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. Fﬂtermg rate, Iength-speclﬁc weight, and I'ec(mdny were used as measures
. of shorty medium and long-term responscs of individual Daplmm catawba to
EX mampulath\ of “the natural food supply and to seasonal fiuetdations in water:

lempcrat\lre Natural lake seston was ipulated to a

reahsug range of food ions-in-in. sity ind six, fqur ur eight.

; day experiments were conducted over'a two month'pm'md to take advantage-of .

seasonal vanabxhty in lake water temperatura Based on pnor lahomtory studies,

2 both mtenng rate and lengf.lrspecu‘m welght were expécted tp respond to changes

in food supply and’ water e and & threshold food ion #as
SR

expected above Whlch weight gain would occur. The results of tini study aretin

'general agreement with predictions fr‘om enrher laborntory stud The general

seston components (ch] a, POC, PON] were not sxgmﬁcnntly correlated with

filtering rate -and )kct “clgl-xt change ih' Daphma cnlnwba Orily the plankton
biomass cor and water

P lained signifi levels

variables

of variation in filtering rate. and net weight change. Filtering rates were weakly,
negatively correlated with “inedible (>30 ym)- piankton biomass and positively
correlated’ with an edible (5-10 pm) plankton biomass component Multiple linear

regression analysls indicated that these varlahleskxp)mncd 14, 20 and 13% of the
variance in fl]temlg rate of ‘small, medium and large nmmnls Tespectively, - Net

i weight change; calculifed as the dll‘l’erenced}e&ween the final and !mh‘nl dry body

| . weights, was found to be significantly, p’ositively ‘cqrrelatcd' with the ‘smallest 4
| plankton component (<2 pm) and significantly negatively. con‘c]a!ed with water

| .‘(empernture, w:th muluple regression models explaining 35 37 and 58% of the

|

variance in net- wexghl chiange for small, medium and large animals rcspccuvely

s Net weight change in large ‘animals was also significantly negatively correlated -

with initial animal weight (r=-.782). Fecundity responses to seston manipulation

|
i, " fanip




’ nnd-wn&:‘: l.e_mpenh;re_ﬂue uation .were mini;ml’; adult females appeared to
allocate excess energy to growth rather than reproduction.
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) 1986a,b). The large body sug and high visibility of- Lhese z00plinkters’ makes
. them particularly susceptible to-predation by fish. (Brooks gnd Dodson 1965) and

“egg ratios in both Daphma catawba and Holopzdmm gibberum’ suggullng that

©  INTRODUCTION
< : 2 . . i
Cladocerans play -a prominent role as. primary consumers .in .many .
freshwater systems and ,dditional insight into their -physiologieal réwm i I
changing environmeni’tl-conditions should further our nna‘iénfmding of - trophic .=

in these eco T i,n{gé!:odied clﬂdocenps are - particularly

imp in because of the l'nnjor' éruin;‘in\i)lct they
by

have on plankton particles due to their high filtering rutes (Knoechel_and 1

ly they play a si role in energy flow between trophic levels, /-

In insular N‘ewfaundland lakes dnd \ ponds, anhru'a calawbn und -
Holopedium gibberum are commonly the dominant large-bodied cladocerans *
(Chengalath et al. 1984). . g :

Previous invsiigaticn {Page 1983) has shown that an approximate 50% dry
body weight loss and near zero egg Tatios during mid-summer in® Daphnia
catawbd were d with mini food availability and maximum water . *

umpeneure in Quidi Vidi Lake. Similnrly, Cooper (1985) observrd'lr;w summer

these nmmals were food limited in the lake dunng summer.

The pru:\n! :mjy is an i igation of the physi ponses of

Fx
Daphnia catawba to the mampulmon of natural seston hnd o suuonll wnter

p it m in sity’ L
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L1, H{ut«irim.l penpective
AN
1.1.1. Trophlc interactions

The study of trophic i ions in plankton ities has

been approgched from & nymber of perspemm during this century. The esfliest

studies of . iti gross anatomy, and feeding
nppendnge morphology cultivated the initial interest in zooplankton fodd sources.
Gellis and Clarke (1935) discussed the controversy & dissolved.orgsnic matter
versus parﬁculnte"brgsnic matter as a source of nlltrilion' for zooplankton,

summarizing .the earlier studies of Kaorrich, Wolff, and Kerb con_ducted at the

turn of the century.. They d d unequi ;‘, that particul orgnnic k

mutter and not d\ssolved organm matter was of primiary importance as a. food

source for cladocernns Hasler (1935,1037) identified digestive enzymes -in thef
cladocernn gut that he mlerpreted as indications that particulate organic maner

was the Tood: source for clad : The blish of tHE * trophic

between phyte and 20 spawned an interest-in the

\ -
study of cla‘dbcernn population. dynamics in terms of the influence of food supply:

" and" temperatife, on ‘growth and reproduction (Ingle et al. 1937, Pratt 1943,
Slobodkin 1954). The inkibitory effects of various algal specles on cladoceran .

growth also received some attention ‘Ryther 1954). . f
‘While the primary role of food supply in zooplankton dynamics was: widely
sccepted, few studies. attempted to quantify ccurately the food available.to be

ingested by zoopllnkton Food supply was typically chnactenzed as "low",

- %high®* or ®in~ excess®, of thn@ required for good growth in_ cladocerans.

Edmondson (1957). recognized the need for
he that i '_ igations of trophic i

of the food supply and
and general physiology

“ " needed to be iugmenteci by detailed feeding rate shudies condncted under
% almpllf fied llbouwry condmons to, allow the direct measurement of food supply

lnd feedmg rates. Ho balleved that the information. provided by such studies

would aid ‘the murpremmn of observations in. natural plankton. species..




“Subsequently, the effects of diet species, food concentration and temperature on

‘3 o)

cladoceran feeding rates, filtering rates, metabolic rates, growth and reproduction
were studied in ever greater detail in the laboratory (Richman 1958, Rigler 1961,
McMahon and Rigler 1963, Hall 1964, McMahon 1965 and 1968, Burns and Rigler
1967, Burns 1968a, Schindler 1968). Further laboratory investigations of
cladoceran filtering rates, respiration rates, growth and reproduction continued to
become incrc}asingly' more sophisticated (Heisey and Porter 1977, Richman and
Dodson 1983, Lampert and Bohrer lb&_l. Korpelainen T286).
X " N ’

Thé "challenge to develop field cchniques for verifying Inboratory

observations was met i)y_Hane_y's (1971) introduction of an in situ grazing

chamber for' the determination of individual .and community (iltering rates in

* natural zooplankton 'pc;p‘nhtions. This resulted in subsequent studies 6f species’

ﬁltering_ ra@:s (Haney 1973f,'diurnnl and seasonal filtering fate 'ﬂuct\mt'!ons’ :

(Haney and Hall 1974, Thompson et al: 1982, Haney 1985, Lampertgand Taylor

10&5) and general ‘models of ‘body:length-based flh.ermg rate- relationships’
4 (Knoechel and Hollby lOSﬁn,b} for clndocernn communities.

1.1.2. Predation #

Simultaneous to the above-noted laboratory studies, field rescarchers-were,

emphasizing the role of predators ‘as a factor responsible for structuring

lank

in terms of lank size and total abund, Size

selective_prédation, both visual and non-visual, was recognized as a force capable
of structuring zooplankton “Communities (Brooks and Dodson 1965), and the
effects of both have been studied in the field (Wells 1970, Hutchinson 1971,
Archibald 1975, an!er et al._m‘ﬂ‘s)A Visual detection - of zopplmgkton by
planktivores” has been studied in the laboratory (Vinyard and O'Brien 1975,
O'Brien et al. 1979).and nnalyscs of fish gut #onlents (Zacet 1071, Costn and
Cuminins 1972, Stenson 1076) have confirmed llle size sclectivily of vertebrate

predatwn on zooplankton in the field.




.

