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of

Abs trac,t

This study \^ras an ínvestigation of the

brook stickleback, Culaea Íncons tans

feedÍng strategíes

(firtland), and an

assessrnent of its foraging efficiency in light of optÍma1

foraging theory.

Brook stickleback were abundant in the vegetatecl stream

margins of the Bog and Rennie Rívers, southeastern Manitoba.

Stickleback were diurnal foragers, relying predomínantly on

vision for prey detection. Feeding intensity \{as greatest

in June a lthough prey r¡re re mos t abundant Ín Augu s t . Age 0

fish consumed a greater proportion of food per g body weight

than age l+ f ish. Both cohorts r¡rere carnivorous, consuming

crustaceans, annelids , arachnids, insect larvae and fÍsh

eggs and larvae. StÍckleback selected certain taxa:

chironomid larvae, Sidiclae, and BosmÍnidae, and particular

size cfasses wÍÈhín taxa. Age 0 fish selected smaller food

iterns than age I+ fish, âDd both age c lasses eonsumed prey

smaller than they r{ere morphologically capable of hancl 1ing.

The foraging behavÍor of brook stickleback is interpreted

as a sequence of f ive phases : swÍm, hover, aÍm, <1 art and

handle. StÍckleback are capable of modífyÍng feeding

behavÍor depending on the distrÍbution and abundance of

prey. Food items on the substrate were consumed most

frequently (78% of the feeding bites). The searching

Íi



response (swÍm and hover) vras excluded in 32.87. of the

f eedÍng patterns. 0f the sequences Íncluding swim, 34"A \rere

followed by hover, 60.-57" omítted hover and 5.5"1 omitted both

hover and aÍn. A large proportion of hover and aim phases

(47 .92 anð 40.4"Á respectíve1y) r¡rere termÍnated and reverted

back to a prevÍous phase, Ímplying that a decísion to accept

or reject an Ítem occurred ín those phases. 0nc,e the dart

\.ùas initÍated 962 of the attempts to capture prey \rere

successful.

FlexibÍ1ity Ín the sequence of phases of foragÍng

behavior is adaptive for mÍnirnízing tine and energy

expenditure when feedÍng on food whose dÍstribution and

abundance ín time and space is unpredictable. Brook

stickleback foraging Ís consistent with optírna1 foragÍng

s trategies in that rhey ( t ) feed durÍng the day, (2) feed Ín

vege tated areas whe re f ood is rnos t. abundant and where they

are protected from predators, (3) select particular taxa and

size ranges wi thín them and ( 4) shorv flexibilÍty in foraging

behavÍ or .
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I NTRODUC T ION

0ptimal foraging theorv (sctroener r97r , pyke et a1.

1977) attempts to predÍct foraging patterns on the basis of
net ener€Ìy gain per unÍt of time spent feeding. Alternate

ways of naxirnizíng foraging efficiency are represente<i by:

(1) tÍme minímizers, where tine spent feeding to gather a

gíven energy requÍrenent Ís minimÍzed and (?.) energy

rnaxÍmízers, where excess energy gained over energy expended

is maximized for a given tirne spent feeding.

Schoener ( lgzl ) recogn ized four clistinct categories of

optirnal- foraging theory by r^rhích animals can maximize theÍr

energy yield: (1) optirnal dÍet, including seLecting food

of greater biomass yield per unit feeding time (l,eRrasseur

1969) r câ1oric val-ue (RozÍn and Mayer l96l), ease of
handlÍng (nrink and Dean I966) or caprure (l'tech rg66, in
Schoener 1971 ) , (2) optÍma1 foraging space, maxim ízing
fitness as a functÍon of home range size, patch selection,

foraging path or movement within feeding area and exclusÍve-

ness of feeding area, (3) optirnal foraging period,

maxirnizing enerÉÌy intak-e and minimÍ zing me tabolic cos ts of

activÍty under time distrÍbutions of climatíc factors and

food and predator abundance and (4) optÍrna1 foraging group

size, r€lating hunting group size to foraging effíciency,
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predation and defendable area per unit cos tprobability of

of defense.

The present

behavior of

(xirtland ), and

study is

the brook

an examÍna tion of the feeding

stÍckleback, Culaea inconstans

description of its foraging behavÍor. The

brook stickleback, dÍstributed throughout north-central

North America, is one of the mos t cold-adapted freshwater

fish and exhibts 1ítt1e resistance to high temperatures,

thus 1ÍmitÍng its southern dÍstribution and habÍtat (l,Jinn

1960). Brook stÍckleback generally inhabit coo1, c1ear,

sha11ow, freshwater streams or ponds with a dense growth of

aquatic vegetation (Reisman et a1, lg67).

stickleback populations are usually composed of fish in

their firs t year (age 0) although two and three-year-o1d

fish (age 1+) may be present (llootton I976). Stickleback

are mainly c,arnÍvorous, their food consÍsting of aquatÍc

insect larvae, crustaceans, snairs, oligochaetes and eggs

and larvae of fish, including their or^in (scott and crossrnan

r97 3). rn turn they forrn the prey of preda tory fÍsh such as

pike, f Ísh-eating birds, piscivorous mamrnals (IJootton lg76) ,

and certain invertebrates (Reist I 9S0).

This study is a description of where brook sticklebacl<

live (and feed ), the tÍme of feeding on a daily and seasonal

basis, the degree to which they selec,t certaÍn tåxa and

certain sízes withín particula r taxâ and their foraging

behavior. rnforrîaÈion on prey selectivity by culaea has not

been reported prevÍous1y.



METHODS

Plan of study.

Feeding selectivity was assessed by conparing the

rel-ative proportÍons of food Ítems in the fish's environment

with those they consumed. Thus it is importânt to knorn' rn'hen

and where fish are feedÍng so that the fish and their

potential food items are sampled at relevant times and

places. StÍckleback were sarnpled from June to August at 4h

intervals over 24h from both vegetated and open vrater areas

at three sites to determine the time and place of feeCÍng.

AnalysÍs of f ood select ion r!7as then made on f Ísh and

invertebrates collected at the approprÍate times and places.

Consequently the extent to which stickleback optinÍze díet,

time and space can be assessed.

Study sites.

The Bog and RennÍe Rivers (l,lÍnnipeg River drainage

system) and the Brokenhead River, located in southeastern

ManÍtoba were used in this study. All streans are smal1 and

meander through a combination of marshland and coniferous-

deciduous forests, on the vrestern edge of the Canadian

-3



Shield, and drain ultimately

r^7ater velocity of 60cm. sec

4

ínto Lake I,IÍnnipeg. An average

-1 v¡as reached in early sprlng

during meltwater runoff and then cleclined to virtually 0 by

late summer. I,later f 1ow under the ice vras negligible.

Sites 1 and 2 (Fíg.

Site I eonsisted of a

1) were located on the Bog River.

slow-f1owíng channel ( (l Om wide i (3m

deep) and adjoinÍng backwaters. The stream bed was composed

of a sand-s i1t mÍxture wÍ th silt deposits along the banks.

0verhanging vegetation hTas scarce and aquatic vegetation

consisted

um sp.

mudmínnow

Cope), fathead minnow

pearl dace (Semotilus

Site 2

channel.

There r^7as

vegetation

of I'lyrÍophyl1um sp.r \¡allisneria sp. and Spargani-

In addition to brook stÍckleback, the central

(ttmbra 1ÍnÍ, I(irtland), northern redbelly dace

(Chrosomus eos, Cope ), fineseale dace ( Ctrrosomus neogaeus,

(Pirnephales

rnargarÍta,

promelas, RafÍnesgue), anC

Cope ) we re c ommon

¡,ra.s located Ín a small ((Zn wÍCe;

The substrate vras composed entirely

some overhanging vegetation, with

and f ish spec.ies sÍrni1a r to site I .

spec]-es.

(2n de ep )

of silt.

âquatic



FÍgure I : Map of the l^lÍnnipeg RÍver drainage system,
Ilanitoba, shorn'ing stucly sites 1 to 3 located on
the Bog and Renníe RÍvers. ì,rote! S, site,
P. T. Fl . , Provincial Trunk Highvrav ,
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site 3 on the Rennie River (FÍg. I ) consisted of a smal1

( (tom wlde i (3m deep ) channel and s ri11 backwater poo1. The

stream bed \^7as prirnarily sand-gravel r,rith silt deposÍts

along the vegetated edges. There was 1Ítt1e overhangrng

veÉletatÍon and aquatic vegetation consÍsted of Myriophyflu¡n

sp., vallisneria sp. r sparganiurn sp. r Nuphar sp. and Elodea

sp. 0ther fÍsh species included the Iowa darter (¡tneostoïna

exile, Girard) in addition to those 1Ísted above. Northern

pike (Esox lucius, Linnaeus) and yerlow perch (perea

flaveseens, Mitchell) were encountered rarely.

Feeding behavior of brook stickleback was observecì in a

sma11 pool ((lOm wide; (1.5n cleep) on a tributary of rhe

Brokenhead Rive r, near Richer, ManÍ toba . The subs t rate \^7as

a sand-gravel rnixture with silt deposÍts Ín the vege tation.

This 1oc-ation vras heavily veEletated rn'ith sparganium sp. r

Elodea sp. and ]'lyriophyllum sp.

Fish collections.

To describe the qualitatÍve and quantitative aspeets of

feeding biologY¡ stickleback vTere collected from three sites

in the stream margin environment periodically from June,

r979 to May, 1980. Throughout the ice-free perÍod fish were

collected by hauling a 2-man seine ( zrn y. 1.4m, 2mm2 ,esh)

through the vegetated stream rna rgins. rn June, July ancl

August, 1979 and May, l9B0 fish !¿ere collected over a z4h

period, every 4h startin€i at 0800h. In Septernber, lgTg



three co11e ctions vrere made

serj.es of samples !./as taken

April, 1980.

