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The use of radioisotopes and rtare stable gmcncnmm ww NFMwmn
investigations of plonkton nutrition vaw.f in umrcuu.mmn HHM 0 Mu
Wm oW twmmhw pravticed. The dntroduction of the .b mn¢ mwmm
o mens s phvtoplankton phorosyothesis (1) ﬂ@ﬁawcrpasrmaa the
to measure phy FEN a T o ton T planke
study of aquatic primary productivicy. e 1 3 g

ton studies has received less attention AW.meWMV::wﬁchM.# o
of ies he 3 ‘ Ceera
1% has oven to be a asefal tool 5,60, \]
recently N has pro T f : ! biee .
nmﬂw of the last two decades whieh includes cwn~&¢m ;vm«wnmwMOﬁr
of mwzmm isotopes in studies of aguatic biology is wemcwwV m
burdened by discy lons of problems in ﬁxﬁqnmﬁemn;_gmmwumz mﬁw
mwwa Interpretation (7,8,9,10). In general the mﬁv;m@mqwcwwm.
surh techmiques to aquatic biology has vwsmncmwma EMﬂr m_MWHWf

; elds of study, and ecologists have been crit
than in other flelds of study, ; - b
cized (31) for their naive and often erronecus use of isotopes
in studies of transfer processes imm:mw masan.. : ,Mwwwﬁww o
Recentlv, innovative applications of isotope tracer un¢ﬂunr -0
) . ) . s Py b 2]
plankton nutritlon have w:mﬂzmmm tritiated wﬁmmwwgﬂﬁwvww nrM
study of heterotrophy m..wsmgv and 2% L H_M Y and Lo 143 :
v oof ¢ silicious trition of diatoms.
tudy of the silicious nu o -
pirect and indirect evidence supports n:».ﬁemnnﬂah:m wWam
nitrogen is often the element most likely to limit w.mmnmvﬁmm
i . oy - y - o
ductivicy in the v {15,16,17).  in mmmmw»cﬁu mwmayww M.amnwal
:Mmﬂcwezﬂca nutrition of plankeon are mﬁm«wnnwwc.kn mew e
preass @Mc<wmcw perhaps the simplest perspective from awmoﬂ,mpwamﬁﬂ
m<$ﬁnmﬁwﬁw balance in a planktonic ecosysten, stwm&w < WNGm
a E balane n cconyste yCreas el
{ is primari id o structural material,bo .
nitrogen is primarily bound t : ot e
and ﬂmcmmrawca are largely fovolved in cellular metabolic ac
ti in add : fructural roles.
tieg in addition to their s uTa . o .
Blue-green algae capable of fixing o4 mmaww z;mwomWn mmr
ﬁ&:n%&@nwvww more common in fresh-water than Mc mwm mmM MM cone
et § : z of is, the availabllity of nitroge s o
partially because of this, ¢ e yppBen s con
m%;mw;rw< less likely to regulate plant cwoamawuw»ww wﬂ Mwwcdn
war F 5 5 fs squently lecked to as the most is
water. Phesphorous i1 Ireguentiy et dmper
crient i voregulacion of productivity an
tant nutrient in both the reg cre o imes
tion of biomass in Freshewnster and the open waters of estuarie
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{18},

In most matural waters dissolved combined
Sent in mere than a single form,
Bltrite, and ammonium in rhe By
{19} and recently, ufea has hoen

nitregen ig P

nsﬂcmsﬁwamﬁcaw of nitrate,
vary temporallyv and spatially
Teported from y13 whick
have been lavestipgated Ammﬂmwumm'mwu. Aming acids are yy allv
detected {24,25), and although the cone

they may mMEm%Mex o
tion (26,27},

Although we know what forms of combined inorganic nitrogen
do and do nor CommOTly exist in rhe se > Wi are largely ignorant
of the Identiey, origin, and fate of o sizeable ponl of LT
solved organic aitrogen. This material i temporally and Aps-
tizlly ubiquitous (2 »28,29) and the fmplication is thit the
bulk of ip ig highly wemwueﬂnﬂ% and has little potential in ale
#al nitrogenous mutrivien (27,78),

The availahili af 15y labeled forms of the plant nrutrients
thought to be of ATRALest dmportance, ertbles e to AS¥EHS Che
relative significance of seversl formg of nitropen in the nutri-
tivn of natural plankton assemblages., A few oo anegraphic labo-
ratories in this nczwmww now have the capacity po TApidly proce
plankton samples for iiy enrichment, and the reoent availabilipy
of optical emission Spectrometers may greatly extend the gyee of

ﬂuz In plankten stgdq + Bhipboard scndies with large wolume
cultures established by enriching natural seawater with nutyi-
enty have demonstrated that estimatey of phytoplankton anmindla-
tion derived from short interval meagurements of Ly upt
agree clogely with medsurements of holh
nitrogencus autrient and {ncrease in particouigte nitrogen
Field studies of nitrogen fixation have algo emplayed iy
but the acetylene reduction B2y for aitrogensse activity 13
is far mors onvenient and it hag hecone widely acepptod a
method of choiee.

