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Food habits, feeding selectivity, digestion rates, and daily

rations were determined for stocked ra'i nbow trout in a l¡lestern Manitoba

winterkilf lake. Amphipods, cladocerans, and chirononj-d larvae were the

most important food items with amphipods comprising more Lhan 90% by weight

of the food consumed fron August to October in L970 anð.197I" Rainbow

trout were diurnal i-n their feed.ins habits and fed rnore or less continu-

^,,^'r.- +r^-^,,-L^,,a +h^ Ä-., -ñ.r ^^%lv evenins- peak stOmaCh fU]lneSS ocCUpedvuÈaJ uIIIvu6lluuu UllU UdJ dtlU CdLLJ uvuri¿rrõ. ! ud

in late afternoon. Food consumption was reduced or absent fron about

midnight to 6i00 a.m. The type of food organisms eaten at different times

nf *1ra rl¡r¡ rli,l nnf. nhnnr"o:nnronì:hlr¡ F|¡i..]onnc ^"--^^+^r +1^^+ feeflinguf, UIlË Ud,J UIU 1- - - -!av!J ¿uuirvú ÞqóóçÐ uçu ull@ u ! veur¡rõ

was fimited primarily to the limneLic zone.

Laboratory and field experinents on feeding selectj-vity indicated

that prey availabifity was the most inportant factor in deterinining which

foods were eaten while predator preference was of minor significance"

Chironomid larvae, although apparently preferred by the trout, were

negatively selected because of their inaccessibility. The more easily

captured amphipods were positively selected. Terrestrial invertebrates,

plant material, and many littoral organisms l^rere avoided entirely.

The rel-ationship between state of d-igestion and tine approximated a

negative exponential. The nuinber of houïs required for 95% ð,igestion at

5, 12, I?, and 22C was 54, 16, 14, and 9 respectively. Digestion rates

were independent of meal size, food- type, and fish size for the range of

food items and fish weights used in the experiments"

Several methods of determining daily ration were evaluated. Esti-

mates based on the balanced equation of hlinberg Q956) I^iere consid.erably

higher than those derived from data on digestion rates and diel feeding

intensities. Food consumption rates of 3,% to 5,9% of body r^reight per

rl:v r¡erc c¡lclrl¡l.od hv the former method. for July, August, SeptembeT, I97I"
4@:l nçrç ua4u4¿øueq vJ



INTRODUCTTON

A research program, designed to deterrnine the feasibility of stocking

rainbow trout, Safmo gairdneri, in prairie winterkill lakes, was und.ertaken

by the Fisheries Research Board of Canada in 1968. fnitial investigations

d,emonstrated that rainbow fingerlings 2 - 3ä tn. in length, stocked in

early May, would attain a narketable size of B or more oz" by October of

/-,the same year (Johnson et al. I97O),

Ðuring May, L970,20 small lakes in the Erickson area of llestern

Manitoba were stocked. with 2 - 3 in" rainbow trout at densities ranging

fron 2J to 860 per acre" Success was highly variable with sone lakes

vielrlins as mueh as B0 to 1I0 lbs - / a.are while a. few others failed com-¿vv. /

pletely. The mean yield was 4l Lbs, / acre and the mean weight of fish

harvested, 1,0 oz, Corresponding d-ata for the 22 lakes stocked. in L97I

show a significantly greater degree of success with a Inean yietd of 64

Ibs, f acre and a mean harvest weight of B") oz, (Sunde' pers. comm.).

Before trout farming in pothole l-akes can become a viable, com-

marni rl I r¡ <rrnnaq-frr'l nnar¡ti nn ænmnn* n7^rr7a2m tl:sad on : knOwl ed.qc¡llç!u¿@r!J ÈuuuvÐÐJuI v¡/çIøu¿vllt @ r¡ré¡I@ógr¡lç¡¡u Prvóra¡rr uøuus tvqõv

of the physical and chemical limnology of the lakes and of the stocking

densities required to produce the maximum sustained yield, must be deve-

loped. The purpose of this investigation was to evaluate, qualitatively

and quantitatively, various aspects of the feeding ecology of the stocked.

rainbow trout as an initial cont,ribution to this program. The primary

ohier:tives were as follows:

1. to assess the daily, seasonal, and annual variations in food-

habits and to identify the more important food organisms.

2, t,o determine the diel feeding periodicity.

? * a o.'.'l rr-f o f oorl i no qal a¡* ì r¡i lrr
). uv çv4¿u@Uç Iguurrlõ ÐufuvvLvLvJ.
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4" Lo experimentally detennine the rates of gastric digestion in

rainbow trout with respect to differences in water ternperature, food type'

meal- size, and fish size,

( i.o psfi-^+^ +1.-^ r^;'r,' e^+;^- ^-tr ^ ñ^ñ"ìation of rainbow trout). uv çÐ uf lll¿ uY ul1g u4rf J r@ ulvir vI c ¡/u}/ur

¡.t resUla.r int.er.._'r ^ +r^.-^,,_1^^,,+ the r"row.ì nÉr sêâsOn¡au rvõq4c! ¿r¡ev!Vd!ù UII!uuóIlvqu ertu ó!vnrrló Ðu@Ð
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DESCRIPTION OF STUDY AREA

The study area is l-ocated i nmediately south of Riding Mountai-n

National Park in Western Manitoba between latitudes 5Oo 3o' - 5Oo 40'

north and longitudes 95o 55'- looo 3o'west" A Fisheries Research Board.

field station is situated in the southeast corner of the area, near the

town of Erlckson.

The physiography of the region has been descrlbed by Goodwin

(tg:'o), Munro (tg6ù, Princic (tçZl), âîd Fedoruk (l"çZt) " A mantl-e of

unconsolidated naterial, deposited by the receding tr{isconsin glacier,

overlies a sed-imentary shale bedrock of Cretaceous origin, The charac-

teristic "knob and. kettle" topography results from the uneven deposition

of till- in the form of noraines. The titl is a heterogeneous mixture of

boulders, gravel, sand, silt, and- c1ay. Soil types are grey wooded,

bl-ack, or variations of the two (Jenkins 1970) " The natural vegetation

reflects the transition from grassland to boreal forest which occurs

here r¡ith broadleaf forest predominating in uncleared areas (Jenkins L97O) 
"

Pothole or kettle lakes are extremely abundant in the study area.

Most are relatively small in size; those beti^reen 2 and, J acres account

for about J)ft of the total water area, while lakes of 20 acres or more

constitute only T5% (FeAoruk I97L). They are characteristically shallow

(f5 ft. or less) and. self-contained. Ílater levels are naintained by

precipitation, run-off, and groundwater seepage. They are also highly

¡rodrcf,ivc w'ì f,h substantial concentrations of dissolved salts (primarily

magnesium sulphate and sodi-um bicarbonate) and high levels of phosphate

and nitrate nutrients (Sunde et al-" Ig?L)" Winterkill, the gradual

reduction of dissolved oxygen to l-ethal levels resulting from oxidation

reactions beneath the ice cover, is an annual phenonenon in al1 but the

deener l¡.kes a.nd accounts for the absence of indigenous fish populations'
svvlv!
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Ð^-+;^r ^- ^^--lete summerkill- occurred in some stocked lakes as a resultr @I urar vr vvrirl/¿

of oxygen depletion during July and August" Decaying algal blooms pro-

h¡h-i r¡ c nnnrrnf f nr *hì < da¡l a* i nnuavLJ @u9vuri u ¿ vr ulr¿D ueI/r9 urvf f .

^ /^- . ^\Lake 3 (Plates I and 2), Iocated adjacent to the Erickson field

station, was used extensively during the ice-free seasons of L97O and

I97I for investigations of rainbow trout food habits, feeding selectivity

¡ncl feedins neriodinitv- Phvsical and chenical- features of this fake and
' 

+lrJvfv!

of other experimentally stocked lakes are described in Table 1. l,leekly

oxygen and temperature dataæe il-lustrated in Fig. 1. Several authors,

including Greenbank (tçt+Ð, Rozkowska and Rozkowski (tg6g), and Nickum

\L97L), provide more d"etailed information on the limnological character-

istics of winterkill fakes.

Flora and fauna lists of the study area lakes are as yet incomplete.

A partial list for Lake 3 is given in Table 2, The nost abundant inver-

+^r---+ +l-ì^ ^-"^+ ^mñra: -^r^ rì-----"- faCuStriS laCUstfiS andUeUJ.¿l,Ueii d,Ie UIie UruÞUd,Ugd.l] d.lll_VllJPvuòt v¿rllr¡rdluù

to a lesser extent, Hyalella azLeca. Tiger sal-ananders, Ambystoma

t.ìsrinìtm â.re rel-+i"^1 '" -L,r-,1 ^¡* +l--^"-l^nr.+ 4L.^ ^-^- D^-"'l^+'l 1n esti-LlÈr rrrurfl aJt L(.LdUfVCfV dUWlUdltU U]IIvuxllvuU UllY é!Eé. rvpql@ulv

mates of this species in two small laJ<es yielded d-ensities of I27 anð- 282

individuals per hectare (Macklem, peïs. comm")" Fathead ninnows,

Pinephales promelas and brook stickleback, Culaea inconstans aïe also

nommon'l r¡ follnd _ Lr^^,"' 'l-l ^^-^ ^f +L^ 1^l r1^ -ø^^- ^'ì -- ^-l^^-.i -^-^-.on flos-(jVllIlMtJ-V f vu-ll'f,. lf UdV_V UIUVlllÈ) UI UllY UJUU-X!UUtl úLXA n!)MltLLvrLvLt _

aquae occur regularly during the warm summer months in nany study area

lakes,
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tr'irrrrrc I - i¡lceklv oxvøen concentrAtions (nnm) and mean\ tJf¡,r / arl

weekly water temperatures at a depth of f m.
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Table 1. Physical - chemical
lakes compared with

A

data from a series of studv are¡
those of lake l.

