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In situ exgerlments were performed in a shal-
low, turbld reserv01r u81ng 212 liter polyethylenel
[ .
cages. By varylng the densities of yellow perch and

cylopbid copepods in the cages, the effects of each’ type
- ‘\ .

a
v

of predator on the zoop%ankton community ‘were

detefmix;{e'd. . \ o

. Perch predation’ reduced  the den31t1es of 1arge
.

surface dwellin;%}zooplankton but did not adversely :

affect bottor; dwelllng species. Cyclop01d pz;edatlon did

-

( . ’

IR Selectlon by perch of large 1nd1v1duals within

a \f;rey species was not generdlly obse!yed but the pre— ‘

sence of fish #ltered #the depth distributioq of the size"

classes of thrée prey species. Cyclopoid prea’atioh

)
affected the size distribution of four zooplankter .

~ . - ,

»

Bspecies. ' - / v
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The presence of perch resulted in Daiihnia ~

galeata pgpulatlons wlth shorter helmets and longer
!

-

plnes than the non-flsh populatlons.

Predation by
3 B
) . cyclop01ds had no effect .on Daphnla morphology.
~ X
- R - Releaslng the zooplankton communlty from fish
B N -, - “
w .pPredation decreased the divers:.ty -of the community by
” » - .
ailow1ng the 1’argér, sur face~-dwelling cladocerans to »
. ) ' * .
t : : .
increase in relativye abundance: o ’
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.*  INTRODUCTION . .. ¢

The role of predation in shaplng the species compo-

sition and size- structure ‘of zooplankton communltles has'.

been. intensively studled over the. last twenty years.
‘Thé two maih gr.oupé of predators in these communi)ties‘\

‘are small, t«actil'e-feed,inq inveértebrates such_mas cope- {

\

pods and . large, yisuélly feeding vertebrates such as

flsh

\" o . ) . '
The crustacean planktivores (eg. copepods,‘

»

) ‘Leptodora Polyphemus) and the aquatic larva;a of some

1nsec.ts (eg Chaobgrus) are' known' to prey preferentlalgly
on smaller zooplankton spec1es and small. 1hdlv1duals

'"w1th1n a species (Dodson 1975, .Brandl and Fernando 1978,
~—

Comfer and Applegate 1979, Jam:Leson 1980)
Recent ev1dence 1ndlcates that invertebrate preda—-

. tion may "confer an adaptive advantage on the development'

N

of spines, hglmets, horns and other protuberances of the

. carapéce in some cladoceran species; no’eibly prey
species of the genera DaEhnla ‘and Bosmlna (Kerfoot 1975, y

O'Brien and Vlnyard 1978, Grant: and Bayly 1981, Krueger

" and Dodson 1981) o . B - ,’

N .o Y

¥



L

5 " f/' ) : ., - ' / )
_,' Predatlon by visually fee/:llng predators such as ..

<

fish, on the other hand,,,, has been found to fall‘_*x’nost

- . ¢

heav11y on laryger zooplankton specles and on large in-

-

leldu&lS w1thin .a spec1es (Wells 1970 -Kerfoot 1975a;

A

Stensgn 1976 Jacobs 1978) ' ‘Feedlng rates of fish are

extremely hlgh b%J.ng 3 orders of magnitude ‘nlgher t‘nan .o

that of 1nvertebrate predators. In cleaxr ‘water,- f_eedlng

Y

rates of "ovevr 500 -zooplankters eaten per hour per f.ish

Fl

are not uncommon, (eg. Werner and Hall 1974, Janssen

.1980, Gardner 1981). Thesg feeding rates will be lower
. 4. . '

-

# in highly turbid bodies of water where the fishes" re-

, - N :
active distance, or maximum distance at which the pre-
, - /

.- -

dator can gee d prey item of a given size, is decreased

(Vinyafd and O'Brie‘r? 19.-76) . Although t\irbidity de-
creases feeding rates it has no e‘ifect on the fishes'

usual selectlon -for largex zooplankters (Gardner 1981).

> In an aqua'tic system where, planktivorous fi’sﬁ,are
present; pressure from these predétor,s would fall most

heévily on large ciadocerans and copepods.' Since large

' copepods are améng the most voracious invertebrate pre-
. PO

-

dators (see Table 1), the presence of fish would result ®°

i

" in the smaller cyclopoid copepods becoming the dominant

t

. oo N
1 N N -

invertebrate predator (it is assumed that large; prelati-



¥

—~-

’-

‘vely"transpatent predatf),rs .such as Chaoborus larvae,.

el : —

r . O
- . Seowm

e .
which could avoid predation by fish are not present).

With slower feeding 'Emall cyclopoids- supplying all the

invertebrate predation pressure, predation by fis’h'.

should gcontrol zooplankton co'mmuriity structure and. size

¢
4 » o

to a far greater extent.

Iﬁ we further suppose that the lake is also highly-

tivurbid, it would be expected that zooplankton speciés

N

,which, prefer the lower .fegions of the water column where
light penettration is low would suffer less piscine pre- .

. dation than species which inhab’it the upper waters ‘where
= :

fish feeding would be most inten'se.‘.

.

In situ entlosure experiments were performed in Lac

Choiniére, K:! ,eutrophic?«turbiq} reservoir in the Eastern

N

Townships of Québec which suppq’r_}'ts populations of both

planktivorous perch:and predatory cyclopoid copepods

(Cyclops vernalis énd Mesocyclops edax). The e'xperi-

ments were de#igned to-'provide evidence to ,answer' the.

‘following gquestions.,

When a zooplanktonacommﬁunity is exposed to both:

A

" vertebrate and.invertebrate predation simultaneocusly,

what is the .relative importance of each ih~determining
prey speciés derisiti'es? C . ¢

.
-

- -
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How ‘do the two typés’of predation affect the size : :
distribution of the goqplaﬁkton~cpmmunity{ with regpect .

to both individuals within a species and spécies within .
M B oo . ., p
. 8 o
the community? o T

What are the relatiye effects of perch and cyclo-

poid predation on developm;nt of variable morphological

- 1

features in two cladocerans, Daphnié galeata and Bosmina
' T \ i ' ) Il N

\

coregoni. o ‘ ‘ .

oA

. Is relati%eiy'high turbidity in a lake sufficient

~ to allow the maintenance of anpopulatiohlg) of large ’

\

) o

zooplankters iQ\Et:epreﬁence of fish. . ! . . ‘
. . o K

kd . .

What is' the owerall response, if .any, of the zoo- . . °
plankton community to predation by these two contrasting s,
types _of planktivores? ‘ : - .
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. . <~ .
, ‘sinee the mid 1960's, it has been widely known that

4

'visua;ly feeding planktivorous fish have a significant

. -y -]
impact on the species composition and size structure of

zooplankton communlt:l_gs.o Many species of fish are’ .

either oblygate or facultative planktlvores and v1rtu!!'
“+

Jy*every species consumes}zooplankton at some point in '

their life cycle. These -include many gyprinids:

Notropis atherinoids (Siefert 1972}, N. volucellus,

_ - , s
Hybognathus nuéhalis, Notemigonus crysolencas,

Pimephales notatus, Fundulps diaphants, and Etheostoma

nigrum (Gasgon and Leggett .1977);. centrarchids:

, Lepomds gibbosus’(Confer and Blades "1975), and .

e

L{ macyochirus (O'Brien et ai 1976)? perch: Perca
j - .
flavesceg (Wong and Ward 1972, Noble 1975) and

P, fluv1atllls (Stenson 1976); salmonoids: SaLmo,

:
w

galrdnerl (Gallbralth 1967), Salvelinus namaycush

» o' Brlen et al 1980) and ‘coregonids: Alosa

a
'

pseuddharengué’(Wells 970), Osmerus mordax (Siefert

4

EN

v
'
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. ' .
1972), and Dorosoma cepedianum (Drenner and McComas

! . -
\ . - , ,

.]“980) . ‘ * . A \__‘ , .
A » ' \ \" . ’ ~ I
These planktivores can be extremely voracious. :
@ ' : ’ . )
Janssen (1980) reports .that a single 25 cm ciscoe
i ' %

(Coregonus artedii) can consume over 1300 Daphnia in 15,
minutes. Gut dontent analysis of fingerling yellow-

* . - .
perch (Perca flavescens) show' that up to 400 zooplank-

v

ters may be found in a single stomach (Sieéfert 1972, .o g‘

Noble 1975). . )
‘ N . - , .. . v
Fish predation appears to be size selective with,

1

. " .
s N 4

larger prey species being preferred over small species. = * ‘b,
for POSt"{Efval predators. A.large increase in the =~ |

alewife population in Lake Michiqén ip the early 1960's

f o

resulted in a sharp decline in dénsity‘df the larger .
zooplankters (D§phnia'g§1eata,,§; retrocurva, Epischufa , ?
lacustris) Diaptomys sicilis, an;}Mesocyclops'edax) and . ;

AR * : : '

an 'increase in the smaller' genera such as

& .

Bosmina,
D e

Ceriodaphnia and Cyclops (Wellst®1970). 'After a subse- ' .

quent crash in the'ﬁlewife popuIatiOn in:1967, the zoo-

plankton coﬁmunity‘beéan to shift back towards the lar-
ger species. Kerfoot (1975a) found that the three- CE :
. N i + . \ '
gpined stickleback. (Gasterosteus aculeatus) preferred
[ . - *} .. . " * ~
. I SR
+ /) ) Y - '
q -
N N o . . N
v ’ ! ‘ . "‘ ) .
1 . . . ~ L i ’ - . ' ‘
7 ' ’ : ° .
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copepods and large cladocerans over a small cladoceran

-

(Bosmina longirostris) and copépod;nanplii.

Piankti#orous fish will also select the larger
iﬁhividuals within a species or sevg%al closely related
o™ ‘ . . . ' . N N
: ' : \
¥pecies. Stenson (1976) found that Bosmina coregoni was
. ) T O =

eaten by perch' in larger numbers than the smaller

‘B. longirostris, -even®when the smaller species was more
e ' ’ .

