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- , " ' ‘ABSTRACT !

.

.

. " Within the freshwater zooplankton community, Ep-

I
‘igghg_g\;ggggt is, a calanoid Copeped, ©preys upon a variety

~of cladocerans aad copepods, including Bosmina lorgirostris,

Ceriocdapknia reticulﬁta, and Diaptomus minutus. Epischura

A ——— i e s — e o s ot - —— e e .

Y

rarely kills Bosmina >0.40 mm in length.  Below this thres-

——— .

hold there is no size selection, because predation rates are

'Affectgd mainly by the encounter rate aﬁatthe~‘ingestipn'

probability, Mhen Egischugg is presénted‘with Bosmipna and

gggiodggggig of similar size, - it. sats more ‘Bosmina. . When
Diaptomus of va:iouﬁ\iifequmental stages are offered,. pre-

dation on copepodites is gore intense “than on adults and

nauplii. '\ggischurg exhibits no ihreshold feeding behaviour -

-and continues‘to search for prey even ét low food concentra-
tions. - Because of this suséaiqﬁd ractivity and the lack of
enefgy raserves, géigggggg lacks tolerance to starvation.
Epischura shows no true behavioural preference or switching
and its diet ihéludes all the Prey that it can detect, cap~-
ture, and ingest successfully. ggsmigg~§nd Ceriodaphnia do
not have the evasive ability of Diaptomus to escape capture

and nmust rely on their cardapace and shape to thwart inges-

tion.

>



« II. In Pinks Lake,'Quebec, individnéis of the clado-

4

ceran gggg;gg l_gg;rostris "umdergo a 5- 30% increase in ﬁu-
cral splne length dutlng the sumnmer at a :ime when adults:of
the predaceous copepod ggg_chura lacustrls appear, Preda-
tion experiments demonstrated that gggg;na with enlarged mu-
cral spines were less susceptlble by factqfs of 3-15 to/E -
;;ghggg pﬁeda;ion than Similar-sized pray without ‘tﬁis

-adaptationy = Although it is not clear what.proximal factor

¢

(or factors) induce cyclomorphosis in Bosmlna, it appeats -

that tha change is an adaptation for reducing mortality due’

to copepod predation.
| III. gopebods sense other animals by mechanorecep-
" tion and rely on their spead to escape. predation.’ Diaptomus
' and"gxg;ggg are able to detact the hydromectanical signals
Ereatgd Hy;a émall mdving sphere of sizgdcomparahle to those
of mo§t crustaceén zooplankters (-1 nm). The escape proSa—
Lility'and escape disfﬁﬁce-are aifectad by tﬁe-size, loca-
' tion, andldiréctidn Of_moqemenf of the sphére. . kRddition-

ailyf © the detection ability is ‘not raduced by ambient

‘turbulence. While the herbivorous Dl_EtOmUS escapes from

all signals, "the predacéous.gxg;ggg escape only from large

signalé'andlrecognizés small signals as prey.
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Chapéer‘lgi"4"-ﬂ S

¢ ' ' . GENERAL INTRODUCTION ‘' - .o

N
[

In a food chaln, plants which- capture radlant energy

'end take up chemlcal nutrlents are the prlmany.produeers.

'S

N:he'plantS'are ingested by herbivores, which ard ingastad by

S, . + - - " . g .
carnlvores, whlch are in turm 1ngested by otbdr carnivores.,-

Thus, any of these 5p=c1es are subject to two ,VETY" 1mportant

r

select*ve pressures' to obtain food and -to av01d being

preyed upon. Many of the most striklng structnral behavi-

u, - - . ~

~ourai, and life hlstory adaptatians in anlmals are.concerned,

xﬁith predation. The shapé_teeth-cf.a shatk the speed and

' prey w;th d fferent defense adaptatlons, most prey an;mals'

L]

p

,fa;erﬁmese of an antelope,. the communal°hunt1ng behaviour of

?,Laons, <Ulld doys and uolves, ‘and the §ynchronous emergeqce

\ . . K

of many lnsectb are but a Nfeonf'the numerovs obvious. exam-'

.'-'- » d‘
L L. . ) -
ples. Cooe S ‘ e S .

thle most predators feed on' many dlfferent kinds_of

+ .

-are suhject to ‘the predatlon pressure from a number of pre-

>
: datory spec1es,' each . with a different hunting stratedy.

. v .... ’ t ..I .

, Zoqplanktou have to cope with two main’ ‘types of predatdrs:
"fish and other zooplankters. '-fish "becaussa of thelr visual

bias, tend to select larger dnd nore conspicuous prey (Con-

fer and. Bradeé 1915, O'Brleq g; al.” ' 1979). In: contrast,

-

»

~



" zogpi;qiton-piaﬁkﬁ}io;;s ﬁe%d mésﬁly'én small prey due to an
ﬁppef éize'limit imposedAby their mouthparts {kérfoot,1978).

fThéfeﬁo#eff " the sélépti%é 'preSsﬁ;es imposed .by these two
tybes bf' predétofs tep& to push tﬁe zooplankton in one of
@wo.bpposite d;rectipﬁgi' Bne makes the séeties larger'and-
;hé 6the;‘naie; it smaller. ﬁs a conséquence} zooélanqun

.COmmpnities ﬁay consist of la;ge or small species, depending )
. on which éype ofﬂpyanktivore is prédominahf.

Tge variety of ways By which zooplankters defend
Ehemselvés against fish prédation have alfé;dy been reviewed
by-0*'Brien (197S%a). *xnyrgfeafﬁh concentrates on the preda-
\ﬁor;prey interactions among zooplankters.. It.is:hopedFthat“

kY

éggareful study of =zooplankton predator-prey - interactions )
will allow more insight into the intricacies of thé'cé—evdﬁ
1u£iod{hetween hunting strategies”and pre& defggse mechan:;k
isms. = N
Throughout this sku@y the ‘hypothetical approach of '
Gerritsen and St;icklef (19%5y.of‘b;éaging up predatioﬁ:into
_ a series of four é;ents:- gncounter,  éttack, éapture,H and
'ingestiéh is followed. In this study, encounter is defined
as an event wvhen a prey is within the'sensory range of the
predator‘so that it will be reCdgnized.' It Ig easy to see
"éﬁ@t any'prey animal can reduce the impact "of predation:by -
evﬁiving defense'ﬁechanisms that help it in amy one of these
'eventé. for instance, many small animals évoid encouhéering

the predator§ with crypsis (Kerfoot 1977a, 1978, Zaret and

*



R . »
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Strickler 1976) . - Other large and ea511y detected prey may
disgulso themselves as dlstasteful or 1ned1b1e objects (Rer-
foot 1980). Hhen atéecked, fast suzmmers ere ablée to avo:d:
'capt re by eVd51ve tactlcs, ' uhereas slow-mov1ng prey may

- @volve morphological defenses, such as spines and tohgh arm- .

Qur, \to mlnlmlze the 1ngestlon probahllltles.. v

[
.

i

: Chapter 2 investigates tke rerationships-betueen pre;.
dator hunting strategies and.prey defensejt;otics; The in-
teractions between Egischuré,"a large oopepod planktivore,
end a v&riety lof'oifferent types of prey' species'with'dif-
‘i ferent defense strategies are examinad. Dodson (197ub1 sug- 
.gested thet cyclomorphos1s is an adaptatlon agaiust'inver-.-
tebrate"predatzqn. . Chapter 3 GOCuments- the morpbologlcal
responses ‘of gggg;né to predatlon pressure by Eglschura.'
Zooplankters use mechanlcal perceptlon to detect'other ani-
‘mals, but the responses of copepods to hydromechanlcal Stl;
muli have not- beeﬁ studied quantltatlvely.r Chapter & stuﬁ
dies the respoﬁses of copepo@s to suoh 'hfdromechanicai

stimuli.
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- Chapter II

"’ PREDATORY FEEDING BEHAVIOUR OF EPISCHURA LACUSTEIS
. s (COPEPOD'A, CALANOIDA) AND PREY DEFENSES

A

-]

. 2.1  INTRODUCTION .. . S o

Y A ——— -

e

‘ﬁééént studieé‘ have shown that selective removal of
.quge zgoplankto? sp%qies by vi;uallylfeed;nq planktfvorous
fish ﬁgifts- the composition of zooplankton commuﬁities in
lakgs by favouring the_s@;vival of small spscies (grooks and
Egdggﬁ 1965, Galbraith 1967; Hrbacek 19%é, ‘Stenson 1973,
;1?76). Accordin§ to O'Brien (197%a), large iooplankte;s
may minimize the’ predation rate by avoidiﬁg encounter with
the planktivorous fish employing stratégies such as tran-
_éparency,,vertical migration, and suhmerséd vegetation shel-
ter, or by evolving répid evasive tactics., When predation
ﬁreésure by planktivorous fish is winimal or “absent, the
-zodplankton .compunity is often dominated|bf large speciés
{Brooks 1968} O'B;ien 1975} . Brooks and Dodsoﬁ‘ {1965)
thought that large speCieg, because of their greater effici-
ency iao obtaining and utilizing food reéources, rcompeti-
tively eliminate smaller foras. An alte?nqtive hypothesis

(Dodson 197#a) is that large zooplankton piankﬁivores; such

as many predaceous copepods,. become abundant inm the absence’

‘of fish predatién,‘ ahd~;heir selective'feedind on smaliér

prey places small zooplanktom at a distinc; disadvantage .

