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I. Abstract 

Both zooplankton feeding and c=unity structure ere reflected by 

zooplankton production in Lake George. Filtering rates were determined ;by 

tagging natural algal populations with 14C• Larger animals like Sida were 

discovered to filter up to 0.7mJ./br •• whereas the dominant copepod in 

Lake George, DiaptOlll..!.!!!. filters about .03 to O.3mJ./br. Such filtering 

rates will be used to determine total grazing by the zooplankton cODUDunity. 

( Phosph;~·ii;;;i;; l?hYt;P~~t~;-Jiowthj~_~~e_.Il~~I!~ In an experi-, 
mental study to estimate the effect of phosphate additions on secondary 

production. it was demonstrated that additional phosphate leads to increased 

lipid lavels in C~cmEnas. which in turn is related to increased b:l.rft;hs 

by grazers such as Daphnia. 

Zooplankton community structure is relsted to the feeding habits of 

community constltue'1ts. Only 9 of 15 crustaceans and copepoda reac~ 
of theoretical carrying capacity in I.'ike George. These most successful 

species are also the most efficient utilizers of food resources. '.Cwo new 

indices have bcen developed to aid in the assessment of cultural eutrophi-

cation. 

(Key words: zooplsnkton, feeding, fUtering rates, phosphorus, lipids, 

carrying capacity, indices of eut,rophication). 

----------------------------------------------------------------------



II. Relationship to Site and Biome Programs 

Zooplankton studies at I.ak.e George serve as the .fal P~ for 

modelling and valida.tion in the biome. especially since zooplankton work 

at Wingra is inactiV'e. 

Currently we are validating two models. The first. a bianass model 

for herbivorous zooplankton, is patterned after the i'ish model of Kitchell 

(Memo Rapt. in prep.). For this model we are collecting information on 

zooplankton density (Xj ), grazing (G j ), carrying capacity (K), food utili

zation (Wij), rewoouction (b j ), and si.ze distributions. 

The second, a 'resource allocation model for the zooplankton, requires 

information on zooplankton density (Ni)' birth rates (bij ), death rates 

(~), ingestion (¢ij)' food selectivity (Fij ). and carrying capacity (K). 

Most of these functions are being measured in the studies reported 

here, as well as in our concomitant investigation of popuJRtion grCMth and 

production (McNaught, Memo. Rapt .• 72-68). 



III. Feedi~ anil Prod1:t~~ 

A. Filtering Rates 

1. Introduction 

In eny model of an aquatic ecosystem it is necessary to determine the 

croping effect of the h<>..rbivarous zooplankton on the various resources 

present in the lake. BeIli.des measuring this general effect, further 

det!l11s con(~errdng the ccm:petitive abillties of the zooplankton are needed 

to predict the effects that artificial perturbation may have on such eco-

systems. 

The expel'imental program was initiated with the determination of the 

filtering rates of' the l!lIlj ox' herbivorf~us zoopl.liulltton 011 the various natural 

resources found in the la.1te. Far modellng purpose;s, the resources have 

been divided into five stlltes: (1) total phytoplankton. (2) net pbyto-
'7 

plankton. (3) 11!lnnophytopJ.lUlk~on. (4) bacteria. and (5) ,artifiCial detritus. 

rt was crucial that anilll1l,ls were fed natural assemble.ges of algae. with 

only one resource labelled with C14, Thus, the feeding rate of J)a;pl:!nia on 

netplallll."ton reflects only the amount of net plankton conslllled ill the 

presence of. the entire assemblsge, This is clearly a better measure then 

the feeding rata of paPbnis .on net plankton in the absence of other resources. 

These values coupled with densities should give one lin est_te of the per-

centage of the epil.1zma.:l.on that the aIliDlals filter each day. However _ this 

value tells one nothing about the transfer at carbon fran food resource 

to zooplankton. Thus> it is necessary to measure the amOUlIi; of resources 

present per unit volume ot lake WIl.ter. These values, be they cells/ml or 

organic carbon/ml. when coupled With f:1.ltcrir.g retell and densities will 

provide an es+;:lJnate o:r the carbon flow fran the resource to the zooplankton. 

Still; one does not lellOW' the "output" n.°m the lI00plankto. ... state, thus the 

determinat5.on of allsimilAtion l'ates is necesslU'Y. Using the right techniques, 

----------------------------------------------------------------------- I 



one can determine the proportion of' <'.arbon f'unnelJ"ed. into growth, respir-

ation and excretion. 

At the present time. this study is still in the initial stage, i.e., 

we have measured the filtering rates of zooplankton on total phytoplankton, 

with the measurement of' feedill.g rates to be acc<::mpllshed in the ilmnediate 

future. Furthermore. data collected during preliminary work has provided 

insight into the difficulty of measuring assimilation rates on natural 

resource assemblage. In an associated pt"oject. taRow (Memo Report, 72-67) 

has collected irlformation on respiration and excretion. 

2. MethodG 

a. Dete:rmiDllt1on of c14 uptake by total phytoplankton. 

To si!Jlp1¥ ob~\erve the pattern of algal uptake of C14• for reference 

when doing :!""ecding and ass:!.roilation experiments, the following experiments 

were done, Water sSll!J?les were collected at 3 meters d.epth. lUling a 8-11ter 

Kemmerer water sampler. The contents of the SSll!J?ler were gent1¥ released 

into a large bucket and then poured through ~#lO n~into a 8-11ter plastic 

jug. Upon return to the lab. 6 liters were poured into a clear glass carboy 

and C14. in the form of ~IC03 was added. The carboy was placed in the 

lake and allowed to float, as such incubation insured wnbient temperature 

and constant mixing. At one hour intervals for a period of 8 hours, three 

100 ml aliquots ,were taken and two of these were direct1¥ filtered onto a 

.45u m:l.lllpare filter, while the third one was first f:l.ltered onto a .8u 

filter. and the filtrate then filtered onto a .45u miD.ipare filter. All 

3. wet tUters were placed into scintillation vials containing 2 ml of NCS. 

a camnerc:l.al tissue solubillzer. Ilnd heated for 48 hours between 450-49OC. 