'
[

. _ . . -
abundant in the lake. The minnow Phoxinus laevis pre-

-

L 4

ferred Daphnia nyélina'to the 'smaller D. cucullata

(qééobé 1978). The éﬁreeﬂspined stiskleback
| v a

(Gasterosteus aculaétus) has been reported to select the,.

larger individuals of Bosmina longirostris (Rer foot
1975a). < T
.\ N N * \ : .

_These patterns' of selqptioh of large species and
ig?ae indiv#duals within a sbecies are valid only for

post—larVaL‘f{sh, ‘'For example, the fry of perch, white
[} " " h \ . ‘. . . A 'S
sucker, bluegilI,Heme;ald shiner, and raihbow  smelt ate

— -

mainly ‘small naupiii larvae while the predator was less -

" than oneé centimeter in length and switched to the larger

. \ 4 , ' + ‘
prey, Bosmina coregoni when a length of 1.5 cm was

"attainea (siefert 1972).. Wong and Ward (1972) have

P . S s [}
shawn that perch less than 2 \tm in length could not

ingest Daphnia pulicaria of a\length of 1.3 mm of more.
[+

. b ) . tT K .
This limitation was attributed ‘to the relationship bet-

4

ween the predators' mouth gép width and the maximum ° :

»

i
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body depth “of Daghnla that could be handled; resulting

in the-perch selectlng smaller than average 51Zed

o

Daghnla for the first three weekg of the fishek' 11fe in

the lake follow1ng hatchlng

»

There are several variable prey characteristics

which mgy increase any given prey species' success at .

°

"evading piscine predators. For example, increased

tranépérbncy is thought to aid zooplankton in escaping

3

deiection by fishﬂ Extremely large zooplankton (greater

s

than 2 cm length) 'such' as Leptodora kindtii and

A

ChaobOrus,lerbqf are transparent exceﬁt for the head

“area. The carapace in cladocerans is transparent which

1;

)

s

reduces the ‘'volume of the body seen by a v1sua%1§re—

dator. Similar sized copepods (which’ are completely

opaque) are therefore more susceptible as a flsh food

1tem. « Among’ the cladocerans it has been proposed that

AN

~

thé diameter of the hlghlykplgmented compound eye is a

strong factor 1nfluenc1ng the ab111ty to escape detec~

A )
[

tion by fish (Zaret 1972, Zaret«and Kerfoot 1975,

Kerfoot 1980). A large eyespot would make a zooplankfer

. more conspicuous to a fish. : <

‘Escape ability, or maximum vaPocity attainable by a
zooplankter aleo'playsfa role in the- diet ‘of oﬁenkti—

' N T - :

vorous ‘fish.. Calanoid copepods have the greatest maxi< '

' . . .
. 9
- . .
' . .

3

e
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."Although high turbidity reduces the feeding rate of °

. pseudoharengus) and ciscoes (Cofegoﬁus'artedii) have

™ velocity\while large cladocerans and cytlopoids are
int rmédiate,with,smaif‘cladocerans being the slowest

(Lehman 1977, Kerfoot 1978, Kerfoot et al lQQP). The:

v

most cemmon method of zooplankéon ingestioh by fish is
the ,rapid expansion of the PBuccal cavity causing é:
vacduum or siphon effect (Q"Brien 1979). Studies using

¥

an|artificial siphon havé shown that’ the fastest zoo- C o~

' plankters are best able/to avoid the simulated fish

while slow swimmers aif eggily captured (Drenﬁer‘and
. 4 ' -
McComas 1980). ., . ’ .

« The mechanism by which planktiyorous fish feed has

been well studied?}eg, Ofbfien‘gt al 1976, Confer and

‘. . '
Blades 1975, O'Brien et al 1980, Janssen 1980, d see

O'Brien\\979 for a good review) and.factors] which

decrease feeding rates have been uncovered. As wa
A

) mentioned in the Introduction, low ‘light intensities and

a

high turbidity decrease the fishés'(reactive distance,

or the maximum distance at which the predator eah,sée a T

prey item of any given size jvihyard'and O'Efien,197§). .

fish, it does not-altér the predators selection for
1 ’ ’.

large prey items. ' In darknéss however, alewifes (Alosa

~

~ 7 . © .
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been shown paifeed at‘&educed rates inla non-size selec;

tive ménner:While choesing f&rger zooplanktdn'when'feed-

%ﬁ in‘light (Jansseﬁ 1980).,\This suggests that light

is’ an important factor in determining the feeding be- '

1]
' N

‘havior of planktivorous fish. . " ot
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INVERTEBRATE PREDATION ‘ '
A} [\\ . .

Omnivorous-ané carnivorous crustacean zoopléﬁkton
ca% sxgnlflcantly affect a zooplankton communlty: The _:
sorder Copepoda contaéns most “of the predac16us zooplank—
.J ton species, many of which are widely dlstrlbuted (eqg.

'

Cyclops vernalis, Cyclops bicuspidatgs, Mesocyclops
edax). There are several cladocerans which are pre-

_dacious such as Leptodora kindtii (Cummins et al 1969)

and Polyphemus pediculus (Monakov 1932).\ The aéuatic
larvae ‘of the dipteran genus Chaoborus are important
predators. when abund;nt (Fedorenko 1975, éwif£ and
Fedorenko L§75).~'Since the latter two orders of inver-
tebrate predators are usually less abundant, I wil%.
limit the following discussion to.the Copepoda.

" Both calanoid and éyclopcid copepods, upon hatching
@rom eggs, undergo six naupllar larvae instars followed

l

six copepod&d instars, the last of which is reproduc—

ti e. Only eh? last two prAthree copepodld 1nstars.of

preﬁ:cious specieé have the capacity for carnivory Ce
(Fr r 1957 Jemleson 1980) One species, Cyclops‘

£
v1r1d§s is known to mature and reproduce on a diet con-

solely Qf algae suggesting that some spec1es,:at

L <

» . )
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~

copepods. L L

. Fernando 1974, ti and Li l979f) C. vicinus (?randl and

~

)

least, are not opbligate carnivores in their later in-

_ .stars (Smyly '1970).° When late: instar copepods were fed

¢

zooplankton however, they matured more quickly, preduced o

more and larger broods,'and had a longer llfe span.

Thls .seems to be due to energetic con81derat10ns.
’ ! ‘
Monakov (1972) reports that the asslmllatlon eff1c1ency

for algal food is low (0.3*to 0,4%) compared_to that of

* ’ ‘ /o .
crustacean food (30-to 40%) in a'stﬁdy of omnivorous

o
\

Predatory copepods tend to prey selectlvely on.

o o ~

smaller species$ and shaller 1nd1v1duals within a

v

copepod species including:. Mesooyclops,edax-(Brandl and

Fernando 197éj| Williamson }9é0),"§l leuckarti (Gophen

1977, Jamieson 1980); Cyclops vernalis (Braddl'and

N .

.Fernando 1975b), Macrocyclops albldus (Confer ‘and -

\

Applegate 1979), Megacycldps _B (o' Brlen ‘et al: 1979)
/ 1

" Heterocope septentrlonalls (Dodson 1975}, ‘Epischura

- nevadensis (Kerfoot'l977), and E lacustris (Cohfer and -

< /

Applegate 1979). {/jble 1 lndlcates the tenden01es of
t

higher predation

v

Ccreases, and hlgher predatlon rates as predator size

increases. T , : . ,

'

sPecies. This behavior pattern is followed by many’ .

-

.

es on zooplankton as prey size de- B



. }(Jaﬁieson_l980). ’ \\\\\\\

. i . . ’ o . : M .

' ‘e - } ’ ' T . .‘ °

’ ) ‘ - . LN . N . 7 .
N 4 3
) ’ -
, 74
. . . .
-

/ N ] ' ] ' ) . - A

.13,

Several factors are known to modify predation rates

¢

byocyclopoids. Low ambient femperaturé\will‘decrease

the rate at which Mesocyclops leuckarti preys on

Ceriodaphnia reticulata (Gophen 1977) and C. .dubia

o . ‘Increases in prey density can also increase preda
"tion rates by cyclopoids. This' has been ebserved for

L}

Macrocyclops albidus feeding on Daphnia lex and

(Diaptomus pdllidus (Confer and Applegat 1979) and .

Li (1979) found that Cyclops vernalis preferred
! . L3 “ :

-,

successfully avoiding predatggé by cyclopoias.‘ Li and

Diaphanosomd_1euch£enbergianum and Diaptomus . o

franciscanus to the smaller prey Bosmina longirostris

T and Chydorus sp. They noted that Cyclops could .not -

‘eaéily bite through the carapaces of the small clado-.
- ' 7 .

-

.. 'were eaten entirely. Similarly, the relatively thick

carapace of Bosmina longirostris'proteé;s it from “the

°

predatory Mesocyclops-edax (Williamson 1980).

The explénatign for ‘the predators'’ preference for

relatively ‘thick carapaced large prey may lie in, food-

K .