1.1.3. Food limitation &

1.1.3.1. Effects of food avallability on net production

The effects of -food limitation *un the structure of natural zooplankton
communities have been less frequently studied (i{\rb{ékov& Esslovd 1963,
Weglenska 1071): This may "indicate that food hmltatx})n is. less unporeant in

structure or, alternately, it may reﬂect Qhe

greater difficulty of monitoring the effects of food limitation under natural

conditions. Arnold“iiéﬂl and Porter (1075) demonstrated in the laboratory and |

_field that food quality, in terms of nutritional adeq\mcy, is important to

cladoceran physiological condition; Dumont et al. (1975) reported the utility of
the length:weight regresslon relg‘mnshlp as a monitor of cladoceran physlologlcul
condition. . P

 In ‘the laboratoryy food _‘concenm}tion and- water temperature have been

shown to “sffect cladoceran metabolic rates and net.production. Lampert

111‘!175,'3,c,|‘i) d respiration and assimilation rates of Daphnia pulcz“l’ed“

monospecific algal diets over a ramge ;of food concentrations and water
teaperatures in order to elucidate the effects of food supply and temperature on
He found that both specific

1ad Staboli 1

and net

assimilation relative to body 'size nnd the percentage of assimilated caxbon lost by
and d

Tate i d faster than'respifation rate with

respiration increased as functi of i ing water

animal body size.

increasing temperature up to 20°C above which La{n‘p’en observed declining

rates as:r
threshold food trationsa for basic: bholi i by offéring

Daphma pulez a.range of food cofcentnnons over a range of experimental
es. The threshold ion, defined as that level below which

wmght loss was observed, vaned considerably with diet species and was found to
be positively correlated wnth animal size. This lead Lampert to conclude that net
production under 6ondi¢iqns of low food concentration and high water

* temperature may be negative for large animals and positive for small animals.

- AN

d to increase. Lampert also determined -




In the ficldy food cong fon and water temp have recently been B
shown to influence cladoceran physiological condition. Page (1983)" presented
evidence of food limitation in a natural population of Daphnia catauda in which R

fluctuations in cladoceran length-specific weight were found to be siguificantly

N * negatively correlated with water and p

ly with the
-] . »edible component™of the natural phy ‘assemblage. A mid
N

weight loss of nearly 50% in all individuals was attributed to congjtions of low

food availabiley combined wih-i d wwater e. Weight los™ was
proportionately greater in largt Daphnia catawba coincident with increased water
temperatue and a decline in edible phytoplankton to a level well below
Lempert's (1977d) lab-estimated threshold

\ 3

\ Yy ¥
- . ° Tessier and Goulden (198}@nonitored body lipi levels in natural, Daphnia
populations and attributed temppral Tfluctuations in-body lipid content to the

seasonal variability in the natural food supply. Body. lipid Tovels declined in both i

“Daphiia catawba and Daphnia puler over a one month period ifi response to i
declitiing food abundance. Tessier (1986) also fonitored body lipid -content ‘and A
fecundity as’physiological responses of Daphnia calawba to food availability in~ - |
lake enclosures. Animals raised in contfol enclosures on a natural lake séston diet d

were compared to animals raised in experimental enclosures on a ‘diet

supplemented with' an edible algal species (Ankistrodesmus falcatus).
Significantly increased lipid levels were observed in the food-suppleriented
. animals as compared: to the control animals, indicating that both control animals

and lake animals were food limited. Increased fecundity-in the food supplemc.:nted

animals was observed in four of the six, six-day experiments.

1.1.3.2. Effects of food availability on feeding rate, :
2 The effects of food quantity and water temperatute on cladoceran feeding
rates have also been intensively studied in the Inboratory. Negativa relationships
between filtering rate and both total food concentration and inedible particlla

-cancentration have been observed.




The leeding rate of a ﬁller‘leefli;g animal is a measure of the mass of food
eaten per unit time, while the filtering rate or' clearing rate is a .mea.sw-e of the
volume of water cleared of pnrt'icuhte :mmr per unit Lﬂ;L Laboratory studies
_typically report an *incipient, limiting level* (ILL) as the food -concentration
above which the feeding rate is constant and the filtering rate declines. Riglér
(1961) and McMahon (1985) studied the effect of food coneentration on the
feeding rate of Daphnia magna and they both reported increased feeding rate
with increasing food supply up to an ILL _ul 10° cells mI™\. Above the ILL further

increases in food concentration did not increase the feeding rate, suggesting that

¥ filtering activity decreased. McMahon (1065) also reported increased Teeding rate
[ *,  withincreased water temperature in Daphnia magna up to 24°C beyond which
feeding rate declined. 3 ; N . 33 ¢ g
o+ \ AN o 5
R - The effect of food quality, in terms of the ingestibilit‘y of food particles by

cladocerans, has ‘also been studied in the laboratory and in _the field. The rate of

rejection of food from the food groove increases when larger, difficult to mg&t
particles are abundant, resulhngan overall reduced ingestion due to loss of
filtering time (Edmondson 1957). Webster and Peters (1078) have shown that
rejection rate increases as the concentration of filamentous algae imtreases and

Chow-Fraser and Sprules (1086) reported depressed Daphma ﬁl'.enng rates in the

presence of Anabaeria filaments.

1.2. Present -study

The present study was designed to"investigate further. the short, medium
and long-term- responses’ of. Daphnia catawba, monitored as individual filtering
rate, length- npeemc weight and fecundn.y. Lo nl!nnl sestOn” mampnlauan and

seasonal water tnmperllurq l’luctuxuon
N

, Nnmul laké seston was manipulated in order to obtain a realistic 'rm;ge of .«

natural food supply ions in in situ encl

r Seston ‘was either diluted
4 \

o or in 1 y euboys ﬁued w:th 1 pm mesh-
covered openings that-allowed the trmsfer of water and solutes between the lake. . -




a/:_!d the enclosures while retaining ‘most of the seston within the enclosures.

Experiments were conducted over a two month period to take advantage of the
temporal variability in lake water tempera‘t\lre‘ 'Experimentnl durations of four
and eight days were chosen based on the results of Tessier's (1981) study in whlch
changes in fecundity were not always observed despite slgmhcnnt increases m

b

lipid in Daphnia catewba i

days. Multiple linear regression an§lysis was usgd to “examine the bhysiologi‘vnl

responses of Daphnia catawba to the variability 'in food supply and water
¢ v

temperature.

Although Iabomtory sonditions do mot__directly" parallel conditions

cncountered in the field, laboratory 'studies.may be used w predict field results.

p to the physiology of
Daphnia catawba to be evaluated in the present study included the following:

Predictions relmng food limitation and watér

1)- Filtering ‘rate should increase with ificreasing water temperature.

Filtering rate should decrease with mcrensmg totat, food supply and mcrnumg
)

2) Cladocexsn length-specific body weight should increase with increasing

inedible food snpply

\ -

food supply and with decréasing water temperature.
] A

3) Relative we,gm gain should increase with decreasing body smi and

d in food: lemented, fake encl forsix

4) Fecundity should }lcrease with'increasing food suppl‘ and with

decreasing water temperature. ! . i .

¢




... METHODS

2.1, St.(uiy -iw B % N

Field expenmenu were conducted in two smxll Ign, Piccos Pond South

and Quidi Vidi Lake (Pig. 2 1), wlnch differ mnrkedly in drainage area and land

use. Piccos Pond South (4{"36 30'N 52°51'15*W).is a small lake located 11 km

wal of St. John's, Newfoundland. Total surface’ ueg ofthe ‘lake is- 27.7 ha,

_ maximuin depth is 9 m and the drainage aren is 2.3 km? There is a single ‘inﬂow

from Western Round ‘Pond into Piccos Pond South “trom the_ southeast and a

i nngle outflow ampneu to the north. Land to the north and east oI the lake is

residential with the remainder being pnmmly forested area. R;ecremonnl‘m of
“the l-.keumlnuml . CE ‘K

. Quidi Vidi Lake (47°35'00" N, 52°41'15"W) is a larger lake located within
the St. John's city limits. The total lake surface area is 42.9 ha, the mnimnm“
" depth is 13.5 m and the drainage area is 49.6 km? The primary inlet is Rennie’s
Mill River which-drains a large, heavily populated watershed within which much
of the light industry of St. John's is located. The fiver flows into the lake from
lhe southwest apd ‘the lake empties into Quidi Vidi Gut to the noréheui There is
nlso inflow from Virginia Lake Va Virgmu River to the north. Land surrounding

lhe lake is primarily residential and the lake is heavily used_for rowmg, suhng :

nnd fjlﬂng, power bomng is rastncted

>
0}
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e Figure 2-1: * Piccos Pond South (PI) and Quidi Vidi Lake (QU), ‘two oy
: N ~ small lakes located on the northeast tip of Ngwloundl-nd s i ¢
3 - Avalon Peninsula,
" . . . = ol
N N 2
- N \\’ 2 -
: ¢ o g
i X =




NV300
OLLNVILY

VINSNIN3d
NOTVAY

—~ Ava
7 . NoILd3ONOO

. >

NV300
OILNVILY




: |
2.2. Field procedures \

The physiological response of “Paphnia catawba to in situ manipulation of.

the natural particulate l‘oda‘sllgglg“and seasonah water temperature fluctuations.

|

‘was monitored as (:hanges in filtering rate, iengthAspeciric weight and h:cﬂn:lity.