After cooling. scintillation f'luid was added and the saInples counted on a 

Anstron II counter at a setting that insured the most effiCient counting 

of C14 • The average "ClJIIl" of each BtlJlIple for 2 four-minutes was taken 
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aDd the series of 8 val.ues plotted against time (Fig, 1-·2). Although the 

use, ct raw counts does not give a good measure of the absolu:!;e radioactivity 

ct the sample, they were plotted because they were convenient aDd our inter

est was only in relative values. 

b. Determination of the onset ct c14~ respiration by zooplankton. 

Atter 4 previOUS experiments ilXV'olving single speoies failed. due to 

the inability to obtain c140:! at a measurable level, it was decided to 

1%tilize the entire l.IOoplankton community in an attempt to disCOII'el' the on

set of c14O:2 respiration. 

Total phy1;oplanktan was collected !llld labelled (f~.ve liters with 22~ 

of C14 ) as reparted on :part a (Methods) and al1CMed to incubate 5 hours and 

55 minutes. Zooplankton, collected with a vertical tow, were placed into 

1000 ml of radiC4ilc..'tive medium and allowed to teed far 40 m1nu:!;es. Upon 

completion ot the feeding period, the medium and zooplankton were poured, 

into a #10 oup' and an additional 250 ml of non-radioaotive lake water 

poured into the cup to act as a rinse. The aninlals were next poured into 

a 200 ml flask oontaining autoclaved lake water at roan tllllqlerature. and 

then immediately poured ou:!; into the #10 cup, where another 200 III of lake 

water was used as a rinse. Atter this rinse, the zooplankton were poured 

into a second :flask with autoclaved lake water, and allowed to feed in it 

far one hour. They were then poured out aDd the water saved. aDd treated 

with 625 ml of' .2N KOH. as 'was the water in the first 250 ml flask. Next, 

following the technique of SQI:'ok:I.n (1968), two 50 m1 all'luots were taken 

:t"rcm each flask. The 4 aliquots were filt.<?J.'ed on to 45 u m1llipore filters, 

which remO'md en,y C14 in the soUd farm and 40 m1 of the filtrate was 001-

lected, treated with 5.0 m.l of .2N ICOIl and 30 ml of. 10f.BnC~. heated to ~ 

and the pl'ecipl.l'~e BaC03 filtered onto a .45u filtfll'. 'rhe 4 filters were 

plaoed on aluminUlll pJ.anchets and counted on a gas-flOW to determine 

radioaotivit":!. The 2 repl.1.cates :t"ran EI/l.ola flask were averaged after sub-

I 

I 
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l"ig. l-c~. Uptake of l4c by total phytoplankton. 
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tract1r;g bacl"qxotl!1d. 

The expedment mts l,ate;(' l'er,.eated w1.th s.J.ight mocl:!,f:l.<'.$.tiolla. (1) three 

lit<!'.J:'s of lake water was labelled with 183lJ:) of c14 and. allowed. to incubate 

for 4 hours and 50 minutes, (2) The rinses between transfers were of 500 ml 

of non-radiooctive lake mttert (3) The filtrate proo1l.Ced by the filtration 

that removed sol:1.(l material wa$ collected in plasM.c bags, inserted into 

the filter-flasks. to insure the:re was no contamination of the f'lltrate 

by "dirty and hot" filter-flasks. 

c. Determination of filtering rate of zooplankton on totl\l phytoplankton. 

The procedure far collecting and labelling total phytoplankton followed 

the pattlll'!! given in part !l (Methods). The phytoplankton w<'.l'e anowed to 

incuoo.te for 6 hour.s to insure 1!l<leqrw.te ]Jloellir.g and just before the feed

ing experiment was to 'begin. zooplankton we:re collected.. First, zooplankton 

far the aO(1orb!mce controls WeI'''' Collected. An 8-1 Kemmerer lfate:r-sempler 

.was used to bring the animals to the surface fran 3 meters. the cOJJtents 

were gently released into a bucket and then :po~1red into a large #10 net 

submerged overboord..This allows one to concent'rate zooplankton without 

dluiJage. Seven 8-liter sa.tllPles were tal~ell a.nd. upon c<:i:Il:pletion. the net was 

pulled out of thel/ater, the #10 cup removed and the zooplankton poured 

into a large test tube ~Ih:i.ch 1'a.8 :\:m.!n.edl.ateJ.y stop:pe:i:'e;).. Tl:ci.sprevent<Xi any 

animals from getting cavOJ,t ill the surface 1'ilm. The am.,l::; ;,cr'.' 'l.trlckl;r 

returned to the la,b, and, ai'ter the labelled phytoplankton was poured. into 

a 2000 ml separatory f'ul:mel, were gent.ly pOUZ'Ii'-d into the funnel. Since 

the tunnel holds aP}?'X'ClXiJnately 2300 J!)~ and the zCCl'.Plal".ktOl'l were from 56 

liters the concentration of zooplankton was about 25X normal. This was 

necessary to illsl;a'e inclUsion of the rarer speci~s and to :provide better 

replication in the more d':winaut species. Observation of' the larger elade

cere.ns provided ev:tdenc.6 that t.he lllIl.jority of thllse forms were unhurt and 

filtering, Thus. the arrl.llll!lls were collected, transported, and transferred 



into the food with a minimum of physical distUj:'bance. After about 40 sec

onds of delay to allow the SWirling waters within the funnel to stop, a 10 

Illinute feeding period was begun. The funnel was situated on a window sill 

with natural light, the only light source during the experiment. The 

shortness of the feeding period, hopefully insured that no excretion of 

radioactive feces had occurredt a situation, leading to errors in calculating 

filtering rates. About 10 minutes into the feeding period. an:l.mals caught 

in the surface film. end an:l.mals in the narrow neck of the funnel just above 

the stop cork were removed. Thus, an:l.mals in a ty,pical air-locked situation 

were not involved in the experiment. Upon cooxpletion of the feeding period. 

the animals were poured into a #10 cup and then into a plexiglass cylinder 

with a net at one end to catch the zooplankton. This procedure provided 

minimum abuse to the animals :t'rom falling water and. allowed them to be 

dlmked into 8. :pan of hot water (400-500c), which instantly killed them with-

out distorting 'cheir body shape. Observations, with a binocular microscope 

showed that none of the an:l.mals had been "exploded," thus no gut contents 

could have been extrl.llled. It should be noted that :t'rClll the time the animals 

were placed in the test tube to the time of death, only 20-25 minutes had 

elapsed. After death, the animals were placed in. each of two distilled 

water baths for 2 m:l.nutes and. t.hen rinsed into a sample jar and preserved 

with formalin. A control fat' absorbance 01' C14 onto zooplankton body sur-

faces was undel"taken by placing dead animals into l'adioaotive medium and 

allowing them to set for' 12 minutes Il.:o.d then treating tll"'JII as were the feed

ing an:l.mals. 