8

o’

i

cérans while the carapaces of Diaphanosoma and Diaptomus

\
ﬁesocyciogg ‘leuckarti feeqing on a variety of five types’
of c}adoceraqs‘and copepods (&amieson 1980).
; ' . Recent evidenc§ indicatés that épecific‘featufes
adopted by some prey species mgf increase the chances of r

’



v ' s “ - ‘ . R 1 S
| 'l'ab'letl.\ M'e‘an‘ predé‘tio_n‘rat'es by slomg copépc;ds. (prey per predé:tor‘ pervday).\ \
Prédator size  Prey 's%zé‘  Prey type Predation {r-ate‘, ' Sources* -
.sma]n'l (<1.5 rmn) ,.osmall - _} Nauplii- - : '2f5 4,7,9
- " copepodids 0.8 . 3459

. e ] . ':'Sma]]-plédocélrans ‘l; 1.3 12.3,4,8,9,12
. o large - Large ‘(:].*adocerj‘ans o 05 L ,4‘,6,8 '
m'ec"h'um ,("1‘,5-2.'5 mm) s‘.‘ma'i'l/" S Coﬁepodigis o ,, 1.4 o "6,1(/) |

T sman Cladocerans Lz, 6,0
: ‘Targe . Large C]adc‘j_cer"ans) 0.3 - 6
' o o . o ’ ‘
'1arg;e (>‘2.5ﬁ‘m'in) ' small - - Naup17 i - . 7.2 A
. \ U Copepodids . . 6.5 1
© smallCladocerans - 4.6 7,11 |
B o T large | Largé Cladocerans - 19 Y m .
_— / . . o c 7

' *1 Anderson (1970) 2., Brandl and Fernando (1974) 3. Brand] and Fernando (1975a)

4 Brand] amd Fernando (1978) 5. Confer (1971) 6. Confer and App]egate (1979)
7 Dodson (1975)° 8 Gophen (1977) 9 Jamieson (1980) 10. Kerfoot (1977) 11._
o B~r1en gt al (1979),0512. Williamson (1980) - B '




chain'efficiehces.',Using radiotracer experiments, ° . . L

Brandl and Fernando (l975a) found that whllerBO% of a

oo

Cerlodaphnla retlculataqingested by Mesocyclops edax was’

: [

- assimilated, on;y’hbout\30% of the whole biomass of a

uliving Ceriodaphnia was -assimilated. In éther'WOrde,\

about 50% of the calorlc cdntent of the prey was lost to

the’ predator between capture gnd. 1ngestlon of the prey. N
7 N

Thrg was apparently due,to loss.of prey tissue into, the

-

;,éurréuﬁding’Water during dismemberment by the predator. ".\ R
[ \

*’When offered nauplll, Whlch can be eaten more or 1ess

whole, the predator a831m11ated over 80% of the calorr ’

" "content of the prey, reducing loss qf nutrients to the
. - . o "o

eurrouneing water by.reghcing handling time bfithe‘prey." -

Increased handling time leads to higheri“leakage" of‘ Lo L

s

nutrlents from an 1n3ured prey (eg. from hemolymph

‘fLUld) o - C
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oo ' 'CYCLOMORPHOSIS AND POLYMORPHI $M

°

- . i

. ThHe term cyclomorp bsiS'déscribes‘the frequently
observed phenomenon of cyclical or seasonal change 4in

" morphology of individuals 6f an asexually reproducing
populaéion. This chénge in morphology usually consists ’

', of the develoPmenE of iong spines, helmets, or other

’ . ' . ~ ¥ ’ » ’
+* . protuberances .during ‘the warm summer months while the

, - 3

L, - . cooler spring'aﬁd-adtumn weather finds these appurtenan-

. . .
- '

ces reduced or absent. Cyclomorphosis. has been observed
in a wide variety of limnetic organisms incfuding dino-

<

flagellates, rotifers, and cladocerans. While my dis=
-cussi?n willibe limited to the Cladocera,‘an excellent
rgview of tMe earlier literagure on the subject for all
\ these groups hay be found in Hutchinson (1967). .
- There'is a simila;, yet gistinct, phenomenon which
had received much:attent;on in -the last decade. This is
\iptraspeqific‘polymorphism. This océurs #hen t@o or .

more clones or subpopulations of a species have differ- -

ent fitnesses such that one genotype is-abundant at ' 4

certain times while another is dominant at some other
times. This situation has been describ;a;as'"cldnal'.

replacement cycles" by Kerfoo£ and Petersbn (1980);



Y

. -
M ]

'Anbther aséectlof intrespecific poiymofphism is two =

genetlcally and morphologlcally dlstlnct clones Who s
dlfferlng fltnesses to some blologlcal factor determine
their often distlnct ‘geographical d;strlbutlon.

In the cladocerans, cyclomorphosis is’most widely

manlfested in the genera DaEhnla and Bosmlna. The pos-

«*

g terior splne and,espe01ally the anterlor Tamellate head

shield or helmet in Daphnia are the cyclomorphotjc

‘structures which have attracted attention in the past.
K]

( .o \ - .
The helmets -of some specieg can reach huge* proportions

and approach the length of the carapace. D. retrocurva

in North America (eg. Brooks 1946) and D. carin;EA in

2

Asia‘and Mistralia (eg. O'Brien aﬁdfvinyefd 1978) are

two such species.

'In ‘Bosmina, the mean seasonal lengths of the anten-
4
nules and the mucrones vary. The spec1es best known is

B. longlrostrls (eg. Kerfoot 1975b) 4

. The physical factors affecting’ helmet‘growth in

Daphnia-are well studied {Brooks 1946, Jacobs 1962,

1980; Haielweod 1966, Hebert 1978a). High temperature,

llght, turbulence, and’ adequate food supply all promote

" large helmets on Daphnia under - experlmental conditions.

’

S T

.
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/ lence, or oxygen (Grant and Bayly 1981).

[ .« [N hd

Factors affecting sﬁine growth have received little
- 4

‘attention. - cx ) -
) t . . *

g The ddaptive significance of large.helmets,: spines,

agtennulesf and other variable structures wag not well

‘understood until fecenﬁly. Many studies of the last

five years (eg. Kerfoot 1975a, O'Brien and vinyard 1978,
: g =

Krueger and Dodson 1981, G;aﬁt and Bayly 1981, O'hriény
et al 1980) have concluded that iﬁgbrtebg%ﬁe predat%oh'
is' a strong selective force favoring the prodhctiqn of

exaggerated helmets in DaEHnia and long antennules and

.

mucrones in Bosmina. O'Brien and Vinyard (1978) found

Q

that the notonectid predator Anispps ate about three

times more small helmeted morphs of Daphnia carinata

than large helmeted morphs. Aﬁ/ﬁtbr study on six dif-

ferent morphs of the Daphnia 8 ecies showed that the ..

1

’ ¢
mere presence of the predator Anisops, even vwhen the -

_predator and prey were sebarated in thevexperimentai-_

chamber by a mesh partition, was a more important factor

in determining hélmet iength than temperature, turbu-

n

Similarly, Daphnia pulex may broduce a small tooth-

ed protuberance ¢n the posteriodorsal area'of the head.

when reared with the larvae of Chéobbrus (Krueger and

N v
[y ¢ !

v - -
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3

Dodson 1981). This structure formed on Daghnia even

.

when the predaéor and prey were separated by a 51eve

F X partition or when Daphnia was reared with an extract
w 7 ; made from macerated Chaoborus. The last two references

- \cited suggest that, in some cases at least, helmet
‘ - 0y ' * .
* growth in Daphnia may be promoted by a water soluble

s v
"+ . . chemical agent excreted by the preddtor.

-

“~

'

Other studies. also 1nd1cat that cyclomorphosis MEy

<

! decrease.predatlon by copepods. The helmeted form of

Daphnia longiremis was better able to avoidrpredation by

the calanoid copepod Heterocope septentrionaiis than the

- ' small headed morph (O'Brien et al 1980). Ag%ther cala-

) '

noid, Epischura nevadensis, preferred preying on Bosmina

longirostris with short antennules and mucrones (Ker foot

1975a) - . o ;
N + [~

. s . Evidence has accumulatedvindiqating’that,cases‘of‘
what' was previousl§ thought to be cyclomorphosis are
- . actually an example of 1ntraspe01flc polymorphlsm. Wbrk

_involving electrophoretlc technlques has suggested thas,

“

IR the long and short featured morphs of Bosmina .

- longirostris are two genetically distinct sub-popula-.

N V. 4 b4
tiqns,'carrylng dlfferent alleles at the phosphoglu- -

3 coisorierase locus. (Mannlng et al. 1978, Kerfoot and

19.
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\\\‘/Peterson 1980) The Australian species of Daghnia

Py

.

~ .
o

-

’

carinata was thought to be very plastlc in regard to the.
S ———— :

morphology of the helmet (ie. cyclomorphotlc).

}‘/Electrophoretic ‘experiments by Hebert (1977) indicate

_copepods,(Hebert 1978b) .

that this "species" is made up of as many as nine,fepro-
ductively isolated species. Work by Jacobs (1961) has

also suggested that cyclomorph081s in Daphnia galeata

;may actually be an example of clonal replacment cyles.,

The ecological. 51gn1f1cance of cyclomorph681s and

polymorphism is now being worked out in some detail, yet

many uncertainties will remain until further work is

i o

1

done. There is no clear cof}eiwtfon/between head size
in Daphnia and denslty of invertebrate predators, and
some unhelmeted DaEhnla species in the. northern 1at1tu—

des are often found coexlstlng w1th large predac1ous

.
o ]
. .

-

Bt



N - T . STUDY.AREA"

* MATERIALS AND METHODS -

!

This study was carried out in Laé Choiniéte, a

turbid, eutrophic, man-made reserv01r in the Quebec

Eastern Townshlps located approx1mately 100 kilometers'

east of Montreal, Quebec (approx. 45°24'N, 72°33'w),

L™

. river. (see FigL‘l)

A large progortion of the dfaidége basin of the

LA

tion of- dams’ across the course of the North Yamaska -

The reservoir was formed in 1976 following the construc-

~ . .
ake is composed of agricultural land which contributes

\ .
. - «

b "
to the water's eutrophic state.

marily by large populations

f the blue-green algae

Aphanizomenon ovalisporum and Anacystis sp.

1]

"dity (up to 35 Jackson Turbidity Units). is caused pri-

(3

¢

It's high qdhmer turbi-

The crustacean zooplankton communlty of the lake is

made ug of Diaphanosoma leuchtenberglanum, Daphnla;'

N

galeata mendotaeLﬂDaphnla retrocurva, Cerlodaphnla

n

{
reticulata, BosﬂgLa coregonl, Lgydlgla quadrangularls,

Diaptomus minutus Cyclops vernalls,,and Mesoqyclops

’

N



Fig. 1. Diagrdn of Lac Cholniére, ‘
. of 1980 experiments, Modified from _Bo%t%ssa and Belanger (1978);

< "(.‘.

w

1 .
* l + g N R
. N .
“ oy - ' @ = . N
. . N
- ) .
. . i -, N Y . .~
A -
{ o
[ . L . i
' . —_> o ——
‘ . v .
‘ . - N » L 3
' o et . PR
. . B R L .
B ¢ Lo . '
N N . R
. 4 ‘ '
' .