2.2.1. Enclosure prepnntlon

The enclosures used in this study were 9 1 polycarbonate curboys In cnch
carboy, fouk openings measuring 15 cm by 8 cm were fitted with 1 ym nylon- mcsh
(Nitex) to allow the passage of walex and solutes between the'lake and the

I 2 .

¢ of most seston.

whl]e p ing the

\Ten enclosurcs were prepared \fo; each initial cxperil;\
seston was mamp\llazed by either dlhitmg (0.25x,0.50x) the umllcnl, lake sestcn
" Svith nltered (Whntmnn #1 quallltxuvex filter paper) lukewnter or by
_concentrating the lake (200x400x) “seston ‘by/ slowly syphoning addnmml
lakewater into the respective carboyshn order to establish a- realistic range of
seston concentrations within the cncldsures An unmanipulated (1.00x) seston

concentration was also established. No attempt was made to replicate the faod

levels in the enclosures between experiments. The goal was to introduce

vatiability into the seston parameter; the establishment of specific food levels was
not critical. Each enclosure was placed in a polyethylene bag and a plastic pxiil

before filling. The bag surrounding the enclosure was then filled with lakewater s0

that -the water pressure inside the enyclosure was counteracted by -the water ~

pressure inside the bag thus reducing“the risk of- dislodging the meshes Er of
forcing very, small food pamcles th{ough the mesh. The lakewater used to fill the
en{:losures was first’| “poured through a screen to remove the larger zooplunklon

To <oncenirate the seston within the 2.00x and 4.00x enclosures, screened

lakewater (18-1 and 36 1 fespectively) was slowly syphoned. from containers -

positioned above the enclosures (Fig. 2-2). Excess| water escaped through the
"mes!xeg. which retained most of the seston. The 1.00x enclosure was filled directly
with 9 1 of screened lakewater. The dilution enclosures were filled 'dirt;uly with

t. Natural lake’

]




. N - - »
Figure 2-2: Syphon apparatus used to concentrate fake seston within
the2.00x and 4.00x seston manipulation enclosures. -
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2.25 | of scriened lakewater plus 8.75 | of filtered lakewater (0.25x) or 4.50 1 of .

screened lakewater plus 4.50 | of filtered lakewater (0.50x). When all enclolsures
were filled they were capped and then suspended just below the lake surface in a
sheltered location of the lake (Figs. 2-3 and 2-4). Zooplankton was collected by
vertical hauls made from appfoximately 1 m above the sediment in the deepest
part of the lake using a 25 cm diameter zooplankton net fitted with 100 sm mesh.

A roughly equivalent number of animals (within an experiment) was then added

to each suspended enclosure using a wide bore pipette to minimize handling ~

"damage. Animal ions at the termination of the experiments varied

between approximately 390 I'', a density range consistent with that naturally

océurring in the lake during sumier. A sub-ssmple of the zooplankton' was

retainzd on_ 100 4m mesh dnd frozen upon returning to the hborato& for

subsequent initial length and weight determmahons

’l‘he cladoceran lipid index xnd fecundity o.bsenmtions of Tessier IBSIT
suggested that responses to changes i in food supply should be detectable within
four to n|ght days. Consequently, one set of five enclosures was incubated in the
lake for four days while the second set was incubated for elght days. Chlorophyll
ﬂuoresence of the enclosure water was measured daily using a Turner Designs
Model 10 fluorometer. Daily samples of the enclosure water were taken for
particulate organic carbon (POC) and particulate organic nitrogen (l"ON)
detexmination and for the prepnr‘alion of permanent 'plankton slides in the

lnbofatory Plankton samples were’ preserved with Lugols acid ug\me The

component of the total food supply d by , was
comprised mamly of bacteri kton and phy k Because the majority
of the biomass Was i by the phytoplank this of food

supply will be referred to as *plankton®. Seston refers to the total organic

content of the enciosurcs and is more accurately represented by particulate

organic carbon and particulate organic lgiqug";m levels.

it
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! Piéun 2-3: Floating ring lrol:n which the seston manipulation enclosures "G
were suspended below the lake uux:_f:fe. -, - %
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Figure 2-4: Quidi Vidi Lake (QU) and Piccos Pond South (PI)
indicating the location of the sestdn manipulation enclosures -
during incubation (@): Note that scales differ.

IR




200m

)




2.2.2. Grasing experiments

Filtering rates of individual animals were determined at the ten;linnlion of
each four or eight day i using the radi ique of Holtby and
Knoechel (1081). Three milliliters (approx. 9*10% ceHs) of '4C labelled

Scenedesmus quadricauda were added to each enclosure and the animals were
allowed to feed for 10 minutes, a period short enough to preclude defeention of
labelled cells. Gut clearance time has been shown to be a negative function of
both water temperature (Bjernsen et al. 1988) and food concentration_(Geller
1075). Haney (1071) reported a gut clearance time of greater {han 15 minutes for

Daphnia feeding at 17°C and Geller (1975) reported 17 Tinutes as the Wme

fequired to fill the daphnid gut at a water temperature of 15°C and ¥”Tbod
concentration of 0.9 mg C I'! (approximately 9°10% mg wet weight m®; which is
well above the highest total plankton concentration encountered in the present
study). After 10 minutes a 2 ml sample* of the radioactive *food water® was
collected_for the determination of -available radionctive food ievels and the

. woplanklon was then strained onto sqﬂncs of 100 um nylon mesh. Animals were’

lmmedmcly heat kiHed by immersion in sclldmg water which also served to
remove any rddioactive cells that may have adhered to the carapace. The meshes
were placed in individually labelled plastic bags and stored in a freezer upon
retura to the laboratory. Animals were heat killed and frozen to avoid the loss of
radioactive label observed with- chemical preservation (Holtby and Knoechel
1981).

. After the ion of a four-day ‘at one site, the enclosures

" wefe cleaned (and repaired if necessary) and then deployed-at the othef
=

experimental site for a si

ilar four day period. In total, six experiments were
conducted at the two sites in 1085, One four day and ohe eight day experiment
was begun ab Piccos Pond South on July 18 (water temperature :9.8°C). Upon

completion of -the four day -experiment at Piccos- Pond South 4 four day.

experiment was begun at Quidi Vidi Lake on July 25 (water temperature 17.9°C).
In August, a similar series of i was d d i _with
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si‘multaneous four and eight day experiments in Quidi Vidi Lake on August 26 .

o (water temperature 16, 0°C). The final four day experiment was begun on Augus',
\ 31 At Piccos Pond South (water temperature 14 8°C). & r
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2.3. L;bornmw bprocedura )

?.3.1. Seston . [

The ‘potential food value of the seston was characterized by determining
chlorophyll g, -parliculamanic carbon, particulate organic nitrogen; and

plankton biomass levels in the enclosures.

2.3.1.1. Fl ic deter fon of ch Na ~

Fl i of chlorophyll a in *fresh® water samples were
obtained daily for each enclosure using a Turner Deslgns Model 10

fl . C hyll @’ was ‘cal d from a regression”equation relating

fluorometry readings to chlorophyll a ‘ concentrations micdsured by _ acetone

extraction, using phn_eoph)un- T d spect i i as outlined
by Strickland and Parsons (1968). -

2.3.1.2. POC and PON , B

> .
A 50 ml aliquot of the unpreserved water sample from ecachi enclosure was

filtered onto a precombusted (1 h at 450°C) Whatman GF/A glass microfibre
filter (2.54 cm ‘diameter, 1.8 #m pore size). The particulate organic carbon (FO’C)
and particulate organic nitrogen (PON) content of initial ‘and final day seston

samples were measuréd using a Perkin-Elmer Model 240 Elemental

Analyzer calibrated with acetanilide standards. : .