B

0600, I 200 and 1 600h. 0ne

1 200h in 0c t obe r, Ig7 g and

at

at

FÍsh vTere collected under

March, 1980) usÍng plasrie

diameter 21cm). In December,

fÍsh \,rere collected by setting

the Íce (Novernber, Ig79 to

minnow traps (length 43cm;

L979 February and March, lgBo

traps under ice for 2 to 4h

betr^reen 1000 and 1500h.

All fish eaught vTere ki11ed in a I"A phenoxyethanol

solutÍon to prevent regurgÍtation of stomach contents and

then preserved in a t0% formalin solution.

Environments occu ied brook stickleback

To deterrnine the distrÍbution and density of brook

stickleback in partieular envÍronments in the Bog and Rennj.e

Rivers, monthly collect ions r^7ere made f rorn June to october,

r979 (at the same times mentioned above ) in t\{o environ-

ments: the vegetated stream margin and the relatively

vegetation-free stream center. Both environments rrTere

sampled at all sites. Areas seÍne<i at any one tÍme Ín the

s tream ma rgÍns or in the s tream centers ranged from t to
t.36n' and 3 to I l6rn', respectively. Densities of f ish r!,ere

calculated by divÍding the total number of fish caught in

each environment by the total area seíned. To determine if

the densÍty of fish varied between environments a chÍ-souare

goodness of f it test r,ras perf ormed on al1 collections.



DÍurna1 and seasonal feedÍng erÍodÍcÍt

Brook stÍckleback vrere collected at 4h Íntervals over one

24}' period Ín each of June, July and August, 197g to
determine the tÍrne of f eeding. Mean f eeding indices wer:e

calculated for each tirne period aL each site by dÍvÍding the
r,ret weight (+0.001g) of the stomach contents by the total
body weighr xI0c. varÍation Ín the feedÍng indices during
the day h?as tested usÍng a one-!iay A¡ïovA. Feeding intensi-
tÍes of dÍfferent age classes vrere compared using a sign
test.

seasonal variation in amount of food eaten !râs inves ti_
ga ted by calculating a on e-vtay AN0\¡A on nonthly f eedÍng

indices for all fish collected between 1200 and 1600h, frorn

June, r979 to I'fay, 19g0. The proportion of f ish with emprv

stornachs colleeted Ín win.ter r^7as comparecl to non-wÍnter

samples using a 2X2 contingency tab1e.

Diet.

To describe the proportions of dÍfferent food items in the
diet and their seasonal variation, stomach contents were

examined f rom at least 10 stíckleback ( S ariult ancì 5 young

of the year where possible ) selected randornly from each

sample collected between 0800 and 2000h, ât each site from

June, r97 9 to May, lgg0. Fish weÍght (+0.001g) and srandard
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length (+O.Otmm) \^rere recorded. Two age groups, young of

the year (0) and adult s ( t+¡ , vrere dístinguÍshed by J ength

frequency distributions using probability paper (cassie

r954, Appendix 1). stornach contents \,rere removed, identi-

fied and enumerated. The proportion of each food Ítern in

the diet each month was calculated for age 0 and l+ fish

from each site.

RelatÍve abundance of food items in the diet rdere

descrÍbed using percent conpositÍon by nurnber . l{umerical

analysis Ís inadequate only rvhen a sÍgnificant eomponent of

the diet does not occur ín dÍscrete units (e.g. filamentous

algae and detritus; I{IÍncìe11 and Bor¡en it Bagenal lgTg). As

these items were rare Ín the diet and sÍnce stickleback do

not chev¡ theír food, food iterns remaÍn Íntact, facilitating

ÍdentifÍcatÍon and enumeration.

Abundance of prey Ín the envÍronment.

The abrindance of prey Ín the environment occupied by the

fish at times r¿hen the fisb \^rere feeding \ras determined by

saû,p1ing invertebrates simultaneously at pJaces adjacent to

those where f ish vJere collec.ted f or stonach analysis.

Plankton sarnpres vrere collected by oblique tows with a g0¡m

mesh plankton net mounted on a 60cm handle. ob1Íque tows

!¡ere representatíve of all depth strata and the volume of

vrater sampled ranged frorn 23.4 to r40.4L. samples \4rere

preserved in a 70"a isopropyl alcohol solution and Rose



Bengal- added in a concentration of 0.4g

visual contrast between the orga ni srns and

processing to

1l
-l. L I t to increase

detrÍtus. Sarnples

allow the stain tosat for at

take effect

Plankton

s ieve and

least 48h before

samples \¡rere rinsed Ín a 50¡m mesh plankton

concentratecl to fixed volumes (range 55-500m1).

subsarnples vrere obtained using a Nalgene variable volurne

dispenser (rnode 7 37 O2) . The subsanpler eonsisted of a 500r¡l

transparent polyethylene wash bottle v¡1th an attached

measured chamber, g,raduated frorn l to 25n7. l.lhen the bottle

is sque ezed liquid is forced into the charnber. on releasing

the pressure the excess 1Íquid returns to the bottle and the

measured amount can be poured.

The contents of the bottle \Ázere shaken vigorously prior

to each subsample and at least four, lm1 srrbsanples \,rere

taken. Edmondson eÈ a1. (rg7r) recommencled counting at

least 40 indivídua1s of the major species to represent

adequately the population. sufficient subsamples r^/ere

processed to achieve this number. To evaluate the accuracy

of the subsampling me thod a va riance to mean ra tio tes t
(cassÍe in Ednondson et a1. 1971 ) r wâs perforrned on the

subs amples of three plankton samples (¡ppendix z) . A1 I
planktonic organisms were ÍdentifÍe<ì and enumerated, anc

densitÍes determined by dividing the nurnber. L t o, the total

volume of water sampled.
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fnvertebrate taxa I^lere identÍfÍed to farnÍ1y for Cladocera

(nirge in LÌard and I"Ihipple 1959) and Diptera (Teskey in

Merritt and cummins r978) order for other rnsecta and

ArachnÍca, suborder for copepo<1a and class or subclass for

the remainder (pennak 1953). The perc.ent composition of the

samples \,ras determÍnecl by dividÍng the nrrr¡ber of each

organÍsm.L-1 by the total number of organisms.L-l Xto0.

Prey sefectÍvÍty by brook stíckleback.

To determÍne if brook stÍc.kLeback fed selectively, the

relative proportions of food organÍsms in the diet and in

samples from the envÍronment were eompared using a modi fica-

tion of rvlev's electivÍty Índex (t961). The forrnula for

determining electivity is

fl = (r. - p.)/(r. + p.)
1l-l-1

where:

f,=

T i
p.

1

the eleetivi

= the percent

= the percent

ty inde x

of Ítem

of itern

1

i

Ín the diet

in the environrnent

E.IectÍvity values \^7ere calculated

had a percent composition >3.5"Å

environment samples. Values obt

range frorn -1 (avoidance) to +1

for only those ite¡ns that

in either the diet or the

ained by thÍs metho'd can

(selection). Absence of



selection v¡as arbÍtrarilv

-.20 and +.20 inclusíve,

va lue s 1es s than - .20 and

values greater than +.20.

t3

set at electivity values between

negative selectÍon by electivity

positÍve selection by electivity

SÍze selectÍvity.

To investígate selectivÍty for food síze by age 0 and l+

stickleback, size frequency dÍstributions of chironomid

larvae and Chycloridae in the stomach contents r^zere coÍrpared

to those in the environ¡nent samples. At feast 40 individrr-

a1s of each taxon \dere randomly seleeted both from the

stomachs of each age class and from the envÍronment samples

each month. ChironomÍd larvae used vrere obtaÍned from I 200h

samples taken during Ju1y, August and September, 1 9179.

Chydorids used vTere obtaÍned f rorn 1200 and 1600h sarnples

taken from June to September, 1979.

lfeasurements of the maxÍmun width or maxinum dorso-ven-

tral depth, whichever \.ra s greater, v¡ere taken. Chironomids

and chydorÍds \.rere neasured using a dissecting microscope,

fitted v¡ith an 80X occular microneter. Organisms larger

than 1.5mm vTere measured using calipers. Chironomid larvae

and chydorÍds r./ere separated into seven size classes, each

0.05rnm, from 0 to .3I*nm for the forrner and frorn .10 to

.4 O*mm f or the 1a t t er.
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To test whether the size frequency distributions

dÍf f ered, a zXC contingency table \^7as used. Chi-square

values < p = 0.05 indicated that the frequency dÍstríbutions

dÍffered signÍficantly from each other by more than random

sampling e rror.

Maximum mouth dj-arneter r¡7a s rneasured (+0. t 3mm) by

insertÍng a tapered cyclindrical steel probe ca1Íbratec in

increments of 0.34nm. The rela tionship betr¡een síze of

stickleback and the maxÍnum diameter of prey that can be

ingested \^7as determined b)' a linear regression analysis of

1n mouth diameter on 1n standard

on I7 ?' fish selected randomly

September, 1979.

Foragíng behavior.

length (+0.01mm) perforneC

frorn site 3 from July to

behavior of stÍckleback in the

a tribu tary of the Brokenhead

(Fig.2). Observations v¡ere

Ju1y, l9B0 and 23 Ju1y, 1980

To

field

River

made

inves tiga te

, fish lrere

the feeding

observed Ín

, near Richer, l"lanitoba

on 30 August, 1979, l0

using a \.retsuit, faceplate and snorkel.

The feeding behavÍor of the stickleback can he described

as a sequence of five phases forming three responses. The

searching response consists of a swirnming phase fo11ou'ed by

a hovering phase in which the fish remains motÍonless in a

horizontal. position wÍthin 30crn of the bot tom, and scans the

subs trate or veE!etatíon for prey. The pursuit respons e

refers to the tÍme from de tect ion of prey to the time
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contact is made or untí1 the fÍsh reverts back to searching.