.
;
o}

* e,

e e o
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Hény au;hors'pave observed that~zpoplanton.pfédétofs
prefer ‘small zboplankterg‘itqa large oqés {(Anderson f970,
Brénﬁl and Fernagndo ‘1975,' 1973,"Confér 1971,. Confer aﬁd
-B%ades 1975, Kerfoot 1977a, HcQuezen -19€9, O'Brien et al.
1979, Sayly 1970). Unfortunately, very few of the data were
obtained by giving the predator ﬁore than.one prey.tyée at a
timE'dnd‘thus thé differential mechanisms of the selection
arée often unclear. ¢ The present study considers thejfollow-'
‘ing questions: 1)What determines the selection paftern when
'a preda%or is offered two pray species that are similér in
size? 2) Does switching occur in the predatory behaviour of
zooplankters? 3)What is the relationship between préy size
and prey vulmerability? 4)How 1is predation intensity dis-
tributed with respect to developmental Jstages in species
vhose growthiincludés changes in shgpe'dhd swimming speed as

well as in size? To study these questions, the interactions

between ‘Epischura lacustris, a predaceous calanoid copepod

~ .

. and several zooplankton prey species( Bosmina longirostris,
ngigggehgig reticulata, énd Diaptopus minutus ) were inves-
tigated. ﬁgigggggg is a common copepod in the lakes of nor-
theastern North américa (Main 1962)l and is often the domi-

nant predator of the zoopiankton in the summer and fall

(Rerfoot 1977a). Some aspects of the predatory behaviour of

et s T

Epischura have been described by ﬁezfoot (1977a, 1978) and

Strickler and Twombly (1975).



:‘Suitching is defined as the ability of a predafor to
take a diéproportionately large number of the most ébnndant@;

_ Prey species (Hufdoch_1969).H;Natural selection.favpurs_pré-
dators that can, as a resizi_of_ learning or physioibéical

: qhanges, switch gquickly to an _alternate.fgod‘;hgn one food
tyée becoues scarce., Leafging. in the form of increasing
ﬁﬂe.efficienéy in finding 6r handlidﬁ'one particular prey
with time,\ would resuplt in an 1iﬁéfeased encéunter rate
and/oé attack and capture éfobabilities. Farlier stydies on

" switching and the éffect of previous diet on the feeding be:
haviour of copepods have been céncerned mainly with filter-
feeding maripe spec;es (Barnett 1974, Coﬁqvar 1966, Dbonaghay
1978, Lonsdale et al. 1979, 'Mullin 1979). Here, switching
and the role of previous d;ei'on pr¢y selection by Epischura

. ]

on two cladoceran prey ( Bosmina and Ceriodaphnia ) 4is in-

vestigated. Predator switching influenges the outcome of
:compétition between prey species (Mirdoch 1969). Thus it is
important to determine whether switching is.a normal feature
of copepod predation. uoreovér, since-ggiggﬁggg adults are
omnivorous (Friedman 1977, .. Main 1962), the effeét of the

—— — . s —

studied.



2.2 MATERIALS AND METHODS ‘

2.2.1 Experimental Animals

2

Epischura lacustris and Diaptomus ‘minutus vere col-
lected onée a waek fro; Pioks Lake,‘-Gatineéu Park; Quebeés
Rith the exception of_oﬂe experiméﬁt vhere animals collected

from Pinks Lake were exposed immediately to Epischuga for

direct observations. of attacks,  all Bosmina longirostris

‘were obta;néd from laboratory cultures raised from specimens
collected ftom Pinks Lake one year prior to the beginning of
the experiments. Ceriodaphnia reticulata, which do not oc-
cur in Pinks Lake, were originally cqllécied from Heney
Lake, Quebec, six weeki;ﬁefore'fhéy wéfe uséd;ﬁ Preliminary‘
tests indicaf%d that Epischura £9uld not ’ toierate starva-

tion, therefore, Epischura were maintained in . a 40-liter

an

. - AN co .
aquarium at 209C with.the following zooplankton prey species

R,

from Pinks Lake:. Bosmina, Daphnia, Diaphanosoma, and Diap-

tomus.

2.2.2 Predatiop Experipents

L1l predation experiments were dpne in 600 ml plastic
tissue cultufte bottles containing filteréd lake water fromnm
Pinks lake. Boftles were positicned horizontally in the
- dark at 200c, .Adult Epischura - were transferred from the
Jaquarium to Qmall besgkers 15-30 min before the experiments

began. Prey of different sizes and developmental stages

were selected with a stereomicroscope. Diaptomus adults and



“copepodites were immobilized with sther to faé’i’litate han-=

E

tle after the prey vere .int:oduced (except'ln two experl-
ments Hlth g;ggtomus when 2 Episctura were used). All ex~-
periments witk cladoceran prey lasted for H-S hrs wvhile the
<duratioq of eipériﬁents'involving Q;_Bg__ us ranéed from

10-20 hrs (exact time recordad) . At the end of each sxperi-
/ ' ’

ment'Phé vater was f;lteréd through a pieée of plankton net-
ting and thé prey veré counted under the stereomlqroscope.
Recove;y of prey from controls was d;}ays 100%. Since Epis-
chu g_. ngests Bosmlna w1thout serlously damaglng the cara-
pace, the nodiab of attacked B mina are easily distinguish=-

able from wmolts which contain no_ soft tissues. . T®e ‘body

leﬁgthjof each live an&‘killed Bosmipa was measured at the

-t
L.

end of the experimént, For' cgriodaphnia and g;ggtomgg, a

. - (:a . o . ‘N \
missing individual was scored as being preyed upon by the
Fredator.

prl

~

The tolerance of adult - Epischura to starvation was
stydied by keeping the animals individually in 50 nn-diame=~

ter Petri dishes filled with 0.45 um Millipore filtered

lakewvater. To determine if adult Epischura can surviva on

algal food alone, some animals were expesed to Ankistrodes-

mus. For the control, one group of Epischura was given both

[ beod

nkistrodesmus and Bosmina. Algal concentration and prey

<



“

density were not determine-.d’.',',5 The animals weré ,examined
L Py
after 12, 24, and 48 hrs. The control experiments were ter-

minated after 24 hrs. Individuals without heart beats were
consideraé dead.

2.2.4 " Ompnivorous Feeding

In order to determine vhether .the presance of phyto-

If.

plankton affects the predatiSh rate of Epischura, Bosmina

v

vere offered to the préddgsf with various concentrations of
laboratory edlturad Agggggggggggg§.spp. (Woods Hole HBL med-
ium, H;yne Nichols 1973)., Aigae vere centrifuged and resus=-
pended in filtered ;ake wvater befors being used, Algal con-
cénfrations-were determirned by countiﬂ; at least 5900 éells
ion a haemacytometer. . The experiments were carried out iﬁ
bottlss wrapped in black plastic agd fixed-on .a plgnktbﬂ
wheel (1.5 rev./min). ‘To.study the training effects of pre-
vious dist, Epischura were kept in Ankistrodesmus suspension
for 24 hrs befcre Bosmina were 'introduceé to ‘the bottle.

Since algal concentrations may change, those referred to re-

. present the concentrations 4; the begiJ%ing of the training

period,
)
2.2.5 Beahavioural Observations
Direct observations of Epischura attacking prey were
made with a stercomicroscopa. An adult Epischura, starved

for about 20 krs, was transferred into 20 ml of filtered

1



e b " %

lake watér-in a'50 mm-diameter Petri dish containing 20-40

~

prey of various—spaéies. Egischura.usually*recovered'from
the handling procedure: within 2-3 .min’ and began to "attack

Erey. %P attack was scored if the predator had grasped the

prey with its mouthparfga All attackad -Bosmina, whether
‘§live or ingested, were removad immediately, fixed in 10%

formalin , and measured. .

.1

Zooplanﬁtod swimping and sinking speads were deter-

mined by observing animals in a 50 mm~diameter Petri &ish or
in a 90x40x15 am tank each fitted with a grid of .1-mm

squares, The time required to . traverse 10 squares was re-
\ :

‘é\corded with a stop watch. -
-y
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- 2.3 RESULTS AND DISCUSSIOW
. 2.3.1. Sstandard Predétigg Xxperiments

Predation rates of Epischura on Qarious densities of

Bosmina are presented in Fig..'1.; Predaticn rate increased

vith prey density and ieveled off at hlgh prey densities.
Marin? herbivorous copepéds minimize energy loses by reduc-
iﬁg filtering rate at food ccncentrgt;ons below <certain
thresﬁold levels (Fernandez 1979, Frost 1975, 1lanm and Frost
1976) . Because my results lndlcate that Epischura does not
exhibit such threshold feeding behav1our, the expected
consequeqcé'is that Qgigggg;g lacks f617§3nce to starvation.
Anothep'feafure of the results presentad in Fig., 1 is the
wlde variations in the number of prey killed’ per predator at

each prey density. . 51nce adult female ggigggg;g are visi-

-blly larger than males, différences in feeding rate between

males and females could have béep thke cause of the vafiabil-
ities. (Fig. 2) shows that females fed at higher rates than

- . ;
males, but agaip the predation rates vere highly variable.

Due to the difficylties involved ip obtaining enough healthy

animals, both males and females were wused in 'all the other

experiments.  Since the sex ratio of adult Epischura in

Pinks Lake was close to 1:1 thoughout the summer season, the

feeding rates reported in all the'folIOﬂing' experiments

1 .
" probably represent the averages’'of males and females.



5.

Figure 1: Predation rates of Episcéhura on Bosmina as a
function of prey density. Vertical lines
represent. 95% confidence limits of 5 replicates.
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Figure 2:: Predation rates of male and female Epischurd on

Bosmina. Vertical lines represent
limits of 5 replicates.

95% confidence:



Pray per Predator, p-_r" D oy

b -
. ~
« . . -, ' . L3
T 4 g -
. - :
»

TR R A R w s
Prey Density (No. per liter)

P

| | male ‘Epis_d\ur_q‘
A. female Epischura



2e3.2 Bosmina

- Bosmina, picked randomly from the cultures to obtaln'

a range of size were offered to Epischura at densities rang-

ing from 4 to '20 individuals per bottle, A,.Hilcoxon
L] " L]

matched-pair signed-ranks test (P=0.03) showed that the

-. ) . ) “ L] *
mean size of the alive Bosmina was 1arger‘than the mean .size

cf the killed Bo na (Fig.31). However,_Bosmlna over'O'uO

-

om wﬁge nevar killed and the smallest Bosmlna were kllled

—————— —— s

PR

in only & of the 14 experlments. Hhen the result were ana-
lysad again, excludlng all Bosmina over 0,40 'mm (Fig.3B),
the difference between the mean sizes of the alive and the
killed gogg;gg was not significant (Wilcoxon matched-pairs
signéd-ranks test, Pf0.18). When 5 Bosmina <0.25 mm were

.cffered to Epischura together with 5 Bosmina >0.40 nom, the

prédation rate on the smaller ‘Bosmina was highér than that

-

on the larger ones’ (Table 1).