4‘ '

-

‘Depth ‘contowrs in feet. SB 1§ site

-

PALIASK A

22..



edax. Small seasonal populatlons of Eglsqh_Eé ‘:%

1acustrls, Bosmlna longlrostrls, and Leptodora klndtll

' were also detected. Characterlstlcs of the dominant

Jrecorded and are glven 1n Table Al of the Appendlx. .

‘Oxygen readlngs-were taken 1n f979 with a YSIT portable o

' ’ - ‘l‘é

zooplankton species dre 1isted in Table 2. ' ‘ | .
’The.more abundant fish species in the lake include

yelﬂow perch (Perca flavescens), pumpklnseed (Legomls

glbbpsus), prckerel (Esox nlger), ‘and an un;dentlfled'

&
cyprinld. \ .
A LN e ' : 2

Some physlcal and chemlcal aspects of ‘the lake were

oxygen meter while the 1980 reSults'come‘from a modified
‘ I . c o

" Winkler oxygen test;(Haoh Chemical Co.). A weak . e
" metalimnion.was present during August of 1979 and 1980 « = :
o < 3 A ' .
"at about 5 meters' depth. ' o o L O~
A\ - . ‘ . L . T S R
L EXPERIMENTAL PROCEDURE : ‘
< ' . + =’ \t \ - * -

Experiments were performed in 212 Iitef'cylin- ! . -

drlcal polyethylene cages whlch were 30 Em in dlameter

-

\and,300 cm in lengthJ Nlne 20 cm. sq. nylon screens: ° : N

. T Q , . N , Y
(98um mésh size) were installed in spiral| fashion along

# : ’ -



e

' . N

the ‘length of the cage to aid in exchange‘ of water r‘rom

4

the cage and the lake while being of sufficiently. fine

< larvae may have been an exceptlon however.

The cages

-

' tic floats, in

: Fig. 1). m;'y

; ‘ens'ure that no

: Q the‘ cages were
'aiately before

all: cages were

) rema:med above water level.

L. @ cage did so .via the’ mesh w1n”owsAand was free of crUsta—

‘

. cean zoopl ankton .

- to the surface, drained of water,

'whlle taking care to ensure that the top- of the cage

PR . mesh to prevent the entrance or escape ffom the cages of" ‘

' th"e zooplankton speciesfunder‘oirlvestigation. Naupliar

~
’

were suspended, u51ng styrofoam’ and plas-—
a bay on: the south 31de of the lake (see
were then 1nspected by a S(;UBA diver to Ty

support ropes had become tangled and that

N

‘hanging'vertically 'in'the water. Imme—' :
1ntroduc1ng the experlmental populatlons,

emptled by 11ftrng the bBottom of the cage

and then allowed tq

refili by lowering‘ the bottom of the cage into~the lake

s

’I'hus water entering the,

>0 " Twelve such cages were d1v1ded :mto three groups of

- ' fodr replicates each.

The three groups were treated as

o

. - ) “£611ows. .Group 1 zooplankton was' collected from ‘the

- " - - lake the day preceedlng the 1n1t1atlon of the’ experl-

. ment. The dominant zooplankers,‘ at the time belng



A

B." cb}eg‘oni and D. galaeta, were isclateq under. a wWild,

dissectind microscbpe (20X) and transferred to a 250 ml

Erlenmeyer flask containing 200 ml of 48 um fi'lt'erecl

1ake ‘water. Approx1mate1y 75 B. coregonl and' 25 ) .-
galeat were collected ‘for each of four flasks. The
contents of these: flasks were introduced intéd.the Group

1 cages at the beginning of the experiment. .
For Groupcz .cages, four vertica'l tows of three

meters each with a 15 cm diameter c‘?.qlcal plankton net

(124 ‘um mesh) were taken. .The velume: sampled thls way
is approx1mately 212 llt\j whlc‘h is the volume of the-’—(}
cage. - 'The contents of these four tows were 1ntroduced

ihte\ 'one of -the Group 2\ cages-. Other’ Grog’p 2 cages were

\

treated identl cally

L3
’

Zooplankton were added to Group. 3 cages "in the same

. manner as in Group 2. Then, four yellow perch (Perca

H

'flavesc'ens) between 5 and 6 cm standard length were

i

-added to each- cage.

. A1l 12 cages were.covére;i with a sheet of polyetheiv
. 3 R . S ) .
lyxie during"the exper imental period. The initiatibn of

the ebcperlment was cons:.dered Day O s(August 29; 1980)
Wlth samples belng taken after 10 days (hereafter‘ Day

o 4

10) and 17 days (Day 17)

M €
N . .
. - FR- . Y 8 . -
.

. . . . ‘
. ¢ . s -
o . Y . co - 25, .
. = . N . -

’
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Table 2. Charactemsh cs of zoop'lankton present during experlment 'Abbrrev
is abbreviation used in tables and figures. See text for SFR (size at first
reprodu::twn) Pref,erred depth is depth of relative concentration of spec1es
durmg day in non-fish cages AT 'lengths in un. '

e — — - -
Species - Abbrev. Size at = SFR Maximum -  Preferred
T . birth - size _ -depth
' o [ ' R

' Daphnia - D. gal - 470 890 1470  surface |
galeata ' — ” “ ) o

_ Diaphanosom = :D. Jeu . 408 ’ 756 1300 . :K bottom
? leuchtenbergiapum ‘ ‘, o v )
Geriodaphnia . C..ret ' 256 :' 528 = Bl0 .  surface
reticulata - . . - i . '

Bosmina *°  B. cor 290 = 435 630 surface
Lcoregoni - : : § ' b T
leydigia ** . L. quwa . 200 300 . . -405. bottom
guaﬂrangu]ams ‘ T ' ‘ e T s
Mesocxclogs ' M. eda ( 320+ _ 710%* 1160 bottom

edax . ‘ ‘ ‘ ‘ ‘ '

N Cl‘do s , (. ver 300* - ,70(‘)**' , 870{I . ‘\bottom
.ver'nai1s . e ' | - .
 Diaptomus D.min ... 300% - 783 80, o
mmétus . ) . - C Preference’
* Copepodid>l ‘ . \ oo
** femaTles only - T . \

\ ‘ ) . l . . o . . , i 5, N ! ) _. . .’tl N
e , 7 ‘ o v
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4

-partlcular sSpecies was present at' a density of. much

- B .t )
- N

= Samples were taken w:.th a two liter: Schrndler-
. N
Patalas trap and preserved in a formaldehyde-sucroée

s’olutlon. - The. reservoir and al-l cages were .samp,led at

0. 5, 1 5, and 2.5 meters depth w1th three repllcate
7/

samples taken.per depth per cage. In all, 117 samples

Kt

4

were taken on each s?mpllng day', ) o ®

.
’
T . t

PROCEDURE WITH SAMPLES-

\Cou‘ntiﬁg of zooplankters was done under a Wild

-t

dlssectlng mlcroscope at 20X magnlflcatlon. ‘All samples
Were examlned in thelr entlrety and all 1nd1v1duals of a

N h

spec:.es counted w1th the follow:mg excleptlon I{ a
éreate,r’ ehah :1,00 per liter then 5nly‘one halfﬂ of the
samp];e wa§ cc;unt’ed lfor that particﬁlar species. A-ll
zooplankton were q.dentlfled to spec1es accordlng tof
'Edmordson - (1959) : e J

D. galeata and B.1 coregonl were measured under a -
compound mxcroscope at 100X magnlflcatlon to the nearest

N 4 ; ,

15- um. - For D. galeata, measurerﬁents .taken were core

-body length (hereafter CBL) the d;sta*nce from th’e

_center of the comppund eye to the posterior edge of the’



"t

A

.

/ carapace, helmet Length the\dlstance from the center of
' 4., !
the eye to the anterlor end of the’ head shleld .and - -
R
.- spine length: d:l.stance from the posterior edge of the’

T carapace to the dlstal eng of the caudal sp:.ne. Mea- ',
", surements for B. cbregon were body length. total body’

- length, helght. distance from dorSal edge of 'carapace'

T to anterloventral process of carapace, and antennule

«

l

length: distance fron} proximal edge to distal’ edge of

_antennule. - .- s ‘ .

a

A1l other, .species _were measﬁred to the nearest

k

29'um at 31.25X magnification.

Cladoceran lengths were

total- body lengths and copepod. lehgths were metasome *
lengths (distance frcm anterior end of body to the meta--
somal wings) . o ‘ V o ’

The size at: first reproduction (hereafter SFR) was

’ &

PR . : ¥

calculated for each species as the size at the tenth

v

N ‘ k) N N ’
- . ' .
. . .

‘percentile of the size fréquency“distroibutiqn “of gravid*

femalea as given by Culver (1980).

. ' .o N
B 5
v . _ . . P

~r
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RESULTS

The method ‘employed to initiate the experiment was

not 100% ef‘fective, since copepods and cladécefans othe'r,\

5 "

than Daphnla and Bosgmina were found 1n the Group 1 cages

'on Day 10. The most probably reasons for 'thls problem

.

were elther that the zooplankters could pass through the

mesh w1ndows of the cage relatlvely ea51ly or that the |

technlque used to empty the cages 1n1t1ally was 1nsu,ff1—

1

cient to completely remove all the zooplankton.
| L o
" A pilot 'expe'riment, pe'rf,ormed‘tg test the ability

of the ca'ges. to exclude. zooplankton from: the reservoir,r

A L

_\1ndlcated that the cages were over 90% effectLve in

RN

‘ excludlng 1aiger cladocer;ans such as Daphnla, Bosmma, CLv

.and Dlaphanosoma but only about 65% effectlve in exclud—

1ng smaIler organlsms such as Lezdlg:l.a and naupllar.

larvae. " The. effectJ.Veness of the cages in regard to

L cbpepode was‘probably high also, but the situation would

\ -

'be conqued)WJ.th the maturatlon of the naupliar larvae

(1e. 1mmature copepods) whlch ‘infiltrated the cages.