2.3.1.3. Plankton biomass

Permanent slides of the pres?rved plankmn, made using plexiglass -settling

. columns (Knoechel and Kalff 1976), were scanned at 480x using phase contrast

microscopy. The’ cells- were enumerated and sized usmg an ocular micrometer.
Plankton biomass (mg “wet Weight m’ ﬁ was calculated -using formulac for simple
geometric solids, assuming a sperific gravity of 1.00. These data were
accumulated into size categories for cells with maximum dimensions of <2 um,
2-5 pm, 5-10"um, 10-30 ym and >30 pm. The biomass of colonial forms was

Iculated from the di of the individual cells and thcn plnccd in the

. appropnate size category based on colony dnmenslons




2.!.2. Zooplankton |

Body I:ngtlu number o! eggs or embryos present in the brood pouch, dry
weights and _filtcrmg rates were determined ¢ dividual Daphnia catawba from
_each ! to allow the ison of ;:kram, lengt?-speciﬁc weight

and dity between

72.3.2.1. Length and weight determination

The concentration of animals observed in each 9 I enclosure Y the
urmintion of each experifient ranged from approximately 3-90 r;a density
range go,sjsunt with that occurring in the ls.ku d’nrin; summer (Page 1983,

* unpub. data). 3

From each eﬁc]mur'e 48 dﬂphnl'a catdwba were selected (exe;apt when !ewér e

were present) Ior length and dry weight deturmmnmn Body length was
measured at asox using a Wlld MsA pe and an ocular mi to
the nearest eyepiece m!emm and was defined as the distance from the anterior
margin of the head-to the base of the tail spine. Unit lengths were converted to
" millimeters (1 unit=0.038 mm) and'rounded to the nurét 0.01 mm. The

number of eggs or embryos present in the brood pouch was recorded for each
animal. Animals were &;d |n¢udna.lly on smnll pieces of alumimum Toil at 50°G
for at lesst 24 h and weighed f the nearest 0.1 ug using a Cahn Model 21
digital. microel {ctrobulnnce Animals “were first weighed on the foils, “then
separated from’ the foils which were reweighed. Animal weight was calculated as
the differgnce between the weight of the foil plus the animal and the weight of
the foil ald
followed by two tares) in order to minimize the infl: of el i bslnnce

drift on the accuracy of the ary ‘weight measurements. Animals were placed
individually in labelled _polyethylene scintillation ¥ials for subsequent

.determinytion of radioactive food content.
.

. Weights and tares were d:termmed for paired samples (two wenghts

2




¢
2.3.2.2. Filtering rate determination

d from the radioactivity of the ln}\w’llod
Scenedesmus quadricauda accumulated by each animal during the 10 minute

Filtering rates were

feeding experiments. lndiv{idnal Daphnia catawba hon\ each enclosure were *

digested ight at 25°C in polyethy intillation vials with 0. 5, ml of tissue
solubilizer - (Protosol, NEN) and were suhsequently counted I’olluv«mg the
addition of 5 ml of sintillation. solution (Econofiuor-2, NEN). Polyethylene

ill vials ining 2 ml radi *food water® sumplns‘wnre left

standing overnight following the addition of 0.1 ml of 0.5 N HCI to ridthe
samples of any unincorporated dlssolved inorganic '¥C. Samples were then
counted follo\vmg the addition of 10 ml of scintillation cocktail (Aqunssure
LSC, NEI\;). . «

Radioéctiyity was_determined 1 I{quid scintillation”counting (Beckman
Model LS+3160 T qumd Scintillation Counter). Triplicatg 10 mmule counts '
were obtained for. each of the ammul and *food water® s:u-nples Snmple countlng
efficiency was momtored by the " external standard channel rntw technique
calibrated by mtemal standardizatipn with: H(I-tcrlue‘m: Bnckgmund levels -of ~
radioactivity were determined by pri:mng and counting five samplés com.nmmg
non-radioactive animals. Individual daily ﬁlteri‘ng rates were calculated in the .-

following manner:

Ammal(dpm] Backgr}u{ld(dpm) N40(mins/d)‘
Food(dpm [ml)—. Backgroun&(dpm/ml) 10(mins)

s FR(ml/d) =
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2.4. Statistical analysis

Data were analyzed ‘using least squares regression and multiple linear
regression routines avai!aﬁl&bh‘r&uih the SPSSX statistical package (SPSS Inc.
1983). imply d at M ial University Computing Services on a VAX 8800
computer operating under VMS. '

2.4.1. Regression analysis

Relationships between filtering rate, weight and length were examined by
multiple linear regression following log,y transformation to reduce the dependence
of &he sample variance on the mean and to nor‘ma]ize the distribution of the data.

Traditionally, hltenng\ete has been expressed s a {unchon of .cladoceran -
body length (Burns and Rigler. 1967, Burns 1968b, Haney 1973, Chow-Fraser and”
“Knoechel 1985, Knoechel and Holtby. 1986a,b). However in this study multiple
linear regression analysis indicat?d that dry weight»wns the better predic'br of.

filtering rate (r?=.261 for weight vs.T?=159 for length). Length in turn] was
g

the best predictor of cladoceran bod)) v\elght

lndxvndua.l cladoceran filtering rates, dfy welghts and body lengths were

used to construct hltenng raté:weight and\ i gl

for each enclosure of the form: : -
log Y=a'+ b'log X
Eq. 1
where (X) is the |ndependent vanable (weight or length), (Y) is the dependent
variable (hltermg rate or welght) (b).is_the regression’ coefficient and (d) is the
intercept. Thxs Telationship may ‘also be expxessed 482'power function: :
Y=ax

Eq. 2
where (a) is the antflqg of (d): oo ’ !

Ricker (1973) argued that ric mean, or *functional®, Tegressi are?

better representations of the underlying relationships than are ®predictive® (least

o &
7




équare) regressions because the least, square regression coefficients (slopes) are
strongly affected by the strength of the correlation (r). Jensen (1988) concurred
that the functional regression is a better representation of the underlying
relationship between two variables but he suggests that the tunéﬁonal relationship
should not be used for predictive purposes. Following these recommendations,
functional regressi were ployed th hout this study’ to compare

relationships between enclosures. The slope of the functional regression was

calculated as the least squares regression slope divided by the correlation
coefficient (Ricker 1973). The intercept was calculated by solving the esulung
,equation for the means of X and Y.

The regrc;slon mtcrccpks (a) and exponents (b) can be used to q\mnt ly the
" differenices between the filtering ight and weight:length re] hi

calq}llaled for each experimental enclosure. A shift in the inlercepl’ alone indigate‘s
a filtering rate or weight change of equal proportion in animals of all'sizes while &
change in the exponent indicates proportionately different degrees oNlll.enng rate
‘or weight change in different-sized animals. The heterogeneity. in the exponents &
ofghe length-specific wei%-nnd weight-specific filtering rate relationships (cf.
APPENDIX A) suggested body-size-related weight and filtering rate responses.
Weights and filtering rates were therefore .calculated from each regression
relationship for three animal body sizes representative of the range of animal
lengths observed in the lake: small (0.75 mm), medium {1.00 mm) and large (1.50
. mm). These estil ‘were sub ly used as d dent variables in” multiple

linear regressmn analyses to mvesng:ne the ml’l\lence of environmental factars on
the physiological condition of Daphma zntnwba




RESULTS

. ‘ N ' i

The effects of manipulating the natural food supply on the growth and
physiological condition of Daphnia catawba were monitored in terms of individual
filtering rate, length-specific weight and fecundity.

3.1. Manipulation and ch ization of the 1 food

supply i 2 E . #

: Chlorophyll a," particulate’ organic, carbon (POC), particulat}e(\d
T 5 '
nitrogen  (PON) .and - plankton biomass levels ‘were™monitored in “order to

_ characterize the potential food val\l? of the natural pnrti(ﬂx{e food supply in the

1 and to d ine the effecti (of the seston manipulations.

Enclosure manipulations were prepared as previously described to

* theoretically encompass a 16-foldrange from 0.25 to 4.00 times the ambient lake
+ seston for each imént. | ion "of chlorophyll a, PQC, PON and total

plankton biomass levels permits evaluation of tﬂe general success of establishing a

. range of food concentrations within the expen;nental enclosures. For each

d to relate the initial chlorophyll

p ratios were it
I a, POC PDN and totnl plankton blomm levels in the 0.25x enclosure to the
correspondingdevels in the 4.00x encl "The ratios caleulated for chlorophyll

/" a ranged from 3.59 to 9.79, with a mean ratio of 8.90 across the six experiments. _-

R Sy -
* Th in ratio blished was in the er of the four day experiment
beg\ln at Piccos Pond' South on July 18 (Fig. 3-1) POC_manipulation ratios
rlnged from 147 to 4.57 with 2. mean 3.14-fold rangé’ in POC:. levels -within

; ,,- . 5 enclosures across-all experiments. The expected range of food concentrations was *

» best mnhtuned dunng the four day expenment begun in Quidi Vidi Lake on' July-

>




Figyre 3-1: Range of

i enclosures i

rophyll @ i
?Piccos Pond South, 18 July 19!