The first sighting of prey is represented by commeneenent of

the aimÍng phase Ín which the fish tilt s, head downward,

f rom the horÍzontal posÍtion by abou t 45 degrees r^,h1le

approaching the substrate (to rvÍthin l0-15cm) ancl fÍxates

the prey. If the prey is appropria te (i. e. Ín síze,

palatability, etc . ) the airning phase Ís followed by a short,

rapÍd dart at the food item. This phase is so rapici its

time \ùas difficult to neasure in the field and was assuned

to be equa 1 t o one s econd .

The consumma tory response consists of the handling phase

representing time requlred to seize, manipulate and swallorv

the prey. sticklebacks do not cherv their food and no

swallowing movements vrere evident, therefore the handling

phase lras assurned to last untíl the start of any of the

preceeding phases. A darting phase followed by another cJart

r,ras assumed to represent failure in seizing or sr,,allowing

the prey itern.

Fish were observed between I000 ancr 1500h, to coincide

with observed time of maxÍmun f eeding actÍvity. rt \4'as

assumed Ín these observations that the fish \,rere contÍnuous-

1y foragÍng. Fish vTere observed in the sparsely vegetated

stream center and along the margins of the vegetated strean

edges.
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Figure 2: Map of the Brokenhead River
showíng observation site.
Provincial Trunk Highway.

drainage system
Note: P.T.H.,
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FÍfty-fÍve físh were observed Índividually ove r 5 min

intervals and the sequence and time of each phase vTere

recorded. Mean time spent Ín each phase when that event

occurred and standard deviations of the neanr percent tirne

spent Ín each phase and frequencÍes of eacb phase sequence

rrere ca1c.u1a ted to ascertaín how stickleback partitioned

time durÍng feerìing activitÍes. To determÍne th.e position

in the environment rvhere the stickleback forage the nurnber

of darts Índivídua1 fish rnade over 5 min intervals r,7âs

calculated for 3 locations: bottom substrate, vegetatÍon and

water column.



RESULTS

EnvÍronnents occuDÍed the brook stÍckleback.

Densities of fish in the margÍn and center environments

trrere signÍficantly different (p(0.005). Brook stickleback

were consistently more abundant Ín the vegetated stream

margins than in the stream centers (table I ). Densities of

fish in the stream centers vrere generally 1ow, ranging from

o-7.6 f ish .n-2 as compare<ì ro 6.g-29.0 fish.m-z in the

strean margins.

Diurnal and seasonal feedin eriodícit

Feeding intensity of stickleback varied sígnificantly

durÍng the day (p=0.0001 ). Feeding by brook sríekleback

began at dawn, continued throughout the day, and ceasecr at

sunset (tab1e 2). There was little feeding at night.

Feeding indices reached a maxÍmum betu¡een t 200 and 2000h,

and a minimum at 0400h. of 340 fish analysed from rhe 2/+00h

to 0400h samples, 372 had empty stomachs compared to r"/, of

600 fish from the 0800 to 2000h sarnples. l,ihen present age 0

físb generally had a greater feeding Índex than age l+ fish
(p(0.005; AppendÍx 3).

r9
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Table

wíth

I. Density (nuurber.*-2) of stickleback
)area (m-) seined in parentheses.

in two environments

MonËh Environment Site

June

July

August

September

0c tober

MargÍn

Center

Margin

Center

Margin

Center

Margin

Center

Margin

Center

e.0 (28)

0.3 (116)

2r.7 (2r)

3.9 (s8)

8.s (36)

0.s (ss)

6.8 (B)

0.3 (24)

i0.0 (2)

0 (3)

6.e ( 16)

0.6 (41)

re.7 (27)

3. I (Zt¡

rs.7 (12)

s.9 (2s)

23.3 (3)

3.3 (11)

29.0 (1)

s.3 (3)

11 .9 ( 11)

7.6 (3i)

11.6 (16)

0.2 (82¡

11.0 (1s)

0.1 (60¡

e.0 (7)

o (24)

7.3 (6)
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Table 2. Feeding indices of age 0 and 1+ stickleback by month (average

of 3 si tes) .

Time of day (h)
Month Age

0400 0800'r I2O0 1600 2000 24Oo

AprÍl 1+ 1.0

May 1+ i.3 1.3 r.2 2.5

June 1+ 0.3 I.0 1.7 i.B 1.4 0.8
July 0 0.5 I.6 1.6 1.9 2.0 1.5

1+ 0.1 0.7 0.8 1.0 1.0 0.7

August 0 O.2 i.0 1.6 1.6 1.8 1.0

t+ 0.1 0.6 1.1 7.2 1.1 0.5

September 0 0.3 l. I l. I
1+

October 0

1+

Mean

0.3 1.0 r.L

1.1

0.6
0.3 0.9 L.2 t.4 I.7 0.9

Note: * , rn sepËernber fish were collected at 0600 h.
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There vias subs tantial seasonal variation in the amount of

food eaten (p=0.0001; Table 3). A significant amounr of food

vTas present in the stomachs in April (rnean of 1.0) increas-

Íng to a seasonal maximurn in June (mean of 1.8). The amount

of food in the stomachs decreased progressi-ve1y through the

remaincler of the year and reached a minímum feeding index of

0.1 in r¡inter (ltecernber, February and }farch). Of the fish

collected in winter 60% had enpty stomachs conpared to I.3Z

of fish collected cluring the rer.naÍnCer of the vear

(p(0.00s).

DÍet.

Brook stickleback vrere predorninantly carnívorous, eating

a wide variety of planktonic and benthÍc organisms. The

nurnber of prey c-onsurned per fÍsh varÍed considerably amon€l

sanpling dates and sites (Appendix 4) . They consurne d

crustaceans, annelíds, arachnids, mol.luscs, insect larvae

and f ish eggs and larvae. Most of the diet \^ras animal Ín

origÍn although they did consune smal1 amounts of algae and

detrÍtus.

In Apri1, CyclopoÍda and chÍronomid larvae r,Jere nost

frequently eaten while in May these and sir¡u1iid larvae hrere

predominant in the diet (Tab1e 4). Chydorids and os tracods

r¡7ere most numerous in June whÍ1e in Ju1y, August, September

and October Chydoridae, chÍrono¡nÍd larvae, Sididae (August )

and Cyclopoída (0ctober) were most frequently consumed.
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Table 3.

collected

1979 and

SeasonaL

at 1200

February

variation

and 1600 h

and March,

in mean

for all

1980).

feeding indices of stickleback

3 sites. (irlinter - December,

Apr. May June July Aug. Sept. 0ct. i^linter

FeedÍng Index

n

0.7 0.t

60' 51

I.0

30

1.3

B3

1.3

79

1.0

110

1.3 1.8

52 130



Table 4' Percent composition of stomach contents of age 0 anrl 1* stickleback by montlr (varues
represent ¡reans of 1-4 replicales at each of 3 sites; r,rinter values based o.5l fish collected
from sites 1 and 2 during December, February and March),

Food caEegory

Cyclopoida

Harpac t ico lda

Chydoridae

S ididae

Bosminidae

Daphnidae

0s tracoda

Chironomidae 1.

Slmuliidae 1.

0cher

n

April May June

1+ I+ I+

4r.2 22.9

7.0 2.4

-QO

0.2 0.5

- n5

0.5 8.0

38.1 31.0

- 18.3

i3.0 7.6

3t2

13.4 i0.7 7 .4

16.8 0.3 0.3

23.8 23 .4 41 .5

0.3 2.6 0.9

4 .0 10.9 4 .0

0.1 2.O 0.3

20.8 7.7 4.7

12.1 29.2 36.2

0.8

7.9 r3.8 4.7

12 12 12

July

l+

Aug us E

Note: 1. , larvae

r1.3

0. t

25.1

24.0

9.6

0.8

l+

Sep tember

0t+

7 .7

0.1

25.6

6.2

t0. B

0.8

14 .3

0.I

44.2

aa

2.0

October Winter

0l+l+

11 .3

o.2

42 .I

3.7

I.6

s.9 4.5

r9.8 35.8

3.4 8.5

T2 12

r3.3 29.4 34.7

0.6 7.5

39.2 27.6 7 .7

- 0.5

r.7 0.4

o.2 0.7

0.5 I.1 2.9

36.9 26.r 54.7

7.6 7.4

933

t.6 2.1

7 .2 4.7

22.7 26.8

¿t./ /.j

129

tJ
à.



25

DurÍng winter, eyc lopoids and chironomÍds appeared rnos t
frequently in the diet. No consistent differences between

ages 0 and l+ L?ere evident (AppendÍx 5).

The abundanee of food organisrns in the environment varieC

subs tantially over the year at all sites (Appendices 6 and

7). The total density of organisrns increased from a minimum

of 1 I .2 'T,-I Ín April to a naximum of 167 .5 .L-| in Augus r,
about I 5 times greater (table 5) . prey density decreased

frorn August to october but remained greater than that of
April. Estima tes of prey abundance during the winter months

\{ere not made although ostracoda, cyclopoida, chÍronomld
larvae and other Ínsect larvae \^iere collected then in Eknan

samples.

0f the dorninant ' invertebrates in the envi ronmen t samples

(tab1e 6), cyclopoida, chyctoridae, ostracoda r âDd chÍrono¡nid

larvae vrere present during ar1 months. cyclopoida ancr

nauplÍ (other, in Table 6) r,rere the most abundant organlsns

in April and May. cyclopoida and chydoridae r^7ere mosr

frequently collected from June to october, rgTg although

chironomÍd larvae vrere present in significant proportions.

The r"*"ining Ínvertebrates vrere considerably less common,

constituting on the average, lr"l of the total food items.
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Table 5. Seasonal

of all food items

variation in the mean

in the environment.

tolal density (number.L-1)

April May June July Aug. Sept. Oct.

Density TT .2 59.3 80. 7 I37 .7 167.5 t48.2 40.4
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Table 6. Percentage

environnent by month

each of 3 sites).

corr:posi_t ion (by nunber)

(values represent mean

of food items ín the

oF I-4 replicates at

Food Category APr. ÞIay June July Aug. Sept. 0ct.

Cyclopoida

Harpac t icoida

Chydoridae

S id idae

Bosminidae

Daphnidae

Os tracoda

Chironomidae l-.