Because of the Law aatural concenrvations of some of the
phosphorous and nitrogenous formg of intgrest, Prperiments musy
be dniriared quickly, In mosr cases phytoplankinn aetivity ig
measured after removal of the zooplankton; such TeEmva certainly
reduces the natural supply of the rapildly recveled farms o
both phosphorus and niteogen to the

; captured phytonlanioon,
With zooplankton inclusion, phytoplankton are consumed during
the experiment, aniwma] metabolites are

pretution of dara iy immen.

entrations gre always low,

atribure to 1:wwaﬁwmswno: nitragenm nutri-

8

ke
the decresse in digsolved

the

redeased, and the Inter-
sely complicated, Since anbient syhe
strate levels should he determined hefaore the initiation af an
experiment, there hag been much interest in improviag rhe EET e
ety o quantitate phosphorens ang nltrogenous nutrients wirh
specific, accursate, pre e, and convenient BavaQQWme. Most
of the techniques of choive are deseribed in both [EESIET
agtomated formg by Stricklang and Parsong 1872y {32y,
streamlined these manual ez
Sml samples with both preci

and
We have
thods o permit us o orapidly process
sion and senslriviey which exopeds
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e of rhe automatred sethods. A small

routinely analyzed by a sfegle analvaety
moand yreea, and soluble reaceive phosp!
afrer sample collection,
tn the study of plankbeon aubrition
bation tochoigue which best zuivs the particolar problem
der Anvestigation.  Arn in gite incubation involy the calle
tion of a water sample, sacfa in 2 suitable bottle, addition
ion of the bottle to
thi depth from which the was collected.  The objective
is to ezecute the Incubatlon at near natural light and tempera-
tave.  Caveful and rapid handiing are required to sinimize physio-
lTopical shock which may result from exposure of deep water samples
to both full dncident solar irrvadiation and great changes in
temperature.  Any potential problewms related to pressure differen-
tials ore usually ignored.  The in situ incubation has been per—
feoted with o slapgle unit which captures, inveoulates with mater—
igl of chedce (&, Isotope stocks), and 15 an incubatlon
amber {33, AFter the complerion of the incubation the chember
the surface and the sample {8 provessed,  Advantapges
ten ave obvicus, but the disadvantages are primarily
rhar for nutyieot asglimilation studies one must make Isotops tra-
et addditiong without sperific knowledpe of the ambient nutvient
levels Algn, zooplankteon which consume phytoplankton and re-
lease plant assimilable formg of nitroe atd phogsphorus cannot
Be excluded from the incubation chamber.

Because major sea-going vessely wsunlly cannot remaln on
statlons for extended periods, and there say not be an opportunity
to return [0 a buoy, bislopical oceanoyraphers frequently use
simulated in situ  incobstions, A deckboard incubator is Citted
filrers to simalate Iight at depth of sampling, and
fome of the problems
ing appropriate [ilters

Lot o mpl can be
nitrate, oirrite, o
te within oone half hour

) to welect an

L£TVES

brought
ot such g

seawater controls temperature.
associated with measuving light and selec
have been fovestipgated and discussed (34).

The Chesaprake Bay is a highly productive cvoastal plain

Ty 300 km in length and it is primarily an estu
ar.  The putrient loading resulting from both
from western Pennsylvania and

approximate
the Susquehana Ri
the Susquehansa River draipnage
central New York and the metropolitan discharges of the District
of Columbia and Baltimore, Marviasnd, are potentiaily large. 1t

ty indeed interesting to pote in the da presented by Carpentaer,
Pritchard, and Whaley (3%6%) (36}, that the effect of nutrient
Ioading from the adiacent metropolitan areas is virtually unde-—
tecrtable as dissolved {porganic nutrient in the Bay prepasr below
both Baltimore and the junction ol the Potomac River with the Bay.
It has been demenstrated that the heavy winter-spring runoff from
the Susguehana River iz rhe primary source of witrate io the Bay,
ammonium or phosphate can be lden-

but no point zources Tor either
tified.
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v? ?H_Mm from some toasty] regions, suych
T. :,.. mm%mwm,. Rageest fhat transport of
1t the sediment fnterstivy
centribute signif