85.

in +dn)"
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'25 as indicated by the chlorophyll a.and POC levels in the eiclosures, A g‘enaul

increue‘in food levels was noted within each enclosure over the duration of the .

experiment; the order of encl food ions was theref intained
(Fi'p. 3-2 and 3-3). Manipulations of \wtll plankton ,Piomus (microseqpy
estimates) and PON levels achieved narrower concentration ratios. Total -
plaikton biomass ranged from 2.68 to'5.87 (mean 4.83) and PON from 1.98 to,
4.83 (mean 2.92). More detailed data are provided in APPENDIX B. ‘

Strong cortelations betweep final chlorophyll a, POC, and PON suggested

that these variables were mani among i (Table

3-1). Correlations between these general seston estimates and subcomponents of

the plankton biomass ‘d ined by microscopy were considerably weaker. Some

of the increased variation is " due to counting error. For example,. -
slightly weaker correlations with the intermediate, plankéon biomass components
(10-30 wm and 5-10 4m)_might result from increaséd counting error as the
categories became narrower and hence the number of particles counted declined. ~
The very weak correlations between general seston variables-and the smallest (2-6
um and <2 um) plankton components should not result from counting error,
however, because these categories have the largest number of particles, The >30
um category, which consisted lirgely of gelatinous green algae, also had
reasonably high item counts. Overall, the smallest and largest plankton particle
categories did not seem to be manipulated predictably in the enclosures. However,
the fanipulations did establish a wide range of variation in the concentrations of
theso categories (APPENDIX B) to Which the animals could subsequently respond
_Aseebelow). . s . . . : Sy

3.2. Filtering rates

 .Based ‘on the' ljterature -from .field ‘and laboratory investigations of ,
cladoceran. filtering rates (Burns and Rigler 1067, Haney 1085, Paffenhisfer and
Qrcntt 19886), it _was'.‘expec_ted that Ii}terix{g rates should have responded ﬁmilive}y

* to changes in water temperature and negatively o changes in total food

within the encl : §

= ( Py )

»

<




Figure 3-2: Dally chlorophyll a coficentrations in the 4-day enclosnres
in Quldl Vidi Lake, 25-28 July 1985.
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Figure 3-3: Initial and final day particulate organic carbon fFOC)
Tations in the 4-day-enclosures in Quidi Vidi Lake,
25-20 July 1985. '
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. - 1 v

Final day food levels, were expected to be of greater impoftance in
predicting Daphnia catawba filtering rate variability than initial day levels
because cladocerans have been noted to be capable of altering their filtering rates
rapidly in response to changing food conditions (McMahon and Rigler 1963).- This
expectation was confirmed by the regression analyses which always indicated
stronger relationships with final day concentiations.

v. ' ¢ '

Multiple linear regression analysis was used to investigate the relationships
of small, medium and large animal filtering rates with the independent variables:
water temperature; number of animals per enclosure, and hnul day logw
transformed chlorophyll a, POC, PON and plankton biomass compononls Tnitial -
and final concentrations of the general'seston variables (clll a, POC, PON), which

were ip most

in the 1 (sce .above), were not

significantly correlated wnth animal filtering rates. Only the plnnkton biomass

3 variables lained sigpificant levels of variation in filtering rates.

Tnitial analysis revealed.that the filtering rates of small and medium individuals
were weakly, positively correlated with the plankton biomass component
represéuting cells of 5-10 ym maximum dimension (Figs. 3-4, 3-5) while the
fi‘ltering rates of large individuals were weakly positively correlated with water
temperature (Fig. 3-8). Inspection of the filtering rate plots revealed two
probable outliers in all three relationships. Animals in these two enclosures (one in

Piccos Pond South and one in Quidi Vidi Lake) had extremely low filtering rates

which could not, however, be attributed to any procedural or analytical error.

Removal of thdse outliers permitted additional significant variables' to enter the
multiple regression analyses (Table 3-2). The largest plankton particle category
(spheres >30 ym) had a negauve influence on the hltenng rate of all animals (e.g.
Figs. 3-7 and 3-8) while the second largest plankton particle category (10-30 um)
had a negal‘we m(luence on the filtering rate of medium and large sized zyxls
{Table 3-2). The 5-10 ym plankton binmass component still had a positive effect
< on the filtering rate of all animals (Figs; 3-4, 3-5 and 3-9) , whiie the response to
water temperature varied with animal size as did the order of importance of the

plankton biomass variables.

/

£

7
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function of log 5-10 um plankton biomass (r=.344, p=.068).
Possible outliers indicated as (o).
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Flguu 8-5: Daily filtering rates of medium sized Daphnia catawba as a 7,
k function of log 5-10 sm plankton biomass (r=.377, p= 044).
N o B Possible outliers'indicated as (®).
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Figure 3-6: Daily filtering rates of large sized Daphm'a‘ catawba as a

function .of water temperature (r=.371, p=.047). Possible
outliers indicated as (®).(*) indicates four.overlapping points.

’
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Table 3-2: Stepwise multiple regression models of daily filterirg rate as a flmctlon of pla.nkton biomass and water
) temperature for small, medium and large Daphnia catawba.’

(b),
variance (r?),stepwise increase in explained variance (Ar?), F statistic and significance level (p).
Variables listed in order lof entry into regression equation. Variable names explained in the text.

Variable b [ ar . F P
Small Animals .
LogSph. >30um . 0137 0.141 © 041 4105 0.0536
Log'5-10um 0218 0.269° 0.128" - 4411 0.0234
Temp -0.049 0.454 ' l).185 , 6.369 B 0.0027
Constant \ 0741, " '
Medium Animals -
LogSph. >30um -0.114 0.195 0.195 6.060 0.0211
Log 5-10pm 0203 . N 0.381 0.186 7371 B 0.0032
Log 10-30um -0.057 - 0.457 " . 0.076 ‘ 6.442 0.0025
Constant . 0431 - ' . 2
. = . Large Animals " *_
Log 5-10im 0.101 ' 0.131 0131° T 38 0.0633
LogSph. >30um -0.093 | 0.249 \ 0.118 3.088 0.0320
Log 10-30pm -0.097 0.342 0.093 3.080

Temp =~ , - . 0030 0.437 0095 . 4276
Constant . 0.513 ’ I

k44




Figure 3-7: Daily filtering rates of small sized Daphnia calawba os a
function of log spherical cell colonies >30 ym plankton
biomass.
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Figure 3-8: Daily filterin rates of medium sized Daphnia calawba as o’ .
function of log spherical cell colonies >30 um plankton
a biomass. » i -
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Flgu.re 3-9: Daily ﬁll.er‘ing‘ rates of large sized Daphnia catawba as a

. lunction of log 5-10 ym plankton biomass.
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3.3. Length-specific weight

The weights calculated for small, medium and large animals represented the
dry weights of animals at the end of each experiment. Initial dry we’iéhts were
calculated from length-specific weight relationships constructed for the lake
animals collected at the beginning of each experiment (APPENDIX A).
weight change was then calculated for small, medium and large animals as the

difference between the final and initial dry weights.

Based on results from the liter: ure regarding cladoceran feeding rates,
growth rates and physiology (Rigler 1981, McMahon 1905 Burns and Rigler 1967,
anpcrt 1977, Tessier and Goulden 1982, Page 1083), it was expcdcd tlmt net
wcu,m chang? in Daphnia catawba. should have responded to both nntuml food

supply manipulation and water temperature within the enclosures.

It was expected that initial day food levels might better predict weight

change than final day food levels because a time lag might exist between
fluctuations in food supply and sub’sc.queut weight responses, However, stepwise
multiple linear regression ‘;ﬁsﬂysis of small, medium and large net weigﬁt change
with the independent vqiables: water. temperature, number of animals per
enclosure, initial and final day log,, transf d POC, PON, chiorophyll a, and

plankton biomass components indicated that final day plankton biomass and
initial day water temperature were the factors best correlated with net weight
change in’ Daphnia catowba (Table 3-3). Simple correlations with the general
seston variables (chl a, POC, POl\_I) were all non-significant. The net weight

change of all animals responded positively to the smallest plankton biomass *
| %

component while medium and large animal - weight change also responded”

negatively to water temperature. Small and mediim sized animals' responded

most strongly to increases in the smallest plankton biomass component (Figs. 3-10

and 3-11) while large animal net weight change was most strongly influenced by .

water temperature (Fig. 3-12). Initial day water temperature was a better

indicator of weight change than final day water temperature even though water

temperature over the duration of each experiment was fairly uniform.
!