Simuliidae 1.

Other

n

39 .9 27 .5

2.0 1. I

9.6 37.0

0.4 0.3

0.1 1.1

_ 1.3

7I .2 14. I

9.1 17.7

4.5 0.3

22.I 8 .7

12 72

11.0

9.3

1.8

3.3

4.8

i.5

68.3

3

23.6

0.1

20.3

2.0

5.8

3.6

II.2

15 .2

0.1

18. 1

T2

29.6

0.2

27 .4

8.3

0.6

1.9

5.0

18.4

8.5

72

27 .9

34.r

1.3

0.2

0.4

2.4

27 .9

5.6

9

34 .6

2.2

31.5

0.2

4.0

L7 .6

o7

3

Note: 1., larvae
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Prey selectÍvity by brook stíckleback.

Mean electivity values for the nine most common items Ín
the diet of the brook stickleback ín this stucry indicate
selectivity by

and 8). Of

Culaea for partÍcu1ar prey items (Tables 7

the Copepoda, Cyclopoida were generally

negatively seLected or consumed in a proportíon sirnÍl-ar to
that in the envÍronment samples whÍ1e Harpacticoida rvhen

present \^Iere usually positÍve1y selected. Chironornid larvae
I^7ere ' wíth f ew exceptions either positÍve1y selected or

selected in a simí1ar proportion as they occured 1n the

envi ronnent samples. The four families of cladocerans were

select ed to various degrees . cbydorids were general 1y

avoided or eaten as encountered frorn Aprir to August but
positively selected or selected in a proportion similar to
that of the environment samples in september and october.
sididae and BosrninÍdae were always positively selected or
selected in a sÍrnilar proportion as the¡r occur in the
environment samples. ostracoda showed no consistent trends
of, selection or rejection. DaphnÍdae and simulÍidae LTere

too infrequent in the diet for any generalíties to be made.

ElectÍvities of age 0 and i+ fish \,¡ere generally similar
(tab1e 7).
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Table 7. üonthly electivity indices for the nine Dosr inportant food itens of rhe brook stickle-
back by site. l'lhere missing values occur, the Z conposÍtion of that iten in the stomach and the

enviroment was < 3.52. Varues based on at least 3 replÍcates except Àpri1 and october.

Food Categoly
Aprl1 Hay June

I+ 1+ l+
July Augus t

01+
Sep t enber

0l+
0ctober

0t+

1.
Cyclopoida

Harpac!Ícoida

Chydorldae

Sid idae

Bosninidae

Daphnidae

Os tracoda

Chirononidae 1.

Simuliidae 1.

1

Cy c lopo ida

Harpacticoida

Chydoridae

Sididae

Bosminidae

Dapbnidae

0s tracoda

ChÍrononidae L,

Sinuliidae ].

3.
Cyc lopoida

Harpacticoida

Chydoridae

S id Ídae

Bosminidae

Daphnidae

0s tracoda

Chironomidae Ì.

Sinuliidae t.

' .58 .o7

'I.OO

1.00 '.0I

.30 .og -.14

' .59

,JJ .44 .tõ

+.30 *. 
14

+. 13 *.07 
o

+++.45 .3t .35

0 -.70 -.60

+
.76

.28 '.ot .30

.44

-.32 -.52

I_' .49 .It
' .76 ' .92

- .48 -.2r
++.05 .27

-.50 -.53

'.10 .06

' .95 ' .93

.99 .98

.05 -.13

+¿' 
1 .00 1.00

-.24 -.16

++
. I8 .53

-.34 -.19

-.03 -.09

' .15 ' -14

' .30

.68 .16

.26 .35

.25 .20

' io

' .37 '.ot

.49

¿' .21

.t0
+

.48

.81

+
<o

.86

+
.05

+
-66

'l.oo -.5t

't.oo

-1.00 .52

.07 -.04

.20 .4t
*. ot

.16

'91

.24 '.43

-+1.00 .27

+.29 .08 .08

'.05 .09 .2?

45.70.63.65'62,39.34
+ .2r .39

.4r ' .47

+
.34

+_.28 .29

-. t8 .03

'.t9
*.90 *.31 *

' .31

.02 ' .49

.01 .n .48

.48

.13
+ .3I

.06 ' .s4

.84

'.52

.62 ' .10

++.32 .2r

.31

' I. o0 --63

'.77 
"72+++¿,16 .40 .25 .27

.15

.01

.81

.tl

.43

+

Note: l.,1arvae
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Table 8' selectivity (by nonth) for the nine EosË inportanr food itens of rhe brook srickleback.

Ltlere nissing values occur, the Z coEposition of that item in the stonach contents or the environ-

nent was(3.52. Values based on at least 3 repficates except April and October.

Food Cacegory
Apxil May

I+ l+
July

0I+
Àugus t

0l+
S ep tenber

0I+
Oc tober

0t+
June

I+

I
Cyc lopo ida

Harpacticoida

Chydor idae

Sididae

Bosninidae

Daphr,idae

0s tracoda

Chironomidae I.

SlnuliÍdae 1.

2

Cyc lopo ida

Harpacticoida

Chydoridae

SÍdidae

Bosminidae

Daphnidae

0s tracoda

Chironomidae l.

SÍnullidae 1.

3
Cyc lopoida

Harpacticoida

Chydor idae

S ididae

Bosminidae

Daphnidae

Os C tac oda

Chironomidae 1.

Sinuliidae 1.

+0
+

+

+

+-

-+
+0

++
++0

-0
+

+0

+

0+

00
++0+

-0+
+++

+

0

0

00
0

00

+0

oo-o
000+00

00*40
+0

++

+0++
+0+o+++

+0+

+

0

+

++

00
++

-0
0+

-0

+

0

+

0

+

0

Note: - , nean electivity be¡ween

+, mean electivity between

0 , mean electivity between

1, larvae

-.20 and -1.00

+.20.nd +Loo

-.20 and *.20
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Size selectÍvÍty.

sÍze frequency dÍstrÍhutíons of chironomid larvae

consumed by age 0 and 1+ f ish vi ere sirnilar f or Juty, August

and -ceptenber buL differed signÍfÍcantly from those present

in the environrnent (tab1e 9). smaller síze classes vrere

more frequent in the s tomachs than Ín the environment.

chydorids consuned by age 0 f ish, at all times, r,rere

significantly different from the size frequency dÍstribu-

tions consumed by age l+ fish or those present in the

environment samples. smafler size classes of chydorÍds were

more frequent in the diet of age 0 fish. The síze frequency

distribution of chydorids in the diet of age l+ fish was

sirnilar to that in the envÍronment samples in July and

September but differed in June and Augusr (tab1e t0).

The 1Ínear regression analysis of 1n mouth dÍameter on 1n

standard length was highly significanr, p=0.001 and R2=0.99.

The relatÍonship of mouth diameter to standard length can be

expressed by the eguation

y = o.o6 (xl'ol)

Thus for any value of standard length x the corresponding

mouth diameter Y can be estÍmated. The nean aouth diameter

of age 0 fish ranged from 1.3mm in July to l.9mn in

september. The aean mouth diane ter of age l+ fish ranged

frorn 2.1mm in June to 2.7mm in september. consequently,



Table 9' size class frequency distributions and rnedian sizes of chironomidae larvae in the
envlronment and stomach contents of age o and 1* fish, and range of fisb mr¡uth dianeter by
age c1áss, from July Èo September.

July

EnvironmenE 45

Age l+ 40

Age 0 40

Augus t

Environment 45

Age l+ 45

Age 0 40

Sep Èember

Envi.ronment 45

Age l.| 42

Age 0 40

| .ozs .125

1469

27275

- 13 20 7

Size Class Mean (mm)

.175 .225 .275

2

3

5

3

tt
l3

.325

10 l0

13 l0

125

Note:f- numbe¡ of observations; n.s.

9

5

T2

49

6B

.37 5 .425

14128

9614

13 4 s

7

5

Median Size Range MouËh

(*m) Diameter (mrn)

n]. 
r

-l ".=.J 
.

)1

. 19

.tB

.24

.19

.17

1a

.20

.18

u] * I
-l ".".-J 

.

- not significanÈ, * - significanr (p < 0.05)

1.8 - 3.0

0.7 - r.8

l.-J .

1..".J

2.i - 3.0

0.8 - 2.t

2.4 - 3.3

1.3 - 2.4

U)
N)
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Table 10. Size class frequency disËributions and Dedian sizes of Chydoridae in the environment

and stomach contents of age 0 and I* fish, and range of fish nourh diameter by age class fron

June to SepÈember.

Size Class Mean (m) Median SÍze

(m)

Range Èfouth

DÍameter (ro)t
Jun e

Enviroment

Age I+

Age 0

July

Environnent

Age I+

Age 0

Augus t

Envi r onmen t

Age 1+

Age 0

Sep tenber

Environuent

Age l+

Age 0

10

-J1

50

50

ìr
_J "'"'ll* .22

]. J ,o

50t52t194

604928108

40319134r

2

2

14T2183

t8 7 16 7

noÈ present

,lr. t.5 - 3.3

1.8 - 3.0

0.7 - r.8

I

50

50

50

50

50

50

.24

.2t

-52419-2
lt318I07I

-1419511

- 7 19 20 3 i

-10211432

-22207-1

-1. 
I

_1. .J 
"

-l:'l.
_t l

.21

2.t - 3.0

0.8 - 2.1

la-r),

t'lot": I- nunber of observations; n.s. - not significanr; * - significant (p<0.05)
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both adult ancl young of the year fish were eapable of

Íngesting all size classes of chydorids and chironomids

present in the environrnent (tables 9 and 10).