Determination of the radioactivity of' the food was perfarmed twice. 

First while the anilllals ~1ere feeding. 2100 ml aliquots were taken :t'rClll the 

food medium that wasn't involved in the feeding experiment and filtered 

onto Q.8u tut_ At the end of the feeding period two 100 ml aliquots were 

taken :t'rClll the actua.1 feeding cbalnber and. f:!.ltered onto 0.8u filters. The 

I ________________________ ~I 



4 counts were averaged ~nd the mean used to calculate filtering rates using 

the equation noted below. 

The next day, the zooplankton were placed in scintillation vials in the 

following manner: the animals were poured into several petrie dishes and 

sorted to species, and some species to size classes; each species was placed 

in an empty watch glass and washed with 50 ml of distilled water. The 

swirling action of the water rinsed the zooplankton free of formalin and 

was followed by a 2 minute soak in the now full watch glass. Next, the 

animals were placed on a net, covering a large watch glass, and a given 

number (depending on size and species) was ~ollected and placed in an empty 

scintillation vial. There is a possibility that the manipulation of 

zooplankton during this stage could result in the loss of zooplankton gut 

contents. This was followed by a 1 minute period, during which the zoo

plankton bodies were reduced to a pulpy mass by grinding with a glass rod, 

then 2 ml of distilled water and 2.0 ml of NCS were added to the vial. 

After beating at 4~49Pc for 48 hours, the vials were cooled, the scintil-

lation coCktail added and, within 2 days. COUIltedon the Anstron II. 

In the determirw.tion of filtering rates,hhe severe color found in the 

algal samples cannot be ignored. Since the equation for filtering rates 

shown below (Burns and Rigler. 1967). involves both algal and 

Filtering rate 
ml!animal/hr 

counts 
mi"iil 

" animals . X 60 '" .:;:ml=.,..--::-
cOOJit?-'·~::;::·· '------- min spent in labelled animal 
-ni:ln i'ood hr 
lml of food 

zooplankton cpm, it is ne<::essary that both are counted at the same efficiency. 

Further. the a.nml samples showed no quenching so no correction for quenching 

was necessary but the algal sample showed a 4<Y,0 quench of the exterMl 

standard. Thus, it was el>.llerimentally determined tha'c at 40% quenching, the 

counting eff.iciency 1'11\$ 3% of that at no quenching. Thus, all algal rD,1 
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counts were corrected to 100% values. while the zooj?lankton raw counts were 

taken at face value. 

3. Results 

a. Determination of C14 uptake by tote.l phytoplankton. 

There are 2 interesting points to be made. (1) One immediately- notices 

that the cpm/100 ml changes rapidly- over time. j?erhaps in a ·linear fashion. 

The algae never reach a steady state. In most previous studies of 

assimilation rates (Sorokin, 1968; Schindler. 1968) the zooplankton were 

fed algae tha·!; were uniformly- labelled. i.e. in steady state and thus did 

not change cpm/ml over time. However. it is readily- apparent that in 

dealing with natural assemblages one cannot obtain steady state algae in 

the course of 9 horu·s. a significant part of the day light hours. Perhaps 

if more c14 had been a.dded. a steady state would have been reached which 

would allow the calculation of assimilation rates. for a necessary term in 

the equation is e. constant I·Sdioactivity/volume of lake water. If steady 

st~te cannot be reached. perhaps integrals are necessary. Saunders (1969) 

has begun to investigate this approach. but the oligotrophic nature of 

Lake George may make the approach logistically- unfeasible. 

It is very interesting to note that the amount of radioactivity per 

100 ml possessed by material between o.8u and o.45u does not increase with 

time. T,'hy? Is it a biologically inert radioactivity. suggesting that 

using o.45u filters will give an over-estimate of algal radioactivity or 

does it represent some resource component (bacteria. nannoplankton) that 

became saturated with c14 within 1 hour. 

b. Determination of the onset of c1402 respiration by zooplankton. 

Contrary to Schindler (1968). ,qho stated that zQoj?lankton. e.g. Daphnia. 

do not respire c1402 until 16 hours after they h~ve begun feeding on radio

active algae. our prelimint.ry investigations suggested that at least some 

_______________ -----____ ~I 



lIlel!lbers of' the zooplanki;on cQIlIllunity I'espire cJ.t,O:? within li hoUl's s:!:'i;er 

they have begun feeding on radioactive algae, This is in agreel!lent with 

Sorokin (1968). Thus. in order to measure 11 true IISsimilation rate, species 

muet be isolated and mellSurement of c14O:2 respired !llld e14 excreted under

taken (Table 1). 

Even though tbe data is not as clear cut a.s one would hope. I believe 

the results indi<Jllte the above situation. The technique is based on SOl'akin 

(1968). and in this situation there were two obvioue sources of error: 

(1) the transfer of animals may elso involve the transfer of Na2:1!C14O:3. and 

(2) the filtrate produced end treated to preci];l.l.tate BaC140;} my be cqntaminate(, 

by "dirty" millipore filter flasks. However, in both cases, (\):1 .investigation 

into the effects of each on producing var:!.lillce in the data was undertaken. 

The transfer sequence of animals £'rom radioactive medium to flask 1> and 

then immediately out of flask 1 to flllsk 2 serves as a control fCil.' the trans~ 

fer of C14 as Na2:I!C14"3, It reveals, upon treatment of flask 1. if there 

is al:lY C14 present in flllsk 1 not attributed to C14O:2. There was so it 

acted as II second rinse! The fllct that in both experiments the cpm were 

higher in the second flasks :tndi-cates that the c14 present in the second 

flasks must have come £'rom c1402. respired by the animals, since it was not 

availllble for precipitation in the first flllsk but became IIvailable for pre

cipitation in the second flask during the time the animals were in it. The 

second obvious source of ",nor was produced by collecting the filtrate in 

contaiminllted milllpore filter flasks. However. two controls were taken for 

th:l.s potential source of error. In the second experiment the filtrate was 

collected directly in plastic beg$ inserted into the millipore filter flllsks. 