Fpischura rérelyl killed Bosmina >0.40 mm and those
few that were killed were never co letely consumed, There
seems to be_ an upper limit of size which may be deter-
mined by the mouthpart morphology of the predatorf Kerfoot

(1977a) reported that Epischura reduced the populations of

Bosamina

(0.2-0.3 nm) and ceriodaphnia (0.3-0.“ mm) but not

that of Daphnia (>0.4 mm). Epischura uses the swlmmlng legs
to form part of the floor of the feeding chamber, it cannot
grasp securely a Bosmina which is longer than the distance

between its first swimming legs and its first antennae {Ker-

- 14 -



Figure 3:

Size selection by Epischura on Bosmina at
different prey densities. Dead animals referred
to those killed by Epischura. A) Bosmina of all._
sizes are included, B) Bosmina > 0.40 mm are
excluded because they were never killed by

Epischura.




Size dead / size alive

Size dead / size alive

RV

Bosmina per bottle

L5 A o
. o -
a - s ,5 -
|..0 A A A a
A A
o e o
A
A A
| l L ;
055 5 0 15 20
Bosmina per bottle
.5 B
Fa
. A
- A A FaN
1.0 N - e
_ A A a
A A
. A '
i | - l
| 0.50 5 10 5 20



AN

" TABLE 1

Predation rate by Epischufa when Bgsmina-> 0.40 am and
Bosaina < 0.25 mam ware offered,

o o o WP ol el et ol D D o kA el ot W wl ol wl N el el T A

T R T YR I P W T MDD S D T A T AP R AR T D WD W G W P U Y A R A WP W SN D W T N N A e

Total prey _ Ratio ) :
Prey/bottle Replicates killed Expected -z Observed Chi~sgunare*

L S L S L S

5 5 4 12 6 & 1 11 8.33

- — o ——— i —— —— -

> 0,40 mn
< 0.25 mn
hi-squara 0,05 for 1 df=3,84

L
S
*

anan

- 16§ -



foot 1978). In Eglscgura lacustr*s the length of the faed-
ing chamher"averages 043 mm (n= 10} _for male and 0.47 an’

(n=10) for females. Therefore a Bosmina >0.40 mm and with

the addition of g\mucral spine (average length 0.02-0.04 miv)

- J
would be difficult for Epischura to manipulate.

To study size selection when Epischura is offared

prey that are of manageable sizes,  Bosmina <0,25 nm and

those of 0.28~0.35 mm were offered in a 1:1 ratio. The pat-
tern of size selection was studied at prey densities of 4,
10, and 20 Bosmina péiibottle. The results, given in Table

2, show that Epischura did not selact Bosmina om the basis

- 0f size at any of the prey densities studied. To determine

whether Epischura shows selection when the proportion of one
gize class in the érey population inc;eéses, Bosmina of the
same two size classes were offerad in ratios of 1:3 and 3:1
withiprey density kept at 20 pPrey per bottle. Epischura

killed the two size classes according to the ratios at which
they were offered‘(Table 3); -therefére, Epischura did not
show size ?election even when small Bosmina represented a
greater propoétion of the population.

Bosmipa of various sizes. avoid an attacking Epig-
chura by sinking passively (Kerfoot 1977a, 1978). Dpirect
observations of Epischura attacking gggg;gg reveal that the
Fredator will attack prey of any size, but the smaller the
Bosmina, the greater the probability of indéstion after be-
ing grasped by the copepod (Table 4). Since Bosmina <0.25

-

-17 -



TABLE 2

Predation rate by Epischura vhen Bosmipa 0.28-0.35 am and
. Bosmipa < 0.25 mm vere offered,

. Total prey Ratio .

Prey/bottle Replicates killaed Expected : Observed Chi-square®

I s - ’ ‘1 s I S -

2 2 9 23 11.5 11.5 12 11 0.04

5 5 9 21 10.5 10.5' 13 8 1.19

10 10 8 39 19.5 19.5 24 15 2.08

I=0,28-0.35 nn .
Ss= < 0.25 an
* Chi-squara 0.05 for 1 df=3.84

- 18 -



-
TABLE 3
BL ¢
P:adation rate by Epischura vhen Bosmina 0.28-0.35 aa 'and
Bosmipa < 0.25 am wvere offerad.
_ . Total prey Fatio
Prey/bottle Replicates killed Expected : Observed Chi-square*
I 5 I s I 5
5 15 6 S7  14.25 42.75 15 42 0.05
15 5 5 29 21 75 7.25 22 7 0.01
e
0.28-0.35 wn  ° -

I =
$=<0.25 an
* Chi-square 0.05 for 1 df—3 Bu

- 19 -



TABLE &

Yol bd

Ingestion probahiltie;;fézladsnina of various size classes
after being grasped by Epischura

A Dtk ol ik S S Y Y D R S . W - - - -u-‘——-
Bosmina size No. attack X ingested
(mn} - observed . {(100-X ‘escapa)
<0.25 L .21 66.6
P 18 33.4
0.26-0.30 L 8 12.5
F 2 23 8.7
0.31=-0.35 L ) 7 0.0
F 7 0.0

L = Bosmina from laboratory culture
F = Bosmina collected from Pinks Lake on June 25, 1979

- 20 -
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mm and Bosmipa of 0.28-0.35 am were preyed upon at the Same

rate (Table 2,7 3), the "'larger Bosmina must have encountered

the predator ' at a higher rate than their Smaller.gounter-

Farts. Both large and small Bosmipa swinm at about 1.5 mm/s,

therefore, swimming speed does not explain the different.en-
ccunter probabilities.  Epischura detects prey primarily
through mechanical disturbances in the water (Stricklsar and

Trowbly 1975). Assuming the amount of disturbance caused by

& swiaming Bosmipa increases with tha size of the animal,

then the larger the Bosminpa, the greater the distance from

which it is detected by Epischura. Hence, large Bosmina

have low ingestion probability, but this advantiige is coun-

teracted by a higher emcountesr rate, This point 1is sup-~-

ported by the results of the following experiments. When

were a2xposed to gﬁigggg;g, in every size class far fewer
were ingested than than the laboratory raised Bosmina (Table
4y . The only visible difference between the two groups of
Bosmina was the length of the mucral spine (Fig.9, Table 8).
Small Bosmina with long mucral spines achieve an increase in
relative size and, therefore, a decrease in ingestién'proba-
bility while still keeping a low‘encounfer rate, These re-
sults, like those of Kerfoot (1975a, 1977a), demonstrate the

importance of mucral spines for defense in Bosmina.

Previous work (Amderson 1970, Brandl and Fernando

1975, Confer 1971) has related the importance of size to se-

- 21 -



lective predation amoné zboélank;e;s. Other recent studies:
(Gefritéen 1578, Kerfoot 1978, 1Li _énd Li 1979 'Have sug-
gested that ‘factors such as shapé, carapace tﬂickngss, and
s;imming behaviour may also influence tﬁe selective pro-
césses.  However, when Prey that are similar in these char-l
" acteristics are used, itdis generally assumed that predation
rate would decreasq with inqreasing prey sizes. ‘'The results
presented here show that Episckura cannot handle Bosmiﬁg

>0.40 mm effectively, but when ‘offered‘gosmigg <0.40 nn,

tkere is no size selection, This suggests that even for a
srecies whose shape and swimming behaviour do not change
much with growth, predation rate still may not decrease with
increasing size. Therefore, Bosmina must reach at least 6.“*
hm to use size as an effective defense._ During the months
from June through September when Epischura occurs in Pinks
Lake, 1less than 5% of the Bosmina are over 0.40 mm. Since
Bosmina survives in the lake even during the months when Ep~-
ischura is most abundant, and the brood size in Bosmina in-
Creases with the body size (Kerfeot 1974y , it is possible
that reproduction by those Bosmina that have refuge in size

is enough to stabilize or even increase the population den-

sity (i.e. the net reproductive rate of the population 1),



2.3.3 Bos ia
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To examine prey seledtibn‘éhd switching, Epischura
was éffered two p;ef specigs of similar sizo (0;28-0.35hq)
but differing morphology (PiQF 4y, Adult §Q§g;gg.and first
instar é_g;gdaphnia Here presented in different ratios with
the total prey density kept at 20_préy per bottle. The
préfer c fo£ a given prey is.demonstrated by ﬁsing.the-lo-

garithm of Jacob's (1974) modified version of the forage ra-

- tio

Q=r (1-p) /p (1-1) - | -

where r is the fraction in the diet ‘and p is the fraction in
the environment, % value for logQ > 0 indicates positive
selection and for logQ < 0 indicates negative selection.

The fact that Epischura preferrad Bosmina to Ceriodaphnia is

shown by log0 for Bosmipa > 0 at all prey ratios (Fig.5).
To study the effect of previous diet the experiments were
] .

!

repaated using 5Egischug_a_ that had been exposed to either

prey density of 10 prey per bottle., Only predators that had
killed at 1least one prey during the traihinq period were
used., The results indicate that previous diet did pot alter
the predators' preference for Bosmipa (Fig.6). R regressioh

- 23 -
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Fighre I Lateral and ventral views of {2)Ceriodaphnia and
(B)Bosmipa showing the differences in body shape.







Logarithm of the forage ratio for Besmina by
Epischura as a function of the percentage of
Bosmina offered. Cerjiodaphnia was the

alternative prey (Regression: y=0.278+0.003x,
r=0.202, P>0.25") .