ForagÍng behavíor.

stickleback vrere observed to feed more frequently on prey

iterns from the substrate (78'l of the feedÍng bites) than on

the vegetation or in the vzater corurnn (lab1e I I ). The

sequence of f eedÍng phases r¡7as not f ixed; the occuïrence of

all f ive phases in succession \^/as uncomaon (rable l2). The

dart Þras not necessarily preceeded by all other phases nor

Trere all sequences completed. The searching response was

not included in 32.8% of rhe feeding parrerns. of the

feeding sequences that Íncluded the swimrnin¡¡ phase 34"/. were

followed by the hover phase, 60.5"1 omitted the hover phase

and r.^zent dÍrectly to the aim phase ancl a srnal1 proportion

r^/ent straight ro the dart phase (¡'igure 3). of the f eedÍng

sequences that Íncluded hover, 47 .g z were terminated
(reverted to a preceeding phase) in this phase. of the

feeding sequences that included aÍming, 40.4"/. terminated in

thís phase. 0nce the fÍsh reached the dart phase, g6i( of

the attempts to capture prey vrere suecessful.

I'Jhen they occurred, the swím, hover and aim phases r,7ere

of sÍmi1ar duratíon (7 .9-9.4 sec), eonsÍderably longer than

the ti¡ne f or the dart or hanclling phase (Tabre t 3).

Although the aim phase accounted for the greatest porportion
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Tabl-e 11. Frequency of bites over 5 min íntervals in 3 locations.

Percent Ín parentheses.

Location 0f
Bite

Mean number of
1

Dl_Ees . ) man
S tandard

Deviation
S tandard
Error

Range

Bot tom

Vegetation

I^Iater cofumn

7.0

/, ')

0.7

8.5

2.r

0.3

( 7s¡

( 1e)

(3)

1.1

0.7

0.1

0-27

0 - 18

0-3
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brook

fish
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12- Frequency and % occurrence of phase sequences exhibited by

stickleback while foraging. vafues based on observations of 55

for 5 min interval_s.

PHASE
SEQUENCE FREQUENCY Z OCCURRENCE

S

S

S

c

S

S

S

S

S

_H_

H

Dh

D

28

r76

6

15

26

3

J¿

r02

r34

46

16

2

37

60

r43

8

73

106

4

2.8

77 .3

0.6

r4.7

2.6

0.3

3.1

10. 0

I3.2

f.È1.)

r.6

0.2

3.6

5.9

14.7

0.8

7.2

i0.4

0.4

HADh

-ADh
HAD_

H_Dh

__Dh

__D_

HA-_

H

_A__
HADh

*H_A-

-_ADh
AD

A

Dh

D-

Note: S - swi-rn; H - hover; A - aim; D - dart; h - handle
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Figure 3: Percent of feeding sequences selected at each
feeding phase.llote: A - sequences including swirn
B - sequences including hover, C - sequences
including airn.
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"/" Terminoted Sequence Selection

5.5 "/"

wt¡

l.
)VE

I
\IM

I
AR'

IM

Jt

EF

34

:R

l'

TR

S

ro

A

D¡

A

H

A.

9.8 "/"

HOVER

l+zt
AIM

I
DART

47.9 "/"B.

c. 4O.4 "/"

4 "/"

AtM (683)
I sgoz
*

DART (579)
I gax
+

HANDLE (556)?
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Table 13. Mean time (sec) per feeding phase when that event occurred.

Mean time Range of
Phase per phase S. l. mean time g5Z C.I.M. n(sec )

Swim

Hover

8.5 8.7 r - 79 7.7 _ 9.3 522

9.4 r2.5 1-1s7 8.0_10.8 338

Aim 7.9 7.9 1-55 7.3-8.5 683

Dart 1.0 0 0 57g

Handle 4.8 3.1 1 - 19 4.5 - 5.i 5s6

Note: S. D., st,andard deviation

C.I.M., confidence interval of the mean

n , number of observations



of the foraging actÍvity

amount of tÍme searching

the stickleback spent

for prey (Tab1e t4).

40

the greatest
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Table 14. Ì(ean "/" rime of

based on observatÍons of

foragi-ng actÍvíty

55 fish for 5 min

spent in each feedíng phase,

intervafs.

Response Phase l{ean 7
Tirne S. D.

Range
"A Tíme 95"/. C. r.M.

Search

Pursuit

Consummatory

Swim

Hover

Aírn

Dart

Handle

27 .3

78 .2

33.9

3.7

17.0

i5.8

t6.2

17 .5

2)

10.3

0.7 - 72.7

0 - 81.9

0 - 68.5

0 - 9.1

0 - 43.0

23.r - 3r.4

13.9 - 22.5

29. 3 - 38.5

3.i - 4.3

74.3 - 19.7

Note: S.

c.I

l)' t

.M.

standard devíation

, confidence interval of the mean
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DISCUSSION

Feeding behavior of brook stÍcklebaek is Ín large part

consistent wíth optÍma1 foraging theory in three categories:

optinal foraging space, optÍma1 foraging period, and optimal

diet. The stickleback's pattern of choice of food and time

of feeding Ís such that the net rate of energy intake is

maxÍmized while time is minÍm ízed.

0ptíma1 foragÍng space.

Although occurring in both the strean rnargin and the

strean center, brook stickleback vrere generally confined to

the strearn margin envÍronment. Although quantitative

estimates of prey densitÍes in the center environments r,rere

not determined, Ít is possible that fish may be concentrated

in the vegetated margins <iue to a greater abundanee of food.

Hynes ( 1970) reports that the presence of vegetation greatly

affects the fauna, with nore anirnals present in moss, rootecl

plants and filamentous algae than there are in open water.

schoener ( I 968) suggesred that available food is proportion-

a1 to the area transversed and that the feeder occupies an

area just large enough to supply its energy requirements.

By f oraging Ín an area of Eireater f oocr abundance, stÍck1e-

- 42
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back rninirnÍze travelling time and energy expenditure and can
afford to be prey select ive. Aqua tic vege tation aay be

necessary for other reasons; to supply nest sites and nest
building ma terials, and to provide shelter from water
currents and predators (neisman et a1. , lg67) .

0ptinal foragÍng period.

The visually crependent eomponents of feeding behavior
(hover, aim, and dart) Ínrp1y that stickleback rely predomi-
nantly on vision rvhen searchÍng for food. rt is therefore
mos t efficient for them to forage in dayligh t hours.
Diurnal feeding periodÍcities confirrn that culaea, r_ike

Gasterosteus aculeatus, Linnaeus (Irroot to n r976) , f ed mainty
during daylÍght hours. Several authors, including Keast an.
I,Ielsh (1968) and El1íorr (lgZO) have found thar the feeding
intensity of a number of fish species varied over the
diurnal cycle. According to Blaxter ( lg70), with f ern,

exceptions a 1Íght intensÍty of I 0-1 mc (rneter-candle ),
corresponding to late dusk, is tbe l0rver threshold for
effective visual r-ocation of food by fishes. Feeding
intensity of stickleback peaked betv¡een t 200 and 2000h,
considerably earlier than that reporred by Keast (r96s) for
Culaea in wint er. The greater amount of food per g body

weight consumed by age 0 fish as compared to age r+ fÍsh Ís
prevalent anong fish (Keast 1970 ancì Brett r97l) and nany

other anÍnals (Schoener t97i). During their firs t year age



0 fÍsh

dema nds

197r).

g r ovr rap id 1y

than aa tur e

and have gr ea t e r

fish (LeBrasseur

t+4

energy and protein

19 69 and Sc hoene r

observed previously Ín brook trout ( Salvellnus fontinalis,

Allan 1981) and brook stickreback (77"Á empry srornachs ar LÇ,,

Keast 1968). rt is not known whether the observed reduction
ín feeding intensity in winter ís due to a decline in the

abundance of food organÍsms or to recluced netabolism of the

físh as a result of 1ow tempera tures, or both (Johnson I 966

and Keasr I968).

Although the greates t abundance of food organisms in the

VariatÍon Ín seasonal feedÍng

reduction in the amount of food

envi ronme nt occu rred in Augr.r s t ,

s t ick 1e ba ck \^ra s grea t es t in June .

Íntensity with considerable

consumed in vrinter has been

the feeding intensity of

This discordance possíb1y

resulted frorn efforts of post-spawning stickleback to

replenish energy reserves exhausted during spawníng (Itynes

1950) and coincides wirh the period of maximum daylight

hours.

0ptÍma1 dÍet.

Prey types eaten vTere cons tant throughout the year r¡Íth

one exception. rn }fay, stickleback fed opportunístically on

large numbers of simulíid larvae r,¡hich were present only at

onthat tirne.

pre-eme rge n t

Keast (1968) also reported Culaea feeding

sirnuli id 1a rvae in April ín Ontario.
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SelectivÍty. Brook stickleback selected particular food

items. Selection vras strongest for sidids, bosminids, and

chÍronomÍd larvae, and discontinuous for chydoríds and

ostracods. Cyclopoids hTere negatively selected, which rnay

acc-ount for theÍr abundance Ín the envÍ ronment.

Large negative or positive elect j,r'ity va lues do not

necessarily mean complete avoÍdance or select íon of an Ítern.

I'tost prey organisms \a7ere eaten to sone extent v¡hen present

in the envÍronment. A predator nay only need a small amount

of an abunciant ítem to meet its dietary requirer¡ents.

Although usage is srna11, a conclusion that the component is

of little value nay not be va1id. Often conclusÍons about

selectÍvity are critically dependent on the array of

components the ÍnvestÍgator believes available to the aninal

(Johnson 1980). Caution must be exercÍsed when interpreting

usage-ava Ílabi 1i ty data.

0ptirnal foraging models (Schoener 197l and pyke et a1.