a8 for Bup Bay
nitregen remineralqs
! anspor IS4 ¢ e ralized
e ,.A.: WALeY to fhe everlving warey ey
ment (37), 1y .ﬁ:i:w“ o fo the phytoplankton 3«3.;4\.: w.?(M._m,,
bottow ot 1 e Hga;a,gmm._mw_ vertical transport from the :Mﬂ.;
5 o &y Lalifornin a% ghe : i fast
Fieant mored. ; e COWRE SROWS to provide an o
i, cﬁv:isw ow M*S AitTegeo utilized by the FR¥Lop Lant t
(1969} (483 \nomwywmm‘m«w@mw. Carpanter, f...mfsw?, 5; ﬁ.‘..“m,_.w.‘;
; LA T 3 rom calvglate ica e o
for smpi . i ibated vertical exchane "
and ﬁMG:MMszm W::H_E.. thut trhe transport of g nié‘/\., “_xg‘m~
. i . srus f o . A - SE [N B -
inBufficiens M:MM_”«“”M : diments into the euphotic wq::,mmiﬁ.
insu L te acce OF more than o fe i of pme
proximates s ] o2 few per cent of phe o
ﬂmmaﬁnm% ﬁ:.ﬂmmwav cw.w rhvtoplankeon autriant :::wﬁ;:, wm:_ .
uptward m,m:.umw.,umﬂmﬁwf.. and Troup (1971) (393 .n_\:,ﬁ;L,;_MT;:_.:
the Chesape x ve flux acrops the sediment -witer ms?,.m,m, e
“he - . o i * SR o
the acwmw vcmn%: Bay wouid HOUNt 0 8 weekly add iy fon :mi‘ ‘h.r
ablw ?% nr‘:.ucmwm:.%rm.;a in the watey 2::&:. ,311“ is .M:. Tb.
v L E 1 Tate at whiph phyton] Ve phonti
, t ch o phvtoplankton o
roswnrm fuphotic zone of rhe Lay ?.aww kR ronove Phosphers
It van be gz : 3 Cehat e
autrient .udmm._wwwww o oee, that the ppeervations felating
put .wmﬂ‘;pﬁ:. ADLLILY and plankron biomass in the Ches i .wns Lo
app i ) e v . x B p " ERESLSRIP: 343 an Y vy e
and high a:ﬁ.ﬂ.‘:%wwmwmm ?Z.d CiapeEerankton b i ,_NM,:..M;.,
s phyt E : roductivig sraist i presence of
Low ambient 1. J Y Persist in ik ¥ : .
ambi avels of dissolved i i L resence o
& : : : AERLVRL Inorgsnic nitroce 3
MMZM”WMAWFR mach of the vonr .l wwxuz,..wzw;%w“ﬁw: .mm; phosphorus
. ORI e ; 3Tn “ERporal stahilirey
chemtony WMWMMME Fuggests anequilibriug in the biols in_::_w
al . " - U - p 0 HEaTs
C36) m<wcm$m_m.w‘ ,mM.»: and A,:ﬁ?,,,swmﬂ. Prifehard, and aﬁzu_r.& :.”me
- ﬁ:mﬁ:vma,w@_ m_ ﬂw;n (370 productivity of rhe apen ::Z,m% .m .
? Ches SRS PAY A8 regulated largelv by ; e et ,
ﬂ_&:uzﬁm‘mancsimccvﬂ..gzxwd:az:n«Mmﬁ” _m,(w.www_ﬁ‘ & dynamic vutriong -
Our initial effores T
o temine umwmﬂwwmmﬂ;w O sStimulate prigary productiviey by
o m_:n:fw., ek al water samples from various lecations wirhi
amwc ) »;: peake Bav were ungursessfil The vesulr . h. e
onas D s sl resultys cleariy
u..ﬂ:.,:fﬁ.cwmw wwmjm:mc:a?:g ol the nutrienr es?.l:.: _MT
miﬁmncmm; emﬁrsﬁmm in the investipation of 3 nﬁ.i:.(., ”5,:
- Bnosysten, and suppe o i i o than o
Chr o ahons rported the hypothesig that ooty

R e S i

erm isc > acer o
- iaoﬁmg:agw o wavwcvm m_?p;..w #Xperviments copld e come fo
o 4 Fopaankton pubricie i . . .
The . U ition in th ary
their ZM:M wwww;nrwsm WA BEUW at rates sufficien T %JJ
HEISE IN one or rye davs and yer such fner - ;,C v_
yet g Asts 1 b

mASS are rarely shserved in the N,

of loeca N : WMY. I fact, with rhe ox
i~ tized blooms, the veaplankton st .:._n:.“ e bt e
only by approximately pponeE etk varig

Tactaor of 5 4 . i
tha § E in the eatire i .
he hm ¥ throughout aw annnasl cvrte. Consider m.,..“wwﬁ n b
condition of paes . L side T ERer 8 supe
e ®of nearly consrane Low Tavels of p ¢ S
WALLES oataining o populating ot oot plant autrients
capable of fngesting 2 o 1 yimes

zotplankier.

Qe g sur i 5 :G,.mw. H
) can W_VCS Lo appracia bath the dvnamic » ot
planktonic commmitiss the mreae ,m, ,w. ,
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What {ollows is a description of our recent effort to study
the plankten oubrition In the Chesapesks Bay with igotope tracer
technigques.  This program remains o progress, and most of our
resulte to date are edther in press or in @ state of preparation.
fur Intention here is to demonstrate through a preview cof some
of our deta the utilizy of isotope tracers in developing » dynamic
image of plankton nutritieon which permits insipght into the mech-
anisme by which plankionic productivity is repulated.

We conducted a s ol ¥ cruises of 2 weebks duration and
at f oweek intervals to sample and study 8 peopraphically fixed
stations in the open waters of the Chesapeake Bav snd one station
on the adjacent continental shelf (Figure 1}. Nutrient measure-
mes were made and experviments were initiasted to quantibate
phytoplankton ircorporation rates for carbon, nitrogen, and phos—
phorus.  Rumercus other physical, chemical, and biclogicnl
meagurenents were made, and the coliected biota were also used
for additional espeviments. Each station required a full day
of alfort. With the ewxception of the previously mentioned modi-
fleatiens, all shipboard snalveical methods Followed the pProreE-
durss outlined by Strickland and Parsons {1872y {32).