Er^-+117^ Time of
yeaT

Other lakes
Min. Max.

t, , \lJaKe area \rìecuares/

/\lvlax. deptn \m. /

t1t2r,Ðpec. cond"\Pmno/cm /

Total diss.solids (1r no/.^2)

. / /.\ua_Lclum \mg/ r i

. / /-\tvt20nêqì ltm ( mtl I l\...o/ * /

/ /-\)odfum \mg/r/

/ /-\Ðurpnare \mglr/

Tnf al nhno¡hnrrr. / /' \
r u u@¿ yrrvÐ¡,rrvr uÐ \yIC/ f )

/ /-\'1 orar n1rrogen \Pg/ r )

pH

March
July

March
July

March
July

March
u urLy

March
July

March
July

March
July

March
July

July

10

2160
1 000

L7g0
810

97
90

180
55

269
53

745
285

2r72
900

37+o
860

t28
1B

70_0 4100

1770 3960

^4 
õ1 r)r .r)

2o ,!,
r 5 49_6

72 2065

33 3r_0

1465 4205

B< Q2
".J /.*



Table 2. A partial list of fauna and flora of Lake l.

/^.rnylrum/ lJfvfsfon

Moflusca Gastropoda

Annelida

Arthropoda

Class, 0rd"er

Hirudinea

Amphipoda

n^-^-^^ ^vv_yv_Pvua

tr'¡mi I r¡

Cladocera

Gammaridae
Talitridae

0donata

Hami nl or:

rl,,-^.,-t,,^q,yrauruù
Helisoma
T..,-- ^ ^^!J rLrlava

Scientific Nane

Gammarus l-acustris
rLJ ALYLLA AL VYVA

nj^-+^-,,^ ^+^;'l;ul-a_plomus sr_crrrs
(lr¡nl ons r¡arnr'l i q
Cvcl ons hi cusni datus
Tli ¡n* nm¡rc <i -ì I ôi,l^-llduuvllluù ÞIullvfuvÞ
Moq nnrrnl n¡q orl ¡ v

Bosm'i na. I onsi rostris
=::i_jjji: =::i5::_::__n^ -Ì.-; ^ -.,'l ^..payLlltla l/qrç^
Tì-ñt"-i - *^--^uøyr!!!la il16ó!ta

Lestes
fschnura

qU!If,ò

Belostoma
Ngtonecta

Tlr¡*i <ntrc

Cr¡ri nrr<

(lnl oon*.err

Lestidae
ñ^^----i¡-i'i^^v v çr r@ór r v11a u@v

Gerridae
Corixid.ae
!YrvÞ uvl[ó u¿u¿Y

Notonectidae

Tìr¡*iqn'idra
H¡'linlidqa
Crrri ni dqo

1.rclent].l l- ca-L f on

C. Holmstrom
¡l

tl

tt

J" Flannagan
tl

7Í ñ |r!. r d u¿t¿ò
,l

tt

tl

A. Salki
ll

tl

C, Holmstrom
ll

tl

lt

tl

tl

fl

ta

I



[a1re ¿. uon-L ct.

/^.rnytlum/ rJfvr_slon vldÈÐ t vIuçI

ñ-,^ * ^-t",,+ ^wJa\rwPLIJ úa

¡r,-1 ^*^-1^.,+ -vlt!u! vPrrJ u@

Tri nhnn*.ar¡

Tli ni. or:

Mr¡vnnhr¡nor o

llh'i nronhr¡noa a

F'rmi I r¡

Hydrophilid-ae
Limnephilidae

Culicid.ae Chaoborus
Tan¡linadìdqo

Hvs+\¿ljv

Tipulidae
Sr¡rnh'ì d: a

Mi a¡n¡r¡<*i < f'l ^õ,-^ì1iôl1l(;Luuvù urù l Þ-4u u@ç
Anl-r¡ni P^môn^n fl nq-¡nrl:an pttaL!lLvilLerlvrr J rvÐ-@u uøç

Pandorina
Pediastrum Boryanum
Ped"iastrun duplex
Oocystis facustris
Oocystis crassa
Oocystis submarina
Nonhronvti rm limneticun
'i\Tanhrn¡r¡* i lrm Â æ-v.ll-r i ¡ nrrmr\c ul tr vu v u¿ul[ n<4!ulfalru¡[

Scen cd esmus nuad-ricaudav v vrr vqvv¡¡¡ \4v v

^,.^r-.: -,,'r ^ ^r osteroideswq@urr<ur@ vr

Anki-strodesmus falcatus
Cruc'i rreni a. nl:adrata
Coelastrum microporuin
Tli ¡*r¡n<¡h¡or-ì rrm ¡rrl nhol I llmuLe v.Y vu vrrav!¿s¡rr y!4f v¿¿v++qrr

Dictyosphaerium Ehrenbergianum
Dimorphococcus lunatus

Scientific Nane
1rdentr-ï ]-catr on

C. Hol-mstrom
tl

tt

fl

lI K-l i no
!l



Table 2. Cont'd"

/^.rhy.Llum/ rfv]-saon

rr,.-'l ^-^^t-.,+ -uu6!clruurrJ u@

C1ass, Order

1-l'lith the exception of
Freshwater fnstitute
name is associated.

Euglenophyceae

I'qmi I r¡

the author, all of the
and are qualified in the

Euglena Ehrenbergii
Lepocinclis ovun
Phacus

Scientiflc Name

narconnol I i st.orl

taxonomy of the
below are meinbers
invertebrate grouP

Identlfication

H. Kling
lr

il

of the staff of the
r^¡ith which their

I

\o
I
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MATERIALS AND METHODS

Sampling

Rainbow trout were stocked in Lake 3 on May 1J, l-970 andYlay 5,

L97L at a mean initial si-ze of 3,L e" and I.5 e, respectively. The

stocking density in both years was approximately ?50 fish/hectare.

Although infornation on food habits and growth rates was obtained-

from sanpfes of trout collected in several stocked lakes, only Lake 3

fi-sh were used in studies on feeding periodicity, feeding selectivity

and food consumption rates. During 1970, 24 hour g11l netting experi-

nents were conducted on Lake I on the following dates: July 28-29,

August 25-26, and. Septenber 27-ZB. In 1977 the sampling was extended

to cover a broader period and was carried out on YIay 2J-26, June 2-),

June 2!-22, July L4-15, August 9-10, August 30-3I, September 20-27, and

October 19-20. All fish were taken with graduated mesh, nylon gilI- nets

since the submergent vegetation and soft, silty bottom precluded the use

of other types of fishing gear. For each diel sampling two joined 50 m.

nets were set perpendicul-ar to shore at consecuti-ve ] hour interval-s and

l-eft for not more than 1J minutes. This very brief fishing time was

usually sufficient to catch the preselected quota of 10 trout. In May

and June nets were left in for the entire 24 hour sampling period and

checked every I hours. Data fron the ttlay 2J-26 and June 2-) experiments

were combined to provide a sufficiently large sample for that tine of

year. If less Lhan 7 fish were caught at any given interval the set was

repeated the following day" ltlhen more than 10 fish were taken, a random

selection of 10 was used for stoma.ch analysis and, for the renainder,

only length-weight infonnation r^ras recorded" It was assumed that the

data obtained were representative of the total population and that

regurgitation of stomach contents did not occur"
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Complete records of water temperature fluctuations were essential

ì- ^^+-i-^+'ìh^ ri-^^+i ^- ?^+^^ ^¡r r^i'r.' --ri ^- ¡f the tfOUt. TheSe Wefe-LIl UÞ Ualltd,u¿r1ó LlaóuÐ v!et! La uçÐ @]lq u@rrJ raurv¡i u

obtained- with a continuous ïecord-ing theïmometer (lnlekslar, model 06MN1)

stationed near the centre of Lake 3 with the probe fixed at a depth of

1m. trrleekly oxygen profiles were taken with an oxygen meter (VSt, nodel

'¡' \\LL) ânñ Hânn ,atT.)-/

The invertebrate fauna of Lake I was s"mpled- during the summer of

I97I, Although quantltative determinations were taken with the original

intention of estimating secondary production of amphipod.s, these deter-

-iñ-+-i ^h- -?^ ¡?^^^-+^,1 1,.^e^ ^--lv in so fa.r a.s tL^-- -^-+-i- +^ thelllJ-lld,t,l-ullij ¿1Ie !IeÞul.l ugL,L llurti vllJJ JrtuJ IJUI uaf rt uu L

feed.ing sefectivity of stocked rainbow trout. Two perpendicular transects

were established, each traversing the breadth of the lake. Stakes were

driven into the bottom at contour intervals of 0.3 m. along the transects

and. these served as sampling stations (Plates 1 and 2).

To obtain adequate sampf es of the substrate, r^rater column ' and

inshore zone of dense vegetation, ] separate sampfing d-evices were used.