Thus, no contaimillB:tion was posllib1e. Secondly, in II subsequent experiment 

"dirty" end contamillElted filter flasks were found to possess a radioactive 

activity simply by containing radioactive food but at such Il 1014 value (20 

cpm) to ba insignificant in camparison to the counts obtained on 9-6-72. 
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Table 1. Preliminary results of respiration experiments 
during 1971-72. 

Cl!II attributed to BaC14<>< 
1. 2. Ave. 

I animals in water for less than l' 150. 000 379 
I animals in water for 40' 54tl 332 440 

c:pm attributed to BaCJA<>< 
I animals in water for less than 1 1129 651 090 
I animals in water for lJ.O 290<> 0210 4593 

1. _2. Ave. 

I 

_________________ ------____ ~I 
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Thus, one can accept, with reservation that at least same members of the 

zooplankton community of Lake George respire c14Oc:!, within a short time 

after they commence eating 'hot' algae. 

c. Determination of filtering rate of zooplankton on total phytoplankton. 

vpon analyzing the data on filtering rates (Table 2), two points are 

immediately obvious: (1) the rather low rates of filtering shown by all 

the speCies and (2) the lower rates in general on 9-29-72 and especially 

the 40-50% reduotion found among the various size classes of Daphnia and 

Diapbanosama. However, I do not think that the lower rates represent a 

breakdown in the technique because there are patterns that are oonsistent 

within and between days. For example, on both days, there was t.he same 

pettern of filtering rate increase among the size classes of Daphnia and 

Diaphanosaua. On both days, the ·large Sida (1.56mm) were the most rapid 

filters, and on both days the large Diaphanosama (6.28mm) and Daphnia 

(1.12mm) had almost identical feeding rates, However, Holopedium and 

Diaptamus were not affected, again indicating the unlikelihood of a tech-

nical breakdown. 

The only two experimental variables that changed were the temperature 

and the level of radioactivity in the algae. It seems unlikely that a 

200C drop would affect the daphnids so drastioally yet one cannot dismiss 

it. \Ultil further experiments are carried out. It is herd to imagine why 

an increase in algal radioactivity would produce decrease in filtering rates, 

especially when it is noted that the amount of label was increased threefold 

and that the level of algal radioactivity also increased approximately three

fold, a fact suggesting there was not a major change in the amount of 

resource abundance. However, since measures of resource abundance were not 

taken this is purely speculation. 

When examining the filtering rates for eaoh species on a given day, 

one can try to attribute the filtering rate patterns to two factors: (1) size 
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Table 2. Filtering rates an total phytoplankton 

.. 

i Species 

!l0lo.pedi lIIIl gibb. 
Sida crystalline 
Diaptomus I Dia l7tanus 
~ia~banosoma leuch. 
Dia pbanosQIIB leuch. 
D·:.;pbnia galeata 
5i11lhnia galeata . " 

'u<.(pbnia galeata 
'Dapbnia galeata 

Species 

'li~lopedium.sJbb. 
HC'.!. da crystalline 

I~ida crystalline 
piaptomus 
'Diaphanosana leuch. 
Diapbanosana leueh. 
Da'Pllll1a galeata 
Da:pbnia galeata 
))sl1:hniaga.leata 
j.uaphllj,agaleata 
'Le]todora Kin. 

size class 
8m:lrCllt. 

1.00 mm 
1.50 mm 

.92 mm 
1.47 mm 
1.11 mm 
1.25nw 

• '9 mm 
1. 2m 
1.' 5mm 
1.;1 mm 

size elass 

1.00 mm 
1.17 mm 
1.50 mm 

.92 llllll 
1.11 mm 
1.25 mm 

1.12 llllll 

1.1:11 llllll 

Trial 1 

f~7;eri~~lrete 
ml anim. hr. 

• 34 
• 73 
.03 
.31 
.~ 

• 1 
.()I 

• 1 
• 2: 
• 40 

Trial 2 

fi~t~~ng rate 
mllan/hr. 

.03 

• a 
.0 
.1 

0.00 
0.00 
0.00 

hot vials 
used to # of eniJnals 
get mean in each vial 

1. 3 • 
1. O • 
3. 30. 
1. 3. 
3. 20. 
3. 11 • 
~-' 25 • 
1 • 15 • , . Itl. 
2. 11 • 

It of animals' 
# of replicates in each vial 

1. 
2. 
2. 
5. 

• 
• 
• • • 

1. 
1. 
1. 

4. 
• 
• 

2! • 
11. 
11. 
o • 

• 
2. 
tl. 
2. 

10. 
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and (2) campetitive ability. The data strongly supports that larger indi

viduals filter faster than small individuals for ~. Diaphanosoma. and 

Daphnia. There is little doubt that size does influence filtering ability. 

However. when one begins to link filtering rate with canpetitive abilities. 

the lack of knoWledge becomes quite evident. :rt is assumed in lII8DY models 

of competition. that the species that has the highest feeding rate on a 

given resource, "all other factors being equal,." will outcampete all other 

species. We still would be unsb1e to lII8ke a deCision as to what species 

in Lake George is the best competitor because we lack data on the efficiency 

a.t which the animals utilize the food they ingest. For example, since 

filtering rates represent intake of algal cells and even though ~ has 

a much higher filtering rate than a Daphnia of equivalent size, and thus 

is getting mar.:' food time, it lII8y be more ineffiCient in converting that 

food to biCllllJ.ss than 'che Daphnia. Thus, data on assimilation although 

probably difficult to get, is desperately needed. Furthermore, if one 

remembers that filtering rate is only indirectly measured. we don't know 

whether a higher rate indicates faster passage of water through the setae. 

or higher efficiency of extracting cells fran a given volume by the setae, 

it is impossible to determine which species is getting more energy per 

unit of effort and thus is the better competitor. This problem can be 

handled by labelling, as stated in the introduction, only certain segments 

of the resource states. Obviously, thesef1ltering rates are useful in 

general ecosystem modelling but they aI'e inadequate for a good model of 

campetition emong herbivorous zooplankton. 
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B. EltPerimental Manipulatian of Food Q.uality as Related to Production 

1. Introduction 

The effects of increasing the s~ly of ortho-phosphate available to 

the primary producers of aquatic canmunities is well known.· However, the 

direct effects on the growing, synthesizing algae remains obscure. The 

following experiments attempt to determine the influence of available P~ 

levels on the nutritional quality of an algae, Chl.!!m;ydomonas, and the con

sequences of feeding it to a typical herbivore, Daphnia, in terms of the 

overall effects on productivity. 

