the exposed
shore line in tke South Bay.

Other Seasonal Residents

A small group or sea turtles have been observed in the warm
water areas oIr the South Bay Power Plant during most or the Year,
except the warmest summer water temperature period. 1In 1968, a
group oI’ about three individuals were observed regularly in the
cooling channel, at times in the outlet bridge area itselr. None
were obgerved anywhere in the study area during late July and
August, 1968,

This seasonal resident probably is the Paciric green
turtle

(Chelonia mydas ggassizii).or the Pacirie loggernead turtle
(Caréttaﬁcarétta giggs).

It is a spectacular, ir minor, compo-
and seems to be an:example
or the attractive inrluence or the thermal discharge during per—

iods or lower ambient water temperatures. It probably reeds on

a variety or rishes and larger invertebrates in the study area.

Employeés at the South Bay Power Plant also have observed
a moderately large, unidentiried shrimp in the inner portion or
o1 the inlet channel during periods or cooler water temperature.
None were observed duriﬁg the course or the present study. It is

possible, but unlikely, that these oould have been mantig shrimp .-~

(Squilla polita) which were present in August at Station 0-5.
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Plankton and Nekton

The phytoplankton and zooplanktop round in South San Diego

Bay (Tables 22-24) appear to be similar 1o those or other bays

and estuaries (Riley, 1967) in that individuals are volumetri-
cally quite abundant, but the associations are relatively limited
in regard to species composition. This is evident rrom previous
qualitative and statistical comparisons or plankton samples ob-
tained on the same day in outer and inner—San Diego Bay (unpub~
lished data, San Diego State College). The abundances or most
'species and the variety or species present both generally - are lower

in the study area ‘than in the outer bay.

The dominaﬁf species or plant plankton are pennate and cnain—'
rorming diatoms, which serve as rood ror a variety or rilter reed-—
ing bivalve molluscs and other benthic invertebrates, the slough
anchovy, and "zooplankton (Table 22; unpublished data, San Diego
State College).  In shallow marine waters such as the South Bay,
the benthic animals and zooplankton utilize many or the same rood
Tresources, o1 which phytoplankton is a major component, to a much

greater degree -than in deeper watery(Riley, 1967). Both dead phy-

“toplankton and zooplankton also undoubtedly contribute signiri-

cantly to the organic detritus in and on the sediment. Major phy-
toplankton blooms ocour in the study area and elsewhere in the bay.
The dynamics and environmental relationships or one such bloom

have been reported by Marine Advisers (1962).

The major zooplankters (Table 23) include gpecies or cala-—
noid copepods, or which Acartia Spp. are the dominant rorms. A
large variety or harpacticoid copepods also are present in lower
abundance. Most or the Copepods reed on phytoplankton, while
others rely to varying degrees on suspended detritus. Another pre-~
sumed detrital reeder, the hypoplanktonic mysid crustaceans, Met-

amysidopsis calirornica, was Judged to be rairly common at most

stations surveyed by diving, but was not errectively sampled by
neis because it lives within a rew reet or the bottom. The

"temporary plankton" represent the most diverse zooplankton
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8TOUPS whose adylt Stages innabit tne bay rloor (Tableg 23 & 24),

2o0stome Jellyrisn, The larger or these, whicp was YVellowign-

orange and Cream colored, Tirst became evident wnen small indi-

vidualg (3 -~ 5 em diameter) Were carried into the 5tudy area ip

sibly trapped beacuge 01 low tida] intercnange, and by late Sep-

These and other
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- I'rom two treatment plants, The Chula Vista Sewage Plant outrall
was located just north or the South Bay Power Plant, in the area
Tepresented by inner I stations in the present study. Marine
Advisers (1958) described conditions in this area during 1958,
Although the biological data tor their South Bay stations (Nos.
53-62) are qualitative, comparison o1 these with Inrormation ob-
tained in the present study indicates that very striking changes

have occurred rollowing pollution abatement.,

While the basic sediment types have 10% changed, extensive
sewage slu@ge noted in 1958 no longer exists in the study area.
Based on a limited number or comparisons, organic carbon concen—~
trations in the sediment also appear to be comparable, but prob-
ably were somewhat higher in 1958 than at present. The most
evident dirrerence is tha major incfease in variety and biomass

or benthic raunal components at these stations were "small worms"

pPresumably polychaetes, and very rew small bivalve molluscs, Chione,

Macoma, and Solen, which occur there today. These records, when
compared with data ror I and easterly O stations, show the marked
incre;se that has occurred in the diversity or polychaete and
mollusc species as well ag variety or other invertebrate groups
now present that did not exigt there in 1958, Fishes Presumably
showed a similar trend. Although the values given in the two

studies are not directly comparable, it is obvious that animal

biomass also has increased markedly in the area. It seems likely

that these basic changes are Primarily the result or pollution
abatement, but that his errect mzy have been modiried by the pre-
sence or the thermal discharge. Thig conclusion is based on the

Yact that the stations within the inrluence 01’ the discharge

pattern and those outside its inrluence are similar in their basic

Iauna and rlora, but show speciric dirrerences whicnh are discussed

~

in a later section,
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