A multiple coreï, described by Hamil-ton et a]. (tgZO) an¿ employed

successfully by Flannagan (tgZO), was used for the benthic fauna (ttate

3) and a 28 1,, self-activating plexiglass trap, described and tested by

Schindler (tl6l), r^ras used. for the water column samples (ffate 4). Dense

1rômô+.*ir¡o mrnr.r*.þ noscd sneci¡.1 nrohlcms in semrr;-- t!'^'rì+r^-l:- ZOne,v eEeL¿Ju-LVe ðauwurl j,UÐçu Ðt/vurar -yrvv!çr¡rÐ rrr D@rir_Plrlló u1rç rfÚvvLa

An apparatus designed by J. lühitaker of the Fisheries Research Board was

an effective afternative to other available gear (PlaLe 5). ft consisted

of a cylindrical iron tank, IJ2 cm, by 30 cn. with a serrated bottom

arloa rnd handlos welded at the top, The sanpling procedure was as

follor^is: At each sampling station the tank was lifted about 0.5 m. above

and perpendicular to the water surface and released- thereby sealing off

a volume of water proportional to the tank d.iameter and the water depth'
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In tall stands of Scirpus the einergent vegetation was clipped prior to

dropping the tank" By twisting the handles the tank was securely anchored

and the enclosed substrate weÌ1 separated fron its surround-ings. As

much vegetati on ^^ -^^^'l 1^'l ^ '-^^ remor¡cd l-¡v h¡nd e:¡h ni ono hoinrr r'ìnqorlv uõv ua uf vlr AÈ yvÐùr Uf C Wéò r uri¡v v uu uJ 1l@rrq t EAUIr IJf çUY UU¿1-o

+}.^-^,,-r.'l .,,,r+}.in the confines of the tank before disea.rding- AJ W ¿ Url¿11 UIIç Uvlif ¿¡1çÐ vJ UIlç U@11Â UEf, V! u uruus!urrtõ .

diaphragm pump, bolted to a plywood base and clamped to the stern of the

boat, quickly extracted the water, Ìoose pieces of vegetation, and the

s-rrface layer of substrate. Al-1 material was pumped into an adjacent

sieve net, washed, emptied into a J-arge plastic bag, and fixed in formalin.

The ¡¡ltr:i f.v of .l-1 øA:n i sms nhqorr¡od frnm ronorf od fi -l I i noq qìrøoêq*o.l o hì rhvr'¡ r u_yus uvu ! ¿af ¿11õÐ ÐuóóuÐ uçu a trrÈ;rr

recovery rate on the first extraction. The tremendous number of inver-

tebrates present necessitated sub-sampling" Consequently only one-

sixth by volume of the actual sample was analyzed.
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Plate 1. Aerial view of Lake 3 facing north"
Transects with sampling stati-ons are
indicated.

Pl.ate 2, Aeriaf view of Lake ) facing west. Note
dense mats of submergent vegetation and
partial ice cover. . (Photographs taken
late October, I97I.)
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Pfate 3, F"R"B" Multiple corer used for sampling
Lake 3 benthos.

Plate 4. Schindler trap used for taking zooplankton
sampl-es in Lake I li-mnetic zone,
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+4ve ).
llr¡'linÄ¡iacl i¡n¡ *rnÞvJ rf rlur ¿ va¿ f,I vlr ua¿l^ ,

and sieve net used for
littoral zone"

t; ^ ^1.--uf 4llr1!óórl _Pull}J t
srmnl i ns T,rT¡o ?
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Treatnent of Samples:

Trout caught during the diel netting experiments were immed.iately

returned to the field faboratory where length and weight information

was recorded and stomachs removed for preservation. Fish weights were

record.ed to the nearest 0"1 g on a top loading balance (lUettter, P 12OO).

Stomachs plus contents were placed in vials containi-ng I0% forrnalin and

stored for future analysis,

Food analysis initially involved the determination of nunber and

weight of various food organisms present in individual stomachs. Although

basic identification was relatively simple, absolute counts became dif-

ficult when food was in an advanced state of digestion. Consequently it

was often necessary to count head capsules or eyes rather than whole food

items. Ltlhen cladocerans were the predoninant food organism the sorting

dish was divided in quarters and the contents sub-sampled. Food samples

were distributed in small aluminum dishes and dried i-n a vacuurn oven for

48 hours at a temperature of 100C and a pressure of IJ p.s.i. The dried

material was weighed to the nearest 0.01 mg on an analytical balance

l"^ ,,/-\\rvle-Ltler, nol / .

To facilitate the expression of stomach content weight as a per-

centage of fish body weight, the dry weights of various size rai-nbow

trout were taken. Since it was not possible to dry all the fish caught,

dry weight information is based on a sample of 79 LrouL ranging in size

from 1"8 to 2J6 g weL. An equation based on the linear regression

analysis of the resultant data was used for all subsequent determinations

nf drr¡ fi qh r^roi ø' / ' ^ \
-*_nt \Appendfx A-)),

Howniller (pers. comm.) reported substantial weight losses of

aquatic invertebrates preserved in 70% alcohol- and i-n 70% fornalin. An

effort was made to compensate for this potential error in stomach content
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weights by preserving 20, 1O.O g. (wet wt.) sanples of amphipods in IO%

formalin and determining dry weights at regular intervals over a 2I week

nar'ìnd Tha ro. / ' ^\,,,- ,-iults obtained (Appendtx A-2) were used to comect dry

weights of the stonach samples taken from Lake 3 trout.

Multiple corer and tank samples were sorted in white enamel trays

containing a sugar sol-ution of specific gravity 1.12, as recommended by

Anderson \1959). Each water col-unn sample was analyzed by emptying the

^¡-*^-r^:-+^ -r:ss notri d-is.hoc.nÄ nnrrn*inñ +hô inrrar*a'hy-*^- diranl--lr¡uv¡ruçr1uÐ rltuw ó!\,-v e+u-¿vÐ d"11L1 uuullt/Jt16 Ltlg lllvel Ue|ulaugS u¿rçuu¿.y .

Although individual counts have been recorded for each sanpl-ing device

and for each station, the results used in the selectivity study represent

pooled data.

Food Habits and Feeding Periodicity"

Percent frequency of occurrence, total- number, and total dry weight

were determined for each type of food organi-sm consumed by Lake 3 trout.

Th^-^ .l-*- r.r^¡^ qanrrttofi annor|ìnn *n *1-ra e¡mn] ino ìn*a¡r¡c'lrlrçÈç q¿uó wu!u uuycrøuvu auuv!ull16 UU Ul-ttj bd,lll!_L_Ll1Èi -LltUtj-LVil,_L,

date, and year. fndividually, numerical and gravimetrlc presentations of

food habit results can often produce biases in the interpretation of the

relative inportance of a particufar food iten. Consequently a consumption

inrlav cÍmilc¡ *^ +l^^+ ñ-^ñ^-^l ' /' ^--\, u¿¡¡lrrar vv vrLaú plurw¡çu by Godfrey 11955), was calculated for afl

Lake J fish. The index was calculated by taking the square root of the

product of the number of fish in the sampfe that have consumed the organism

in question and the average weight of that organism in the stomachs of all-

the fish in the sampfe and converting this value to a percentage of the

total stomach contents for the interval under consideration. The con-

bination of nunerical and gravinetric d.ata into a single consunption

index eliminates the bias which is otherwi-se introduced when fish consume

r f or^¡ r¡off¡ l27.qp fnn.l nræ¡ni õñõ ôr nnnr¡ar<ol r¡ ¡^rhan *hot¡ nnncllma_*_t)v IOOO Organl_s]ns __.,_*,,,_ many
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smaf l- ones. ft ther'ef ore provides a more acceptable rneasure of the

importance of a given food item in a fish's diet"

An index of stomach ful-]ness was also determined for each

of the L970 and t97f diel netting experiments on Lake ). This

s'i mnlv Lhe drv <tOnaCh Content Weisht. exoresserl - n*¡æaÐrl¡llJrJ ulls UIJ ùuvrl!@u]1 Uvlluç1lu Wv¿õrr vq @È A ¡/ç!UslluAóç

1-^r.' "^'i-r.+ r,Lon nln*tod fnr o¿¿þ Of the B Samnling interva.lsUvuJ W çróI¡ u . vvllull j/Iv u uuu f v! çdull va UIlU U ù4lllt/!arrE)

2lt. hv nari n.l *i..oqo i n| i noq nrnr¡i rì o r oranhi n pw¡roqqi nn nf *hoLA M. IJç!avu UIIYÐç lltUIUçÞ lJIwVruç e 6rolrr¿v u^jJIçÐùf v]¡ vf UIlg

feodi no rhr¡thm nf T,¡Þo ? trnrr*

l'aad i no Sol an* i r¡i * r¡¡ vvs+¿¡b vL I L vJ .

interval"

index is

of d rr¡

over a

diel

Both laboratory and- field studies i^rere carried out on the feeding

selectivity of rainbow trout. Selectivity is expressed as an index with

values fron -1 to +1, an index of 0 indicating that the food organism

under consideration is consLLmed in about the same ÞToportion as it is

availabfe" This index, used initially by lvlev (l-ç6l) and noïe recently
-t^-, e+^-^^+T-^ ^-l ' /-¡^^\vJ Ðuë"LvÞuÂd. ar,.r ApplegaLe \1970) is calculated using the equation,

^ / \ // \5: tr. - þ.)/\T. + P./' a -a" a tl'

where S : index of selectivity, r. : the abundance of a given food item

i n *ìa^ r-*i nn ^wnraqqa¡] âq â 7lê?nønì>ço nf l-.ho *¡*-l r¡*i nn .-| nItl UllY IóU4UI1, U-.t*----* úgVAL !4UfvII , @IIu ¡/.

the abundance of the same food item in the lake, expressed as a percentage

of the total food complex" ft should be emphasized that this index is a

Ineasure of the sel-ecLivity shown for a food iten in relation to its par-

ticular abundance and d.oes not necessarily indicate the lmportance of that

food iten in the trout diet.