Figure 5:

- 25 =
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Figure 6: ' Logarithm of the forage ratio for Bosmina by
Epischura trained to Bosmina or Ceriodaphnia as a
function of rcentage of Bosmina offered.
Ceriodaphnid was the alternative prey (Bosmina
trained-regression y=0.283+0.004x, r=0.443,
P>0.20 ; Ceriodaphhi ined- ‘
regression:y=0.333+0.001x,) r=0.273, P>0. 29)

- 26 -



1.2

——0O Bosmina trained
—— A Ceriodaphnia trained

|.O+
. ]
O8I-
0.6" A //w../ ’
— .
04 - — o
- A A A
0.2
- a
| | | | |
Y

20 40 60 80 100
7 Bosmina offered



.

[N

analysis was performed on each of the 3 sets 6£ data on Fig-
ures 5 and 6. An anaiysis'of covariance shows that the 3
regression  lines are statistically identical (FP=0.070,
F[2,11])=3.98 for P=0.05). Furthermore, since the slopes of
the 3. regression lines d4dd ~not differ from =zero (t-test),
Epischura did not show any switching,

ggg;édaghnia hangs motionless in the water for a long

period between swimming bouts, This swimming behaviour

. gives it a:mean speed of 1.5-2.5 mm/s, which is tigher than

that for the slov but continuously swimming Bosmina (1.5

om/s) . These differences in swimming behaviour mean that

: N
phnia has a higher encounter rate with Ipischura than

[}

ericod

1

Bosmina (Zaret 1979). Since Bosmina is preyed upon at a

- S

higher rate than Ceriodaphnia, encounter probability is not

the main factor that determines prey selection here. Visual

observations show that Ceriodaphni can perceive an ap-

=

Froaching predator from as far away as 3 mm, whereas Bosmin

I

éenses a predator only at close range (<1 mm). Upon sensing

the disturbances created by a swimming prey, Fpischura will

try to contact it by making several somersault-like loops inm
the disturbed area. This searching behaviour is successful

with Bosmina which tries to escape by sinking vertically,

but becomes ineffective with Ceriodaphnia whick flees by

swimming away quickly along a straight path in any direc-
tion. When grasped, Bosmina is partially protected by its

carapace and mucral spine. Epischura eats Bosmina by scrap-

o o e .
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ing out the soft tissue through the ventral slit and usually

leaves the carapaéewintagt. On the-other hand, eriodaph-

c
nia, whose carapace is easily torn apart by Epischura, may
rely on its spherical shape, which is difficult to grasp,

to frustrate the predator. The ability of Ceriodéghn;g to

escape after being captured was not determined, but there is
litti= doubt that Epischura eats more Bosmina which is =2a-

sier to capture.

2.3.4 Diaptomus
ious stages are shown in Table 5. At a prey deﬁsity of 20
prey per bottle, copepodites seem to experience a heavier
predatioﬁ rate than adults and nauplii, although the differ=
ences wer2 not significant when tested by a one-vway analysis
of variance based on the number of prey eaten per predator
per day (P>0.1). The predation rate increased by more than
four times when the density of coéepodite prey vas doublad
from 10 per bottle to 20 per bottle. Diaptomus of all de-
velopnental stages can sense the hydromechanical signals
rroduced by a swimming animal from distances up to 4% am and
escape by a series of rapid juwmps {Chapter 3). L2 jump by
cne individual Diaptomus often results in a chkain effect,
causing all the .aninals in the bottle to make evasive res-
EQLSeS, Thus an increase in population density ieads to

higher swimming activity and higher encounter probability

- 28 -



TABLE 5

Pradation rate by fgischura on various developmental stages
of Diaptomus, .

Prey/bottle Replicates . Total Prey/predator - SD
prey killed sday
Adults 2 5 g 0 ' 0.00
10 . 5 2 0.48 0.66
20 ‘ 5 , q 0.97 1.57
Copepodites 2 4 1 0.32 0.63
I-IIT ) 10 5 2 0.51 1.30
200 5 1 2.39 0.91
Happlii 2 3 0 0.00
10 2 0 0.00
20 5 y 0.92 1.41

- 29 -
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with the predator. When 10 adult and 10 ccpepoﬁite’giaét‘-

ence for copepodites (Table 6)..
| Diaptomus.nauplii, éopepodites,-and adults remain mo-
tionlass in the Hater; occaéionally jumping to a new poéi-
tion, While pauplii have neutral bouyancy (Gerritsen 1978) ,
adults and copepodites steadily sink at speeds of 0.3-0.5
me/s and must jump at a higher rate to maintain their posi-
tion in 'the strata that are best supplied with food. Adults
must occasionally incfease their speed in order fc encounter
mates. ENauplii release few signals in terms of hydromechan-
ical disturbances and therefore have a sﬁall active space,
reéulting in a very low encounter rate with the predator.
kdults and copepodites are detected more often, but bacause
the capture probability for adult# is lower than that for
cbpepodites (Gerritsen 1978), it appears that evasive abil-
ity increases with age, However, once captured by Epis-
chura, neither adult nor copeppdite Diaptomus can escape.
When presented with Diaptomus of various developmen-~
tal stages, Epischura preyed at a higher rate on copepodites
than on adults aand nauplii. For Diaptomus, the instar dura-
tion times of nauplii (1.1-11.9 days) and copepodites i—III
(2.9-28.8 days) are considerably shorter than those of cope-
Fodites IV-V (27.3- 79.6, days) {Boers and Carter 1978).
Both nauplii and early copepodites face intense competition

for food from the more efficient later instars. Similar to



TABLE 6

Predation vate by Epischura when Diaptomus copepodite I-III
and adults were offered at a 1:1 ratio

Total prey Eatio
Prey/bottle Eeplicates killed Obse:ved P
CI-III CvVI CI-III-CVI
10 10 5 9 B 1 0.02

* Binowial test
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Bosmina, ° Diaptomys experiences the highest predation rate
vhen small._ fHowever, mnauplii Teduce their encounter rate
uith'predators hy crypsis. The short developﬁental time is’a
reéult of their liniﬁed energy supply (mainly lipids stored
in the eggq) rather th&n the‘manifestation of evolutionary

.S ) . ) .
Fressure to reach a *safe' size.  quickly as in the <case of

copepodites I-III and Bosmina (Kerfoot 1974),

¢

2.3.5 Starvation Experiments

The lack of tolerance of adult Epischura to starva-
tion is shown in Table 7. Few animals wvere still alive
after 24 hrs without food,' and. all animals_diéd after usg
hours of starvation. In ‘the laboratory, cyclopoid copepodé
survived for weeks without food. These énimals decrease
their swiamming activity when starved and have visible emergy
reserves én the form of o0il droplets. Epischura, .on the
other hand,.starvesAquicklj and die because of its sustained
activity and lack of lipid energy reserves., While the sur-
vival rates at 24 hours of adulf Epischura exposed'to algae
wvere higher than those of starved animals, 'they were lower
than those-oflthe controls. Since the guts of adult Epis-

chura were green even after .a brief exposure to algae, these

results suggest that the animals cannot utilize algal food

efficiéntly.



P

TABLE 7

survival of fpischura exposed tc starvation and algas

memese——eeeecmssmeem——amaeeaest———————

- - - ----*-------------------—--‘------------------------_---

Hours Starvation Aléal food " Control

b o s b o Pl D D A o o A oAl A A S A A S D v e dah S P A S S A e el e U W D A A b W S S

No. ilive Yo, Alive . Bo. Alive !
Mala Feaale Mala Female Male . Fepale

- - e O S W e - - W -y -

0 15 15 10 15 10 12
12 15 13 10 15 10 12
24 ' 3 - 2 ) 5 13 9 10
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" 2.3.6 Oamnivorous Feeding

s A —— S — S — P -

The predation rate of Epischura or Bosmina (10 per
bottle, 0.28-0.35‘mm) did not change in the‘presénce of Ank-

istrodesmpus (Fig.7, r=~0.02). However, - when Epischura was

exposed to Ankistrodesmus for 24 hrs prior to the introduc-

tion of prey, the prédatidn rates fér tho§g traiged to high
algal concentrations were lower than the rates for those
trained to low algal concentrations (Fig.a, r=0, 34, P<0.05).
| The presence of algae does not alter the predation
rate of Epischura on Bosmina. ‘The feeding habits of early
stages of Epischura have not been studied, but nauplii are
undoubtedly herbivorous vhile adults and copepodites are onm~
nivorous (Friedmén 1977, Main 1962). - Adult Epischura iﬁgest
algae but - can not - utilize algal food efficiently. Main
(1962) found that with the exception of Pediastrum, algal
foods are not sufficient to sustain growth and reproduction
in Epischura. <Corner et al.(1976) found that the marine co-
pepod Calanus, when feeding as a carnivore, assimilates its
food at a higher efficiency than vhen feeding on algal
diets. Natural selection favours animals which spend time
apd energy efficiently. If ;lgal foods are incomplete or
lower in nutritional value than animal foods, then the pres=-
ence of'élgae would not affect carmivorous feeding in Epis-
chura. Lomnsdale et al. (1978) suggested that small algae do

not reduce the predation rate of adult estuarine Acartia

tonsa on copepod nauplii because the predatcr prefers the

- 34 -



Figure 7:. Predation rate of Epischura on Bosmina in the
: presence of Ankistrodesmus.
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Figure 8: Predation rate of trainsd Epischura on Bosmipa in
- the presence of Ankistrodesmus. Epischura
trained to Apkistrodesmus at concentrations equal
to the experimental concentrations.
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large nauplii to the small algal cells and the feeding on
small algae does not interfere with the handling of prey.
Since Main (19€¢2) <found that Egigchugg adblts fead Pt a

higher rate on large algae than on small ones, Ankistrodes-

Egg (3-30 unm) may not be suitable to Epischyra. Epischura
thét had been trained'to high coﬁcentrations cf algae re-
duces its.predat;on rate on Bosmina. This could be the re-
sult of satiation, however, the hiéh mortality rate of Epis-

chura - (>75% when algal concentration >2x10% cells/anl)

. suggests that high concentration of Ankistrodesmus may have

had some adverse effects on the p;edator.