AR



lel}S:S:

Stepwise-multiple regression models of net weight change as a function of Log <2 ym edible plankton
and water temperature for small, medium and large Daphnia catawba - and as a function of initial
weight for large Daphnia calawba. Regression coefficients (b), explained variance (r?), stepwise increase
ariables listed in order of entry into

in explmned variance (Ar

F statistic and significance level (p)

regression equation. Variable nam?explamed in the text.

“Variable b 3 ar® F
¢ . : ‘ P
. T Smajnimals ’
Log <2pm 0.769 0.353 0.353 14712 0.0007
Constant -0.769 S
- . N Medium Animals
Log <2pm 1315 0.334 - 0334 13.519 0.0010
Temp -0.134 0.526 ) 0.192 14.425 0.0001
Constant 1.017 .
g Large Animals
Temp -0.634 0.580 . © 0.580 37.355 <0.0001
% Log <2ym 1.604 0.646 0.066 23.719
d Constant 9.407 s
Large Animals
Initial Wt. -0.752 .0.611 0.611 47.478 <0.0001
Constant 6.261 :

0s




Figure 3-10: Net weight change in small sized Daphnia calawba as a )
. function of log <2 ym plankton biomass.
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Figure 3-11: Net weight change in medium sized Daphnia catawba as a
function of log <2 ym plankton biomass.
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Figure 3-12:

.

Net weight change in large sized Daphnia catawba as
unction of water temperature.(*) indicates six overlapping

data points.
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It was also expected that the initial weight of ‘thie animals could influence ]
the direction and magnitude of the body weight response. It seemed likely that :
upper and lower weight boundaries existed for a given sized animal afd thus the
weight of an animal at the beginning of an experiment relative to these fimits
wopg limit the magnitude of net weight change in at least one direction.. The
Mluence of initial dry weight on small, medium &nd large animals was therefore
examined, in the presence of all other independent variables, in a multiple lincar
regression analysis. The results indicated that the variability in net weight (‘I:nngc

in large Daphnia catawba could be explained as wéll by the initial weight of the
animals as by the water temperature and fopd supply (sce above). A significant  *

negative relationship between net weiglit change and initial avei

Table 3-3) suggested that initially *very heavy® animals tended to lose wei

and initially *light* animals tended to gain. weight over the course of an

experiment. A high ‘positive correlation between large initial body weight and

water (r= .953) p the ertry of initial weight into the -
original large net weight change regression equation once temperature had been
entered. ]
. :

3.4. Fecundity :

Fecundity, measured as the number of eggs and émbryos present in the
brood pouch of individual Daphnia catawba and as percent ovigerous females and -
eggs per 100 adult females, was low throughout the-study period from July 18 to
September, 4, 1985 (APPENDIX. C). This was consistent with previous summer -
fecundity observations in the two study lakes (Page 1983, unpub. data). The
percentage of adult females carrying eggs and the mean.number of eggs per adult #
female are typically higher in early summer and in fall in Avalon lakes (Page
1983, Cooper 1985, Davis pers. comm.). Ninety-five percent binomidl confidence
limits indicated that changes in the percentage of ovigerous females and chinges
in the number of eggs per hundred adult females were generally insignificant over
the duration of the experiments; further analysis of the fecundity daia was
therefore .not warranted. N




Figure 3-13: Net weight change in large sized Daphnia catawba as a
: function of initial body weight.(*) indicates six overlapping
data points.
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DISCUSSION

—_

Field i igations of the physiological resp of primary to

fluctuating environmental factors are an important step toward the understanding
of the dynamics of these organisms and trophic interactions in natural freshwater
ecosystems. The present study addressed the effects of seston manipulation and
water temperature fluctuation on the filtering rate, length-specific weight and

fecundity of Daphnia catawba maintained in in situ enclosures.

. .
The ingestion and assimilation of energy in excess of the level required for

basic lic mai by clad is necessary for growth and

duction. The depend of cladocerar ingestion and assimilation rates on

food supply, water temperature and body size, ﬂemm}s\trated in the laboratory,

suggested that Daphnia c3lawba filtering rates and net production should have.

r¢sponded to seston manipulation and water temperature fluctuations in in situ
3 [ z -

eficlosures. The results of the curtent field study generally confirm laboratory

observations of the responses of Cladocera to manipulations of food supply and

temperature. ! .

4.1, Filtering rate responses

Direct comparison of the observed magnitude of filtering rate response to"

changes in_food ion and water temp with the results of previous

i

laboratory studies is not possible because i and

intervals have not usually been reported in the literature. It is possible however,
to compare the signs of the filtering rate responses observed in the current study

wnh the results of laboratory mvaugmons \
|

Negative relati i between ﬁlteri_ni ‘rsta and the
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concentration of both inddible plankton and total food supply have been reported.
Webster and Peters (1978) observed increased rates of food rejection for Daphnia
with increasing inedible} plankton concentration and Chow-Fraser and Sprules
(1986) observed reduced Daphnia filtering rates in the presence- of Anabaena
filaments. Increased rejection of food groove contents pfesumably results in
reduced ingestion due to decreased filtering time (Edmondson 1957). These results
were corroborated by the negative relationships observed between -the inedible
plankton component (spherical colonies >30 xm) and the filtering rates of small
and medium sized Daphnia catawba in the present study. A negative relationship
was also obserfed between filtering rate and inedible plankton biomsass for large
animals. However, spherical colonies were of sccondary importance to edible

plankton bioma:s in influencing filtering rate.

It has. been commonly reported that cladoceran feeding rates are
proportional to food concentration up to an incipient limiting level (ILL)," above
+which feeding rate plateaus. Filtering rate, consequently, is reported to be
constant below the ILL and decreases above the ILL (u,‘rc\'iuw(‘d by Wetzel
1083). In this.context, the positive relationships observed between the 5-10 sm
plankton component and the filtering rates of all sized Daphnia catawba, appear
- to contradict the negative filtéring rate relationships observed in the laboratory.

<

Porter ef al. (1982) repened'n ILL organic carbon concehtration of 0.2 mg
C 1! which is approximately 2000 mg wet weight biomass m® assuming carbon
content to be 50% of dry weight Wjch in tyrn is 20% of wet weight. This ILL is

well above the highest 5-10 um biomass level observed in this study: consequently

a constant filtering rat‘e might be expected at all field food concentrations.
However, closer inspection of. Burns' results (1968a, Fig. 3) for Daphnia, rosea
.thoracic appendage activity in various concentrations of yeast, reveals increasing
filtering activity with increasing food concentration up to an IL of 10!
Rhodotorula glutinis cells mI™.  This would be consistent with the positive
correlation between the 5-10 um plankton component and filtering rn_lci observed
in the present study. Care must be exercised when il:l!!rbl".'li!ls‘ Burns' data,
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however, because no confidence limits were included with her observations.
Porter et al. (1982) also pointedout that the limitations of the 4G method for
determining filtering rates at food&oncentrations below 10° cells mI make the
interpretation of their results, ard the results of others, equivocal at low food
concentrations: In order to ensure that enough labelled food cells are ingested to

yield accurate filtering rate estimates during the short 10 minute feeding periods

_used in most filtering rate studies, approximately 10° labelled cells mI"! must be

added. This will greatly elevate the total food concentration when added to
unlabelled suspensions of <10° cells mI'! and even if the total food supply is
labelled, accurate filtering rate estimates in food concentrations <103 cells ml’!
will be susceptible to error due to particle encounter probability. Similar problems
with encounter probability arise even at higher food concentratio very small

chel 1085).

animals with low individual filtering rates (Chow-Fraser and Kn:

)

The negative- relationships observed between the 10-30 sm plankton

component and the filtering rates of medium and large sized“ghimals are not
consistent with earlier laboratory_observations of declining filtering rates with
increasing food concentration because the biomass levels obsefved in the 10-30 um
plankton component were usually well below the accepted ILL. The variability in
the biomass estimates of this component (APPENDIX B) suggests that its
inclusion in the multiple regression equation may have been spurious. The *noife*
in the 10-30 ym component may be attributed to the'relative scarcity of particles
(usually <10) encountered in this. category while sizing and enumerating the
plankton. A similar problem was not expected in other plankton components
“because particles were more abundant in all other size categories.