. 'I‘he presence of most/of the larger zooplankton\

v

other t.han Daphn:x.a and Bosmlna in the ‘Group 1 cages Can

therefqre be,a.ttrlbut‘eé‘l to drawbacks in the method of

-
’

" emptying _the'cages at the initiatijon of_ the.experiment.

A

5

1
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Creases which formed in the plastic, while th% cagesl were -

being ‘emptied would have held small guantities of water
containing zooplankton. “This seems the most probable

source of the unwanted lar'ger‘ zooplahkton which were

probably present at the beglnnlng of the experiment in
low numbers only

The loss of one Group 1 cage and one Group 2,cage

was experienced ‘between Day 10 and Day ‘}.7.
. Predation by fish,. signif}icantlﬁr reduced . all popula-

tions of prey species after 10 days with the non-fish

1

cages, suﬂporting much higher zooplankton densities than:

»

'elther the fish cages or the reservoir on that date

1 v

(Table 3). After 17- days however, only the numbers .of

'D. galeata, c. retlculata, Mf. edax, D. minutus and

C. vernalis were 51gn1f1cantly lower in they cages con-

' !
3

talnlng piscine predators. (Table 4) . NQ,.dJ.fference was

‘%bserved for any other: prey w1th the exception of

\

Le guadrangularls which was significantly more abundant.

'I'he statistical test used was the 2—-tailed 'Studeht' 8

)

t- test for mdependent means: (Sokal and Rohlf 1969). -

' Slmllar statlstlcal tests were done eemparlng mean

" lengths of a glven prey ‘species. between fish and non-
fish cages on Day lO (-Table 5) When compar:.ng cages as i

’
a whole only the cyclppo.ui copepods seemed to. have thelr

mean 1engths affected by the presence of fish with

C. vernalls belng shorter and M. edax belng longer.

/

g

o
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When the fish and non-fish cages are compared at.'

.

the individual depths sampled however; an interesting

phenomenon is revealed."The mean'lengths of

B. coregoni, C. reticulata, and D. minutus were signifi-

i . N

cantly smaller at 0.5 meters in the‘fiSh cages compared

gwiéh the hon-fish cages while being significantly larger

‘than the populations in the non-fish cages in the deeper

regions of the cage (Table‘s). The bresence oﬁefish
'seems to alter the vertical dietribution of different
size élasses of thesé tﬁfee prey sbecies.

Although cyclop01d copepods were present in tﬁe
Group 1 pages{ by comblnlng Group 1 and Group 2 cages o

the range of cyclopoid den51t1es among these elght cages.

’ 0

+was sufficiently large to allow an examination of the

effects of these predators on their iooplankton prey. A

one—way analy31s of variance on the mean cyclopoid den-
51t1es showed a. 51gn1f1cant dlfference among the cages
(F=13.0 dF=7,56 p1:.001), The mean den51ty of cyclo-

poids ranged from 2.7 to 14.2 per liter in the eight

°
1

cages. ' . . ' . .
- . - .
When considering thé effects of cyclopdid preda-

’

tion, one;must keep in mind that only the older instars -

'

of the anlmals are’ predac1ous. The density of plank-

.

tlvorous cyclop01ds was therefore con51dered to be the

den31ty ?f cyclopoids the length of arn adult male or
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larger (ie. M. edax larger than 480" um and C. védrnalis

¢

larger than 405 um). This variable shall, be termed the -

predaqiqus copepod density (PCD). ‘ T - ‘
’ To determine if ‘cyclopoid predafion was an.impefe-
ant factor regulaéing‘zooplankton densities, Peaéson '~[ ,
correlatlon,coeff1c1ents were calculated between cyclo-
p01d density and Pprey denSLty in the elght noqﬂjlsh

cages ‘'On Day 10. Nb s;gnlflcant negative corre}atxoﬁs

were found between prey denslty and PCD for any prey .

vspec1es (Table 6) 1ndlcating these 1nvertebrate preda—

¥ -
tars had little effect in controlling prey population

. o . .
densities. - _ : , .
‘ o N ) . . M . ‘3 ) »
JSize’sa{;ctive predation "copepods was estimated-
by constructing size frequency distributions of the

pbteﬂ;ial'prey‘speqies*cqmparing cages with highyand %Pw .

) . o
PCDs (Figs. 2 to 6) . Any instar orasiqg class of a
. . f o o

- prey species which was much less abundant”in the high

o P

PCD cage than’ 1n the. low PCD cage was considéred to be

the preferred size class of prey for the. cyclopoids.

This method of analysis indicated that four prey B

/,. ' P : . T *
species, namely B. coregoni, C. reticulata, \
. - g N -— ———— - L

' - D. leuchtenbergianum, and 'D. minutus exhibited the

-

effects of size selective predatioﬁ by cyclo oids. 1In
. 1 by cyclopoids.

. N . N o
', . . , J
. .

‘e
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a

- plotted against the PCD found in each of four non-fish

33.

P .
» - N ., 2

each case, the preferred size of prey was not the small-
3 ‘ , ! .

est individuals but those of an intermediate size

't

(Figs. 2 to 6). - . o . | |

-,

To provide further evidence' that the above prey
species suffered size selective éredation, the percéﬁt- HE f

age ' of prey individuals in the prefefreq size class was

LY

cages which were examiged in detail. As the dependent

variable here was a proportion (% prey in preferred size . i »

class), the arcsine transformation was used to normalize

\ :

the data (Sokal and Rohlf 1969). -This method of analy-

'zooplankton prey. This alteration of prey size fre-

sis-revealed that the percentage of the preferred size

class found in any particular cage, for all four prey 2 8

K}
N

species involved, was ‘inversely proportional to the PCD

of that cage (Figs. 7 and 8). This relationship sup— . ‘ o

—

ports the theory that size selective predation by cyclo-

8] -

poid copepods can’ affect the size distribution of it's

A
\

quency distrihution seems more prenouriced for the clado-
“\

ceran prey. than. for the calanoid prey since the slope of . e
the regression lines r the former are roughly twice as &~

. . , - -
steep as that-of thg latter type of prey (Table 7). To -~

test‘thé significance of the correlations between %



preferred prey and PCD a etudent't-teet\WBé performed on :

cant at the 0.5% level.
stars of “this spec1es could be determlned from size

’ plotted against instar number and:%—teste.were performed

‘body length in B. coregoni was divided into 50 um size

2’

‘,used for D. galeata. E 3 S I B

. . ' ' [l v~
f . - .
. . L . t .
\ . ) - [ . A 34 .
- . . . . o

. ‘ .
- B .
= . ' . | Y ¥
. . . , .
.

each correlation coefficient.. Duye to the small sample -

size associated with each~boefficient an oyerall signi-
ficance test for combined probabilities was used to

LN —_— .“ N &~

‘increase the degrees of freedom thereby 'yielding a more

powerf&l test»(Sokai éhd'Rohlf 1969). Table 7 indigates

the probab;lltles Qf the students t that each correla—~

tion coeff1c1ent 1s zero and the chi-square probablllty

forxthe combined tests. The,eorrelatiPns are signifi—

’ '
N . N

[
3

With the measurement of over 1500 D. galeata,'ihr .

\ B ‘

frequency drstrlbutlons. ﬁ%lmet and splne length were

/

between similar instars under the different experimental

canditions (ie. fish versus non-fish cages,,lbw PCD

Y

versus hlgh PCD cages». Although theAnumber of ' \

1

B. coregonl measured was 51m11ar to that of D. galeatan‘ .o

1nd1vﬁdual 1nstars could not be. determlned. Therefere,

A

' . v, . i . 4
classes and mean carapace height and mean antennule
_.‘ ' ] (‘/ .o _ ; & ' \\ '\

,Jength was plotted’ageinbt‘body size class. Student'

’J
t- tests were then performed in a- manner sxmllar to that .



o .‘, El = \‘ -0 < ' ‘.. /“ ,
By‘ comparing the ‘lengths of these variable struc-

n

\. tures 'in Bosmina and Daghnla in the highest and 1owest ‘

PCD ~cages examlned, 1t was found that cyclop01ds d:LEi not

affect the morphology of either cladoc‘eran. Y

It was found however, that Daphnia in the fish\ cages

exhibited'significan-tly shorter helmets and sig’nifi'oant-; -

. ly longer splnes than 1nd1v1duals in the hon-= flsh ‘cages

I

(Figs.\9 and 10, Table A2 in Append;l.x). - The . morphology

of B. coregoni individuals in the fish cage,s however,

» ’ .

was virtnally identical to that-of the individuals in

. the non-fish cages (Figs.-1l and 12, Table A3 in

Appendlx)

3

To detect ahy changes in communlty structure

,/rlsulting from differences in predatio’n p;‘essure‘ between

.

1

culated The: relative abundance of each species on
) . . Cd . '
Day O and Day 17 {(fish and non-fish communities done.’

separately on secorid date), the Shannon-Weaver diversity

3

"index (H') which measui'eS'how evenly distributed the
R

relative proportlons of the ‘different spec1es present '

are, and the Equ1tab111ty index (J) which measures how

\ - -

close the dlverslty of the partlcular communlty comes to

1t '8 theoret1ca1 maxlmum (see Plelou '1975)..

- o -
\

o~

. experlmental groups, the fo‘ilow'ing q\iantities were cal-

=~




a7

" Pish grédatidn had a éignific’ant éffei:t on the -

rs

. z,épplé.nkton community by decreasing the';'elative abun- . o

dance of both D. galeata and C. r’eticﬁlaga’,- allowing .