Selectivity is actually a function of tlro closely related factors ¡

/ , \ / ñ\(1) the preference (P) shown by a fish for a particular food item, and

/^\ /', \ ^ ,, ^(2) the accessibili-ty (A) of the food organlsm itself. Differences 1n

nror¡ si7ê. môl-lil.r+-, ^-¡ 1^-1^-i+^+ nlevent the ahs^1"+^ ^^-^*^+;^- of!rUJ ùrZUt llluUII]UJ, Õ"rru- !Ió"U!Vó, U _yrevvrru uuuf,quç ùçjJAt4uf,wlr
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these factors under natural conditions. The purpose of the laboratory

experiments was to obtain some understanding of the relative contribution

of each factor to the observed feeding habits of the stocked trout.

T.-'Lnro f nr.¡ Elv¡ori m on* c!¿tiv LauvI v Ð^vclJt¡tcliuò

A 100 1. aquariun, connected to an adjacent 500 l. holding tank by

a smafl water pump and siphon, was used for the laboratory experiments.

This arransement nror¡idcrl: r'ontinuous flow-throtrgh w'i th ¡ nonstant water

temperature of tZ ! 0,5 C" fn the first seïies of experiments a clear,

concealment-free aquariurì was used- while in the second series a natural

situatlon was duplicated by introduclng a J cm. layer of silt and organic

d-ebris as wel-f as several aquatic plants. Theoretically the cl-ear

^^,,^-;,,- ^.Ff^-rrd enllal enness-ì l^-i'l .r+., ^¡ f^^r {+,ems to the fish and sub_@\luGliurr 4afvluvu çLl*or @uuçÈùruflruJ vr Jvvu fL

sequent measures of selectivity were a function of preference only. hlith

concealnent availabl-e to the prey, as in the latter arrangement, selectivity

was a function of both preference and availability. A conparison of

selectivity indices obtained using both set-ups provides at least a

superficial assessment of the importance of availability and preference

as conponents of feeding selectivity.

For each experiment a single trout, ranging 1n size from 17 to

ttÉ ^ "^^ ;-+-.duced into the ant:¡riltm 15-20 min- after 7\ of each of
-) ó. t W@ù fffulvquuçu r¡Iuv e]¡ç oYuol . @Iuç! l) vL w

t.ho fo1lowinr" orsanisms hafi heen ^r^^å ' --ñ1.'innÄq- corixifls. Ch:.ObOfUSu¡f ç I v!rvn rlró vr6@r¡aÐr,rÐ f laq uvvlr @quvu . @tllyr¡f !vuÈ t vv! r^¿qÐ t v!ro

larvae, chi-ronomid larvae, zygopLera naiads' and smal-f gastropods, After

feeding for t¡^ro hours the fish was removed, autopsied, and its stomach

contents enume::ated, Eight repficates were run for each series of

^..^^-.i - ^-+ ^Y^f çI f rrrçrr uÈ t
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Field experiments

Data on the relative abundance of food organisrns in the trout

stomachs and in the Lake ] food complex were used to deternine the

feeding sefectivity of Lake I rainbol^¡ trout. Invertebrate samples ¡rere

taken between 1300 - 1/00 hours and between 240A - 0400 hours on June

2I-22, July 29-30, and August 30-3I, L97I. These samples ran concurrent

with diel netting experi-ments except on July 29-30. Consequently, the

nUmber of orrren'i qmq nraqan* in f,þg fatiOn Can be diranfìr¡ raì "Ìed tOe4J rurauu

their availabilities in the lake during the sane interval. Stomach

content data from August 9-10 were combined with the invertebrate sanple

taken on July 29-30 to arrive at selectivity indices for this period.

The mul-tiple corer, Schindler trap, and iron tank were employed for

all daylight samples but only the former two were used at night. fnfor-

mation on sanpling is surnmarized in Table l. Bottom sample counts were

,2
combined for all depths and expressed as inean number/n* for the entire

vegetation-free portion of the lake. The densities of pelagic inverte-
- ,i t2brates, expressed initially as mean number/n', were converted to number/m-

of l-ake surface area by assuming an averagelater d.epth of 1 m in the

linnetic zone, The availabilities of benthic and pelagic organisms could

+h^- l^^ ^.,h-^-^^J -i- ^:-{'l^- +^- 
')

urrçr¡ uç o^y.=oo.d in similar terms of number/n* of lake surface area.

Tank sampfes taken from the littoral zone hrere treated independently of

the linnetic samples. As a result, two sets of selectivity indices have

been calculated, the first for the linnetic invertebrates and the second

for the littoral organisns. Estimates of r., the relative abundance of

any given food item in the ration of the fish, r¡ere determined from

analysis of trout stomachs obtained. in the d.iel netting experiments.

Results of the 1200, 1J00 and. 1800 hr. net sets were used to cal-culate
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daytime selectivity while nlghttime selectivity was determined from fish

caught al 2100,2400 and 0100 hrs. ft was assumed that the 25-30

stomachs analyzed were representative of the population of stocked fish

^11þi¡- 
+t -+ -^-¡li-- i-+^--,^lqu! 1116 ulrd u Ðd[ylf,]16 r11 ucL v dL .
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Table l. Summary of I97t Lake 3 invertebrate sampling schedule.

Samplins
:-ntervãl(rri". )

Gear used Number of
^^-^] ^^È aIrlr! Ç È

Tlo¡*h nfÈvf vLL vL

-t\samp_Les \rn/

June 22
tl

tt

.Trrna 2?
" 

a,'v *)

,l

JuLy 2)
tt

ll

July l0
tl

Arrø ?O¡¡qb.

tl

Aug. 3t
tt

r 530-,7630

r630-r7r 5
001 5-01 30

1 300-1 500

1 030-1 1 30
01 00-0230

16)0-r7L 5
1"LL<-1 Lltq
r 504-t 545
oI00-,0345

Mrrl *i n"l o nnrar

C^L'i ñ.ll ^- *ø-¡purlJ¡lqrç! vLay

Tank
Mrr'l*in'la nn¡ar

Snhi ndl pr iran

Mrrl ti n'l o nnror
.(nhi n¡ll ar *rq¡w¿qy

Tank
Mrr'i*i¡'la nnrar
Snhi nÄl ar tr¡nv!aI

Mrr-l *i¡] o nnror
Snhi nÁl ar *rr¡

Tank
Mrr'l fin] o naror
Snhì nÄl or *ranv*vf

no121v./r!.Lrt.J

0.6,0 ,g ,I "2,! , 5
0,5
no121
"./,L.*,L.)

^/^^¿^au.o,u.Ytl,Ltr,)

0 ,g ,r ,2,r ,5
^a^^1u.oru.Y¡L,atI")
0,3,0,7
no121(
"./)'.þ)L.)

o,6,o,g ,r ,2,r ,5

0,9 ,r,2,r ,5
0,6r0,9,I.2,I,5
0 "3,0 "7no121(
"./,-.*|'.J

0.6,0 .g ,L ,2,r , 5

3
8
1

3
B

6
1B

2
6

1B

6
1B

2

3
1B
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Rates of Gastric lieestion

Gastric digestion rates of rainbow trout were determined during the

summers of 7970 and 1971 using field faboratory facilities. Two large,

5OO 1. rectangular tanks ("Li,ring Streams"l) each equipped with a 1" h.p.

nool i nq :nâ ni rnrrl ¡* i no rrn'i * f rrM: - Õ ñ^ ^r 'il\ --^-.vurauarrð urrru 1 ,11n-U-Uoo1"-) were used for all experi-

ments. Itlhen greater than ambient water tenperatures were required, an

immersibl-e water heater was employed. It was thus possible to obtain

fairly precise control of water tenperature; resul-tant fluctuations did

not exceed 10.5C. The tanks r^rere cleaned- and refilled- with filtered

Lake 3 water upon completion of each digestion experinent. Rainbow trout

were held in a nylon rnesh cage in Lake 3 and transferred to the laboratory

r^rhon ro.rrìrorì

A total of 17 experirnents were conpleted i-n assessing the effects

of water temperature, meal size, food type, and fish size on the rate of

gastric digestion in rainbow trout. Pertinent information on the

experiments undertaken is given in Table 4. The experimental procedure

used was sinilar to that of Brett and Higgs (tgZO) in which a large group

of fish, fed initially to satiation, was sampled- at regular intervals

until digestion was complete. A sample taJ<en imnediately after the fish

had been fed provided an estimate of the average amount of food consumed

by the fish. Four or more subsequent samples were usually taken, each

consistins of 6-10 fish. The trout were starved for 36-72 hours before¡ Ç ¡rvqru

testing to ensure that the stomachs were completely empty"

1-Model- MT 700, Frigid Units Inc,, Toledo, Ohio

2*Model- Dl 100, Frigid Units fnc., Tol-edo, Ohio
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Fish transfened fron the caged stock were acclimated gradually to

the faboratory conditions. llater temperatures were increased or decreased

at the rate of 7-2C per day until the required temperature was reached.

The fish were fed daily, always with the food type to be used in the

digestion experiment. Small- fish became readify accustomed to the artifi-

cial- environment and fed voluntarily at all times. This was not the case

with the larger fish, however, and several experinents were terminated

because of the reluctance of nany individuals to consume the food offered.

ft was possible to complete only one experinent using large fish (i : 995,)

and for this a somewhat different approach was taken. Using the same

set-up as outlined for the sefectivity experiments, individual trout were

transferred fron their holding tank to the clear aquarium once or twice a

day and offered quantities of live amphipods. After 2t weeks most fish

fed vol-untarily and it was then possibl-e to compJ-ete the digestion experi--

ment. Each fish was fed a predetermined weight of fresh amphipods and

then autopsied at the desired interval. Fish from each sample were

weighed and their stomach contents transferred immediately to labelled

viafs containing I0% formalin. The contents from each sanple were pooled

and dry weights determined. Data were compiled as the dry weight of food

rcm: i ni nr" i n f.hc s,f.om: r'h pvnros<^ .l ^ -+ ^øê nf drr¡ hodr¡ rrei.oh-l-.e¡f v r uvrrr@vf r u^f!çoÐçu aÐ a yçruç]Iu@óu vf qrJ wuabr¡ v

/. \ -(index of stomach fullness). Each measurernent was then converted to a

percentage of initial food consumption to facilitate graphic comparisons.