I977) predÍct that the lorver the absolute abundance of foocl

or the greater the energy requirements, the greater the

range of iterns that should be taken. Secondly, prey sizes

should decrease with predator size. Fina11y, distributions

of prey size s eaten by a predator from a uniform dis tribu-

tion of size elasses of prey should be 1a rger if the

predator pursues Íts prey over a greater distance or is

relatively large than if the predator pursues its prey less

or is relatively sma1l.
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Patterns of selectíve exploÍtation are a consequence of a

large number of interacting predator and prey characteris-
tics. since stickleback are visual predators, selective

preda tion should rely on the Íntegra tion of visual acuity

with norphological 1Ímitations, physiological factors, and

prey availabÍ1ity and accessibÍ1ity.

stickleback selected particular size classes of chydorÍds

and chironomid larvae. srnaller síze classes of chydorids

occurred more frequently in the diet of age 0 fish,

consistent with the predictÍons of optimal foragÍng theory;

food sizes decrease with decreasing predator sÍze. smaller

size c1a sses of chironomÍds r,/ere more frequent in the dÍet

of both age classes than in the envÍronnent samples,

although both age classes were norphologically capable of

consumÍng all sÍze ranges of chironomids and chydorids

sampled frorn the environnent. The reason for consumption of

less than maxÍrnum prey size by stickleback rDay be due to the

handling tine requi-red. stÍckleback nay be mÍnim i^zing

handling time by eating prey that are easí1y ingestecl, or

alternatively, they may not be foraging optÍna11y. Further

research is required to test these alternatÍves.

Prey size is usually a dominant factor influencing the

selectÍvity of visual planktivores with such size selective

predatÍon usually fa11Íng nost. heavily on the largest

zooplankters (Brooks and Dodson 1965, Galbraíth rg67, and

l'Iong and l^tard r972). Keasr and l,jebb (1966), Burko (1975, in



Hyatt I979,

(1958, wÍth

except for

dÍstance at

Zare t and

with three-spined stickleback ),

L7

and Hartman

relatÍr'e

of the

at r"'hich

crucial

ra inbow t rou Salrno gairdneri ) obs erved thet,

besíze of prey consumed to l-ess than that for which tbe

fÍsh v/ere capable of handlÍng. A drawback to many of the

foragÍng models is that ecologists have not eonsidered

factors other than prey síze to explain selection. Size of
prey may not be the primary factor responsÍb1e for sel-ec-

tion, but rather sone other factor indirectly related to

size. Keast and lrrebb ( 1966) suggested that mouth size be

studied because norphological limitations of the feeding

apparatus determine the size and type of prey tbat can be

handled.

Dif f erenc-es Ín contras t betv¡een f ood items may a lter the

detection of prey by f ish. I\rithin the cladocerans,

stickleback selected bosmínids and sÍdÍds, but not chydor-

Íds. Bosminidae and sididae are rel-atively transparent

their dark compound eyes which rnay influence the

which they are sÍghtecl by predators. Similarly,

Kerfoot ( 1975) reported that }lelanirÍs (silver-

sÍdes ) select individual Bosmina longirostris, (l'lu11er) on

the basis of eye pÍgmentation rather than total body length.

rn addition to contrast, sêlection for the relatively

large sÍdÍds and chironomid larvae and conspÍcuous bosminids

may be explained by theír greater reactÍve distance

to other available prey. Frorn the perspective

predatorr r€active distance (the maxÍmum distance

the predator can locate a specífic prey) i.s a



element ín searc.hing for prey ( 0'RrÍen 197 9) .

energy expendi ture required

chironorníds, ostracods and

abundant and cyclopoids only

when abundance of food was

ities are greatest
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Reactive

to capture them. Less evasive

cladocerans \^rere seleeted r,¡hen

consuaed ín sÍgnificant amounts

low (i.t Apri1, eonsístent with

Capture probabil-

intermediate for

distance has been measured independently several times

(trIerner and Ha11 r974, confer and Blades rg75 and vÍnyard

and o'BrÍen 197 6 ) and has always been found to increase

1ínearly wÍth Íne.reasíng prey length, and to be dependent on

illumination (trinyard and O'Brien 1976).

copepods may be avoided by stÍckleback because of the

optima I fora¡¡ing theory) and reduced temperatures in winter

lower the evasive ability of cyclopoÍds (o'Brien 1979).

Drenner et a1. (r97e) investÍgatecl 'the role of zooplankter

escape in selectÍve feeding. Zooplankters are capable of

using mechanoreceptors to percieve hydrodynarnÍc disturbances

and are thus able to avoid suction and shear fields

(Strickler 7975 ín Drenner er a1. l97g).

for cladocerans,

cyclopoid copepods and lowes t for dÍaptomÍd copepods and

Chaoborus (nrenner et a1. 1978, O' BrÍen 1979r âDd Confer

and Blades 1975). Capture probahility Ís probably the

domÍnant event determÍnÍng selectivity of non-visual

feeders. Although differential encounter and a t tack

probabí1Íty are dominant faetors determining selectÍvÍty of

vÍsuar f eeclers, capture probabilitÍes are influential.

VÍnyard ( i9B0) has sho¡vn rhâr bluegi11 sunf Ísh ( l,eponis



macrochirus ) a re capable

select ivÍ ty and cap ture

Sunfish res trict ed preda

(optírna1 foraging) untí1

dif f erent.

Sticklebacks have tas te

t+9

of modÍfying both rheÍr prey

behavior to increase return.

tÍon to the nonevasive DaphnÍa

the sÍze of the evasive Diaptonus

receptors on their 1Íps and in

was tqTo t Írne s greater ( prey sí-ze maxirni zer) .

Prey motion may further augment the selectÍvÍty of culaea

for cladoce rans rather than copepods. Cfadocerans move

constantly whereas copepods move íntermÍttent1y. Because of

the poor image transmi tting properties of T¡râter visual

acuÍty may only be achÍeved in a relatÍve1y close fielci,

therefore motion, whic.h increases the react Íve dis tance

(tr{are r973), is often crucial for detectÍon and recognitÍon

of prey. Not only rnotion, but quality of motion is

signÍficant (Hyat t I97g). Brooks ( 1968) and Vinyard ( I9e0)

reported that fish chose nqf¡":g over dÍaptomid copepocls of

sirnila r síze because theír patterns of rnotion are

theír pbarynx, buc ca1 cavi ty and esophagu s whÍch a I s o may

play a role in the seLeetion of food (I{ootton 1976). Beukerna

(1968) and I^loorron (1976) suggesred rhar palatabilÍty may

of Gasterosteushave an effect on the fee<1 ing behavior

aculeatus. IJhen a food itern r,ras taken by a three-spined

stÍckleback the fish

search Ín that area

1ef t the area (Thornas

to

a

increase the intensity oftended

bu t when

1974).

prey was rejected the fish
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Selection may be dependent on the food value (Rozin and

l{ayer l96I) and nutrient reguirements (Gibb 1962 and

TÍnbergen 1960 in Schoener 1971) of the fish. The food

items of the stÍckleback in decreasing ealorÍc value

(obtained from Cummins and I,{uycheck L97I) per g ash free clry

vrt are: Cyclopoida (SllA), Chydoridae (S609), BosmÍnidae

( SS:a¡ , sinruliÍd larvae ( 5521 ), chironomÍd larvae ( 5355) and

IlaphnÍa (5292). Although cyclopoÍds and chydorids have a

greater calorÍc va1ue, the Íncrease Ín the food value

obtaÍned is probably outr¡reÍghed by the greater energetic

costs to capture thern. Less valuable as well as less eostly

iteTns, Bosrninidae, Sirnuliidae and ChironomÍdae, rnay be

selectecl ínstead.

Foraging behavÍor. Due to poor visibÍ1ity in the Bog anci

Rennie Rivers, observations on feecìÍng behavÍor of brook

stickleback vrere rnacle at a site of simÍ1ar geographíca1 and

physÍcal characteristics in the Brokenhead River. 0bserva-

tions were rnade on stickleback occurring in the stream

center as access to fÍsh in strean margins vzas restricted by

dense vegetation.

According to optÍmal foraging theory natural selection

has produced animals whose foraging behavÍor rnaximizes their

fítness and therefore they should possess a repertoire of

foragÍng procedures that also rnaximÍze energy yield (l{yatt

1979). The compositÍon of the stíckleback diet is the

result of interactíons of predator morphology, behavior,

preference and food handling.
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When stic-kleback feeC, the premaxí11ae are protruded and

food is sucked Ín by expansion of the buccal and opercular

cavitíes as the mouth closes (Alexander 1967). Considering

the foragÍng behavior and diet of stÍckleback there are

several advantages to protruding the premâxí11ae (lrtootton

t976); the mouth is brought closer to the food item so it

has less chance of escape, the fish does not have to take

such an ob1Ígue stance to eapture prey on the bottom, the

angle of the moLìth is redueed so the jar^rs can be closed more

quÍck1y, and protrusion a11orn's the food to be held straight

rnaking swallowíng easier.

Feeding phases have been previously obs erved for Culaea

by MaePhail and Linds ey (1970 ) and for Gas teros teus

aculeatus (Tugendhat 1960) The interpretation of stickle-

a series of sequential phasesback foraging behavior as

consisting of swirn, hover, aim, dart and handle is useful

because each phase can be analysed separately Although

Ínherent among sticklebaek the sequence of phases r,ras not

fíxed. Any or all of the phases preceeding the dart may be

ornÍtted. FlexibÍ1ity of the sequence is adaptive for

feeclÍng on prey whose abundance and distributÍon are

unpredictable. The exclusion of the actÍve searching

respons e in 32.87. o f the feeding sequences sugge s ts

stickleback were mÍnínizing tÍme and energy expenditure by

feeding on dense clumps of prey when avaí1able. OnittÍng

hover, the nost time consuming phase, in 60"Á of the

sequences beginnÍng with swirn supports the interpretatÍon of
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Culaea a s a tirne minimi zer . StÍcklebacks are capable of

rnoclifyÍng feedÍng behavíor depending on the dÍstrÍbutÍon of

prey in order to rnaxÍmize energy yie1d.

Some form of decision prior to capture occurs as

ÍndÍcated by the hÍgtr rate of termÍnated phases (e.g. 47.97"

and 40.4% f or hover an<l aim respectÍve1y).