ALL nutrient, biomass, and sutrient uptake rdie measurements
which will be raported are aversges of two samples from different
depths in the vuphotic zone, and they are considered to be repre-
sentative of the upper laver of the estuatry. The near copatansy
of chorephvil voncentrations fhereafrer refertred to as chloros
phiyll) with depth in the profiles througphout the upper laver
suppoTts the notion that this layer, and likewise the euphotin
zone, s well mixed. To order to winimize the sffect of any
small scale dshowogeneicies, 8?1l individual m urements warse
made with material collected in a composite sample (fhe contents
of 6 Van Dorn bottles which were cast to the same depth were
mixed and aliquotys were withdrawn).

ppﬁ labeled carvbonate, 7 Labeled phosphoric acid, and 15y
labeled nitrate, nitrite, ammonium, amd ures were added to SRPAT -
ate bottles and esach was incubated on the deck of the ship undeyr
simeluted in sty comnditions. At the termivation of the experi-
w5 mwt maqwmmxwzw@ material was analyzed for isotopic enriche
mETHL . Coapd "7F were determined by ligquid scintillation spectro-
metry and Ly by mass spectrometry. The dissolved orpanic phos—
phorus and dissolved pulyphosphate were aleo examingd for enrich-
went, and similar wessurementy for dissolved organic carkon and
nitrogen are part of our eontinuing program. Because of the
froguent condition of low mutrients, high biomsss, and hence
rapid turnover of avallable nutrient, incubations were of oaly
a few hr duration at wmidday and sxtrapolations o daily rates

ing slonal 24 Wy sequences of short iy

were made using o

The distribution of plant biomass, as chlovephyli, is rather
surprisingly uniforw in the main body of the Chesapeake Bay
{Figure 2}. In Apri) and June hizher bicwass was observed in
the vicinity of the Potomse River discharge, and in June and

40,
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August higher biomass was observed below Baltimore. But in gen-
eral, there s lirtle temporal or spatial heterogenity: » 50% of
the chlorophyil valuss were vzﬁ%mmz 10 and 20 pyliter ay, and 0%
were bevween D oand 25 paoliter™ . The cause of the increased Big~
#8 below Baltimore may be the resule of greater nutrient avaii-
ability, but theve fs not evidence for this in either the nifro-
gen or phosplwrus data throughout moest of the year. There is
sufficient nitrogen in this region to support a greater plant
biomass than L5 cheerved und, as demonstrated by Tafr, Tavlaer,
and McCarthy (1975} (403, thers is no apparent relationship
between plant biomass and soluble react {ve phosphoruz.  The
me conclusions with respect to nitrogen and phosphoras apply
to the ares immedistely below the Potomac Biver in August when
aompared to the stations further norch.

Therve are numerous possible explanations for the orcasional
asgonlation of higher plant biomass with reglonas downstream Erom
the discharg ol Baltimore and District of Columbia, and some
of the more obvious inclode: o
nuttients; unidentified stimulating material asepciated with the
discharge of the metropolitan wagtes; less herblvovons graring
potential which may or may not be related to the discharges; and
reduced thickness of the near surface mixed layer. We have no
data Lo permit eveluation of hypotheses concerning minor nutri-
ents and other stimplsting materials. 5t would be exceedingly
difficult to detect the small reduction in herbivorous grazing
potential which could within s few davs result in plant hiomass
ineresses comparable to those observed. The pyenocline was quite
shallow below Baltimore fn August, and we are further evaluating
the relationship of both phytoplankton biomass amd phytoplankton
productivity on a volume basis to thickness of hboth the upper
mixed layer and the cuphotic zone. MeCarthy, Taylor and Lofrus
{1974 {41} demonstrated that thropghout the Chesapeake Bay and
over an annimd cyecleyapproximately B0Y of both the biowmass and
the productivity of the phytoplankton commm ity g found in
the unfcelluvlar forms which pass 13 am mesh,

There are well documented orcurences of algal blpems of
mednrate proportions in the Chesapeake Bay., During our tudy
4 maior visible bloom was never identified on our regulay &
tiowd.  Loftus, Sobba Rae, and Seliger (1972) (42) followed the
development and dissipation of a bloosm which appeared in the
apen bay near the Severn River following an intensive rain
storm,  Their data demenstrate that for the pertion of the
toon i the Bay proper there w never giuate nitrogenous
nekr {ent available to pernit more than z froctional donbldug
of plant biomoss (1-132). Therefore, with nutrient limited growth,
the bloom wes #ither pmed Lo dissipate through physical foree
or sufficient nutrient had to be deliveresd thre rapid re-
vling processes within the bloom. Dyt oxun rhe dominant
and the JEZW Berbivo

ay ey (Buchlanis
vepched densities of 107 individuals 1iter™, Ihev

arer avallability of minor
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phytoplankron Browth.  1f ¢he algae are rhosphorug stres