This was considered necessarv because satiation level-s for trout at

different temperatures varied considerably, naking direct comparison of

digestion curves difficult.

Differences between slopes of the linear regressions of the natural

logarithm of percent digestion on ti-me were tested by the analysis of

covariance. Appropriate tests were rnade to evaluate the effects of water



temperature, food type, meal- size, and- fish size on rates of gastric

digestion.



Table 4. Summary of dates, water temperatures, food, fish size, and variables considered in
laboratory experinents on digestion rates of rainbow trout.
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¡^+ ^uavç
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Aug,, 1970
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l4ay, I97L

June, I97I
June, L97I

July, T97I

July, lPl1
Sept" , l-970

Aug., I97L

June, L97t
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Tomn fi ch ci oa¡çrl}/ ., r¿ur¡ urav

tt

I

N)
o.
I



-27-

! vvq vvtlÈqtt!uau¿l

Estimates of daily and seasonal food consumption of Lake J rainbow

trout were obtained from knowledge of the diel pattern of stomach full-

-^^^ ^*¡ ^F -^^+¡¡çùÈ alrq vr óéÞ uric evacuation rates " Only resul-ts fron the I97I diel_

netting experiments were considered. The method used involved the

determination of the ainount of food consumed for each J hour interval

over a 24 ihr, period and the subsequent summing of each quantity to

ohta.in ¡. fisrlre for dailv consumnt'i on- A r"ener¡lized form of the

enuation emnloved is as follows:

c:.3,ftr.-r-,,)*il
1:r L. -L -L-r- .J

where ¡

C : daity food consumption as a % of dry body weight
+hT.= lndex of stonach fullness at the end of the i-.- interval

l-

/. ^ -/,^^ .\(i.e. I dry wt food/100 g dry wt. fish),
+hI. ,= index of stomach fullness at the start of the i""a-I

interval

D = amount d.igested during the interval (expressed as g.

dry w-b digested/ 1OO g dry wt" fish).

n = number of intervafs.
/-lnlhen (I- - I. , ) + D was a negative quantity, consumption for the

f f-a

i-nterval was taken to be zero, The regression coefficient required- to

cal-culate D was obtained from Flgure B by interpolation and inserted

in*n *Ìro ov¡nnon+;^.] ^^,,^+.ì^_ 1*l¡l: lnld^ _ bT. Since the average waterJr¡ uv ullv ç^yvllvll u¿ar E\.{ qa uIvll I11 
o

temperatures in Lake 3 at the time of each diel netting usually deviated

from the laboratory temperatures used in the digestion experiments, the

need for interpolating "b" values becone obvious.

The validitv of the results obtained usins this nethod is



.>t7

¡lanandan* n¡ *1¡a fn]-l n'.''ì ñ- -ôôìrññ*i nn-.uç l./çIIuçIr U ulr UIIC I wlf wWltlð Aùù Ulry UIUIlù .

1. the diel pattern of stomach fullness for each sampling period,

as indicated by gi11 net catches, is quantitatively representative of

the Lake I trout population at that time.

2, the results of laboratory experiments on rates of gastric

digestion are applicable under actual field conditions.

To evaluate this technique, determinations of daily food

consumption l^rere completed using I other nethods, Foerester and Ricker

(tç¿rg) estimated the food turnover rate of Cultus Lake sockeye to be

approximately 4 during the summer months. This method was appJ-ied to

Lake 3 trout by multiplying the mean stonach content weight for each

of the June-Sept. diel experiments by a factor of 4" A modification of

this approach, as described by Sandercock (L969), was also applied to

the Lake I results using the equation,

hlt. of food in disestive tract(e)llârlv7'aT.1 on - - .- z \ ---\o'X'i'UfnOVef faieXl00wt. of fish(g)

where, weight of food in the digestive tract : weight of stonach contents

x 2,6, A turnover rate of 3"0 was considered reasonable for trout aL I9C,

A third series of deterninations r¡as undertaken using tr{i-nberg's

/¿ ¡-/\ .
11956 ) balanced equation

n - (r: -r .n),/-
' +// P

wherp R: d¡ilr¡ r:tion in ner¡on* ¡lvr¡ r.roi¡Ìr* fl - '¡-;1" --^"+L jn narnontwriçrs rL - qar¿J rourvrr ¿i] I/glvgiru ual wYrÈ;lru t s - qarrJ óIww urr arr yç!vvrr u

dry welght, T = expenditure for metabofism, and p = correction for the

incomplete utilization of the ration (=O.S)" The expenditure for

metabofisfl, T, can be determined from the wel-l d.ocumented parabolic

rol :*.ì nnqhi ¡ hotr^raan r^roì oh* ¡nd ma-F:hnl i qm oi r¡on hr¡vJt

Ir
Q = aw--

where Q = rate of oxygen consumption (nLl.jrfhr,), W = weight of the fish
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(g) and a, k are constants. Average values of a : 0.10 and k : 0.81

are suggested for freshwater fish aL ZOC (Winlerg L956), The resting

metabolisin ÏIas corrected for water temperature using appropriate conver-

sion factors and then multipJ-ied by 2,0 to estiinate inetabol-ism in nature
t'.,. . -^-/\(llinberg f956). Although several assumptions and generalizations are

mcrla *hìo mo*hnF L'-^ +L^ ^i.^-''r-ø ^.1.'--t--^ ^f renll'irin¡¡ on'lv r"fOWth¡rrauE, ullaÈ r¡rç UIIvU I1@ù UrlC ùfjtóUtd.I d,LlVctlt Ud"6tj U_L rçqurrrrró vrrrJ ó.

rate i-nformation since all- other values can be extracted. fron the

literature.
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RESLII,TS

Food Habits

Stomach analysis of 529 rainbow trout caught during periodic diel

gi1l netting on Lake ) revealed a marked, though regular, variation in

food habits during the period May through October, LSTI (¡'iS. Z),

Amphipods, cladocerans, and chironomid farvae together comprised over

85% by weight of the total- food eaten except on June 2I-22 when dytiscid
-l 

--.,^^ ^-.¡LaLvaÉ arrr zJóvptera naiads accounted for 38% of consumption. Food

organisms which were consumed infrequently and therefore grouped together

in one category include corixids, chaoborus farvae, Ìeeches, haliplid

beetles, Trichoptera larvae and gastropods. Terrestrial invertebrates,

bottom debris, and plant material were found in the stomachs very rarely.

0n1y 18 empty stomachs, 10 from the June 2I-22 catches, l^iere noted in the

entire analysis. The incidence of a:nphipods increased with each samplingr

comprising over 90% of the dry weight of food eaten from August through

October, Young fish (i = 6Ð refied- heavily on chirononid larvae;

however, by June 2I-22 their incidence had declined to B% bV weight

t , . ^ /^\(consumption index of 12) and continued to decline over the renainder of

the season. Cl-adocerans were utilized frequently until JuIy but were

rarely noted in the trout diet from August on.

Diel changes in the food consumpti-on index, determined fron the

first four sampling periods, are illustrated in Figure J" The diagrams

indicate the relative importance of the various food organisns as a

percentage of the total for each interval but in no way refl_ect the

quantities of food consumed during different times of the day. There

was little difference in the consumption index between morning, afternoon,

^i,^hihæ ^h,r h-i ñh+ +l,l^ ,,-'l ,ro- €OI' amnhinOds fAn,-.-- ¡-^- /,r t- ThevV vllfllðt d,rlU I1lÈ;1lu, UIr€; V¿luVÞ I -- *-.-¡---¿- ---- -*--óltlÈ; f Ivilr 1r-)( o

indices for chironomid larvae ranged fron 72-19 and for clad-ocerans frorn



Figure 2.
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Rel-ative importance of najor food organi-sms
in Lake I trout stonachs for the 1971 diel
netting experiments, based- on consunption
ind.ex. Each diagram represents poofed- Te-
sults from B separate samples taken at ] hr.
intervals over a 24 hr, period.. The number
of stomachs exanined and the nunber of empty
stonachs is ind-icated at the lower right.
Percent by weight (it >SÐ is shown within
each section.
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Figure l.

.).>

Relative inporL,ance (consumption index) of
major food organisms in Lake 3 trout stomachs
for the morning (o¿oo + OgOO hrs.), afternoon
(reoo + IJOO rris.), evening (tgoo + 21oo hrs.),
and night (z+oO + OJOO hrs.) samples. Each
d.iagram represents the combined d-ata from the
llay 2J-26 + June 2-), Jwte 2I.22, July I4-I5,
and Aug. 9-10 diel netting experiments. The
number of stomachs analyzed. appears at the botton
right of each d.iagram and the /" by weigfit (ary)
of each organism is given wíthin the appropriate
secti-on.
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IB-24, The highest and lowest values, for amphipods and cladocerans

respectively, occurred at night. The importance of "other" i-tems,

mainly dytiscid larvae and zygoptera naiads renained remarkably constant 
"

A comparison of consumption indices for Lake 3 trout caught during

diel netting experiments on simil-ar dates in two different years is

shown in Figure 4. lnlhil-e cladocerans were absent fron the late August

and Septenber fish in L97L they constituted 1J and 23% by weight of the

trout diet in L97O (consumption lndices of 26 anð.27 respectively)" The

consumption index for chirononids changed little for the I dates during

I97l buL a progressive reduction from 12 Lo 0 was evident in 1970, The

increased incidence of corixids and Chaoborus l-arvae in L970 is reflected

in l.he sl ie"htlv higheri ndi r:es for the "other" caLer"orv^ Amnh'i nodsv(j e v() v!J

remained the most important food iten.