The results presented here show that Egiéghg;g is not
capable of any active choice. Selectivity reflects 1)the
ability of Epischura to detect, captu;e, and ingest a given
prey spéciés, and 2) ;ﬁpecies differences in the effective-
ness of prey defense.. ﬁgigggg;g has low tolerance to star-
vation (mortaliiy was always >50% after 24 hours without
food) and has a high predation rate fe.g. 40 prey per preda-
tor per day). For a predator, the net value of a prey is
its gross value minus the cost in terms d@~the energy re-

"quired to.searéh for and handle it. Sincé the handling time
dites), ggigghggg spends most of its time searching for
pPrey. Searching time decreases when the number of prey
types in the diet increases (MacArthur and Pianka 19€6). If

active selective predation is too costly in terms of time,
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then RPpischuga may be more efficient by being a
jaék-of-all-trades {Kerfoot 1975a), eating wvhatever it can

capturs and handle.
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Chapter III

CYCLOKORPHOSIS IN BOSMINA AND COPEPOD PREDATION

3.1  INTRODUCTION

From May to October 1979, T took a preliminary look
at the zooplankton of Pinks lake, Gatineau Park, Quebzc,

hoping to find out what species’coustitute *he diet of the

predaceous copepod Epiéchg;g lacustris, While inspecting
the zooplankton samples, I found that Bosmina longirostris

from the June samples has longer mucrdl spines than indivi-
duals from " earlier samples. Previously, Kerfoot (1977a)
suggested that Epischura is an important factor in determin-
ing both the size and shape of Bosmina. Epischura which

. .
seiza® Bosmina fronm above camnot penetrate the thick cara-

- ——

bace and must rotate the Prey before scraping out the soft
part; rrom the ventral opening. Thus a long wmucral spiﬂe
would protect Bosmina by making rotation by the - predator
difficult. Since adults of Epischura first appear in Pink
iake around the end of May, it becomes apparent that the
morphological change in Bosmina may be related to Epischuza
predation. - .

In this chhpter, I will describe the seasonal change
in the morphology of the Bosmina populations in Pinks lake.

Although it is not clear what factor for factors) causes

- 39 -
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this cyclonorpﬁosis, I uill'present evidence to conf%rm that.
cyélomofphotic Bosmina with long mucral spines are less sus-
ceptible to Epischura predation than siﬁilar sized Bosmina
with. regressed spines. Whilse mYy results are somewvhat prglim-
inary, together with ﬁhe data of Kerfoot (1975a,1;?5b,

\
1977a), they suggest _that cyclomorphosis in Bosmina is an

evolutionary adaption against predation by tactile-feeding

Eredators (Dodson 1974b) .

- 40 -



3,2 MATERIALS AND METHODS
This research was done in Pinks Lake, Gatimeau Park,
Quebec. The zooplankton communify in Pinks Lake -is com-

prised of Bosmipna lonqirostris, Daphnia spp., Diaphanosoma

spp., Laptodora kindtii, Epi

itus, Trepocyclops spp., and Cyclops spp.

From May to Cctobar 1979, zooplankters were collected

ﬁrom-Pinf Lake-once a week by horizontal tows using a plank-
ton. net with 100 am mesh. For e&stimating popuiation densi=-
ties, three statibns were established and duplicats vertical
tows were taken from each station approximately once a
month,. The two tows were ' combined, dilute% to 500 ml or
1000 ml, and preserved in 10% formalin. Thelstudy vas ter-
minated in November when the National Capital'Commission,
Canada, closed the road to Pinks Lake, Bosmina from Novem-
ber were collected by casting a plankton net from the shore.
In the laboratory, zooplankton densities were estimated by
counting subsamples under a stareomicroscope,. At least two
10. ml subsamples were counted for each sample. In the case
of Epischura where the population densities were too low,
five to ten 10 ml subsamples were analyzed. TFor moréhologi-
cal measurements, Bosmipa was put on a glass slide, and mea-
sured at 320x using a light microscope with an ocular mi-
. crometer. Two morphological characters were measured: body
length and mucral spine leﬁgth {Fig. 9). Recause of the

small size of Pinks lake, no differences in morphblogy bet~-
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Figure 9: Morphological changes in Bosmina from laboratory
: cultures, (A), and Pinks Lake, June 1979, (B).
ML=mnucral spine length, BL=body length, _
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‘ween éampling stations vere expected, and indeed none have

been found. Subsequently, data from all stations were

pooled.
The predation rates of Epischuragion two ‘types of Bos-

s

mina (Fig.9, Table 8) vere determined. Bosmipa with en-

A

la:géd mucral spines were obtained from Pinks lLake during
the month of June by_horizoptal tows and Lsed within three
days after arriving in the laboratory. Bosmina with re-
gressed mucral Spinés were obtained from iaboratory CQ res
raised fronm specimens collected from  Pinks lLake abcfgf;ne
y=ar prior to the beginiﬁg of this experiment. While the
causes for the régression.in mucral spine. growth is not
known, a similar phenomenon has been reported bf Kerfoot

8
{1975hb}) . Predation experiments were carri€d out in methods

similar to those described in Chapter 1. oOnly Bosnmi of

3

body size from 0.28~0.35 mm were tested. ’ ’

N
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TABLE 8

iverage mucral spine length/body lengtk ({x) for Bosmipa

Bosaina sizsa x (na}) SD B ¥
(am)
<0.25 L 0.158 (10) 0.037
. ﬁ\\fv. 0.000
F~ 0.241(11) 0.025
0.26-0.30 L 0.123 (11} ‘ 0.024
. 0.000
F 0.194 (21) 0.020
0.31-0.35 L 0.100¢13) - 0.025
- 0.000
P 0.173(24) 0.018
1 = posmina fror laboratory culture .
F = Bosmina collected froa Pinks Lake on Jume 25, 1979.
* t~tast
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3.3~ EESULTS AND DISCUSSION
. | ‘ 3 1

The changés in the mucral spine length of Bosmipa in
Plnks Lake durlng the summer are 111ustrated ln Flg. 10. - A

2=way analy51s of variance shows that the dlfferences in mu-

cral splne length upon body langth dué to btoth size classes

and months are hlghly significant (P<0.001). Thus small
Egggigg have relatively longer mucral splnes than largq _§

1
nina. For the size «classes of <0.25 mm, 0.30-0.35 mm,

0.35-0.40 mm, and >0.40 mm, Bo Bosmina from the June 25 sémpleg
have significantly longer mucral spines than Bosmina from
the May 11 samples (Tukey's tests, at P=0.05). Since ggig-
chura was rarely observed to kill Bosmina >0. uO mm, the in-
crease in mucral Spine length in the upper size class cannot
Y2t be explained. ; The mucral spine lengthqappears to reach
‘a pmaximum during the months of June, VJuly, and August.
Slight decreases were recorded after October, significant
only ip the <0.25 am size class. -
Cyclomorphosis has been reported in planktonic algae,

dinoflagellates, rotifers, copepods, and cladocerans {re-

viawed by Hutchinson'1967). However, it is among the genuns

[}

aphnia of the Cladoc¢era, where the phenomenoq is most con-
spicuous and has been studied extensively.

Two physical factors, temperature and turbulence,
have been shovn.to be the proximal causes inducing cyclomor-
phosis (Brooks 1946,1947, Coker and Addlestone 19138, Egloffl

. ‘

1968, Hazelwcod 1966,_Hrbacek 1959, Jacobs 1962). Since the

- us - . LY
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Seasonal change in mucral spine length,of

Bosmina from Pinks Lake. Each point showing

mean, standard deviation and. sample size. Size
class indicated im each fiqure, ML=nmucral spine
length, BL*body length.
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viscosity of water decreases in‘h;gh “temperature, exuber=-
: , j
- "ancés such as helmets in Daphnia vere onca viewed as mechan-
isms £o sibw sinking in the summer. More recent experimenrc
tal evidence, however, has not sugpported. this huoyancf hy=-
rothesis, Hutchinson (1967) indicated that cyclomorphosis
is almost always confined to species 6f the turbulent epi-
linnion uhere;sinking sﬁeeds' are far less than in the non-
turbulenf hypdlimuion. . Additionally, Jacobs (19€7) found
that helmg?ed Daphnia actuall; sink faster than the unhel-
mgted winter forms. Brooks (f965) associated cyclomorphosis
with fish pfédation. During the summer wkhken fish.are abun-
- dant, Daphnia maxntaln high rates cf growth by expanding thé'
;{transparent helmet whlle keeplng the visible central core of
“the body small. This hypothesis was later expandad by Dod-
_son (197hb) who suggested that cyclomorphosis is influenced
;by bOtE vertebrate and invertebrate predation. Various tran-
sparent protuberances are grown by some prey species to foil
taciile—feeding invertebrates at the same time when fish
predators are also abundant. Gilbert (1966,1967,1973) has -
shown that a p;btein released by the predaceous rotifer
_hsplanchna stimulates the growth of spines in the prey rco-

tifer Brachionus. O'Brien et al. (1979) also demonstrated
that the cyclomorphotic Daphnja with helmet is less suscep-
tible to bothk fish and copepod predation,

Several recent studies have shown that predatidn by

size-selective invertebrate planktivores influences the size

- 47 =



and shape of Bosmina. herfoot (1975a, 1977a) has found that
A 1n the pelaglc regions of Lake ¥ashington,' Seattle, Washing-~

'ton, wvhere fish predation is not intense,' the Bo a popu-

lations consiét of the long-bodied morphs which are pro-
tectad against predation by Epischu ra. However, bécaﬁse the
loug-bodied morphs require hore energy for their adapta-
ticns, they are replaéed by: the more prolific short bodied
'morphs along the lily-pad nargins where fish fry remove the
copepods:. Of'Brien (1979b) ﬁeported that Bosmina in aAlaskan
arcti& lakes with the 'large predaceocus copepod Heterocope

,are larger and - have longer protuberances and thicker cara-

pace than Bosmina in nearby 1lakes without the. predator.