4 regult of lengehy BEPOBUYE to medigm with lower than JEESEE N
levels of oﬁnwowvcmﬁ&an$, and sufficiane rhosphorus suddenly be-
comes available, an extremely rapig uptake would he eXpeoted {p
the second phase.  Sueh & stress would result in g i

phosphorug Uptake vaiye such gs thar abserved oy Bration prajy
Table 13, Conversely, ample intracellulay stores of phosphorys

could suppor: high rates of algal carbon fikation CARICUTTRNL with

very slow shosphorus uptake tesulting in 4 high carboy o phogph

OTUS uptake rarip such ag thar observed at g ation 7ovg |

T07¢ ang #0Wwere anomalons in other Tespects as well,

The high Spocific activity of 32p Preparations perpipg one
0 make estimates of uptake withour messurahly Mmaﬂtazﬂzw the
orthophosphare in the medium Aﬂaamcmmw»qn lsntope additions cope
tributed ¢ 2x1o™ HE atom P liter in these PRPeTinments) . 1n
that m»mﬁﬂmmnm:n changes 4in substrate wers avelded, one 14 left
te conclude that, excest for sravions TOIB and B0V, oup rating
for the subsequent rhase of reduced uptake are Teasonable approyi-
mations for cellular gynthesis in Chesapanke fay thytonlankiog,

't shouid be obvicus from the datg which we have PrEsented
that ome cannot ammm.amﬁsﬁzmmaa gﬁwﬂﬂvwmmmnwcxw from s5ingle time
determinat fons of 7p uptake by phytoplankion in the Chesapeake
Bav, In Practice, agustie blologists are oiten Far top cagyal
¥ith their assumprions thar the Provesses upder Iavestigat jong
can be mam:::nm~w vvaluated wirh 4 single PEABUNERENT prr o
iment,

Taftr and Tavior (1975 {473 nave described the annual ceple
ot phosphorys in the Chesapenke Bay, andg they note that within
the dissolveq component, arganic phosghorus 1e often
28 ovthophosphate, As with dissolved wr
this phosphorus remzing unidentified,
with alkaline rhosphatase, utilize ﬁrowﬁxcsc:camﬁwww (48,49). Tafy,
Lotrus, and Tavior (30) have determipsg that throughaut the yaar
vwamvraaoncmwnaww Are never more thap x small fraction of the
total diggolyed organic phosphorus in the Bay. The klnetics of
aigal alkaline phosphatase activity were imvestipated with wmv
labeled mmzncmmlminwcmnrwnm, and continuing offorts gpe concentra-
ting on the natritional value of other components of the taturs)
dissolved organic phosphorus pool .

Nitrate concentrations (Figure 4) ranged from 0.3 gp 33 py oarom
Neliter  with a4 rather sharp gradient botween AN and 724g. ﬁx&
concentrations (Figurs %) ranged from {0.05 1o 5.9 gg atom N-o -
liter~l and showed the sharpest gpradient between 8140 and 744 . Ny
concentrations ranged from<¢ 0.0%5 pq L. pe aton Noijrert and in
general varied with zcm concentrations. mwmﬁiz conuentrarions
ranged from< 0,05 o 1.0 pg atop N*'liter and were hiphes: in
mid and apper Bay.

Elsewhere we have given considerable attention o the
iculate aitropgen, particulats phosphorusg,
arwoacﬁrzmh and adenosine triphosphata

A AR e i,

Stations

ar

45 ahundany
anie nitropen, much of
but phytoplanktog can o

)

part-
particulatre cathon,
duta, and have discussnd
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usefilness of ratios from such data in appr
and specifically the plant, component of the
material (manuscript in praparation),

total

w} At this point, let i
e q.m i suffice to say that the chlerophyll and particulate witregen
-~ dats (Figure 63 support the Botion that the sys adbed Darticg
3 m late material helow Baltimore and at the mouth of the Pokg
-

Do Pecember 1

of fhe Bav north of 904% (317, and updor zuch
experiments could not be executed, . The net award movewment:
of the upper layer A ra.amwl in the stummer {3
eur stations on a particular evut

sonditiong, og

e

= RBiver i{s as rich in chlorophyil as thar elsewhere in the Bao. i
[ ot M \m,r”._.m does not rule put the poss hility that a o Jor difference -
& m Fa  E i nature of the plant COmRURitY may to some d ¢ be masking
- i E significant detrital input. The salinity (Figure 6) (p the
= B Wpper mixed laver ghows the aaticipated incregsp with distance
m . ) w . I Erom the head of the bay.
o R dpra - .m.im The stationg ceeopied in thig Study were selocted to Tepre
wp e m ok BENL. al ~ 30 kilometer invervals, various areus of potential
¢W= i 2] —_ Mnm interesr, High turbidity is _,?.3:31.: encountered in res
; -
e =
&

and fence
"