'

ecies such as B. coregoni, D. leuchtenbergianum, and
- . - — -

L. quadranlaris to'become more abunde{n“i'7 (Table 8). The

lower community,diVersi;cy i'n the nom—‘fisﬁ cages, due to%
. the dominance of 2 galea‘ta, (indj.cai-.o‘as that the presence
of éerch ¢an :i‘.nAcr‘e‘:ise' thé 'di\ve%:isty.‘ 6f "zgopl%dktbnl
communities by feeding Select.i'vé;y on dominant species.
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‘Table 3.

Densities + standard error per 2 liter samp]e of zoop]ankton in’

in

A

experimental cages and resevoir initially and on Day 10.

“

Samp] g 'size in

37.

parentheses. S1gn’ff1cance of t values: *(p< 05) **(p<.01). See text for . N
" details. Lo A
\ , R )
« Species  Depth ~ Initial Resevoir No Fish® Fish ° o
P '» '{ . i . | \
D..gal 0.5M - 8.7£3.5/(3) 104.2423.1 $24g 18.145.5 212§ *
. ‘ 1.5M 9.0:3.0 (3)  68.1317.8 (24) 19.635.1 (12
, 2.5M 9.0¢2.6 (3) . 23.445.9 (24)° .7.81.6 (12)
" Total 1.8:0.4  8.8t1.67(9) 64.0£10.6 (72) 15. 2-.1:2/6 (36) **
Brogr  0.5M - [96.649.4  527.13105.6 °  73:4t12.1 *oh
C1.5M 52.4+14.8. 544.8:142.2  110.2+30.2 *
2.5M . 22.645.6 278.2476.6 36.242.7 *
‘ ‘Total 18.8:2.3 57.2+12.0 ~419.3t71.4 62.5t5.9 **
Coret 0.5 9.4¢1.4 40.1$10.1  14.313.5 \
. . L.5M 12.040.6 46.847.1 21.84.6 *
2.5M - " 28.6%5.2 . . 20.5£3.0 -7.5$1.6 *%
,Total  0.9:0.5  16.6+3.4 ° 35.4%4.6 14.342.2 *k
D.lew  O0.5M . 7.443.2° 10.942.4 3.741.1 *
1.5M- ' 8.01.8 25.916.2 8.412.4 . :
2.5M . 11.0£2.4 '21.113.0 10.582.1 *
Total’ 3.240.7  8.8:1.4 - 19.0:2.5 ° 7.5¢1.2 >k
] § - ~ . ) ~
. M. eda  0.5M 4.0+1.0 4.5+o 9 1.140.3 '« * K
‘ 1.5M - 3.0£1.0 3.3:0.6 2.310.7
/ 2.5M 3.4¢1.8 5.741.0 3.1:0.4
- Total - 1:040.5 _3.480.6 © 4.550.5 2.110.5 . *x
C.:ver  0.5M e 0eHL2 8.141.0 © 2.8:0.8 xx
1.5M 6.4+1.0 - 9.5¢1.4 - 5.3t1.4 ,
2.5M 4.60.7 10.641.3 . 5.711.4 *
Total  4.6:0.8  7.040.5 9.410.7 4.640.7 e
D..min.  0.5M 9.0£2.6 - 12.4+1.4 " 6.8%1.5- *
' ~1.5M . 6.4£1.8 9.341.1 8.141.3 ‘
. - 2.5M . 1,6:0.6 10.431.3 7.642.0
Total . 2.810.4  5.6:1.4. 10.740.7 7.310.9 *ox
L. qua 0.5 7.7¢2:0 6.0:0.6.  -6.8:1.9 . _
1.5M 5.0+2.5 10.81.6 6.411.8 * ‘
2.5M 4.0£0.6 11.481.7 3.740.7 o
. Total  6.4£1.0  6.0t1.1 9.410.8 5.6:0.9 K '
. ' o >




/

- { ' -' . K ' 2
" Table 4. 'Densities t standard error per 2 11ter samp]e of zoop1ankton in

‘38, -

experimenta] cages and resevoir on Day 17 (as in Table 3).

[}

Resevoir

No Fish

Fish

“Species ° a
D. gal 0.340.3, 36.815.8°(9) 4.4+1.2 (9)
‘ 0.740.7 90.9217.9 (9) 6.0+1.1 (9) *
. 1.310.9 25.615.9 (9) 6.812.5 (9) R
10.840.4 51.7412.6 (27) 5.741.0 (27 dx
-, B.cor . 18.0%4.2 [13.242.8 . 14.242.3 °
2 26.355.0 ° . 26.16.8 23.457.5
. 15.010.0 T 7.251/4 12.744.0
19.832.5 15.532.8 - 16.8+3.0°
C. ret 1.340.3 12.1£3.7 - 2.720.3 *
2.010.6 27.318.8. - 6.7£1.6 *
1.3%0.3 - 8.3:1.7 4.331.6. .
© 1.430.2 15.943.5 4.50.8 *
D. leu ' 4.0:0.6  ,  2.411.1" 1.240.4 L
. 3.0%0.6 5.741.5 1.430.5, o ¥
4.330.7 - 7.131.9 6.923.1
4,103 5.1%0.9 323101
M. eda .  0,3+0:3 - 0.320.2 . 0.120.1,
' 0.3%0.3 1.1%0.5 1 0.1%0.1 .
. 0.0:0.0° ~1.240.5 ,0.220.1 W .
S 0.210'1 .0.9%0.2 0.130.1 . Cwk
C."ver 3.310.7 "1.2:0.4 . 2.740.3 *
2:710.9 4.131.0 " 2.220.5
2.740.3 * 4.7%0.7 2.140.6 *.
'2.9:0.4 4.130.5 . ' 2.3%0.3 *
D.min_—7  4.0:0.6 , 7.01.6 2.310.4, *
. 3.080.6° 4.010.5 2.910.8 .
2.080.6  ©  6.3%1.0 2.941.2 *
3.0£0.4 - 5.8:0.7 . 2.740.5 *x
L. qua , ', 0.7#0.3 - £ 0.420.2 4.640.9 e
» 0/70.3 1.6£0.4. 4.430.8 , *
-1.010.6 . 1.730.3 . 4.310.8
0.8£0.2 - 1.230.2 4.430.6 *x
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. Table 5. Mean length of zooplankton (um) + standard error in experimental
‘cages. ‘Significance of t value: *(p <.05) **(p<.01). -Se¢ text for details.

dm U : .

e

te

‘ Species ' bepth No Fish . ‘Ifish T - o
D: gal - - 0.5M 812:11 (493) 75315 (186). e
A N 793:10 (478) 817414 (209) -
. 2.5M 801313 (312) « 81718 ( 98)
Total 802+ 7 (1283):, 793t 9 (493)
.. . N - T . - . :
‘B.c cor 0.5M 383t 3 (323)  365¢ 3 (352) R
/ 1M ¢ 374+ 3 (397) - -385% 3 (433). - . T
, 2.5M 376+ 3. (409).  375% 3.(307) . A
o Total ~ - 377t 2 (1129) . 376% 2 (1092)
C.pret - 0.5M 431+11 (155)  384+19 (143) *
. 1.5M 453+ 8 '(zszg 497+ 9 (195) *or
_ © 2.5M a82:'9 (196)  506+12 ( 89) A .
' Total’ 484: 5 (613)  d61x 8 (427). . \
D) Teu .  0.5M . 70317 ( 93)-°  708£25° ( 45)
: 1.5M. . 7431l 5239) 7721 (79) .
C2.M T 713:13 (206)  709+16 (123)
. Total 724+ 7 (538) . 711411 (247),
M. eda 0.5M - .. 402¢ 9 [ 52)  435¢23 ( 11)
: 1.5M -, 427:15 ( 54) . . 442+20 ( 31) '
2.5M 420411 (99) 46825 ( 48) *
| Total 817+ 7- (205)  455¢15 (90) - ‘4w
C. ver - 0.5M 402+ 6 ( 86) 3495 9. ('73)
. 1.5M° ., 409t 5 (153)'. 380t 9 ( 90) e
- .2 411+ 6 (170) 41111 (.90)
. ‘Total ~ 409+ 3 (409) 382+ 6 (246) *x
D. min . 0.5M 525117 ( 82) . 48617 (79) < .-, **
S M 483413 (127) . ~4B8t17 ( 75). .
2.5M - 474812 (144) 549420 .{ 98) *
- Total: - . 489+ 8 (353) - 502411 (252)




Téé]e 6;‘

-
4 N

'

~PCb. a = prob
wvalue for cbmbineq probabilities. .

0 .7 [ .
‘l v . T v 1
’

zooplankton density. - N=8 for .all r.
of r. See text for detai[;. '

o »Spéciés ' r C o
b. gal -0.038  0.90
B.-cor - 00366 0.40
C. ret  0.90] 10.00)
D. Jeu ©  0.914- . - 0.001
L. qua’ 0-413 < - 0.40
Nauplii ., 0.672. * 0.10
. min 0.917 0.007
S B ¢

v
[l

Pearson correlation‘coefficients of PCD and’ .
a = significance

. 40.

Preferred size class of p}ey and regreésion éhp1ysis
sferfed prey ‘and '
= chi squaTre :

of reLatﬁonsHTR\pgtweén percentage pr
abNlity of r (N=4) and-x

'

] -

“-. Species "Preferred Size " b Cor "«
D. gal No preference - - -
B. cor 400-500 T-1.31 f.91, 210 . - 2. T
C. ret 550~-625 ~ .  =1.23 -.82 .20 Cx"=23.47 )
b. leu 450-650 123 =76 .40 dF=8
D." min 500-600 -0.69 -.99 .00 p<.001 .
. P " o ‘ | o
1 ~
-y , ’ o ; T )



L , ‘ . . R}
Table 8. Effects of perch predation on relative -abundances of zooplankton

_species. a= significance of t (arcsine transformation) *p .01 **p .001.
H'= Shannon-Weaver Diversity Index. J= Equitability Index.. N= sample size.