Â'l*1''nrral-r n*1ro¡ e*rrÄrr ¡ra¡ -l -T¡^- '.'^?^ -imi'l¡r limnnlnoinrllr¡- t.horaóru]]vu6r1 vu1lva ùuuuJ alga Iógù wvrg Èllll¿lar !rrrrrvrvóreG!fJ, urlçre

was considerable variation in the food habits of the trout populations

/^ - - -\(Table 5). The small number of stomachs anaLyzed and the absence of

gravimetric data severely limits interpretation of these results, however,

some generaf observati-ons can be made. Except in Lake JB on which

Chaoborus larvae and gastropods were the main food items in July and

Á.lrslrst resner:tivelv- ¡mnhinods r:hironomid larvae and cladocerans com-

prised the bulk of the trout ration. fn nearly every sample anphipods

had. a frequency of occuïrence of I00% alLhough it appeared that they did

not constitute as large a porti-on of the total diet as in LaJ<e J trout"

The extent to which chironomid larvae were utilized appeared sinilar

with the exception of Lakes 39 and 4 where their numbers were propor-

tionately greater. For any given fake cladocerans were the najor food

items in either July or August but not both, i^¡ith no consistent monthly

n-**^.ffi À'l I ñf +r..^ ^*t^^r ^^.'^+iC invertebrateS, ShOWn tO oCCUfpd.l, úeLrr. nf -L u-L ultu v vrlvL aqqa v
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Figure 4. Relative inportance (consunption ind.ex) of
major food organisns in Lake I trout stomachs
for similar sampling d.ates in 1970 and I97I.
The total number of stomachs analyzed. and. the
number of empty stomachs is given at the bottom
right of each diagram. -Percent by weight (if
)5Ð of each organisin appears in the appropriate
section.
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Table J. Comparison of rainbow trout food habits in 6 study area lakes during JuIy and. August I97I,x

ORGANISMS

Am¡hì nnd:

Chirononid.ae

Cladocera

Corixidae
Chaoborinae

Tìr¡*icni¡l¡a

Cq q*rn¡nd¡

lrdrrPrruaç

Hirudinea
Tri nh nn*.ar:

7,trcnnt.ør=

LAKE 4
T,,r.- 

^,,-..^+u u_LJ nu6uù u

NFNF

45 40 606 1oo BB3J0.ol5B4 700 223 I00 652 r00 723 B0 653 too

93 roo 28 1oo 2 20 25 roo 29 60 7 40 14 Bo

r42? Bo 6o zo 9 40 44 Bo 418 6o 843 6o

+ 6o 3060 I 20 10 4025680 L 20

311 100 255 700

I 20 I 20 I20
66 Bo 14 6o tzo L 20 rr B0

12|, 420
22OI2oB2052Bo

3 +0 2 20 120
12 Bo B 4O t+ 60 34 100

LAIG 41
T,,-r.. ^,,-,,^+u urJ nu6uù u

NF N F

LAI{E 101
-f,,-ì -. 

^,,-,,^+u urJ nu6uÐ u

NFNF

*Based on analysis of 10 stomachs per lake. N : total number; F : percent frequency of occuTrence.

LA]G 9 tAi{E 58
July August July August
N FN F N F N F

7 6o 99 Bo 410 60 1o9B loo

t 20 B 60 65+ too 64 Bo

- - 14+ 20 332 20

t45 roo 11 Bo

207+ B0 6 20

760520
666 too 3 20

7202+0440220

rArcr 39
T..'1 -- ^",-,,^+u UIJ nq6uÞ u

NFNF

24o6805680

I

\-^

I



infrequently in Lake 3 fish, appeared at one time or another in stomach

analysis of fish fron these other lakes but generally they made up a

very sna1l portion of the diet"

H'ead ì no Parì nd ì ni T r¡¿ vvq¿rrb

The diel pattern of feeding intensity, as indicated by changes in

the index of stonach fullness over a 24 hour period, renained essentially

the same for all sampling dates during 197f (Fie, 5). With the exception

of snatl, newly stocked trout (May 25-26 + June 2-l sample) feeding

appeared to be restricted to daylight hours. Minimum values of the

index of stonach fullness invariably occurred at 0J00 and 0600 hours

indicating virtual cessation of feed.ing activity frorn 2400 Lo 0600 hrs.

Feeding resumed prior to 0900, continuing throughout the day and into

the evening. Peak periods of stomach fullness usually occurred between

1J00 and" 2100 hrs. although abrupt increases were the exception rather

than the rul-e. Care nust be exercised. in associatinq stomach fullness

with feeding intenslty since erroneous concl-usions could be drawn without

knowledge of digestion rates, food size and sample size. Nonetheless it

is clear that rainbow trout in Lake I exhibit a diurnal feeding period-

icity with more or less continuous food consumption during dayllght

hours" The aveTage quantity of food present in the trout stonachs as a

percentage of body weight was highest for the smalf fish taken in late

Mav and earlv June at 2 -"\- Avcrase 'ìndir:es of stomach fullness for the" *. )J

other six sampling dates were 0.30, 0,57, 0,40, 0,58, 0,62 and 0.30.

Fish size, water temperature and weather conditions at the time of

sampling probably account for the observed differences.



Figure J.
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Diel pattern of ind-ices of rainbow trout
stomach fullness for each 24 hour sampling
of the Lake ) population conpleted d-uring
tine I97I growing season. Unless otherwise
ind.icated each point represents pooled-
results from 10 stomachs. Dark lines belov'¡
time axis ind-icate hours of d-arkness.
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IraoÄ ì nr¡ Sol on* i r¡ì * r¡

T,alrnr.* ^Tr¡ nvnôri mon*c!a vvla u v! v !^ pç¿ f,IlçIl uÈ

Analysis of variance tests on feeding sefectivity of similar size

rainbow trout r^rere completed for all laboratory experiments. The mean

nunber of the various types of organisms consumed r^ras significantly different

for trout in the concealment-free and. in the "natural" aquarium (F :3,59,

lt )ct. Þ¡-n n<l
a.Lvt L \v.v)/.

The a.vera.p'ô nô?^ôn* nnmnnqltiOn Of the ratiOn fof bOth Series of

experiments is summarj-zed" in Table 6. In the clear aquarium the following

organi-sms were consumed in decreasing abundance: chironomj-d larvae,

amphipods, zygoptera naiads, Chaoborus larvae, and corixids. No gastropods

werc e:*.en. Ohscr.'l¡¡tinns nf nÌâêa' ^^+;-';+.' ^f+^- theif intfOdUCtiOn intOwU¿U UaUUffa vUÐç.|ufvl¡Ð vr _PrVJ GVUIV!VJ AIVçL

+h^ ^'lô1? 1^rrlyirrm ìnÄinc-fad *h^+ +L^ --^1r-ñ+'ì^n nf a^trql rnnoqqihilì*rrUllU U!UdI ót{UdII4lr¡ ¿IIUIUóUUU UIlóU Ul]U ¿òùqlll!Ufv]] vI Equa¿ au9çÐÈlUIIauJ

d'i d not entire'lv hold - Amnhinods nuicklv soup"ht out the corners and were

nanl.llrc| hv t.ho trollf. onlv i^rhon *ha¡¡ r¡an*rrroÄ i.tO the Watef COfUmn OfvareJ

swam across the botton of the aquarium. Corixids were usual]y very active

swimmers and paused only briefly at the surface for air. Chironomid larvae

were distributed more or less randomly about the bottom and, aside from

periodic twisting and bending movements, were not particularl-y active.

lJhen zygoptera nalads left the bottom they swan slowly and appeared to be

easy prey for the trout.
ñ^--^--l + + ^vu¡,,yvÐru¿-n of the ration changed. considerably in the simufated

natural environment (fa¡fe 6). Conceafnent r^ras now available for the

amphipods and zygoptera naiads as well as for the bottom dwelling

chironomid larvae. This is clearly reflected- in the very low consumption

of chironomid-s (Z% of the total) and in the greatly reduced consumption

of amphipods and. zygopteïa naiads. Under these cond.itions corixids becalne

the predominant food item, followed. closely by Chaoborus farvae. It would
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therefore appear that accessibility is the more important determinant in

sefective feeding and that preference plays a refatively ninor rofe.

Translormation of the results from Table 6 into sefectivity indices

cl-arifies this relationship (fu.lf" 7). Food preference (f) is calculated

directly fron the first series of experiments while selectivity (S) is

deternined fron the second series. Since S : P + A, the accessibility
/.\fecf.or {A I 'ì s e¡^'i'r" +^r^"'r-+^'r Tn al-l cases the value of S is influenced-\--l -*ùrlJ uóuuréugq.

nrimarilv hv -f.he ¡nnessihilif.v cômnôrêïr+.. The m^^+ ^"+^!^-r;-- result is-ulllfvltçrtu. frlÇ !rvÈu vuuùualturlró

that both chironomid larvae and amphipods have a strongly negative ind-ex

i n s,ni to of f.hpi r nosi ti vc nreferên.'ê r'ômnonent - t7-'-^^+ * ^ds afso hadrll È_PIUU vf UtlçI! _t1vÐ¿urvU y¿ureIçlluç çvllryvllçI] u. LJóv.yúYLA ttalQ

a negative index as did- the gastropods which were avoided in both experiments"

The positive selectivity index for corixids and Chaoborus larvae probably

results from the high availabil-ity conponent of each.
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Percent composition of the ration of rainbow trout allowed
to feed for 2 hours in a clear, concealnent-free aquarium
(n-) ana in an aquarium slmulating natural conditions (R-)'
Eaõh value is an average of B separate determinations.