2. Methods 

Chlamydomonas reinhardii was the algae chosen because of its suitability 

as a primary food source for Daphnia and its matil1ty. It was cultured 

axenically in 125 ml Erlenmyer flasks on an inorganic mediUIII consisting of 

(mg/l) NH4N~ 0.2, 1.jgS04 0.1, CaC12 0.1, FeSO',," 0.000, Tria buffer 0.2, glass 

distilled water and SodiUIII citrate added as a chelator and the algae were 

grown at 25°0*20. Light was kept constant far ra.ndom cultures. The initial 

P<>4 concentrations were 1.0 ug/l (VLP-very low phosphorus), 5.0 U8/1 (LP-low 

phosphorus), 10.0 ug/l (MF-medium phosphorus). 1.0 lIlS/l (HP-high phosphorus), 

and 27.5 mg/l (Vlll'·-,reryhig,n phosphorus). The cultures were allowed to grow, 

with occasional shaking, far 5-7 days, at which time they were concentrated 

by centri:f'U8ation (3000 rpm for 3 minutes) and resuspended for analysis of 

their relative protein, lipid and carbohydrate composition. The assumption 

is that limiting aV8.ilable phosphorus alters the assembly of cellular con

stituents such that their eventual canposition will differ from that of cells 

grown in an environment where P<>4 is more readily available. Bassham (1971) 

has shown that pratein syntheSiS in Chlorella can be influenced by the amou.nt 

of available nitrogen. Atkinson (1966) demonstrated that the ratiO of ATP 

to the rest. of the adenylates (adenosine di- and monophosphate), a measure 

of biochemical energy, regulates key enzymes in glycolysis and several ather 
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biosynthetic pathways. Limited phosphorus may decrease the ratio, and hence 

affect biosynthesis, possibly causing some pathways to be favored and others 

shunned. 

After centifugation, approximately 1 mg dry weight of cells were re-

suspended in 7 mls of the appropriate solutions for assay. A 1 ml aliquot 

was removed for counting (by Coulter Counter) to determine the cell concen-

tration and hence, total cell number in each analysis. The suspensions were 

then sonicated to 1001" breakage and the ug protein/lr:P cells determined by 

the standard Lowry Protein Method (Lowry, 1951), the ug carbohydrate/106 

cells by the Anthrone Method (Trevelyan and Harrison, 1952), and the ug 

liPid/106 cells by extraction llith organic solvents and oxidation with 

chromic acid (Bloor, 1947). All the procedures are spectrophotometric 

determinati ons. 

3. Results 

The results are given in Table 3 as the mean relative % composition. 

The follOWing conclusions can be drawn: 

a. There are differences between cells grown at differing p~ levels 

in terms of their protein, lipid and carbohydrate contents (Fig. 3,5). 

b. High available p~ apparently favors lipid formation, consistent 

with Atkinson's theory involving conversion to fat versus Krebs cycle as 

regulated by energy charge (see Figure 5). 

c. Lower available pot, apparently favors carbohydrate synthesis up to 

a point, where % cerbohydrate falls off at VLP (see Figure 3 ). 

d. The lowest % protein is found at VHP while the highest is seen at 

VLP. The intermediate concentrations appear roughly the same. 

If these cells of differing composition are fed in equal amounts by 

weight to Daphnia, differences in secondary productivity could result depending 

on the compatibility of the food sOl,ll'ce to the nutritional needs of the animal. 

To test this. individual daphnids of two species, Daphnia pulex (Saratoga Lake, 
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Fig, 3. Relative carbohydrate coutent of' Chlamydanonas 
at various phosphate levels. 

Fig. 4. Mean brood size with respect to relative lipid 
content of' Chlamydomonas. 
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Fig, 5. R<'ltttive lipid ()oncentration of Cblarq:iClllOtl8S 
cells grown et inc:l.'easi.ng pl1osphOl'US concen
trations. 
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New Yar.'k) and Daphnia Wlleata (Lake George, New York), were isolated in 

45 III vials conte1>1ing 25 rnl 01' millipore f'iltz::-d aged tap water (to 

remove bacteria !!.!l.d allY oth<l'.l:' tactors wllicn !lIiSllt act as supplementary food. 

sources). ChlaD!;ydancraas grOlfll at the vl;rious ~ levels was then added in 

a 5 III susp"!nsion to each series of via~s (VHF, HP, MP, LP. VLP) so that 

the inoculB.tion of each vial was equivalent in terms of dry weight of cells 

added. This is important because cells grown at higher P<\ concentrations 

are smaller ·tmn those grOlfll at lower concentrations, and therefore a larger 

number are l'equired to give the same dry weight. The total nWlber of cells 

to be given to a VHP vial was determined by extrapolation fcan data given 

for feeding rates of Daphnia mae (McMahon and Rigler, 1963), so that the 

daphnid could filter et its lllltKimum rate and oot bring the cell concentration 

below the l'!Vel oecessary for maximum. cell cOnBUlllPtion in a period of 48 

hours. The initial concentration then in the VHP vials was 4.0 X lcP cells/r~l 

and the number ill the HP, Ml', LP and 1TLP vials was determined by adjusting 

this number dOl/n according to the dry weight rr.'';io for esch class to VHF. 

Both species were cllltur~d (clonal) pr10r to ~imentation under 

constant light and at 250C in 13.0 liter tanks to which had been added 

Chlam,ydanonas and nutrients to sustain them. Both cllltures tbrived, Daphnia 

geleata through two generations and Daphnia pulex through several before 

testing to allow for adjustment to laboratory conditions. MIIture (larger 

than the sDI!lllest egg-bearing female). non-egg bearing females were extracted, 

washed, and ('oe individual placed by pipette into each vial. Each daphnid 

was observed daily until death and any change io reproductive status noted 

by counting the eggs in each brood under a dissecting sco.pe sfter placing 

the animal 00 a depression slide. Newborn were also cOl1llted and removed 

fran the vials. The culture medium was changed every otber day. All trans

fers were made by pipette. 

The results can be seen in Tables 4 and 5. In Daphnia pulex, mean brood 

size decreases with the amount of P<\ available to the algee that they were 
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Table 3. X i Composition of cbl!mydomonas cells 
grown at varying p~ levels. 