"Species bay o Day iS
- PR No Fish -  Fish . a _
D. gal 0.091 050 - . 0.3 . w
B. cor .  0.427 . . 0.150 0.390 *h
C. ret 0.018 -~ 0.154 ' . 0.104 | | w
D. lew .. 0.072 .  0.089 0.074 e )
L. qua- *©  0.145 0.012 . 0.102 - - e
Nauplii . - 0.059 '  0.044 . 0.033 - .
M. eda ¢ 0.023- - 0.009. 0.002 ° -
C. ver 0.100 - 0.040. . . 0.053 -
- D.-min . 0.068 - -0.056 . 0.063 -
LN, Ces. o .zrez -, 1163 .
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' RELATIVE FREQUENCY

4 N 1 i ] [ - N
A . .200 300 400 500 600 700
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| _ Figure 2. 'S1ze frequency distribution of B. coreqom in ‘hlgh and low

' . ECD cages. Sample size in parentheses
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Figure 4. 512e frequency distribution of D qaleata in h1gh and Tow.
. ECD, cages.- Leqend as in Flgure 2. o e
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\,,’ Figuf‘é 5, Size frequency dlstmbutmn of D. leuchtenberqranum in h‘ihgh -
o and low ECD cages. . Legend as in Figure 2.
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duction for these spec1es. If this was,lndeed

' -~

'

Predation Bj'cyclbpoia cepepods had‘né diseernable

effect on the denslty of it' s prey species under the

’the experlment, all the cladoceran spe01es (excludlng

L. quadraqgularls) were in a state of population in-

crease . in the lake (Table 3) The simultaneous increase -

RS . . ' |

in populatlon densities of the four most abundant clado¥

ceran species suggests that some physical factor, or -

perhaps food supply, became amendable to rapid rep

then predatlon by cyclopoyds would certainly Xe obscured

‘due to the 11m1tatloh of a 1ow predatlon rate (see

Table 1), In addltlon, bhe_gyclop01ds studled,

b C. vernalis and M. edax, are relatively small even for

, inveftebrate'predators- - thus compounding the difficulty~

ln attemptlng to estlmate predatlon‘rates on zooplank—

ton. Ev1dence was found which suggests cyc10p01ds may

modlfy the size dlstrlbutlon of some prey spec1es

‘th:augh 'size selectlve predation (Table 7, Flgsi 2 to

+

-6). The preferred size class of zooplankton was the 500

? )

to 600 um - class for C. retlculata, D. leuchtenberglanum.,

o~
~

% . % " DISCUSSION - .

e case, ,

.
.
v J
. .

' experlmental condltlons (Table 6). At the 1n1t1at10n of

i
CORVE
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' 1y published .studies, most of theése studies offered -

‘.perlods.\ L o . . .

< R . ! o T, s ' '\", ) 49-

' < ’ . . r

-and Da.minutus while the oreferred size of g:'coregbni

1

was 400 to 500 um. No preferred size of'D.-galeata was -

I Y

.apparent. A strong negatlve correlatlon ex1sts between

..the PCD and. the ,percentage of a prey populatlon 1n ‘the

!

.preferred size-class f0r'most prey'sPec1es (Tablé.?,

Y

:Figs.ﬁ7 and 8). ) . » o '

Cfclopoid éredation seems to affect, tﬁe‘nbre abun-

._‘

dant 31ze classes rather than the smallest size classes

of the prey spe01es (Flgs. 2 ‘to 6). Although this pat*"

tern does not concur with the findings of most previons-

. @

’cyélopoids different sized prey in eqnal’ﬁroportions

.Keg. Confer and Applegate 1979, Jamieson 1980).r The

91ze-selectlve feedlng mechanlsms of cyclopolds Whlch

‘are offered’ several sizes of prey 1n dlfferent propor-

tions has not been carefully studled.l ngh encounter

9

]

.

probabllltles with larger prey may ’lter copepod prefer-

'ence for smaller prey if the latter is suff1c1ent1y

scarce due to increased energy costs of high ‘search

1
N

' Another factor whlch may result in preferent1al

A ’

feedlng on 1arger prey by copepods is the relatignsh1p5

between handllng time of a prey 1tem by the predator and ‘

tpe energy value of theﬁprey.: Recently, Pastorok (1981)

’proposed a dbdel for- optlmal feedlng for the dlpteran

~
e’

P

e
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larvae Chaoborus trivittatus. He afgues that while the

~.
~ - PR

-energy value of a food item increases as the prey size .

, ! =<

increases, the handling time for that prey item .also

increases. ‘Themmpdel pfedicts\that\the optimum size of .

7

. éfey (maximum energy yield per unit £ime of handling)

are mid-sized indi%iduals., Althdugh the.feeding be-

havxor of cyclop01d copepods is qu1te dlfferent from

‘that of Chaoborus, thlS type of optimlzatlon of préy

r

slze—selectlon maf\play a ‘role in the ultmmate dlet of

the cyclopOLds. It\ls known ‘that the carapace 1ntegr1ty
of the prey is impor;ant,ln determining the percentage
of orey biomasslkilled which ls assimllateg (Qrahdl and
Fernaado 1975aﬁ. 'Relatively thick carapaces o; prey .

zooplankton also increase handllng time of the prey for

C. vernalis (Li and.L1 1979). The data collected from ,

.

: . “ /
the cage,egperiments is consistent w1th‘Pasto;ok s opti-

mizatioh'abproach. The three cladocerans susceptible to

‘copepod predatlon in.the 500 - 600 um size class

[l

(Cerlodaphnla, Dlaptomus, and Dlaphanosoma) are relatl—'

vely-ea51ly ingested by copepods.' Bosmlna, which has a

réiatively‘thicker‘carapace‘fhah fhe above-mentioned

cladocerans, is preyed upon at’ a smaller slze (400 to

:500 um) Hapdllng time for Bosmlna is’ alsollonger thad7.r

‘
:



51, -
- - ' . ~ ‘i‘(l
for the other spec1es (L1 and Li 1979) ﬂfle handllng T
. time and carapace thlckness is even hlgher for Daghnla, o .

. BN
4

i ) - ‘explalnlng the apparent 1ack of slze—selectlve predatlon - -
’ on the latter spec1esn‘ The handllng.tlme to energy t . V'
,:‘( yleld ratio may be so high for even a small Daghnla that L

‘wxf”‘-" T thlS spe01es is ignored by. the predatory copepods in
'\:‘ ) -
favour of more easily handled prey.: :

No significant difference ‘in helmet or spine growth
. S ' .
in Daphnia was Qbéerved between high and. low PCD cages. A
(Figs. 9 and 10, Table A2 in Appéndixf, Neither d4id
/ A} N ! -

copepod predation have an effect on height or antennule . - R

growth in Bosmina coregoni (Figs. 11 and 12). - Again,

the relatlvely small size - of the ‘predators (M. edax and

T
0 N

'E; vernalls) may'have been a factor.‘ Studies which have. '
R 'Idemonstrated that the development‘of spines and other.r ~.: - o
B 'prothberances is an adaptlve advantage in foiling the \:, oo
attacks of 1nwertebrate predators have been u81ng ‘

""\."‘ ' .+ aquatic rnsects (O—Brlen and Vlnyard 1978, Grant* and - “" N

A Bayly:l98f Krueger and Dobson 1981), Eglschura (Kerfoot
1977), HeterocoEe (O Brlen et al 1979), or other large. ~l. N

L : 1nvertebrates as predators. Smaller cyclopoids, by g -

oo oY v1rtue'of their lower predation rates (Table 1), have
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,llttle effect on: the mbrphology of thelr cyclomorphotlc

) and polymorphlc prey, at least on the short term. - )

Predatlon by perch was found to be mtense on all

v

,zooplankton spec1es 1n1t1ally and 51gn1f1cant on’ cope— .

X pods, Daphnia,” and Cerlodaphnla after 17 days (Table 4).

On léay 17 the denelty of zooplankton in the fish cages
was -only 36% of that in the cages without fish.
Of the three prey . charaéteristg.cs previously men‘-‘

tioned (si‘ze, speed, and’ transparency) wh:,ch could alter

susceptibility to flsh predatlon, only the hlghly deve—

1

- loped. swimming 'ability of the copepods was likely to

have been 11m1ted by the experlmental proaedure {ie.

N

cage dJ.ameter only 30 cm.). Prey transparen‘cy may have

played a role in determinin’c_; the ultimate diet of the

" perch. All copepods, which are vhigﬁlly opaqq'e, euffered

.significant pfedation (Table 4) Diaphanosoma "densitiee |

'however, were unaffected by perch predatlon at equili- . -

) brlum wh:.le Cerlodaphru.a ] densxty was: reduced 72% fromv

the. non—f1sh cages; ' even ~though the - former species is

about 50% larger and' presumably more v1slble to the

fl,Sh. ’I'hls suggeste other factors are involved. Con-
\

N -

51der1ng the duratlon of the experiment however, inter-,

- pretatlon of ‘dlfferences between experlmental copepod‘



1

cladocerans at 0 M. - Tl"xe two 'smaller cladocerans,

1
‘

populatlons should be done cautlously smce the genera- i

. tion time of most copepods is longer ;t‘nan the duratlon

o'f the experlment. Most of the cladocerans however,
could haVe gone through three or four generat:_lons durlng
the same time span. . ’ " ,“ : '
Amonglrlae ciadocerans, no overall‘dlfferences 1n
fmean body length resulted from predatlon by perc'h
(Table 5). Selectlve pressure favourlng small prey size
does seem to be 3 factor in the upper reglons of the .
cage. The presence of plankt;ycres slgnlflcantly de- :
_creased the length of all three s.urface-divell'ing
)
coregonl and C. retlculata appear to make a behav1o—
raluadaptation.\'ria the movemen't': of larg’er individuals to
‘the deepér porticn of the cages ‘(keep' in mind tnat the'

mean lengths do not d:.ffer when all depths in a cage’ arezb

comblned) 'I‘he mean 1ength of D:Laphanosoma, . a bottom

welllng cladocefan, .1s totally unaffected by perch

| ;redatlon (Table: 5) The turbldlty of the Water presum—

“bly protects these large 1nd1v1duals by decreasnlg the

&mount of llght whlch penetrates to the lower reaches of

Ehe cages S n - ‘ L



(Table 4). On Day 10 -howeéver, Bosmina made up nearly’

[

N , ’ -
2 . N Lo . - . .