Ration Food Organism
Á - -L: ^^¡ ^ n ^-: ..idSörllPlrlyuqÐ vv! f ^

arl^- ^l^^-,,^ 7,,-^-+ ^-^v]]¿VUUruù uJówPúela Chironomid Gastropods
l-arvae

0

0

28

2

2I

10

17

4I

11

1+2

c')

5

R
p

R
n

Table 7. Conparison of sel-ectlvity indices(S)
^ /-\ /¡\preference (P) and availabifity (A)

different food organisms.

rrilh fhair roq¡an*ir¡awf,uff ufl9¿r rvÐPçvurvg

r.omnoncnï.s for six

Food- organism
Amnhi nods Cori xids¡¡,¡ryrl¿yvqv

frL^^l^^-r'^ 17-,^^^\,nao Dorus LySo Pr.eTa Chironomid Gastropods
larvae

S

P

-0,56

0,16

-0.72

0,44

-o 22

0,66

0,42

0,02

0.40

-0,26

o 11

-0,32

-0 .83

õ 2<

-1 .00

-1 .00

-1 .00

0
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Field experirnents

To assess the feeding selectivity of the Lake 3 trout population

techniques sinilar to those outlined above, were applied to the results of

the invertebrate samples and corresponding dief netting experinents. ft

was necessary to cafcufate two series of selectivity indices, one for the

large, open water area of the lal<e and another for the area of vegetation.

The relative abundance of various invertebrates in the Lake I limnetic

zone, deternined fron multiple corer and Schindler bap samples, is

summarized in Table B along with the corresponding data on the trout

ration" The submergent vegetation in Lake 3, consisting more or less

exc-l llsi vel v of C^-^+ ^*L-''r'ì "'- ^- r lVlvri onhr¡l I lrm . r^ras exf.remel v dense andç^uruÐavs¿uv vI vElauv-¡/rr.yrlurrr allq jjJj-:!j-8llll-:!jj.l.ll, wuÐ v^urulrulJ

almost certainly excfuded penetration by fish. This was confirned by catches

from gitl nets set from within the vegetation to the open water area of the

lake. Although most of the fish were taJ<en weII out from the edge of the

vegetation, some were recovered in the transi-tion zone, between ]ittoral

and fimnetic water, Assuning that the najority of feeding occurred within

the non-vegetated l-lmnetic zone, as observation of gill net catches and

analysis of stomach contents r¡oul-d suggest, the actual selectivity indlces

should closely approximate those presented in Table 9. Chironomid larvae

h-^ - -*-nnm'lr¡ naør*-ir¡o indêy ôn -'lì ^^---l-i-- l^+^^ 1\T^-^+{--^ -ê'l an*ir¡ì*r¡lld,O d, SLI-uI.tBIJ f]-o*-- --- d,rr Þd,rll}Jralló ud,uuò. rrvëlaufvs Èw!çvurvfuJ

indices were also recorded for cl-adocerans on all but one sampling date.

l{ith a single exception, amphipods were positively selected. A few fish

r^ri th : r¡erv I erse nunber of cfadocerans 1n their stomachs account for the

inconsistent ind-ex recorded for amphipods and cladocerans on August ]0 and

<hnrll| Ïra rooaT|^^ ^- ^+.¡hi^i'lùrrvulu ue !uõqruuu dÞ AvJylwal.

If the assumption was nade that trout feed only in the littoral

zone, the selectivity indices for amphipods, chironomid. larvae' and clado-

cerans become completely altered. (fa¡te 1O). The indices for chironomld-
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larvae and cl-adocerans are then strongly positive while those for anphipods

become negative. The -1 value for corixids, Trichoptera larvae, gastropods

and leeches has little neaning and shows only that these organisms were not

/¿nt.¿ - \eaten. Al-Ien \194I-b) considers the phenomenon of sel-ectivity to apply

¡--r., {^ +r."^^^ i^ñ- "h;^}. ^-e abundant in the environment and are fre-vLILJ UV UllVÈç u!óAlrrÈr¡!Ð Wfi¿Ulf 4!

^rrôh+'lr¡ ananrln*ororì hr¡ lho fi ch



Table B. Percent abund-ance
tïout stomachs (F)

n^+ ^uaú|-

T,,-^U UIIU

T,,*^U UIIU

u qLJ

Arro¡^l4b.

Tlrt,,u urJ
Ar ro.¡\4b.

nuÈ;.

Àrrø..\^b.

Tine

22

2Q

9

3o
L0

30

)r

Amphipods
tF

DAy 4.O

Night 5,5

Dav 37,8
Day

¿/ aN1gnr )o.o
Night

Day 77.4

Night 73 " 3

of various food organisns in the
fnr ? cal-c af .l-.r ñi -h+ -¡mnì ^-LvL ) Ðç uÞ vr u¿J -11¿6Il U ùArlry!sù

Cladocerans
LF

)),+
4l, 

^L+, )

64.r

B0. g

54.0

QA2

78,0

80,2

41,1

20,4

1Â (

Chironomids
L

35.6 17.2

77 ,B I4,I

20,9
30.0

23.0

)t.1 2 R<Ir a Ç v ¡ -)

-^

Ï,¡I¡a ? 'l ì mna*'ì n

lrÞon dlrrino fho

Food"
l-.
F

Cnriyids f)vtiscids
LFLF

drt¿ùIl

-a^{),L u. -l-

0.1 0.1

0.1
5"8

(0.1
2.7

4,4 <o,r

0,7 <0.1

zone (l) and in Lake l
summer of L971-,

(0.1 6,9

lp.1 5.4

7.,-^-+ ^-^ fl1^ - ^l^¿ySoprera una(,)porus
LFL

1 .0 {0.1

2.4

<0.1

(0.1
0,2

0 ,3 <0.1

0.1 {0.1

1.
F

/^ 4

a^1

I

\,
I
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Tabl-e 9. Comparison of sel-ectivity indices for amphipods, cladocerans
and chironomid larvae, assuning that feeding of Lake ]
rainbow trout r¡as restricted to the limnetic zone, fndex
val-ues were determi-ned fron data in Table B,

Food. Organism
Date Time Arnphipods Cfad-ocerans Chironomid l-arvae

June 22 Day 0.84 -0.37

June 2) Night 0,44 -0,02

Aus. 9 Day 0 .26 -0.1ó

Aug.10 Night 0"18 -0,I3

Aug. 30 Day -0"18 0. 50

Aus. 3I Night 0,I5 -1.00

_0.69

-0.99

-0 ,57

-0. B0

-0. 84

Table 10. Comparison of selectivity indices for various food
organisns in Lake I assuming the trout fed. only
in the littoral zone,

ll^+^

Food Organism June 22 August 9 August l0

Amphipods -0,79 -0,22 -0,29

Cladocerans 0 ,33 1. 00 1.00

Chironomid larvae 0 .56 0 ,78 0 ,76

Corixids -1.00 -1.00 -1.00

Tri ahnn*ar¡

Hirudinea

Gastropods

-1.00 -1.00 -1.00

-1 " 
00 -1.00 -1.00

*1.00 -1,00 -r.00
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Rates of Gastric Disestion

The relationship between quantity of food renaining in the stomach

and the tine interval after feeding clearly was not linear. Curvil-inear

regressions were appJ-ied to the data using the equations,
L

hr = I,r T" (t)

Id : I^t "-bT 
(2)

r¡here W = grams dry weight of food remalning in the stomach per 100 g dry

,,^-i-l-.+ ^f fi^h hI - initiol nrr¡¡*i*r¡ nf fnnd nn - / ^ - /)^^ ' \
wua6lru vr r¿Ðrr, ,,^ yÉ.-rruruJ vr rvvq u-nsuned- \8.lOOd/ -LUUg Ïlsn/,

b : regïession coefficient and T = time after feeding. The correlation

coefficients in all cases were much hi-gher using the negative exponential

(Z), The range of r val-ues for all 18 dlgestion experiments, based on the

exponential regression, was 0,)2 La 0,99, Logarithmically transformed

values of the dependent variable however, when plotted. against time did

nof. nrodllno : strai r"ht I i ne ¡s ex¡oct.ed hrt show^' - ^'l 'i -r'!'ì -- ^"rvedtlv u _Pt vuquY a È u+.**Q-- v.¡- " uu 4 Èrró¡r u¿J uu.

response. The curvilinearity was due mainly to the initial values being

-n-o'.,1r.* lrì olror *hqn nrodi ntorì hr¡ ¡n ownnnonti:l The r-onsi stcnnw nf f.hi sSUljfeWIIdl. ttfÈ;Ìlc! . rrle vv¡rDrÐ vvrrvJ

nhenomenon'ìn the d'ìgestion exnerinents indicates that there exists a definitey¡aurrv¡,¡vrrv

1ag in digestive activity after food- is consurned. Using the method des-

cribed by Snedecor and Cochran (ry6A), tests of the signlficance of

rìe¡:rtrrre from l'î neâr ï'esressi on of the transformed data were made onueyør

anncriments ¡t all fcm¡eretrrres- Tn Á of B cxneriments tested, linearY^yçrrrrrçrruÐ au øfr ugl¡rl/çlauq!up. v vrlyv