Initía1 choice occurs in the hovering phase; predators may

choose whether or not to pursue a prey or which prey to

pursue. Fish are capable of recognizing, prey ancl determín-

ing ciifficulty of capture from previous experience (Vinyard

1980). If the stickleback decides to glve pursuít it rnay

stÍ11 reevaluate the prey and decide not to attack during

the air¡ phase. Sticklebac.k rninimj-ze tíme and energy

expendÍture by not pursuing prey they cannot catch and not

attacking prey they cannot handle. The efficÍency of the

foraging strategy is such that r^;hen the stíckleback finally

attacks

(96't).

a

A1

prey, the probabÍ1ity of capture Ís very high

though guantÍtatÍve analysis of hanclling ru'âs not

possible, field observations ÍndÍcate stÍckleback Iùere

successful ín ingesting almost all prey captured.



CONCLUS I ON

Brook s tickleback maxÍmÍzed foragíng effÍcíency by Iiving

and feeding Ín vegetated areas where prey LTere abundant and

vegetatÍon provided protection from predators while feeding.

StÍc1<. 1eback fed primarily durÍng daylight hours when visual

detection of prey t.ras optÍrna1. Diet rnras potentially

optirnized by selectÍng particular taxa and sÍzes within taxa

for which the probability of capture and handlíng vTas hÍgh.

Stickleback minimízed foraging time by rnodifying feeding

behavÍor to elimínate particular phases dependÍng on the

distrÍbution of prey thereby increasing time for other

activitÍes (e.g. defending terÍtories, predator avoídance,

and monitoring mates ).

0ptimal foraging theory is useful Ín interpreting

foragÍng strategies of brook stickleback. Conformity vrith

the predictions of optÍma1 foraging theory supports the

argunent that time and energy are the maÍn factors for the

f ee<1 ing patterns obs ervecl . Brook stickleback f orage so as

to maximÍze the net rate of energy intake. 0ccasional

disagreements with the predÍctions of optÍma1 foraging might

be explaÍned by cons traints of the naËura1 envíronment (e.g.

competition, preda tor avoidance, and nutrÍent demands ) nof

incorporated Ín optÍma1 foragÍng models.
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Appendix I

Age class determination

Two age groups, young of the year (0) and adults (1*) were

distinguished by length frequency distributions usíng probability

paper. standard length ft 0.01 mm) \,/as recorded for each fish and

length frequencies arranged in size crasses of 5 mm. Monthly cumu-

lative percent frequencies vrere calculated for each sj,te from June

to October, 1979 and plotted on probability paper (cassie , rg54).

Points of inflexion on the resulting curve indicate troughs between

normal distrÍbutions. Since Èhe troughs represent an overrapping of

two size classes, the dístributions were cut off at Ëhe poinËs of

inf l-exion to def ine the ranges of the sÍze classes. Comparisons r.rere

made between the resultant size classes and size frequency distribu-
tions to ensure false size classes vrere not creaËed.

Length frequency distributions (tarte e¡ reveal three age groups

of Culaea inconstans Ínhabiting The Bog and Rennie Rivers during this
study. rn June, 1979 the populatíon consísted of predominantly age 1

fish and a few age 2* fÍsh. Age 0 fish were first observed in Jury

and thereafter formed the bulk of the population. As there were few

age 2* fish present, they were combined with Ëhe age I fish and are

collectively referred to as adults or age 1*.

The mean standard length of young of the year fish, varied from

20-2 nn in July to 32.3 run in october. The mean standard length of
adult fish varied from 33.6 u¡n in June to 42.5 rnn in october. As the

nean standard length of age 0 fish in october is comparabre to that
of age 1+ fish in June, fish of this length will be considered adult
(Table B).



Tabl-e A. Length frequency

sites from June to October

distributions of brook stÍck]eback at 3

7979.

Month

Size Class Mean (mrn)

12.5 77.5 22.5 27.5 32.5 37.5 42.5 47 .5 52.5

June

July

Augus t

September

October

2

34

2

B5

T2I

59

188

177

106

72

5

69

J¿

98

55

74

26

ro2

65

37

T2

9

105

93

26

16

2

62

47

18

11

6

24

8

2

381

579

498

L57

60

4

1



Table B. Mean standard length (mm) of age 0 and 1* stickleback from

June to October , 7979.

Month

June July Augus t September 0ctober

mean age

range age

mean age

range age

)')JJ

24.3-5I.0

20.2

Ir.2-28.0

34.6

28.2-47 .5

24.4

12 .7-32.9

36 .8

33.1-47 .2

30. 3

20.4-38.0

41.9

38.0-5i.2

32.3

20.9-39 .9

42.5

38 . 5-48. 1

0

0

1ì

1+
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Appendix 2

The variance to mean ratto, { (n - l), of the predomínant invertebrates
x

in 4 subsamples Ttere compared with theX2 dÍ"tribution for 3 samples.

I^Iith 3 degrees of freedom at rhe 5% rever of sígnificance X2 - 7.g15.

For each food cateBorY, the dífference bet\^reen the variance and mean rùas

non-signifícant, therefore the subsampling technique r¡/as adequate.

Food Category )s (n-1):
X

2

0s tracoda

Chironomidae

Cyclopoida

Chydoridae

l./;l:t l.S:t:k 3.3rr

I .l>\t: I .Q!<tc 2 .5-:,

f . Q:t:l 2.6r, l. /:r;k

J . J-,. 3.6). 5.1,k

Note: 'k, p(0.10; >t-.1', p<0.50
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Nmbe¡ of fish exaninedAppendix 3. Feeding indÍces of age 0 and l+ stickleback by site

ranged from 4-60 (* n < 4).

Tine of Day (h)
Site ilon th Age

0800 I 200 I 600 Average

1. April

vay

June

JuIy

Augu s t

Sep tember

October

Apr i1

June

J uly'

Augus r

Sep t enber

Oc tober

Apri I

llay

Jun e

July

Augus t

Sep teEber

0c t ober

L+

l+

l+

0

1+

0

l+

0

1+

0/
1+

I+

l+

L+

0

l+

0

1+

0

l+

0.

I+

1+

1+

l+

0

1+

0

I+

0

1+

0

l+

0.3

t.I 1.5

0. 1 0.8 2.2

r.0 t.5 r.7

o.2 0.8 i.0

0.4 0.9 2.1

0.2 0.6 1.6

0.1 t.3

0.3* i .6

t.0

0.8

o.4

I.8 t.-5

0.3 t.0 t.4

0,3 1.2* I.3*

0.1 0.1 0.7

0.I* 0.9r, L.4'^

0.1 0.7 0.8

0.4 0.8

0.2 0.5

t.4

0,5

21

L2 0.9

o.4 t.t 1.6

0.2 2.O I.9

0 0.6 0.7

0* r.2 1.3

0* o.4 0.9

0.5 l.t

0.1 0.8

0.8

0.6

r.0 3.0

r.1 1.2

2.3* I.1

1.0 0.4

ìa*1/,*

Ì.0 0.7

I.4

I,t

0.9 r.9

t.6 t.3

1 .8 2.2

0.8* t.I
I.0* t.8

0.9 0.8

0.9

r.7

0.3

1.7

1.I 1.4

2.1 1.7

I.3 1.0

1.5 1.8

0.8 l.r

0.8

i.t
1.0

0.rJ

0.4

1.8

0.7 I .0

1.3* I.2

0.2 0.5

0.5* l.l

o.2 0.6

0.9

0.6

1.4

0.5

2.2

It

0.6 1.I

1 ,2* t,6

0.6 0.6

I.0* 1.1

0.4 0.6

0.8

0.9

1.8

2.6

1.6

r.2

2.0

1.6

i.0

l_3

2.6

r.7

¿.6

1.5

2.3

r.1

3.

Ih S"pt".ber fish were collected ar 0600 hrs-



Aplendix 4. Mean numl:er of food Ítens per stomach of age O and

site. n rânges from l0 to 25 (x n<IO).

6I

I+ stickleback, by nonth for each

Mon th

Aprll May June July
I+1+1+01+

August Septenber

0l+01+
0c tober tlinter

0* l+* l+
I
Cyclopoida 6 .4

Harpacticoi.da 1.6

ChydorÍdae

Sididae 0. I

Bo snin id a e

Daphnida e

Ostracoda 0.2

Chironomidae 1. 2.0

SÍnuliidae 1.

Other 1.1

2

Cycl-opoida 9,8

Harpacticoida O,7

Chydorida e

S id idae

Bosminidae

DaphnÍdae

0s tracoda

ChirononÍdae l. 5.2

Sinuliidae I.

Other 0. 5

3

Cyclopoida 3. I

Harpacticoida 0.9

Chydoridae

S id idae

Bosm Íni d ae

Daphnida e

0stracoda

Chironomidae l. lO.2

Sinuliidae 1.

othe¡ 3.9

27.4 13.1 9.2 il..5

1.4 6.7 0.4 0.5

6.2 18.5 1.5 3.1

0.8 0.2 t.8 1.8

0.1

o.4 0.1 0.3 0.3

9.7 27.1 5.5 6.6

13.4 r7.9 12.0 18.1

2.0 0. 5

5.3 6.s 5.0 6.0

4.7 5.6 2.8 5.3

1.0 _?1.9 0.1 0./J

I . 6 12.6 46.6 100. 2

o.2 0.6 0.4

8.3 0.4

0.2 0.1 0.3

0.3 8.7 7.3 s.9

26.5 7.7 18.0 29.1

38.2 2.0

4.1 6.t 76.4 3.1

4.5 r9.7 6.8 6.2

1.5 9.7

6.0 37.8 5.8 7.0

0. t o.4 2.2 0.7

rr.4 12.9 t3.5

o-2 0.2 2.9 0.6

23.8 r.3 r.2

13.I 9.5 24.6 67.8

o.7

2.9 4.1 t.9 5.0

6.9 9.3

0.1 0.1

,1 ro

20.7 8.2

4.0 18.0

0.5 0.9

t. i 2.7

8.3 18.4

40.8 24.6

0.4 0.6

0.2 0. t

I0.6 16.4

0 .8 3.0

4.9 3.I

0.I

6.2 6.I

4.3 2.3

7.2 2.2

0.3 0.3

4.0 I.6

8.8 r8.5

8.7 8.2

0.1

9.1 9.5

1.8 2.1

t \ )a

I.3 2.r

r.4 4.2

8.5 16.r

0.9 2.5

4.7 3.6

0. I 0.1

27.1 23.2

1.1 1.4

0.1 0. t

0.5 0.6

0.3 t.l
9.9 7 .0

15.8 12.8

t.t 1.3

o.2

0.3 0.s

2.1 1.7

8.7 15.2

23.5 36.4

1.5 t2.5

46 .O 30. 3

0.5

0.5 0.I

0.8

0.5 0.9

5.0 24.4

I.5 4.r

3.3 14.!