Furthmore, predation experiments demonstrated that Bosmin

o

from d lake with Hetercope are less vulnerable to Hetero ope
predation than similar size Bosmina from a lake without Het-
ercope.

Cyclomorphosis in Bosmina has been reviewed by Hutch-

;

inson (1967). 1In Bosmina lo g rostrls the cbangns appear to
involve a decrease in the length of the antennule and mucral
spine during the summer. Recently, Kerfoot (1975b) des-

cribed similar cyclomorphotic changes in B. longirgstris in

Fraims Lake, Michigan, However, his observations_differ
from mine in two very important aspects. Wkhile Bosmipa in

Frains Lake go through a decrease in antennule length and
mucral spine length during the sunmnmer, cyclomorphosis in

Bosmina in Pinks lake involves changes in only the mucral



spine leﬁgth, .with <the matimal lgngth achieved during. the
‘summer. Thereforé when put fogether, oun.results clearly do
not support the buoyancy hypothesis (W.C. Kerfoot, per.
CO@M.) Moreover, it is.doubtful that smail changes in the
length of the mucral spine (Fig.9) cduld have affscted the

bvoyancy of Bosmina. The  antennule length of Bosmina from

Pinks Lake remains unchanged between May and Novenmber, In-

dividuals of Bosmipa from the winter populations in Pinks
Lake have not been examined, but no regression in antennule
growth has been observed in Bosmina from our laboratory cul-

tures,

During the summer, Bosmina in Pinks Lake co-exists

————

with three invertebrate predators, Epischura, Leptodora, and

CyclOpé. ‘Leptodora appears for a‘short time during Jﬁly:aud
Xugust., Thas its cycle would not explain why Bosmina under-
goes increase in mucrai spiﬁe length during May and June..
Cyclops occurs at very low densities (<10 individuals per
160 liters)’ du;ing the summer. Predation by Cyclops is
known to induce size changes in Bosmipa (Kerfoot 1974),
wheréas, major shaée changes in Bosmipa are often associated
with Epischura (Kerfoot 1975a, 1977a).

The seasonal occurance of individual instars of Epis-

chura lacustris has been described by Main (1962). Adult
and immature stages occur in the plankton bnly during the
ice-free months. During the winter only resting eggs per-

sist in the mud bottom. In Pinks Lake samples taken on May

L]



11 contained -oﬁly nauwplii and éopepodites I and 1II, The
' predaceous adult and late Copepodite stages did not appear
until the last week of May. Thus the ‘appearance of the pre=-
dacaous ;tagesyof”.ggigggggg coincides’with the incre;se in
mucral spine length in gggg;ég.

Results presented in Chapter 1 have demonstrated the

effectiveness of Epischura predation cn Bosmina populations.

Concentrations of Episéhura, Bosming, Daphpia, and g;éghggg—
soma 'in Pinks Lake are presented in Fig.11. Nﬁile tﬁe de-
cline ofﬁggggggg‘ at the end of RAugust was ‘probably the re-
sult of competitive pressure from gggﬁhig, it is quite
probable that the increase of Bosmina in June was suppressed

e e

by Epischura.

If the cyclomorphotic change in gggmina-is relatad to

Epischura predation, then one would expect Bosmina with the

—— e s S ————

(11

enlarged mucral spine to be less vulnerable to Epischur

1

than individuals without this adaptation. Results of th
. i
Fredation experiments are presented in Table 9, Labé}atpry

o e o e e

cultured Bogmina which has a regressed mucral spine experi-
enced higher predation rates than Pinks lake Bosmina. 1In
addition, the result was not due to diffarences in Handling
time (Fig. 12). Since both types of Bosmina suiﬁ at about
1.5 un/s, the observed difference in predafiou rates was not
the result of differences 1in encounter probability (Gerrit-
Sen and Strickler 1977). Evidence implicating. the effec-

. £, : .
tivenass of the mucral spine as a defensive mechanism comes
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Figure 11: Concentrations of Epischura, Bosmina, Daphnia
and Diaphanosoma in Pinks Lake.
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, TABLE 9

.Predationlratas-of Epischera on Bosmina

bt R L L P ——— Lr T3

‘Prey/liter Bosalna Repiicates Prey/bredator P =
. ~/day
' x . 8D
L 8 8.3 B.1
5 . <0.10
F Bd 2.7 4.0 ’
L 8 19.6 12.8
10 . ) <0.005
F 8 3.6 4.0
L 8 41.2 27.4
20 <0.005
P 8 2.7 5.7
L = Bosmina from laboratory cultures -
P = Posmina collected from Pinks Lake on June 1979,
* t-test .
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Figure 12:

Handling time (time from capture until discard
of dead Bosmipa by Epischura) by Epischura on

~ Bosmina from Pinks Lake (closed triangles) and
- laboratory cultures (opened triangles).
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from direct obserqations:of Epischura attacking Bosmina (Ta-
ble 4. ‘Oncé seized by Epischura, the ingestion probability
is alvays lower for the Pinks Lake ég;g;gg than for the la-
boratory cultured goéminé.' This eviéence suggests-that'cf—
'cldmorphosis in Bosmina is aﬁ adaptation for reducing mor-

tality due to copepod pféddtion}



Chapter IV

- THE RESPONSES OF COPEPQDS TO HYDROHECHANICAL‘STIMULI

4.1 INTRODUCTION
Predation is an 'important factor in determining the species
jcomposition (Aller 1973, Dodsoﬁ"195“a) and size structure
(Brodks and ﬁodéon 1965, Confer 1971, Kerfoot 197%a} of zoo=
-?lankton communities. In recent years acologists have con-
structed models to predict the effects of predékion on the
zooFlankton community structure (e.g. . Gerritsen and Strick-
ler 1977; Steele 1974). These . models méke'assumptions on
. behavioural parameters, such as encounter radius (sensory
range), svimming speed and przdation rates, and will make
realistic prédictions oniy if accurate and precise informa-
tion on the behaviour of zooplankters is available. in the
higher trophic %fvels both the predator and the‘prey are of-
ten large enough for.the act of predation to be observed_e;-
sily. Anpimals in the lower trophic levels, however, are of-
ten of microscopic sizes. In the planktonic ecosystenm
detailed study of pfedatiOn is further hindered by the fact
that the animals do not use the viéual'Sense upon which we
rely heavily; So it is no surprise that detailad behavi-
oural - studies of predation among zooplankters is still™badly

needed. L
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+ During predation, -food- i; encountered,. recognized,
éapturedgland ingested, and each of these évents may bé go=-
verned by differen£ sensotf‘modalities." Aééofdiﬁg ' to the
Gerritsen and Strickler  (1977) encountér‘ model 'foﬁ
3=dimensional space with thé animals distributed randomly
and swimﬁing in random directions, the encounter probaﬁility
increéses linearlf with den;ity and as the 'square of swin-
ning spead aﬁd encounter radius. Thué the behaviour of an
animal is manifested in its swinming speed and sensory
rahge. It has long been noticed that zooplankters can sense
small hydromechanical disturbances and respond by Jjumping
away (Drenner et gi. 1978, Gerritsen 1978, Strickler 1975,
Szlauer 1964), ‘.A swinming animal produces water displace~
ment and this re;ults in a sigmal or active space (Bossert
and Wilson 1968L whose size depends on the size, shape, and
spzed of the animal (Stricklef and Twombly 1979). Previ-
ously, Strickler (1975) demonstrated that copepods detect
otker animals by mechanoreception., However, if detection is
not followed by recognition, then the food chain would be
determined by the.capture and ingestion probabilities, and
would appear more randon, Additionally, predatory copepods
which avoid each other but attack prey that are larger than
thenselves must occasionally encounter each other to“mate.
Therefore, the question is. how do zooplankters regogﬁize the

signals of predators, prey, and mates. Katona (1973) de-

monstrated the importance of sex pheromones in the mating

Ay
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behaviour of copepods, -but other circumstantial evidence

. (Gerritsen 1978, Kerfoot 1977a, 1978 Landry 1978) suggests

L 4

that mechanoreceptlon is the major sense for prey detection

by pradatory copepods. Strickler and Bal (1973) found on

copapods mechanoreceptgrs vhich may be excited when beht by

water movement. However, studies of the responses of cope-
rods to hydromechanical stlmuli are ‘'relatively few, - and

Y :
quant-tatlve 1nformat10n on the relationship between escape

behaviour and the dlStance 0of the source of a hydromechani-

cal signal is not available. The aim of this' study is to

quantitativeiy investigate the sénsitivity and responses of

copepods to hydromechagical, disturbances; concéntﬁgbégg on

mthgﬁfgllowiné guestions: 1) From how. far away Hlll copepods

———

[l

avoid nydromegg;gzgsl dlsturbances’ 2) Hov is escape bHeha-
viour affected by the size, 1ocation, and direcpion
ment of a small moving objec;? our %&thod shsulﬁ prove
ful in futuré;‘studies of dther:small aquatic invertebrates

: Iy
vhich locate  their feod by mechanoFeception.
Ak -
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4.2  MATERIALS AND METHODS

‘Copepods' yefe collected - from Meach 1lake and Pink

Lake, Ga;ineau Park, Québec, All experiﬁents were cﬁfried
out in a 9x4x2 cm cﬁambefk filled‘uith filtered lakewater at
200c,, Obsetqations of zooplankton behaviour we}e made with
a h6rizonta11y mpunteﬁ stereomicroscqpé at a pouer of 13.6X.
Hydromechanical'disturbances vere created by the movement of
small spheres made of iron\ filings encapsulatad in‘paraffin

wax. T™wo spheres of diameters of 0.8 ma and 1.2 mm were

used. Fach .sphere -was glued to the center of a loosely

~

'stretched hair, the ends of which were attached to the arms

of a F-shaped clamp (Fig.1§i. This allowed the sphere to be

triggerad to move horizontélly over a distance of 3 nm by a

manually operated magnet held outside the chamber, The

‘stereomicroscope vas focused on : the sphere. (depth of

field=0.5 om). The image of a grld of 1 mm squares was
merged Hlth thaqf/f the spnere by a beamsplitter (Alcaraz et
al. 1979) placed between the lens and the chamber. The
testing field consisted of 25 squares (5x5 f left and above
the sphere and 25 squares (5x5 ) -left and below the sphere.