VHF lIP MP LP VLP 

Protein 55.0· 71.8 67.8 69.1 78.4 

Carbo 2.7 5.7 16.1 15.1 8.7 

Lipid 42.3 22.5 16.1 15.8 12.9 

Table 4. Mean Brood Size and Birth Rates 
of Daphnia pulex. 

-X 13.S. h 

VHP 8.8 2.3075 

liP 6.3 1.6398 

MP 5.9 1.5332 

LP 3.8 1.0383 

VLP 3.4 1.2122 

Table 5. Mean Brood Size and Birth Rates 
of Daphnia galeata. 

X B.S. h 

VHF 4.1 1.5805 

HP 3.0 1.4219 

MP 3.5 1.7991 

LP 3.5 1.5304 

VLP 3.4 1.5386 



fed. The mean brood size can therefore be correlated with the percent lipid 

in each phosphate class (see Figure 5). The data suggests that cells with 

a higher lipid ratio may be more nutritious as far as Daphnia pUlex are 

concerned than those whose lipid content is low. 

The birth rate, b, (individuals born/individual/day) of Daphnia pUlex 

generally correlates with the mean brood size and shows the same trend pre

viously observed. Where discrepancy between mean brood size and r occurs 

in either species, it is because popUlations giVing rise to smaller mean 

brood sizes do so more frequently, hence increasing the birth rate. The 

tests were intended to show how food of different composition can theoreti

cally affect the size of a population through the number of offspring pro

duced. The newborn were immediately removed and each experiment arbitrarily 

terminated just prior to the death of the adult involved. Hence, death in 

the populations is not a factor. 

No consistent pattern can be seen in the response of Daphnia galeata 

to its different food types. VHF cells again produced the highest brood 

size, but MP cells yielded the greatest birth rate. The % lipid-productiVity 

relationship seen in Daphnia pUlex is not present. The most nutritious cell 

type appears to be one with higher i carbohydrate and protein and lower i 

lipid than is the case ~lith Daphnia pulex. Hence, ~hnia galeata are 

apparently better suited nutritionally to algae of different composition 

than Daphnia pulex, and it is therefore possible, perhaps probable, since 

all experimental factors were equal, that the response is species specific. 

Perhaps a comparison of the digestive enzyme ratios for the respective 

components (e.g., protease, amylase, lipase) to the relative composition 

of the most nutritio~s cell for each species could shed aome light as to 

the degree of genetic determination of response. 

SUIIl1llIIrizing, Chlamydomonas reinbardii, cultured in medium where pot.; 

is varied from very low to very high concentration are found to be of 
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different canposition in terms of relative 0;. protein, carbohydrate, and 

lipid, depending upon the amount of PC\ 8vailal,le during synthesis of 

cellular conl'ltituents. Feeding each cell type to Daphnia pulex and Daphnia 

galeata results in both intra- and interspecific differences in productivity. 

Increased ~ lipid content (and correspondingly decreased ~ carbohydrate and 

~ protein) correlates well with increased birth rate in Daphnia pulex 

(Fig. 5). No such trend is seen in Daphnia galeata, where a different 

cell type (MP) yielded the greatest production of young, thus suggesting 

a species specific response. 
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II. Zooplankton commu..''lity str'lcture 

A. Introduction 

The coexistence of many species of filter-feeding zooplankton has long 

puzzled limnologists. Originsl.l;y it was suspected that cladocerans feed 

with little selectivity, while clumped together in an unstructured environ

ment. With the advent of tagging techz!iques we were 'able to sl;udy their 

feeding in detail (Section III). Only recently have we been able to tie 

community structure to trophic relationships. 

The niche analysis of Levin's (1968) as applied by Lane aud McNaught 

(1970) to zooplankton communities enables us to relate community structure 

to production and. thus use structural indices as predictive models of 

eutrophication. Basic:llly in Levill!l' analysis we assume that) competition . . 
(a) is directly proportional to the probability that individuals of two 

species will coUide in attempting to utilize II li!nitinp,: resource. Fran 

such en index of canpetition we can further cll.lculate theoretiClil carrying 

capacities and resource utilization efficiencies. ~bis data report will 

provide such community indices for comparison to zooplankton production in 

Lake George (Memo Rept. 72~68). 
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B. TerminolOgy 

The niche breadth (B) is a measure of the degree of generalization 

of a species, where: 

and Pih is the proportion of individuals of species i found in environment 

h. The ccmmunity niche breadth en) relates to the proportion of all species 

found in one environment, and BIB is termed the relative niche breadth. 

Niche overlap is a measure of the extent of competition between species, 

where the ccmpatition coeffici'ilnt (ct) is approximsted by: 

:where Pi and Pj are the proportion of species i and j respectively. Once 

the competition coefficient (a) has been approximated, it is possible to 

calculate the carrying capacity (K), as: 

;:; 
j=l 

where Hi and Nj are the densities of species i and j. Carrying capacity 

is an estimate of the maximum density of a species in the absence of 

competition. 

What do these niche models illustrate in theory. and how misht they 

be used to predict the relative degree to which a lake has become eutrophic? 

The relative niche breadth (BIB) show seasonal trends in many lakes (Lane, 

1971). As the seasons progress and suitable environments disappear, species 

become more specialized and niche breadths are hisher in value. 
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The competition coefficients (a) suggest the degree to'which resource 

allocation must occur. If realistic, they permit calculation of carrying 

capacity (K). 

Two important ratio I s are dependent on a knowledge of carrying capacity 

(K). The ratio density = carrying capacity (D/K) is a direct indication of 

the success a species exhibits in occupying its niche in the presence of 

competitors. In contrast, the ratio carrying capacity relative niche 

breadth (K(B/B» is an indication of the coefficient use of resources 

(Levins, 1968). 

C. Methods 

All calculations were made following the notations of Levins (1968) 

utilizing a program written by Mr. Richard Schmitt. Data on zooplankton 

-ebundance were provided by a canpanion study (McNaught, 1972. Memo Rept. 

72-68). 

D. Results 

First let us place Lake George in perspective and campare it, on the 

basis of camnunity parameters, with other lakes in the Eastern Deciduous 

Forest Biane. 

Lake George supports a density of 355 to 1557 an1mals/m:3 (Table 6). 