N

£oare dealing apsros ims Lw »
! , g . . with a parcel of wgrer which & ;azﬁm,m one station novth in Y
. 5 ; = o i the Bav on a Previcus cruiss. For the HOY data (Figure 4) ong _M
¥ ® Z g & o E can ses that in moving From Eop L0 hottow of the plot (dows &
= ® - ' Bay) and from left to ripht (to a subseguent cruise} the Wiy b
value may be similar but iy newver much BEreater.  This prord =
the argument that the Susquebans River for athat supply abeue <
station 904N) is the Primary source of NOTF in the Bay PrOpEYT . WM
One can ges an w:«mwo_zﬁ;m Pattern to the vatlability and ﬁ
utilization for exeh af the 4 nitrogrnous nuty lents {Figure 73, a
w:wacmw HO3” was abundant from 804T to 9D4R (15-93 BE O ww
.m H-liter : less rhan 2% of the total nitrogencus ratipn of the w
a ph¥toplankton was derived from EJI, At the same stations [}
Hr W, Fowas less available {1-6 pgy dtom -3 QE)LT but it invar- %)
inuu iobly accounted for Ereater than 93 of the Crogenous ration, mm
Mw J‘oa Thd to PrnFy zmb,f bacame move scaroe (X004 g atom N1 mmi ~
Bl TUY and although NO3T concentrations alge become reduced, Ny
= remained as a wajor component of the available nitrogenons
mwn aufrient pool. It reached ma X i mim ﬁaﬁzw?ﬁ,m@v at @I0IV when 4
s zaw T toncentration of 0.27 pe atom “lirey wag the only
= nitrogenous mitrient derectad. The data For both fractional

i

availability and fractional utilization of NOY  and NHg+ are
nedr mirror images, and throughoot this series af

i

cruises our
data alwavs demonstrated this Pattern of preferentingl uptake

mam of z.mb,r. The patterns for Nis - and particularly urey-y p
=i fractional yrilfszar ton in propovtiom to fractionsl Aavailabiliry,
s Caleuletions for turnover time of zzn_ﬂv in the eupholic sone
- range from 3 to 20 hours ang average 8 hours for PROCON 10, The
W rapid turnover time and lack of E,Z&mnm,:n spatial gradiens
o " argue further for local origin of BHy . EF one ae repts the Sus—
I & & quebana River as the source of NOyT, ir is clear that at the

upper Bay stations there is sufficient NGy for a doubling of
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Figure 7. Porcentages of both total aifrogenous «MWHHHM
p ¢ . ilize ¢ nitrate gmo f
: ' vtof witrogen wiilized as nitrate
nmaﬁabwwmm:m%Mw / : nows nutrient and x%A Nm
N - e DRI
phytoplankton aitrogen wlifizati Dute for PROCO]

in fune 19

ek 0 B . T

Mo canrmy Broar Nitrogen and Phosphorus “neling

of plant biomass (me 32 days of growth) but the NO,- ig obviously
not gtilived at this rate or high levels would 1ot be observed
below Baltimore. The standing stock of the phytoplankton chanpes
relatively little with time (although high productivity rates

are constantly observed) and one 15 left to conclode rhat the
herbivorous potestin] of the zooplankton ig sufficient to permit
consumption of most of the plant production, Herbivorous zoow
plankton release nitrogenous amﬁuwcwwwwm which can be utilized

by the plants. These are primarily NH;  with some ures (52,50
and under some conditions amino nitrogen {54y,

Figure § shows the pertion of the temporal and spatial
coverage represented by our investigation in which there ig in-
sufficient nitrogencus rutrient for a gingle doubling of che
particuiate aitrogen. And vet ope can observe few {f any
significant daily changes in plant biomass, plant productivicy,
zooplankron biocwass, and wutrient concentrations at the Jower
and mid Bay starions throughout the summer and autumn.

During PROCON 10 the observed grea foncentrations were lowey
tham usual, and rthe portion of the phytoplankton ration as ures
nltrogen was less than our average for the balance of the stide;
this was probably due to both low ures ncﬂnoﬁnmamwo:w and high
z:a+ concentrations. The observation that N, was selected

in preference to zamr was consistently demonstrated, and this
has also been noted in laboratory cultures (35} and in & Iarge
volume outdeor culture (36). A composite figure of most dats
from the present study is shown in Figure 9, The universalitv
of the 2&@+ preference phenomenon in the Chesapaake Bay is ob-
<m5&m. The comclusion from this particular aralysis is that at
WH,© concentrations > 1-1.% mg atom N liter~}) 95% of she witro~
genocus ration of the phytoplankton will be met with zxm+ and
urea. Thig WHy  walue is similar to that found sufficient to
SUPpress zaws uvtilization in the culture studies §¢:ﬂgcmwa Ehave,

If one were to determine the effect of ambient i, con-
centration on NOj uptake with a wmialgal eculture, a hyperbolj
relationship might be predicted. The seatter in Figure 9 jg
probably the result of combining data from 170 n ural phytoplank-
ton assemblages mampled in waters with saiinities ranging {rom
2 to 30 ofoo and remperatures ranging from 4 to 799,

This plot does not necessarily sugpest that NHAY compentra-
tions ¢ 1-1.% Mg octom N-liter=l will induce 8Os uptake, byt
rather it demonstrates that in excess of this concentration,
little if any Zth i urilized when available, and hence the
phytoplankton are probably not growth rate timired awinwnqcﬁmmp;m
sutrient. The kineltics of phytoplankton uptake of NG7  and NH,
for poialgel cultures are will dorumented (37, and iF one views
the uptake of NO4™ and zmb+, somewhat paradexicallv, ae amalagous
to Holling's "vertebrate™ feeding response (38Y, then the valge
of 1.5 pg atom N-lirer-1 WY Yepresent a concentration of rapal
niltrogencus nutrient above which there will be no aitrogen Tdimi-
tation of primary productivity.
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At the Present time pgr greatest uwneerininty in