(sae Fig. 14, 15).‘ 20 to 40 Cyc l gps or Diaptomus were 1ntro-

¥

' duc=qannto the chamber. The ‘sphere was moved when an anlmal

|

sWam into the testing field in focus. The position and the
response of the animal were recorded om a reference grid.
Thié alloved us to d;splay the data as -a series of 5x5 ma-

trices? To compare the responses between treatments (e. g.

&
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Figure

t

13: sSketch of the experimental set-up for studying
the escape responses of copepods, :
Hydromechanical "disturbances were created whan
the sphere was triggered to move by a magnet
M.



g

-




'response to. a retreating sphere vs response to an approach-

ing sphere), e total number of escape/number of trials was

i
proportions were . then subjected to'a Chi-.
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4.3  BESULTS AND DISCUSSION

4.3.1 - gvoxd ng Predators \S
The escape probabllltles of Cyclops and- Diaptomus to
a small sphere were measured when moving horizontally, di-

fécted towards them, or moving away_from.thém; Two spheres

of diameters of 0.8 mm and 1.2 om were used. Diaptomus gen=-.

erally remain motionless, allow themselves té sink slowly
for a while and then‘jﬁmﬁ into a new ‘pasition. When dis-
'-tu;bed by the sphere, Diaptomus escape immediately by making
several leaps of dp to 1 ca. Cyclops, swimnming in the hop
and sink pattern, ane.also capable of escaping by 1long
jumps. Usually; however, they move out of the disturbed re-
gion by siﬁply making one‘or two hops similar to those used
in normal'suiﬁming. Nevertheless, -this escape beha;iour can
bg'easiiy-distinguiéﬁed from normal swinming because the du-
ration of the sinking pkase is greatly reduced. It is also
-impoftant to note that although the direction of escape is
random, it is always away from the sphers. The results,
summarized in Figs.1ﬂ to 20 show:

1) Both Diaptomus and Cyclops can dntect a small ROV =
ing sphere from' dlstances of up to 4 mm. Additionally, es;
cape occurs farther away from the large sphere (1.2 mmf than
‘from the small sphere (0.8 nmm) (Fig.14, 15). , h rapid drop
from the 90% escape zone to the 50% escapémzone,is displavyed

for both species and both spheres, suggesting that certain
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‘Figure 14:

sphere. (i) sphere of 1.2 mm diameler, (B)
sphere of 0.8 anm diameter, (C) sphere of 1.2 mm
diameter in the presence of turbulence. Arrows
indicate direction of movement of sphere.
Scale=1 mm. Solid line indicates 50% escape

probability, dotted line indicates 90% escapa
probability,

Escape probabilities of'Diagtomus from 'a moving
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Figure 15: Escape probabilities of gyclgg.g from a moving
sphere. . (A) sphere of 1.2 mm diameter, (B}
sphere of 0.8 mm diameter. Details see Fig.14
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o~
threshold sizes\of disturbance are involved in eliciting an

escaps response.

2): The-larnge spherz elicits more escapes from both Diaptomus\

and gxg;g§§ than the small séheré (Fig. 16) . Moreover, the
‘affect dus to sphere size is more abéarent in gxé;ggg than
in Diaptomus. ., Both Diaptomus and Cyclops escape from dis-
turbances over «certain threshold_ sizés. Bui, _ because a
small signal ﬁiy mean food for Cyclops, éhe escape threshold

is lower in Diaptomus than in Cyclops.

3) For both Diaptomus andlgxg;ggg the escape probability is
higher when the sphere is approaching than when-it is re-
treating (Fig.17, 18). ‘A suiﬁming animal pushes vater ahead
of itself and pulls water im to fill the space it previously
occupied (van Bergerjk 1964). Moreover, the signal strength
of an aprogching object incfeases with time, whereas that of
a retreatihg object decreases with time. Thus the signal of
an approachiné-animal is different from that'of a retreating
' one. For a copepod a potenjhal predator which is coming in
imposas .a much greater danger than one which is moving away.
Sirickler (1974) argued that. for a copepod the energy needed
for an escape reaction is 400 times that for normal Swim-
wing. Therefore, it would be - 4daptive for.the animals to
recognize and flee only from significant disturbances. In

addition, for a predator such as Cyclops an animal which is

-~
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Figure 16:

£

s

¥

Effect of sphere size on the, escape probability
of (i) Daptomus and (B) Cyclops. Tscape
probabilities from large sphere (1.2 mm
diameter) are always larger than those from®
small sphere (0.8 om diameter}. VNumbers A
indicate probabilities of significance, Arrows
indicate direction of movement of sphere.

!
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Figure 17: Effect of the 1ocat1¢n and dlrnctlon of movement

. - +of the sphere on the escape probablllties of
Dia us. Sodid arrows point to situvation of
higher %scape probabllltles. Numbers indicate
probabilities of 51gn1L1cance.‘ (A) sphere of
1.2 mm diameter, (B) sphere of 0.8 mp diameter,
(C) sphere of 1.2 mm diameter in the presepce of
turbulence. Dotted. arrows] ‘indicate directi®n of

_ movement of sphere.
o s
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Figure 18:

T R i T T

Effeéct of the location and direction of movement
of the sphere on the escape probabilities of
Cyclops. (A) sphere of 1.2 mm diameter, (B)
sphere of 0.8"mm diameter. Details see Fig.17
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moeving away could be a potential prey.
4§ Both Dia gt us and Cyclops show higher escape prohability‘

when'they are below the moving épheré than when they are.

above’it'{Fig.17, 18) . Slnce predatory cobepods attack: preyi,'=

from hbove (Kerfoot 1977a, 1978, . Strickler and ‘irombly
1q?5), the adaptlve lmportance of this behav;our is obv1ous.
Alternatxvely, because €yclops swims with its f*rst antennae-

pointad upwards (Fig. 3A, Strickler 1974) and Diaptomu

ltn

—

hangs ferticilly right side. up in" the water, the result
.could be a bias of the position of the anipals.

5) The escape probability for both Diaptomus and €yclops is

lowest when the sphere ;5 below thew and movinq away from

Y
them. However, this observatlon is probably a direct result

1l

of the two previously mentioned behav1ours.

6) Escape probablllty for Diaptomus is hlgher than that for
Clc;_gs (Fig. 19). Diaptomus is a he;bivore and its tactic
is to flee quickly from all sigﬂals ever certain crucial
sizass. Being a predator, €yYclops, however, must obtain more
{nformation from a sighél in order to distinguish betwsen
predator and prey. Cyclops frequently exhibits the *stop
and iisten' heh;viour (Gerritsen 1978)‘before an escape., Onf

several occasions, we have observed that Cyclops attacked
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.Figune 19:

LY

!

Comparing escape probability of Diaptomus and

Cyclops from (A) sphere of 1.2 mm diameter, (B)

sphere of 0.8 om diameter. Numbers indicate
probabilities of significance. krrows indicate.
direction of'movemént of sphere. Shaded area
indicates the. only situation where Cyclops has
kigher escape probability than Diaptomus.

J:\
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and graspad the movxng sphere. gince an. escape was‘scored
~.only 1f it bappened as soon as the sphere  wWas trlgqered to
move, escape frequency 1n Cyclops is probably being underes-
. timated.  On'‘ the other hand, 1 since Diaptomis has longer
. first antennae to scan'a}iarger vclume of water, it is-pos-
gible that it has a l}rger Sensory range'than Cyclops.

7}y The resultS' ve have reported S0 far, and otheT
studies which demonstrate that copepods can react to hydro-
mechanical signals (Drenner et al. 1978, Gerritsen 1978,
Strf%kler 1375), -were all_cdrried out in %alm water. Thue
there is still no evidence for believing that the same is

true in 3 lake or ocean where turbulence is contlhuously
created by the trensfer of wind and heat energy into the wa-
.ter. - To test if copepods can detect the hydromechanical
signel of a small moving object against ambientqturbulence,
| the escape probablllty of Diaptomus to a horlzontally moving
sphere (1.2 ma) was determlned ‘'while amblent turbulence was
created by'hubbllng arr.slowly through.the water, The re-
suits presented_in Fig.14c show clearly that Diaptomus can
detect the moving sphere even in the presence of batkgroun&
disturbances, Furthermore,'the escape probabilities in tur-
bulent water are not significantly lower than those in calm
water (Fig.20). This is similar to the; results of Taylzf'
(1268) who demonstrated that the sensjitivity of crayflsh o
water dlsplacement produced -by mov;rg objects doss not de-

crease in turbulent water. P

- 70 -



Figure 20: Fffect of turbulence on the escape ‘probabilities

of Diaptomus. Sphere of 1.2 am diameter wvas
used. Numbers jindicate probabilities of

significance. Arrpws indicate direction of
movement of sphere.
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9.3;2 Predator-Prex Interact*___
Although gx___g? avoided the small moving spheras,-
Ehey frequnntly attacked and grasred the hairs.taat the
sgheres were attached to. Keréoot (1915a) pointed out that

.