Thus on the basis of yearly averages, it supports a much higher ,standing 

crop of cladocerans and copepods than Laurentian Great Lakes such as Michigan 

and OntariO, but not as many as Cranberry Lake (N.Y.) and Gull Lake (Mich.). 

The camnunity competition coefficient ranges fram 0.42 to 0.50 from 

June to August, indicating that competition for food is high and resource 

allocation by planktonic herbivores necessery. Apparently comPetition is 

most significant in May during the spring pulse of zooplanktonj when a = 

0.92. 
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Community diversity ranges from 2.5-3.1 bits during the growing season. 

comparing favorably with the diversity of plankton communities in other 

oligotrophic lakes like Lake Michigan (4.1). 

1. Attainment of theoretical carrying-capacity. 

Estimation of the canmunity competition coefficient (a) enables us 

to calculate the theoretical canying capacity (K) and to express it lis a 

ratio of density (D/K) (Lane and McNaught. 1970). Of the 15 dominant 

cladocerans and copepods of Lake George, only 9 of 15 species ever reach 

l~ of carrying capaCity. These 'include Cyclops bicuspidatus. Cyclops 

scutifer. Diaptomus minutus. Daphnia longiremis, Diaphanosoma leuohtenber

gianum and Leptodora kiniltii (Tables 8-12). All except Leptodora are 

herbivores. 

The mean velue ofD/K for Lake George is 6.9%. We feel that this D/K 

ratio is a valuable new tool to identify the trophic structure of a cc;mmuni·ty. 

Based an an initial a.pproximation, oligotrophiC lakes should have a camnunity 

D/K ratio of less than 25%. while eutrophic lakes may exceed 25% of theoreti

cal carryiog capacity. 

2. Efficiency of food resource utili2;atian. 

The ratio carrying capacity:relative niche breadth (K(B/B» ~ovides 

us with an estimate of t.he efficiency of resource use. By cOIIIPI!l'ing Tables 

13-17 to Tables 8-12, it is readily seen that species that .attain the highest 

relative carrying capacity also exhibit maximal resource utilization. That 

is, the fact that Diaphanosoma attains 41% of carrying capacity is explained 

trophically by the fact that it is extremely efficient in using scarce 

resources in oligotrophic Lake George. 
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Table 6. Comparison of Lake George, including specific localities within 
the lake, with other aquatic communities in terms of community 
structure. 

Density Community 
Competition Organi~ms Niche 
Coefficient Variance Diversity per m Breadth 

Lake - Date (Ci) (a52) (H) (D) (B) 

Lake George 
Seasonal 

10 May 1972 "?"2. IJ \ .92 .03 .678 3772 1.94 
2 Jlme 1972 72.154 .50 .10 3.019 3103 17.2 
21 June 1972 12.1'73 .45 .08 3.101 291 20.2 
12 July 1972 ·T2.,~4 .42 .12 2.505 391 11.1 
2 August 1972 'n,'L'$' .44 .07 2.880 226 15.5 

Yearly Means 

1972 .55 .08 2.437 1557 13.2 
19'{1 .53 .09 2.617 488 13.0 
1970 .54 .08 2.165 355 8.3 

Geteat Lakes 

Lake Michigan 
Nay-Aug 1964-65 .41 .07 4.1 160 54.6 

Lake Ontario 
12-13 Sept. 1968 .75 .12 1.4 440 

inland Lakes 

Gull Lake 
.J uly-Oct 1966 .32 .13 3.6 9548 31.0 

Cranberry Lake 
July-Aug 1970 .63 .06 3.4 23450 26.7 

Carrying 
Capacity 

(K) 

670946 
470346 
695101 
396924 
340234 

514710 
419458 
170681 

2578 
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Table 7. Identification of species by number 

Species Identification 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Species 

cyclOps bicuspidatus 
Cyclops scutifer 
Diaptomu6 sicilus 
Diaptomus minutus 
Bosmina 
Daphnia galeata 
Daphnia longiremis 
Diaphanosoma leuchtenbirgianium 
Ho1opedium gibberum 
Mesocyc1ops edax 
Polyphemus pediculus 
Epischura 1acustris 
Leptodora kindtii 
Naup1ii 
Asplan~ 

I 
'"\ I '. ' 
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Tables 8-12. A comparison of the percentage of occupied 
carrying capacity (n!K) for all species of 
filter feeding cladocerans and copepods. 

Lake George 10 May 1972 

SJ2ecies Station 1 2 li2 

1 .0046 .0021 
2 .0013 .0012 
3 .0 .0 
4 .0086 .0023 
5 .0 .0 
6 .0 .0 
7 .2919 .1526 
8 .0 .0 
9 .0 .00002 

10 .0 .0 
11 .0 .0 
12 .0960 .2047 
13 .0396 .0490 
14 .1564 .1317 
15 .4094 .4585 



Table 9 

Lake George 2 June 1972 

S:eecies Station 1 2 1/2 4 5 lL2 r 
1 .0417 .0539 .0056 .0225 .0498 
2 .0167 .0084 .0046 .0039 .0007 
3 .0 .0 .0 .. 0 .0 
4 .0989 .0569 .0155 .0186 .0654 
5 .0043 .0343 .0007 .0060 .0092 
6 .0181 .0246 .0061 .0220 .0161 
7 ~1691 .4149 .1491 .1567 .30405 
8 .0670 .0393 .0031 .0752 .0505 
9 .0022 .0010 .0006 .0059 .0134 

10 .0 .0 .0 .0 .0 
11, .0 .0 .0 .0 .0 
12 .1363 .1370 .1014 .0758 .3078 
13 .0899 .1109 .0455 .0444 .1155 
14 .0011 .0102 .0049 .0169 .0156 
15 .8062 .7145 .7579 .7563 .3779 
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Table 10 

Lake George 21 June 1972 

Species Station 1 2 4 5 1/2 T --
1 .1043 .0977 .1125 .0504 .1517 
2 .0329 .0122 .0202 .0108 .0013 
3 .0 .0003 .0003 .0001 .0004 
4 .0173 .1517 .2474 .• 1986 .4043 
5 .0129 .0393 .0316 .0726 .0154 
6 .0036 .0249 .0245 .0151 .0812 
7 .0040 .4129 .3040 .3030 .2249 
8 .0 .0 .0054 .0 .0119 
9 .0213 .03672 .0225 .0069 .0309 