Both McMshon (1965) and Buris and. Rigler (1867) reported positive
relnhonshlps between ‘Daphnia fltenng rate and water temperature up to a

“\eritical temperature. ‘The filtering rate response of large Daphnia catawba to

water fure was i with these earlier laboratory
observations but\the negative response of small animals was not. The reason lor
the negative filtering rate response to increasing water temperature observed Iar
small animals is unclear.




4.2. Net production responses -

‘The effects ‘of food supply and water uniperltu;c on the physiological
condition of Daphnia catawba observed in this study are mmi;tent with the
results of earlier field studies (T;sicr and Goulden 1982, Page 1983, Tessier 1986)
and support the view that natural zooplankton communities can be food limited.

Positive net production in cladocerans is only possible when the energy
assimilated by the animals is greater than the energy expended for metabolic
requirements. Excess energy may be allocated to growth and/or reproduction and
both the quantity of food available and water t.empenuln have been invoked as
environmental factors capable of ing net in clad

‘The obsegvation of increasing body weight with increasing food supply and
decreasing water 'tempenluu in’ the-field agrees well with Lampert's (1877) ,
laboratory studies of the carbon balance in Daphnia. Lampert also noted that
net production relative to body size was greater in small individuals especially
under conditions of low food supply and increased water temperature because the

reshold food concentration, abéve which net production was positive, increased
as a function of both increasing body size and increasing water temperature.
Consistent with Lampert's predictions, higher net weight gain proportional to
body size was observed in small Daphnia catawba as compared to medium and
large sized individuals (Fig. 41). Significantly, higher proportional net weight
ia‘m was also observed in small animals incubated in the.lake enclosures for eight
days as compared to those incubated for four days (f-test, p<.05). The possible
influence of experimental duration was tested by coding duration as a dummy
binary v.;rinble in all multiple regression analyses. The duration variable was non-
significant (p>>0.05) in all cases; the higher proportional met weight gain was
attributable to higher edible plankton levels in the enclosures at the end of the
eight day experlmenls rather tlnn to Lhe length ol the experiment. ’

Pmpnrtlonsl net weight change within a size cntegory (small, medium or
large animals) also exhibited a negative relationship with initial body weight




-

‘ Figure 4-1: Proportional net weight chsnge as & function of body. size
(initial body weight) in Daphnia catawba.
Rl
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suggesling that initially *light* animals possessed a greater po(en!ial or sco;;e for
growth than did initially *heavy® animals.

The greater proportional net weight gain observed in smaller Daphnia

catawba may be related to greater feeding efficiencies, or to either higher relative

assimilation”rates or lower specific iration rates under ditions of i d
water temperature and low edible food levels as suggest’ed by Lampert (1977).
The lower proportional weight change observed in the larger animals might be
accounted for by adults molting and releasing young just prior to the termination
of ench‘ experiment, but this seems improbable because the few eggs).o"ﬁserved in
. the adults at the beginni of the experiment d low ductive output

(in terms of neonates) during the experiments. Likewise, adults molting to a
larger carapace length without a corresponding gain'in weight of -production of
young immediately prior to the terminatiqn of each experiment séems unlikely.
The most probable explal?aﬂon for the lower proportional net v@eight change
observed in large animals was the greater effects of food limitation and increased
water température on the net production of these animals. Lampert’s labor.a't‘ory
data indicated maximum weight gain in excess of 80% per day for small Daphnia
pulez (equivalent in mass to large Daphnia catawba) under optimal food and

.
gmperature conditions (Fig. 6 in Lampert 1977¢). In contrast, the maximum daily

rateor large animals in the present study was approximately, 15% (60% weight

gain over 4 days, Fig. 4-1) and for small animals about 24% [lOO%}er 8 days,

Fig. 4-1) suggesting that all animals were .strongly food limited even in the food

enhanced enclosures, and obviously even moresso in the lake. .
’

4.3. Life history characteristics

11 14 fovel 1

stage

Differential energy relative to
may influence proportional net weight change. Juveniles allocate excess energy to
growth while adults may allotate excess energy to growth or reproduction (Lynch

1077). Increased fecundi.tyiwas not observed in the present study suggesting that

excess energy was allocated eéntirely to growth and storage produets. The failire’
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to detect incrfased fecundity probably cannot be attributed to egg loss by
reproductively mature individuals bcc:ms‘e few stray eggs were‘ observed in the
samples. Lynch (1977) stated that while reproduction is necessary for the survival
of genes and species, individuals may remain in a non-reproductive state
throughout their entire life-cycle if food concentrations remain sufficiently low.
Allocation of excess energy primarily to growth and storage products by adult
Daphnia may be a reasonable life history strategy under conditions of food
limitation and low ver{¥brate predation because the allocation of energy reser’ves
to reproduction and the release of neorfates into a food limited environment could

result in the starvation of all ind

Is. If vertebrate predation is low, a large
adult body size may be of no disad ge to Daphnia; neonate production may

actually be disadvantageous during periods of high invertebrate predation on
small animals. Campbell and Knoechel (1987) 'have reported low vertebrate
predator dénsity in Piccos Pond South and Quidi Vidi Lake (0.0 and. 0.8

G leatus per trap, respectively) and relatively high invertebrate
predator density in Piccos Pond South (130 Chadborus larvae m™) and Quidi
Vidi Lake (71 Leplodora m™), compared to nine other Avalon lakes, during late

summer. Under these conditi

s Daphnia catawba appears to allocate excess
energy to adult growth and mail and the p ion of a few, relativel

y
large offspring (neonate length ~1/3 adul® length (Page, pers. obs.)).

Future studies including of and iration rates

in natural cladoceran populations under field - conditions would” allow the

comparisén of predicted and observed net production in the field. ~
i

4.4. Implications for lake tn‘)phlc structure

The mnlii\o[“_[his study generally confirm the conclu‘uiom of ecarlier
laboratory and field stud‘icu, that food availability and water temperature are key
and net prod . An abund of
easily mges&d nnd assimilated food is required for grawln and reproduction in
cladocerans and in the field this food supply is represented by the nannoplankton,

)

factors




o
’

N

Gelin and Ripl (1978) have sedefined the nannoplankton as the plankton size

fraction that is i ible by in ition of its functional role:

A positive reln’tiouship between zooplankton biomass and phytoplangton
biomass has been ryported for a variet’y of lakes (McCauley and Kalff 1981). The
slope of the relationship (<1) suggests that zooplankton biomass increases at a
slower rate than phytoplankton biomass with increasing lake trophic status. This
is presumably due to the fact that not all of the total phytoplankton assemblage
is available to zooplankton as edible food. A positive relationship between

biomass and ‘phytopl biomass with a slope <1 reported by

Watson and Kalff (1981) similarly suggests a lower rate of increase of the edible

component of the total phytoplankton assemblage with increasing lake zrophic

status, A positive between biomass and ton

biomass, with & slope approximating 1, has been-i preted by McCauley and
Kalff as suggesting that zooplankton - biomass responds directly to edible

nannoplankton biomass.

Because percent -nannoplankton biomass decreases with increasing lake
trophic status (Watson and Kalff 1981), and because zooplankton bio‘nass
responds. directly to nannoplankton biomass, one could speculate that a critical
total phytoplankton concentration should exist above which t‘be negative
interference effects of the inedible phytoplankton fraction would outweigh the
positive resource effects of the nannoplankton. This possibility can be evaluated:
by combining tpe literature regression relatioﬁhips with the physiological
observations of the present study. -

" Watson and Kalff's percent lankton:log total phy! kton biomass

relationship (Fig. 4-2) was used to estimate the biqmass contributions of the
lank (edible) and lank (inedible) y for a range of total

phytoplankton concentrations (102 to 6*104 mg, wet weight m3). Multiple linear

regression equations from the present study were then used to estimate cladoceran

filtering rates -by substituting the calculated and netplankton




Figure 4-2: Percent nannoplankton biomass' as a function of total
phytoplankton biomass (increasing lake trophic status). .
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biomass , concentrations for the 5-10" ym and >30 um plankton variables -
respectively. Filtering rates for small, medium and large Daphnia catawba all
show negative toi ing total phytopl biomass (Fig. 4-3).