the attack probabilify of Cyclops on Bosmina is size depen-=

—

-

. dent and the predators avoid Bosmina over —certain crucial
sizes. Thesse obsarvations suggsst. that copepods\avoidlhy-
dromeéhanical sigaais over tertain sizes and recognize smali
signals as prey; . The consequence cf this is that a poten-
tial pr2y may release fguer signals, theraby decreases the
probabiliay that it will be detected by a predator. Indeed,
sen 1979) and Epischura (Chapter 1) ,becauge they remaln mo -
tionless, Following an unsuccessful attack by a copepod,
§§§g;§§ lowers ths probabiiity of being reco#gred by the
predator by. stopping swimming and sinks passively (Kerfoot
1977a, 1978, Zaret and Strickler 197g); When hair tethered
Bosmina was intcoduced into @ chanmber with starvaed Cyclops,

detectiion 'by the predaéor occur-ed onXy when thg gggg;gg
‘-flapped its anteqpae (J.R. Strickler, per. comn.),. More-
over, when attacked, Eggg;gg tucked itéhantennae,: but con-
tinued to move the filtering legs, Since movements of the
filtering legs probably do not cause as much disturbances as
flappings of the antennae, it f§7bbvious iﬁat +he‘entire be-
haviour pattern of Eosmlna saerves to reduce the hydromechan-

ical signal ard not the chemical or visual "signals. - How-
L) .

r

¥ w
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aver, since - Cyclops’ lqcateé and éats- other . dead

zooplankters, chemoreception may also be involved in prey

.detection, . But because'chemicals diffuse slower than the

speed of a swimming copepod (Sttickler_1975), chémoreceptidn

is probably used ohly for ‘prey detection at very close range

anafﬁor brey'recognifion after contact. . Newertheless, the

faétqthat Cyclops will attack small inert objects such as a

hair indicates clearly‘that:chemicals are not reguiréd'to

a@licit attack behaviour in Cyclops.

It is clear that a major concern for a prey is to es-

cape ‘detection by prédators; Epischura and Cyclops detect

Bosmina long before the prey becomes aware of the predator
i

(Kerfoot 1978). . . Other. zooplankton prey, however, _can per-

celve a nearby predator and avoid it by svimming away.

Diap

o

mus, which has a larger sensory range %ﬁan Ccyclops,
ﬁay perceive the predatof and initiate evasive reactiéps be-~
fore the-predator.cqn launch an attack. So, it is easy to
see " that the'prédators have a problem rather similar to that
of their pfey--they must release few siqgnals and be less de-
tectable to potential prey. High 'speed movies of gig;ggg
attacking Bosmipa (J., R. Strickler), reveal that the preda-
“tor sanses ,the prey while in the sinking ﬁhagg of the hop
and sink swimming pattern. A sinking Cyclops céuses-so 1it-
‘tle disturbances that a Bosmipa usually will not react by

performing the dead-man-response until the predator actually

touches it. Also, the large disturbances associated with
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‘the hdpp%gs.go#ement of Cyclops would proébably mask the
. . . : | - . ’
spall disturbances produced by a Bosmina frem a-distance.

Taylor (1968{‘ reported that ‘the response to water vibration

by crayfish is pﬁysioldgicallf*inhibitéd vhen the animal is

‘moving the walking legs. A similaT relationship may exist

b

The behaviour of the animals is reflected further by
2 . £

the f their seébsory systems. The ratio of mechano-

receptbrs - to chemqreceptdrs in the first antennae of the
' [4

herbivorous‘gigggogus'gggggien§;§ and D. minutus is'close to

1:1, areas that for the carnivore Cyclops vernalis is al-
mgét 10U/ (Y. Barrientos, per. comm.). .Herbivorous copepods

perceive algae by - chemoreception (Rlcaraz et al.. 1979,

Friedman and Strickler 1977). - Therefore, Diaptomus needs

&hemorecép{ors for 1locating algée and mschanoreceptors for

detectinglpredators. Cyclops, on the other hand, c¢an rely

on its mechanoreceptors to detect both predators and prey.

a
L]

L}



Chapter v

CONCLUDING DISCUSSION

Mcst research ﬁon'preda£or;prey interactions in the
freshwéter‘écosystem has suggested that size is the most im-
portant factor in prey selection by predaceous zdoplankfers
“(Anderson 1570. Brandl "and Fernando 1975, 1978, Cénfer 1971,
ncéuegn 1969) . SiZe selectiver pradation has b2en considered
critical in determining thé size cowmposition éf the freshwa-
ter zooplankton communities (Alien ié;B,. Brooks and Dodson
1965, Kerfoot 1975a). However, recent, studies, most parti-
cularly thoée of Dodson (1974b), Kerfoot (1977a, 1978) and
Li and'Li (1979) have demonstrated that prey characteristics
such_as swimminb behaviour, carapace thickﬁéss, and shape
Ere also imporéant in detefmining the seléctive prOCESS;

Chapter 1 of this thesis examines the predatory beha-

viour of Cpischura lacustris. The predation rate -is very
heavy on. Bosmina, moderate on Cariodaphmnia, and very low on

y L3

Diaptomus. However, in this instance equating the preda-
tor's nonfandom diet Eg the predafor's food preference makes
" no sense. ggggégggg shows no trﬁe behavioural inclination
for one of the prey. FRather, it attacks ;ll‘the prey it can

" detect, and the nonrandom diet is a result of the differ-

ences in the effectiveness of prey defenses. Kerfoot et al.
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(1979) classified prey defenges agéigét invertebrate prada-.

tion into primary (pre-capturs) ahd secondary (poss-capture}
'responses. Copepods sense other ‘animals by- mechanoreception

(Strickler and Bal 1973). Thus a'p;ey vhich causes little

disturbapces has a low encounter rate with the pradators.,

Indeed, . my results show that Di_gtomus nauplll, which do notf

move-much, experlence louer— pred&t*on rates fron gg_ chur
.'.p_“__

~

than copepodltes whlch are larder, faster, and move more of -

ten, Many small cladocerans (e.g. Bosmlggs Chydorus) make.

theﬁselveé.less detectable by’ performlng the ‘dead-man,res¥
\r

Jponse (Kerfoo£'1978J.' Fon'hnlmals which depend on fleeing-

rather than on crypsis, the earlier the detection of the

predator the higher the probability of escape. Detection

ablllty increases with the number’fj;detectors. While cla-

\\doceraus have few sensory organs over their thick carapace,

. e

~"*’J‘khe exoskeleton of copepods is <covered by chemo- and mecha-

~ ncreceptors (Kerfoot et al. 1979). Both cyclopoid %Eidygla-

. RN
noid copepods can selnse a predator fron distancexiup to &

os. Because cqpeﬁods have a greater semnsory range than cla-

docerans, during an encounter the copepod predator will

sense the cladoceran prey before the prey is aware of the

predator. Strickler (1974) found that copepods can escape
at speeds of up to 20 cum/s.. On the other hand, most clado~
cerans have limited locomotory abilities, and cannot outrun

or outmaneuver an attacking copepod (Rerfoot 1978, Kerfoot

I+

al. 1979). Thus it seems obvious that cladocerans which

I

/
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‘caanot utilize escape response to.avoid 4. copepod oredator
.must'rely heavily on secondary responses to reduce the Lng-
=st1cn probahlllty once they are captured, Slow-moving cla-
docerans {€.9. Bosmina, ggxggggg)'a:e adorned with a thick
cﬁitioousrexoskeleton. In sooelfOIms {e.q. Daphnia, Bos~
'giggj the exoskeleton is further réinforcéﬁ'by the develop-
ment of splnes and stout protuberances. Daphnia develops
helmets and spines to hlnder handllng by 1nvertebrate preda-
" tors (Dodson 1974b, O'Brien et al. 1979). In places where
predatory calanoid copepods are common, gggg;gg develops an
enlarged mucral spine and larger antennules (Kerfoot 1975a,
1977&, ot Brien 1979b). In Pinks lake, Besmina undergoes in-
crease inr mucral spine length during the summer at a time
when the adults of _E__churd appear. "Since gggg;gg ShOHng-
this cyclomorphot;gﬁchange are less susceptible to Epischura
predatloq than similar-sized individvals without the adapta-
tion, my résults are consistent with Dodson's (197&5)‘ hf—
pothesis that cyclomorphosis is an adaptatlon against inver-
tehrate ptedatioa. Selection clearly has not favoured the
development of secondary-morphologlcal defenses in copepods
since they rely on early detection and rapid evasion to re-
duca the efficiency of the predators. Thls explains th co-
pepods are invariant in body shape (Kerfoot et al. 1979) and

why cyclomorphosls in copepods is not as consplcuous as that

in cladocerans.
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Although prey defen;ajjifhanisms co-evolve with pre-‘

dator huntlng strategles (Gll ert and Raven 1975), : 1t is
¥roag to assume that every‘prey uill acquire defense mechan-
‘isms to protect it totafly from predatlon. f_Any individua1<“
anlmal must maximize lts reproductlve success;ubutrit can do
1t in many dlfferent uays and some are .more afficient than
others. Evolv1ng defense mechanlsmshwagainst predator is
coly one of ‘the ways. " In addltlon,-‘th development cf any
prey defense device may lncur appre01able costs and influ-

ence the llfe hlstory of a speczes. For 1nstancej' in'gg_
l g;gg the development ot protectlve defenses agalnst copepods
results" in decreased brood sizes dnd_reduced Gompetltlve
ability 1Kerfoot 1977b).ha Slmllarly, the life history of a'
'spec1es may decermine wbether rDatural selectlon Hlll favour |
a particular defemse mechanism or , not, The copepodltes of
Cyclops and Dlag___us are susceptlble to Epischura- predatlon
during the summer. In both cases natural selectlon hes av=—""
oured escape strategies that minimize encounter with the
‘p;edatorr Cx_ﬂog_ escapes by golng into dlapause (Strickler
-and Tdomhly 1975), whereas Dl_gtgggg speeds up growth to re-
duce the duration of the vulnerahle c0pepod1te stages. Fu-
ture studies, should consider the role of life history varla-
bles, which has béen ignored in most studies (exception, see

Lynch 1980}, as the determining factor in the evolution of

'predator-hunting'strategies and prey defense mechanisnms.

_&7
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