10 .0 .0002 .0017 .0007 .0007 
11 .0045 .0 .0 .0 .0 
12 .0019 .1554 .1302 .1126 .1558 
13 .0808 .1004 .2270 .0839 .0666 
14 .0128 .0186 .0121 .0104 .0283 
15 .0 .36425 .3132 .3571 .5041 
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Table 11 

Lake George 12 July 1972 

Species Station 1 2 4 

1 .1075 .1646 .0974 
2 .1233 .1251 .1190 
3 .0040 .0037 .0 
4 .2079 .1708 .3572 
5 .0047 .0034 .0065 
6 .0070 .0044 .0170 
7 .2600 .2562 .2278 
8 .0 .0119 .0188 
9 .0016 .0 .0 

10 .0 .0 .0020 
11 .0231 .0097 .0009 
12 .1798 .3149 .1608 
13 .3932 .1702 .0366 
14 .0249 .0086 .0045 
15 .0336 .0406 .1705 
16 .0070 .0073 .0029 

. I 
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Table 12 

Lake George 2 August 1972 

Species Station 1 2 4 51/2 7 

1 .1120 .0792 .0771 .1036 .1073 
2 .2902 .0842 .1299 .0034 .0019 
3 .0029 .0023 .0025 .0018 .0040 
4 .0969 .0209 .0532 .1417 .0230 
5 .0293 .0794 .0845 .1551 .0881 
6 .0 .0 .0 .0 .0 
7 .3217 • 2783 .4256 . .2927 .2250 
8 .1162 .1667 .1991 .2364 .1091 
9 .0350 .0180 .0149 .0598 .0109 

10 .0015 .0019 .0080 .0065 .0041 
11 .0051 .0114 .0025 .0214 .0045 
12 .2702 .2885 .4340 .1958 .5987 
13 .0892 .1849 .0562 .05 3/6 .0511 
14 .0044 .0118 .0058 .0183 .0059 
15 .0 .0 .0 .0 .0 
16 .0073 .0052 .0093 .0046 .0566 

• 
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. 
Tables 13-17. Ratio of carrying capacity = relative niche 

breadth (K/(E/B) for all species of filter-
feeding cladocerans and copepods. 

May 10 

Species Station 1 Station 2 1/2 Station 4 Station 5 1/2 Station 7 

1 1.001 1.007 ·959 1.070 1.003 
2 1.001 .944 .967 1.006 1.023 
3 .000 .000 .000 .000 .000 
4 1.001 .979 .931 1.017 .870 
5 .000 .000 .000 .000 .000 
6 .000 .000 .891 1.006 .881 
7 1.000 .991 .949 .997 .925 
8 .000 .000 .901 .982 .761 
9 .000 .781 ·957 1.032 .738 

10 .000 .000 .000 .000 .000 
11 .000 .000 .000 .000 .000 
12 1.000 1.016 .975 1.011 1.022 
13 1.000 1.009 .953 1.071 1.028 
14 1.001 .998 .966 .997 .970 
15 1.000 .996 1.083 .993 1.002 
16 
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Table 14 

June 2 

Sllecies Station 1 Station 2 1/2 Station 4 Station 5 1/2 Station I 

1 . '.47 .561 ··797 .956 1.200 
2 .807 1.025 1.013 1.406 .783 
3 .000 .000 .000 .000 .916 
4 .421 .568 .707 .837 1.041 
5 .453 .452 .828 .783 1.151 
6 .426 .493 .253 .804 1.218 
7 .671 .965 .962 .849 1.060 
8 .419 .526 .569 .751 .868 
9 .440 .570 • 782 1. 251 • 1.003 

10 .000 .000 .000 .000 .000 
11 .000 .000 .000 .000 .000 
12 .871 .965 .863 .806 1.001 
13 .79/) 1.023 1.017 .970 ·937 
14 .'193 .781 .634 .935 .878 
15 1.144 1.053 1.030 1.067 .950 
16 .000 .000 .000 .000 ;000 



-40-

Table 15 

June 21 

SJ?ecies Station 1 Station 2 1/2 Station 4 Station 5 1/2 Station 7 

1 .906 .911 .944 .722 .706 
2 1.134 1.143 1.067 1.184 1.061 
3 .000 1.155 .970 1.273 .901 
4 .981 .761 .840 .812 .853 
5 .846 .818 .945 .486 .783 
6 .845 .901 .826 .835 .904 
7 ·937 1.002 1.038 1.027 1.021 
8 .000 .000 1.234 .000 .238 
9 .957 .860 .955 .932 .981 

10 .000 .846 .764 .390 .864 
11 .071 .000 .000 .000 .783 
12 1.015 1.039 .918 1.035 1.029 
13 .990 1.090 1.079 .914 1.125 
14 .984 1.020 1.032 .881 .788 
15 1.102 1.145 1.103 1.255 1.198 
16 .000 .000 .000 .000 .000 

\1 
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• 
Table 16 

July 12 

Species Station 1 Station 2 1/2 Station 4 

1 .732 .930 .925 
2 1.150 1.117 1.029 
3 .685 .784 .000 
11 .804 .927 1.035 
5 1.098 .922 .992 
6 .507 .783 .733 
7 .915 .986 1.014 
8 .000 .063 .143 
9 .487 .000 .000 

10 .000 .000 1.162 
11 .096 .063 1.061 
12 .913 1.006 .907 
13 1.353 1.086 .974 
14 .311 .764 .865 
15 .993 .982 1.063 
16 .096 .063 .747 

• 
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• 
Table 17 

August 2 

Species Station 1 Station 2 1/2 Station 4 Station 5 1/2 Station T 

1 .706 .873 .924 1.009 .727 
2 1.124 1.140 1.323 1.18'7 .992 
3 .920 1.439 .802 .948 .571 
4 .643 1.006 .965 1.060 ·700 
5 .511 .705 .564 .757 .562 
6 .000 .000 .000 .000 .000 
7 1.110 1.125 1.080 1.126 1.087 
8 .638 .901 .785 .971 .782 
9 .386 .658 .536 .706 .568 

10 .387 .588 .567 .792 1.040 
11 .573 .655 .471 .713 .389 
12 1.002 1.005 1.043 .927 1.115 
13 1.173 .984 1.228 1.319 1.133 
11; 1.128 1.296 .857 .994 .481, 
15 .000 .000 .000 .000 .000 
16 .376 1.109 .718 .688 .575 

• 



• 

• 
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