The ration actually obtained by the filter feeding nr;imnl; was subsequently
calculated as the product of the individual ﬁlléring rate and the nannoplankton
concentration (Fig. 4-4). Ration increases with increasing total phytoplankton
biomass up to a critical level of 2.5*10% mg wet weight m® for all sized
individuals after which it declines. The initial increase is *ue to the increased

absolute ion of kton while the sub decline results

from declining n;lnno[zhnklon biomass coml;ined with declining filtering rate th‘xe'
to the negative influente of incdible algac. Tiffs overall relationship suggests that
mesotrophic lakes should thus be better nutritional environments for Daphnia
than eitfier oligetrophic or ultra-eutrophic flakes. The classification of lakes a3

1t hi bi

transition\between levels of lake trophic status is often poorly defined. It is

A

or is based on a variety of criteria and the
generally agreed however, that lakes with total phytoplankton biomass levels
below 10° mg wet weight m™3 are oligotrophic, while plankton biomass levels well
in excess of 10 mg wet weight m™ are characteristic of eutrophic lakes (cf.
"Carlson 1077 and Wetzel msai; mesotrophy occupies an intermediate position
between oligotrophy and eutrophy.
A shift in the zooplankton community to smaller size’d species with
increasin; lake trophic status may result in a bottleneck to energy flow from the
.pnmary con:\lmer level because small sized zooplankton are less efficiently preyed
‘ upon by plarnmvorous fish. It seems clear that a thorough understanding of ‘.hc
relationships between Daphnia physiology “and cnvironmental variables would be

of utility in designing a freshwater quality management programme.

.\‘




-Figure 4:3:

N B
Filtering rates of small, medium and large Daphnia catawba
as functions 6f total phytoplankton biomass (incréasing lake
trophic status).
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4.5. Summnry

The present study mvshpted the short, medium and long-term responses
of Daphnia catawba to the mampulanon of natural seston concentration and to
seasonal variability in water temperature. Lake seston was either concentrated or
diluted in in situ transparent polycarbonate carboys; six experiments of either
four or eight days duration were conducted over a two month period in order to
take advantage of seasonal lake water temperature fluctuations. Multiple linear

regression analysis was used to examine the relationships between filtering rate,

'Iength-spccif;c weight and fecundity of Daphnia catawba and variability iln the

food supply and water temperature. "

Both filtering rate and net weight change in Daphnia catawba responded to

* the variability in food supply and water temperature; the order of importance of

these variables was observed to be body size-dependent. The general seston
components (chl a, POC, PON), which were most consistently manipulated in the
enclosures, were not significantly correlated with either filtering: rate or net
weight change in anh,n_v'a talawba.. Only plankton biomgss components,

measured by miéroscopy»

ind water temperature explained significant levels of

* variation in the physilogical variables. Fecyndity responses to seston

and ing water tem) were minimal; adult Daphnia

* catauts appeared to allocate excess energy Lo'gtowth rather than reproduction, a
'

strategy possidly infl d by food limitation, low b dation on adults

" and relmi\‘ely;l!!igh invertebrate predation on juveniles in both Piccos Pond South

nnd»Quid'x Vidi ‘Lake: The low fecundity and low relative production rates
observed tur Daphnia catdwba under. eondltlom of food enhancement further
suppor(s the view, that these animals are lood fimited during mid-summer in the
lake due to ditions of food availability and i wnte\

" temperature,
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£ 5 APPENDIX A

Zooplankton data
Log Dry Weight:Log Body Length and Log Daily Filtering Rate:Log Dry
Weight functional regression rel:tionship;.x for liaghm'n catawba from the su&m
. manipulation enclosures in Piccos Pond South (PI) and Quidi Vidi Lake (QU)
where (a)= i pt, (b)= functional slope and r= lation cocfficient. No
data are provided for the 0.25x enclosure in Piccos Pond South, 18-26 July

because on‘ly 10 Daphnia were present.
s

AR




LogW-LogL T LogFRLogW
Site Encl “a b+95%Cl T a b2955%Cl T
Pl 0.25 2.6410.321 0.92 0.65 1.29+0.351 045
0.50 2.83+0.538 077 034 0.60
1.00 2.6040.437 0383 042 0.52
2.00 2 3.1840.505 0.85 0.20 062
4.00 084 038 055
P 0.50 075 038 0.50
1.00 - 084 051 027
2,00 077 035 13430617 0.20
4.00 0.76 0.32 1.23+0.420 0.30
Lake 036 : e .
Qu; 025 089 0388 1.0140.163 08¢
050 2.8040.454 085 070 10130192 017 -
1.00 3.3140.439 0.89 0.73 0.78+0.146 0.7
200 2.98+0.365 091 0.50 09910214 , 070
1.00 2.6540.352 0.89 0.58 0.8710.161 078
Lake 3.4640.616 0.80 - - = -
QU 025 2.6140355 089 049 0.89+0,263 007
050 2.9840.447 087 051 14540433 o1
1.00 31240303 0.90 034 1.000.250 054
200 30940343 093 038 092+0.218 060
400 2.370.233 094 045 08340.208 054
qu 025 28240.750 071 0.53 1.1620.409 038
0.50 2.2830.406 0.80 030 1.35+0.367 040
1.00 2.1240.308 0.78 033 1.09+0.305 0.34
2,00 2.4240.305 091 038 11940348 016
400 21340332 085 034 1.0430.574 018
Lake #0.353 0.92 = w e &
PI 025 28640321 092 047 1.0940.245 0.66
050 32440333 094 0.48 08210.160 076
1.00 2.690.501 081 062 07420199 054
2.00 3.2340.288 095 038 13 074
4.00 3.404+0.378 0.93 “0.12 0.54
Lake 30240474 085 5 =8 =5
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APPENDIX B
& ’ £ ) . %

Sestor data

a. Daily chlorophyll a concentrations (mg m'a) in the seston manipulation
enclosures in Piccos Pond South (PI) and Quidi Vidi Lake (QU). 7
N ¢

b. Initial and final day POC (mg m) and PON (mg m'3),concentrations in
the seston manipl_llation enclosures in Piccos Pond South (PI) and Quidi Vidi '

Lake (t?)_m indicates values below level of detection.

c. Tnitial day plankton biomass (mg wet wt m™) in the seston mnr:ipuintion
enclosurés in Piceos Pond South (PI) and Quidi Vidi Lake (QU).
-l
. d. Final day plankton biomass (mg wet wt m™) in the seston manipulation
enclosures in Piccos Pond South (PI) and Quidi Vidi Lake (QU).
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’ B DAY
e Date Site 0 2 3 4. 5 38 ) 8
Jay1& - Pl 066 032" 078 056 - - B B
> July 22 L2 0.87 121 155 - 2 1 B
201 R 201 266 - e - o
288 207 3.86 - 420" - 3 5 o
, 6.46 442 584 605 - - . -
July 18- PI 069 0.50 081 0.56 1277 180 266 244
July 26 - 1.55 0.69 112 093 201 251 374 3711’
'186 133 260 260 334 3.15 454 473
371 226 319 451 6.18 575 775 701
. : 6.18 454 7.29 698 818 5 787 9.60 945
July 25-. QU 0.0 146 133 254 - 4 - -
July 29 155 1.95 214 285 - - -
297 2.97 359 4.79 = - o
4$ 482. |/ 642 874 - 2 “y
7. 846 .| 10687 1485 - - -
- Aug 26- Qu ‘056 0.22 0.25 041 : #az &
‘ Aug 30 0.69 022" 044 - 053 - - -
) 050 0.59 084 127 - - -
1.46 093 109 158 - B -
3 201 L 161 170 195 - - -
Aug 26- Qu 041 013 022 035 © 066 081 1.58,
Sept 3 0712 “032. 0.44 072 1.06 121 192
1.06 059 L 103 121 177, 238 306
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* 217 157, 133, 201 377 3.50 5.3
Aug 31- Pl 072 0.56 n.a% T o050 - @ 4 -
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 APPENDIXC

’
Fec\mdlty data . p A & :

* Feeundlty data for ‘Daphnia :nlawbu faised in seston mdmp\llmon.
enclosures in Piccos Pond South (PI) and Q\udl Vld} Lake (QU).
females, l’{m“=‘ number of mature (>1.1 mm) females, Ovng— number of
ov:gernus remales, Total Eggs=total number of egd carried by all ovigerous

= number of

'femnles, %Owg: percentage .of mature t‘emales bearing eggs and Eggs/100= .
number of eggs per 100 mature females. No data are” provnded !or the 0.26x
enclosure m Piccos Pond Smlth 18-26 July because only 10 Daplmm were— "

prcscnt i & - o :
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