¥
- amd phosphorug budgats of the main body of the Chesap 3
zrm Yests with the gquestion of loval nutrient supply.  We !
o o cluded that in feneral neither verties] Eransport f oy H
’ :m 4oT rainfall {unpublisheq data) can be “w
" = *$. A large bedy of data provide both direcr gpa indiyy ”u
m evidence which SUggests that herbivercus zooplankters avy o M
e B of consuming the phytoplankton froduntivicy,  The smalley the &
4 = zooplankton, the grEarey the fraceional return of ingested nitro- 7,
m = gen and phosphorus to the water vig exererion.  We are jp ¢
Joe TEd precess of evaluating the imporfance i this pathyar to local =
H b mnm mmtrient replenishment in the Bay. i
am:mhn Racteria in the water colu 0, whether mjﬁwiww.dm:m OY Hns AN
N lated wirh larger particles, wav in ATt be responsihie for e
4 e ETEZ supnly and loss of the Plant wutrients discussed above.  nfoee @
Jda h R tunately, {r 35 eRtrenely difficale pao QUANTItALe with even fafr A
i Fei ACCUYasy the role of rhe bacteria, and rhe aignilicance o
- B = ial activity in thewse Processer has oot hoen evalunte
e ;i;w Iavge ares of the apen Bav, Indirect evidence BUERests, however, e
R ) N that the role of brcteria is mingr when compared fo those of =
o e ’ - & both phyvtoplankton and 2007 Lankton. o
3 ) , The genaral impression which we would like you to oh t =
\ i : ) Lrom this Presentation ig that rlankton sutrivion mUSEE be viewng I
A i as a dynamic process, One can be totally deceived in an efiory <
! te understand plankeon mutrition solely from WEASUELMOnLE of bipo [}
et mass and putrient concantrationg, and, therefnve | gnles e WJ
partitions rhe autrient poul and actual YOMRASUYen rates of geif- o
ization, liprle ugeful ;.mcda tion coan s obtained From finld 5
praogr; designed to Mﬁdaﬁ.;,mm»m varlons inks in the mLE fant e W i
) = v:%ﬁ:tf:.%wcniycgt,m.m:rﬂsanmt,,,ﬂ,.g:ﬂ wvile, @
Nt L o =oAL
o - nﬁ
-1 = E b
-3 v EF Acknowledpmens m,
3g8% £T.8 - 3
P ) - -
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% Mwml.nwm c r“;,...mw z DESY5-02846 from the Hational Sclence Found: tlon and contrace
Leant g EE ok AT (11=1) 3279 with the T.S. Arowic Erergy Commiseton.
! FEoE £ 2¥ss !
— S EZBuE FEEE i
4 ; SEEE LITERATIRE CITED :
YLaE
@ ﬂnm.rzm i, wnm@.zm&zlzwﬁ.mms_ E., J. flons. Explor. Mer. (18523
wEEE 137140,
- . EEEg 2. Mutehinson, 6.5, Bowen, V.7., proc, Nat. Acad. Sei. 1oz
. g 33, 148-153,
T E Lo Rigler, PR, Eoology (1056) 37, 550-567.
= .Mw 4, Corretl, M L., Lismaol. Oreancgr, {1945} 18, 36i-370.
— e :um 3. Neese, J.e., Dugdale, R.€., Dugdaie, VoA., Goerimg, 1.
i T o P @ ® o i Limnol. Gceancgr. C1O62) . 163-169.
z s @ k3 3 & 8 5 3




o MARINE CHEMISTRY

6. Dugdsle, R.C., Goering, J.J., Limaol. Oceanopr. (1967) 12,
196-2036, -

7 Arthur, U.R., Rigler, F.H., Limnol. Oceanopr. {1967) 12,
121-124. o

8, HNalewajko, (., Lean, D.R.S., J. Phycol. {3972} 8, 37-43,

9, Wiltiams, P.J.Le B., Berman, T., Holm-Haznsen, 0., Mature

How Biolugy (1972 236, 91-97.
Serman, T., J. Phyeol. {3871) %, 327-330.
Conever, R.J.,Francis, V., Mar. Biol, (1973} 18, 272-283.

Azam, F., Holm-Hansen, O., Mar. Bial. (1973 23, 1%1-196.
Coering, J.oJ.o, Nelson, DUML, Carter, J.A., Deep~Sea Res.
{1973 20, 777-789.

14, Azam, F., Planta. (1974) 121, 205-212.

15. Tho

14, Eppley, R.W., Cavlucci, A.F., Helo-Haasen, 0, , Kiefer, D.,
Molarehy, Jo¥., Venrick, ., L1 Lo PoM., Lismal.
i

17, Byther, J.H., Dunstan, WM., Science {1971} 171, 1008-1013.

18, Ketohasm, B.H., "Butrophication: Causes, Congeguencses, Correc—

tives,” p. 137209, Natl. acad. Sel., Washingtom, D.C.,

mcmc.

19 Vaccarn, R.UP., "Chemfcal Oveancgraphy,” Vel. 1, p. 345-408,
J.P. Riley and 6. Skirrow, Ed., Academic Press, New
York, 1965,

Newell, B.S., J. Mar. Wel. Assoc. .8, (1967} b.wu 271280,

rthy, J.J., Limnoel.Oceanogr. (1970) 195, 3019-313.