0.3 0.9

3.0 17.I

o.4

0.4

0.6

0.9

4.7 15. t

5.0

7.r

0.9

1.9

4.2

t.3

6.04.6

26.0 5.8

2.0 0.4

0.5

0.4 0.4

43.6 14.0

1.9

NoÈe; 1., larvae

4.8 5.3 4.0 7.8 2.6
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ApPendix 5. Percent coEposltion of sronach contents by nonth for 0 and 1+ age class stick.leback
for each site. Va1ues based on at least 10 fish (n<10 for October).

Food Category
April May June

l+ l+ l+
July Augus t

01+
Oc tober

ll+l+
Sep tenber

0l+
Ì
Cyc I opoida

Harpacticoida

Chycìoridae

S id iclae

Bo snin idae

Da phnidae

Os tracoda

Chironomidae 1.

Slmuliidae 1.

OËh er

2
Cyclopoi Ca

Hârpac ticoida

Chydoridae

SidÍdae

Bosnin ida e

Daphnidae

0s tracoda

ChÍrononidae 1.

Sinuliidae 1.

0 ther

3

42.1 15.5

2.3 6.6

,9.7 Lt .3

t.0 0.6

0.1 0

0.6 0.I

11.4 24.5

20.0 19.3

4.4 0 .7

8.4 15.4

5.6 5.8

t.2 24.2

2.5 25 .0

0 0.i

0 0.1

0.3 o

0.5 11.9

40.7 16.0

43.6 6.0

5.6 t0.9

14.5 17 .5

5.0 2.2

18.9 28.9

0.r 0.2

ã 2 t1 0

0.8 0.1

7.O 15.5

40.9 I I.9

2.2 0

r0.4 0.8

25.8 23.6

1.2 1. ù

c.¿ o-4

5 .0 3.6

o 0.2

0.8 0.7

t5 .4 13. 5

33. 6 37 .2

00
14 I3.8

2.6 3.7

0.1 0.3

43.6 69 .2

0.5 0.3

7 .7 0.3

0.2 0

6.8 4.1

16.9 20.r

00
2r.6 4,0

ti.7 6.1

00

9.9 6.9

3.7 0.7

22.r 13.3

5.0 0.5

2.2 t.I
42.2 60.6

00

4 .7 r0.8

15.4 14.6

0.1 0.2

4.7 2.9

46.2 12.8

8.9 28.3

I.I T,4

2.3 4.3

r8.4 29.O

00
2.9 6.5

11 10

0 0.1

69 .6 50. 6

0 .8 r.2

00

0 .4 0.2

6.6 4.9

18.0 33. I
00

r.4 6.4

13.0 7.9

0.3 0

16.5 r5.8

rl.3 5.8

79.2 5.7

o.7 0.9

10.7 4.2

23.3 47.6

00
5.0 !2.I

25.4 t7.5

o 0.2

26.5 20.5

5.2 4.5

7 .4 5.8

3.8 4.5

4.O 9.0

24.9 34.s

00
¿.ó J.5

10.0 8.9

0.I 0.2

Jt./ 5/.5

2.3 3.5

o.I o .2

1.0 1.4

0.7 2.7

21.1 11 .2

00
7.0 8.4

r2.o 9.4

00
4I .7 32.7

2.8 3.2

0.4 0

o.7 1.3

5.4 4.3

22.9 38. 9

00
13.7 t0.2

29.9 33. i
t.9 tt.4

)õ.tr ll -5

0 0.5

0.6 0.1

0 0.7

0.6 0.8

6.4 22.2

00

2.0 3.7

23.8 25.3

2.4 I.5

21.4 30.1

0 0.8

0 0.8

0 1.0

0 r.5

33.3 26.6

00
19. I 12.4

6.6 17 .7

00

34.2 20.6

00
2.2 Ì.4

0.2 0

o.4 1.4

47 .8 49.6

00

8.6 9.3

56. Ì

Ì4.0

0

0.9

0

0

1.7

17 .5

0

9.8

59 .4

4.0

0

0

0

0

0

3r.7

0

4.9

CycLopoida I 7.0

Harpacticoida 4.9

Chydoridae 0

Sidi.dae O

Bosninidae O

Daphnidae 0

Ostracoda O

Chironomidae 1, 56.0

Sinuliidae 1. O

other zT,t

NoÈe: l, larvae
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Appendix 6. Density (r.rb"t.il¡ of food organisms in the environnent by month for each site.

Food Category
Ilonth

April uay J une July August Seprember 0ctober

I.
Cyc lopoída

Harpacticoida

Chy dor idae

Sid id ae

Bo smin id a e

Daphnidae

0s tracoda

Chirononidae 1.

Simuliidae l

0ther

2.
Cy c lopo ida

Harpac t icoid a

Chvdoridae

S id idae

Bosminidae

Daphn id ae

Ostracoda

Chironomidae 1.

Simuliidae 1.

O ther

3.
Cyc lopoids

Harpac È icoida

Chydoridâe

S id idae

BosninÍdae

Daphnidae

0s tracoda

Chirononidae 1.

Sinuliidae L.

0ther

0.8

0.3

0.ó

55.9

2.t

1-1 .6

0.8

16.0

8.7

0.9

r8.6

5.t

0.9

2.3

ao

4.8

6.8

oo

0.5

3.3

0.1

Lt
2.7

0.3

14.9

t2.4

0.7

13.9

0.3

0.1

8.4

3.3

2.5

1.1

0.3

8.3

0.1

0.3

1.6

4.4

0.1

2.7

53.r

0.9

43.6

0.2

1.7

0.7

r5. t

23.7

0.4

IO -2

o.2

8.7

0.8

34 .4

2r.I

0.5

15.3

37.9

Ll

3.7

1.8

6.9

17.3

i5.9

48 .0

0.1

37.r

19.6

12.9

5.0

24.3

3r.3

69. 1

0.9

I8 .5

30.0

I.8

4.5

12 .4

29.8

19.1

It.6

80. 9

1.0

0.2

o.7

6.4

29.3

8.6

68.0

38.5

I0.7

I.0

4.4

6.3

33. 6

15 .2

32.6 26.1

o.2 r.5

20 .3 14 .4

0.9

0.4

0.3 0.3

I.t 4.1

t8.7 3.1

7.5 3.2

24.t 9.3

1.2

102.4 10. I

4.5

0.3

1.5

8.7 0.8

83.9 8. s

8.5 4.2

67.3 5.9

28.7 r3.7

0.6

0.4

0.I

0.9

21.6 9.7.

1.0

0.5

0.3

,o

3.t

NoÊe: 1, , larvae
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Appendix 7. Percent c@position of food ÍteÐs in the environmenÈ by nonEh for each site.

Percentages based on 4 replicates (*, n = 1; *x, n = 3).

Food CaÈegory April* May June July August September** October *

l.
Cyclopoida

llarpaclicoida

Chydor idae

S id idae

Bosuinidae

Daphn idae

O6tracoda

Chirononidae 1.

Siuuliidae 1.

0 ther

)
C;'c1 opo ida

Harpâcticoida

Chydor Ída e

Sididae

Bosninidae

Daphnid ae

Ostracoda

Chirononidae 1.

SimuliÍdae 1.

O ther

3.
Cyc lopoÍda

Harpac t icoida

Chydoridae

S Íd idae

Bosuinidae

Daphnidae

Os tracod a

Chirononidae 1.

Sinuliidae L,

0ther

48.1 28.5

I.5 1.7

9.9 34.2

o.7 0.5

00

o o.¡

r3.8 18.9

7.1 7.3

0.9 0

r8.0 I .6

32.8 5.8

r.8 3.3

9.4 44.7

0 0.8

0.2 0.5

0 0.1

J./ b./

9.4 22.8

0.9 0.7

41.8 14.6

32.8 35.8

t.8 1.3

9.4 29.7

0 0.6

0.2 I .2

0 0.4

11

9.4 12.3

0.9 0

4L8 t0.5

31.0 37.8

0. I 0.4

10.8 9.2

2.7 16.0

0.6 1.2

o z.ø

13.5 6.6

17.8 16.7

0.4 0

23.r 9.8

15.0 9.5

00

37.6 57.0

1.2 0.7

3.5 0.2

I.8 0.4

7 .4 4.2

18.0 2r.4

00
r5.5 6.6

25.6 37 .3

00
ì9.5 2r.4

)\ <o

Lt.7 0.6

5.9 2.5

2.6 3 .4

14.3 19.2

00
t7 .9 9.'t

14.9

0

9.8

0

0

0

5.0

r0 .0

0

60.3

0

0

4.4

0

0

0

0

51.9

26.0

L7 .7

II.1

11.8

0

0

0

0

0

0

l4.t

0.6

t.4

o.2

5.8

0

6.2

2.8

50. 3

0

10.7

0

43.O

1.9

0.t

0.6

36.1

0

3.9

0

0.4

o.2

0.t

o.7

Ió.6

0

7.2

50. r

26.9

0

0

0.5

7.7

5.8

0

6.r

3.6

29 .7

0

0

0

2.4

2L a

0

12 .I

L7 .5

0

40.7

0

0

0

0

28.8

0

I3. 0

Note: 1,, larvae