High de‘nsiries of less favoured prey n‘\ay‘. cause, fish -
. N .

P N -

to switch their feeding behaviour some%vhat‘:.l For_

" example, Bosmina was heavily preyed upon by perch bet-- T

. . e S . . Lo e \

weenh Day 0' and Day 10 but by Day 17 it's densities in v

the non-fish and fish cages were virtually' identical . ‘ C
three quarters of the total 'zoopl'ankton‘ by numbers and - '

was six and a - half times more abundant than D. galeata,. N o

" _the next most cOmmon specres. Since visually feeding

- r ¢

"leh‘ are known to select the prey 1tem ‘that appears o

'largest (Vinyard and O Brlen 1976 o' Brlen et’ al 1976),

‘ ly to have many 1nd1v1duals w1th1n the max:n.mum reactive

~distance of ‘the fish_ but the probability that one of

‘1t s 1ndlv1duals w:.ll appear larger than arg” 1nd:?v1<iual

llght of the present understandlng of polymorphlsm and ' oA

\ “ . !

- a prey populatlon at hlgh denmty is not only more llke—

¢

of a more scarce {and larger) species mcreases.
‘Feeding by perch .also ‘results 1n shorter .helmets'

and 1onger splnes in D. galeata: (Flgs. 9 and 10). - _In‘ ! y

cyclomorphos:.s in DaEhnia, there are two 11ke1y ..
mechanlsms by whlch this could occur . The fish maj‘( be
feed:.ng selectlvely on aghnla w:.th short helmets and

~

long splnes or; the presence of fish induces changes in




’

i

v

v,

-

1

Yy

’ the ngrowth rates of these structures. :

st

HoweVer-,’

v

the

deslgn of the experlment does not lend 1tself to provmde

any :Lnformatlon whlch could support elther theory.

The adaptlve 51gn1f1cance of Short helmets and 1ong

L]

/

o splnes under f£ish predatlon 1.s not clear Cut.

A

(1965) hypotheslzed that flsh predatlon could favor

large helmets in Daghnla, the mechan:x.sm ben.ng, t*hat xﬁore

“Brooks'

a591m11ated energy in helmet growth means less in cara—'

animals body.

1

'Whi'le Bro\oks v

hypothesis was formulated , )

. pace growth thus reducing the visual portion of the

"to explain seasonal patterns in 'helmet development

pa terns whlch are followed by D. galeata in the study
lake ’ (pers. obs ), the theory predlcts that a late sum-—

mer Daphnla populatlon, released from plsca.ne predatlon,

kS

5

'

[

would subsequently prcduce shorter helmets if any change

“

v

"1n mean helmet length was to occur.

The, results g iven.

in Flgs. 9. and 10 are contrary to Brooks

hypothesls .

ferences in helmet slze between fish - and no flsh cages.

\)

(1965)

Phy31cal factors cannot be evoked to explain dlf—

Y

7

/

Sl‘nce all cages were constructed and treate‘d 1dent1cal-

C 1y

,temperat‘ure, turbulence',

) an,d llght conditions weré .

<

PO

presumably the: same for both experlmental groups.

<.
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‘since zooplankton den81t1es were lowe\r 1n the cages

\

contalnxng fish (compared to non—flsh cage57 J.t ls :

'

doubtful that food was llmltlng he‘lmet growth.'/ ,

Whlle recent studies have concentrated on the ef—

fects of 1nvertebrate predatlon on the development of

/
protuberances on the carapaces of cladocerans, the 're—-

( ' . »

sults reported ‘here J.ndlcate that the role of fish pre—

} .

dat-lqn in this phenomenon merits further mvestlgatlon.‘

B_y releaslng the z00plankton communlty from flsh

’
L

predatlon, the. relative abundance of large sui:'face-

\

dwelllng cladocerans 1ncreased whlle small and bottom

' v

dwelllng cladocerans decreased (Table 8). Fish seem tc'

Ve N !

-affect thls zooplankton commun1ty°by removxng the 1arger

TR : '

(and theqretlcally competltively superlor) spec:.es near

the surface, presumably due to the hn.gher v;Lsz.b;.lity

' near the aJ.r—water 1nterface 1n the highly 'turbld'reser:-

+

voir.. Hence the 1ncrease m relatlve abundance of the .

1

rarer, bottom dwelllng speoxes and 1ncreased dlverslty

.
\ ’

A and equ:.tab:.llty of the communlty (Table 8)

.
0

‘’ . - . - \

~ ' ' [ ’
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Regardlng the relatlve effects of vertebrate and

rUStacean predatlon on zooplankton communltles and the

J
response,‘lf any, of the communlty to the preda.tor pres—

!

‘sure, flve ma:Ln features were revealed in thls study

A

1) Cyclop01d predatlon had a negllglble effect on .
\ o zooplankton dens:.tles while perch predatlon signi-

flcantly reduced pop\_xlatlons of'copepods ‘and large

’ - . P N
.+ -surface—dwelling cladocerans. "

~,2) Neither copepods nor perch had an ‘effect .on the
.mean size-of any zooplankton prej species,

3y - Copepods are size- selectlve predators but do not -

. .necessarily prey most heav1ly_ on the’ small‘est prey

‘available. '

44 Cyclopoids ha{d- no effect on helmet or spine dev'e*-

lopement in D. galeata whlle perch predatlon re-
sulted in Daphnla w1th smaller helmets and longer
: ‘ s'pines. Neither copepods nor £ish af’fected vari-

'

r.able characters in Bosmina coregoni,

.5) The 1arger 1nd1v1duals of 'B. coregoni,

) c. reticulata, and D. ‘minutus, while preferring the
- surface waters in the non-fish cages, migreted “to

‘the deeper portio'ns,l of the fish cages.

o
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6) Perch preda-tiori, by falling more heéy'ily'bn larges ¢ ,

. 'surface-dwelling zooplankton, allowed the jncrease . -. R

. ‘ , : o
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Table Al. Some characteristics

of the Choiniere Resevoir.

Surface Area 3.2 kmg
Volume 31.5x105 m3
Mean Depth " 9.8m . '
Drainage Basin Area ﬂ 152 ki
Phosphorus Input (1978)* . 16,280 kg/yr
Epilimnetic' Temperature (%6/7/79) 20C
. < (15/7/80) 21k
R (17/8/79) 18 ¢
’ (19/8/80) 21¢
‘ (18/9/79) 18¢
‘ (25/9/80) 16 C
B _mEpﬂ'imnetic_Oz Concentration - ( 6/7/79) ' 9.5 mg/1
Al | .. . " {15/7/80) 8.0 mg/1
(17/8/79) 9.1 mg/1
) T (19/8/80) 8.5 mg/1
' (18/9/79) 8.8 mg/1 .
‘ ‘ (25/9/80) - 8.0 mg/1
- Turbidity (19/8/80) 35 JTU,
) (25/9/80) 20 JTU

ox from Provencher, Belanger and Durocherl(1979)‘.

. 59.
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" Table A2. Cémbariﬁopof Helmet and Spine patterns in Daphnia galeata between
non-fish and fish cages. , 2 .
" Instar 4 Helmet ‘ : Spine : o’
: No Fish Fish o No Fish . Fish . «
~ - T .
1 X 123/ - 108" 0.001 380 355 0.01
$D 27 - 23 . 68 38 - \
‘ N 183 - .58 183 58 ¢ f
N X 184 189. -0.20 409 422 0.001
N sb 31 37 . 31 37 - .
v N 248 150 . 248 150
3 X 231 231 1.0 ' 463 480, 0.001 |
sD 31 50 46 50 L e
N . 238 157 - - 238 157 -
s » . '
4 X 254 232 © 0.001 514 533 0.01
SD © 31 - 43 50 61
N, 245 75 245 75
5. X 265 - - ,224  0.001' 532 561 ,10.05
! sD 34 45 47 62 )
N 58 17 .58 17 ' .‘
6 F3 269 (236  0.01 540 575 0.01 |
- SD 38° 3 . 35 75 :
\ N 74 14 74 . 1 v
7\»’ X 292 - 1560 .- .
k SD 37 33 > p
N . 44 - 44 ,
. . . N
-8 X . 307 - 550 .
SD 47 - -~ 43 S
N N 15 - 15 -
- T 2
*= Instar absent.‘ P . .
L - , t '\ \~ \l
a \ i t R .
| .
} 4 .o
— -, )




. coregoni in

P

2

Tablve'A3. -Effect of AFish pre&étion on va’riéb]e characters ofﬂumina

experimentdl cages. a= sigm‘ficaqce of t.

$Hl.

( i
Size class Height Antennule’ ‘
. No Fish - Fish a No Fish Fish o
250-300(um) ' X 203 . © 201  NS* 207 201 * NS
. u SD . 13 13 : 19 2
N 40 20 40 20
300-350 - X . 236 23 NS 237 239, NS .
) sb 15° 17 15 17 -
N . 222 288 222, 288
350-400 X, 276 273 NS 273 " 262 NS
S .~ 8D 23 14 .23 27
N 132 185 132, 185
" 400-450 X ¢ 322 3234-.NS 297 297 NS
: _ S 25 25 25 25
N 151 y 160 151 160
450-500 . X " 377" 374 Ns .. 312 310 NS
» SD 23 31 23 . 31
N 136 107 136 107
e _
800-550 X 414 416 NS 323 328 . NS
SD 25, 23 20 28
| N - 26 22 .26 22
550-600 X 446 455 NS 382 370 0.02
s © . sD 20 38 40 23
N 1 3 11 3
-3
*= Not 'Significant
T 4 :
» /\ : .
. ) e .
. N _ )
3 ‘ \
-
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