»

rehy, .00, Ramvkowski, Do, Fish., Bull. {31%72) 70

12620-1274.

Remsen, O.0., Limnel., Ocesnogr. {1971) w@_ 132-T40,

e Thau, Y.¥., Riley, J.P., Deep-Sea Res., (1966) L3, 111~
P124.

2%, Clark, M.E., Jackson, G.A.,
(1972 17, 7aRn-TaE.

I, Wheeler, P.A., North, B.B., Stephens, G.C., Limnel. Quaanogt.
{1974) 19, 24%9-25%.

27, Schell, DoM., Limnol. ODceanogr., {1974) 19, 260-270.

28. Thomas, W.H., Renper, E.H., Dodson, A.N., Deep-Sen Res.

(1971) 18, 65-71.
. Dordon, D.C., Suteliffe,
244,

30, McCarthy, J.J., Eppley, R.¥., Limnel. Gceanogr. (1972) 17,
37E-382.

31, Stewart, W.D.P_, Fitzperald, G.P., Burris, R.H., Proc., Natd,
Acad. Sci. ULS0 (14967 38, 2071-207%,

32, strickland, J.0.H., Parsons, T.R.,7A Practical Handbook of
Sen Water Analysis,” 310 p., Pish. Res. Bd. Can.,
Ottawa, 1977.

33, Gandersen, K., Helgol, Wiss. Mesrsunters (1973) 24, 465-473.

34, ¥iefer, D,, Btrigkland, J.0.H., Limoel. Oceasnogr. (1970)

15 408-512.

argh, W.l., Limno. Oceanopr.

Ho. Marioe Them. (1979 &1, 231~

19

it
o

H

CPHY BT AL dirogze i .
Nitrazen and Phosplhopss ¢ yehing: 451

35, Pritchard, BW., "Estearies,” PaB3dedh, GUH. Lauff, o
. ) Assoo, Adv, Bci,, Washington, ﬁ.m. .wn.wmu:..m.. T T Amer
EL farpenter, J.B., Pritcherd, w“.&.., S?.m_a;w .m.n( atrophi
n«wnwcw“ Cauges, Cousequencas, ﬂowawvm.unwof..,“m."_ u«.:”wmuii
37, Towe .,.MZH ,»nm.&. Sci., Washington, ne., fwmm.uf e
ww. .ﬁnmh_u. w.,;.ow,_m mww HH mﬁ,vﬁsaﬁwcswfzw.
:.M.:zmmﬂdu.muw mgMM.m_wmf Chemical, and Blotogical Asp
Overlying Water.,”
o s San Mege, 1974,
39, Brag . ieke ) T
:<mmmw.imumw“ ker, 0P, Troep, B.N., Science {197 180,
40, Tafe, JuL., Tavior, W.w., MeCarthy
in press, . '
41, MoUarthy, Fo 3., Tavier, w.
2 tug 2hy 716,
wLs Lwltus, MUE., Subba Ra ; Selipe y
Gorny 1o wmwlm@w” DY, Seliger, HoHL, Ches,

ster, M.P., Mar. Biol. {1874y 10,

Between the Marige Benthos and Ww,:.,
i ; i A
p.l6b, Ph.p Dissertation, Univ. calip.

Jodo, Mar. Riol. (1%;

By Loftus, MJE., Mar. Bicl, (1974

Sed.

473, Theilacker, TLH., MoM
1B3-188,

4. Parsons, T.R,, Stephens, K. Strickl and, UL i

] Bd. Can. (19613 18, 1001-1016,

45, w.,m:%f G.W., J. Phyrol. {1969) 5, 31v-371

M.o_ Fitegorald, G.P., Neleon, 1.0.,0. Phyeol. (1966) 4

mm. MMMMM ,w.w.r, \Aﬁ.uwwsﬂ.‘,z.w.. Ches, mqm;,:cuf .;.?...,.,,.

N,_.ah Se .:‘(:. . ﬁgicw...vnmmzcwq (19703 15, 4h3-874,

200 Perey, M.JL Mar. Biol. (19772 15, 113-139

. Taft, J.L., Lofrus, M1, .M..«.E.Mm,\_m_ Sx i

seript.
Suhubel, J.R.. Ches. Sut. {19683 g, 13-
Corner, E.D,§., Pavies, A.G., Adv. . .,:

s unpublished

-

- PLETE)

: ,mnzwmn. e M, Vearick, B
Limpol, Oceanogr. (1971) 18, 534-951

s Mulling, oM,
wwmw_,.www,.mcrznxmmw B.E. Limnol Goeanagr.
55, Epplesw, R.W. . Ooatsworth, ELoy Saldrzanc, ) tin
. Beeancgr. L1969 14, 194-30%, S e
56 Strickland, LDLBEL L HoTm-Hane e, 0., Epplev
. ) Lmnol. Oceanogr. (1969) Th, 2334,
27 Eppley, ®.w, Rogers, J.N., MoCarthy T

(1969) 14, 917 970, o
Holiing, C.5., Mem. ent. Soc. Can. (19653

ARy,

KL,

it S BT A e

ALFICOS TYOINIHD NYIHIWY