?^ñ?^õõi nn nnrrl¡l nn* o,lo^rro*al rr ¿ggg¡11t fOf the ObSefVed felatiOnShipI UËI e5Þf Wll Uv uru IIv u aqçrlu@ vçLJ

between percentage depletion and time. This implies that an equation of

^the forn, Ïl = a + a,T + a^Tt more accurately describes the relationship.OI¿

and that the exponential is not really a valid model. Although superior

for nro¡ietive n11*n^õ^c *ho ¡n'l vnomi¡l wâs T'eieCted- fOf USe in this StUdy;fv! !IYufuurve PUPUùVùt UIIç yvrJrrv¡lrr@! naÈ !vJv

it is an empirical rather than a rational equation and is therefore not

ïepresentative of any real biological phenonenon (ltger t969i Sokal and-
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Rohlf f96Ð. Considering the substantial- variation in digestion rate of

ind.ivid-ual fish, even und.er identical conditions, and the basic nature of

1.hp sT.rr¡v i f.sel f - *.he arrors i nclrrye| hv llsi nçt ï.L ^-'r^-+ t '--^rf ect*----o -1lg ùvlllçwtl4 u r¡llyç

ewnonpnti¡l mo|el -r^ nn* -?^ã+ Thc nrimâïV c6nsênìlênce Of its USe iSç^-[rvrrgrr ura! r¡rvucl a! Y rrw u ór ç@ u o f rrç I/r rrirarJ uvl]ÐçYqul]

to increase the error mean square in covaTiance analysis ' thereby reducing

+r^^ ^ññ^-+,,-.l +,, for def.ecf.jnrr s-ìsnifiCant d_ifferenCes.urlu ulltrwr uull¿ uJ !vr ue vuu urrlb Ðfbra¿¿¿vu

Effect of meal size

The effect of neal size on depletion ïates of small trout (f-tOS)

was tested in ] experiments in which the water temperature was a constant

I7C, Amphipods were used as food. In the first experinent the fish were

a]lowed to feed to satiation, the aveïage initial consunption being 6,I98

dn¡ r^reir"h*. of ¡m¡hi nods, ner 100s drv r^reip"hf. of fi ^L "1^;'l ^ :- +ì"e other¡-- t - -O *-J - -* *f ÐIl t W¡r¿lV ¿ff UII

t.r+o- feorlin,cr rrâs terminated short of satiation, at levels of 4. O6 g/tOOg
J evq¿rrb 

'tlju

and 1 ,86g/tOOg, Quantities renaining after successive I hour intervals

¡ro nlnffod in Fi orr-o Á fìrqt. :s drv weiethl. of food ner 100g drv weight@!ç }Jrvuuçu rrr r!óqre vt r¿luv uù urJ ne¿õrl vvu ì/v!

of fish and. subsequently as percentage of initial- meaf size. Regression

analysis of the d.ata from iJne ) experiments yielded instantaneous depletion

rates (b values) of -0.240, -0,L93, and- -0.178 respectively. trtlhen tested-

by the analysis of covariance the slopes were not significantly different

/'n - e ne p\n ^-\\¿ - ).v), - t e.u)). Þl-nce rne percentage depletion curves (¡'ig. 6,

panel 2) are statistically indlstinguishable, it appears that the rate at

which food- feaves the stomach is independent of meaf size for any given

*^mn^y¡{rrra Tr ^+L^-,,^e.l- -rta of flcnletion-is nronOrtiOna.l tO theUeiltPeadUUIU. rll wUlltil WvluÈ, Laúv uI uçyrE y¿vyv!

ram:inÍnr¡ m:<s. of ltnclir"ested fOCr ^l+L^i1-'l-' 
41-'iq f.þp6retìc¡llV'ì mnlieS--* - - J(-L¡ nf ullvu6lf urrlÐ uflçv!çurua¿rJ

that digestion would never be complete, the nechanical action of peristalsis

i< nr¡rhle nf ol;ñihô+in¡ -mo'j'l ^11^h+i+i^a nf fagfl WhiCh fefnain in the
---Lllll-IlaLlIlE Sllla-L-L qud,l1u¿ urçÐ vr f I

/- r rrr raln\stornacn (öret-t ano- nfggs LYOY).
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Stom:nh don'lction rates of rai-nbow troutqvÈle v¿v

fed I different size meafs of anphipods
at a constant water temperature of 17C.
T)or¡l af i orr ì q nl nll od fi rqf rq ø rlrr¡ r¡f.

food/100g. dry wt. fish and subsequently
as % initial- meal size vs. time. Each
ñ^i h+ i - l-^-^.1 ¡n *ha ma¡n Irr¡ r^roi øhl nfJJvlll U IÐ UóÞUU Wrl urre rrruarr qrJ rre!órr e vr

amphipods recovered from B-10 stomachs.
Lines are fitted negative exponentials.
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Assuming the above results valid, all indj-ces of stomach full-ness

(g dry ht. of fooð.fIOO g dry wt. of fish) were converted to percentages of

initiat consumption to facilitate graphic comparisons" Because of the

previously mentioned tag in digestion, "a" val-ues were consistently higher

than 100 when regressions weTe rerun using percentages. To force the

rcrrressi on throup"h 1 00 nercent at 0 time the duration of this initial lag

was calculated for each experiment and the independent variable adjusted

accordingly. Although this had the effect of elimlnating the lag phase

from the regression analysis, the resultant d.ifferences in regression

coefficients were very slight. The length of the lag in each case was

determined bv fixing P^ at tn100 and calculating T in the linear equation,

lnP: lnP- - bT, where P:% remaining at time T and P^=% renaining
^O

at 0 time. Generally, the time lag decreased with increasing temperature

but al-l deterninations fetl within the range 0.J to 1.0 hours.

Effect of water temperature

Data from experiments repeated within temperature accliination l-evels

were nooled a.nd ¡ s'ìnsle rêsression calculated for each. This was d-onerYvrv yvv¿ e u+¡¡b+v

after analysis of variance F tests revealed. no significant difference

between deptetion rates of the individual regressions. The resufts of

exneri ments a.t forrr r^¡ater temneratures are illustrated- in Figures 7 and-

B. The 5,!2,!7, and 22C curves represent combined d.ata from 2,3,4, anð' 2

px¡eri ments resnoof.i vel v - Amnhi nnrìs ware llscd ¡s f ood. in al-l cases. Asç^yçr ¿lrlçrl uÐ r çÐf çv er v e¿J

er¡¡ented. the rate of ø¡stric evacuation increased with temperature, thev/ryvv vvs t

proportional increase being gïeatest at the lower temperatures. For

^-^-ñ-l nr,-*.i ^ --n-n-i¡:telv j times mo?ê r¡nid at, 1?.C than aterçd,llflrre, eVó,çuð"UIUll WóÞ dl]ÌrlU^rlll@vçLJ ) urrrrvu ¡¡rvru ro}/¿

JC but only 1.7 times more rapið, at 22C compared Lo I7C. The corresponding

regression coefficients (instantaneous depletion rates), also plotted- in
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_49_

Percent depletion of amphipods from rainbow trout
stonachs at teinperature acclimations of 5,I2rI7,
and 22C. Each point represents the dry weight of
amphipods recovered- from 6-10 stomachs, expressed
as a % of initial consumption" Repeated experi-
nental- values are indicated by separate symbols"
Curves are fitted negative exponentials.
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Figure B. Relation between time to 95% digestion,
instantaneous depletion rates, and
accfimation temperature for simil-ar size
rainbow trout" Curves are fitted by eye.
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estimating digestion rates at other temperatures, This is necessary in

order to calculate daily consumption when there is a deviation between

actual- and experinental water tenperatures. More experinents at inter-

mediate temperatures are required to give these estimates greater relia-

bility. To determine whether observed- differences in gastric evacuation

at the four accfimation tenperatures were statistically significant 
'

analysj-s of covariance tests weïe performed on the appropriate conbi-

nations. The results aïe summarized in Table l-I. No significant difference

in instantaneous depletíon rate could be detected between the 12 and I7C

expeïiments (F : O.4O; P )0.05)" However, the differences between J and

I2C and. between 17 anð. 22C were highly significant at the 0.01 level

/- 
^r. 

1 À(F : 51.04 and 19,54),

Effect of food tYPe

Amphipod.s, cladocerans, Chaoborus larvae, and artificial food were

rrqoÄ ìn qa¡nî¡to ex¡eriments to cvelu¡f,e -f.he oossi-ble influence of fooduÐçu IIr uu!ø!aev v^}/vlf

f.vnc on disesl.ion. fnstantaneous d-epletion rates for the naturaf organj-sms

were veïy similar (¡'ig. 9) anð. no significant difference coul-d be detected

between them (Table 11 ). Replicated experiments using artificial food

indicated a highly significant decrease in evacuation time (p : 107.6;

Pf O.O1). The pellets requir"d 37 hours, as colnpared to about 1-J hours

for natural food.s, to undergo 95% d-igestion at a water temperature of 17C.

Effect of fish size

lüithin the ranse of fish size tested" in the laboratory experiments

it i+as not possible to relate digestion rate to fish size. The highest F

value resufted from a comparison of I2.B and- 98.8 g trout held at 17C but

the d-iffeïence was not statistically significant (fa¡fe ft). Comparison



at IzC anð.22C yielded- F values of 0.64 and 0.04 respectively, FÏrther

^-ñ^7i-^-*-*ìnn esnpni¡'l Iv r¡'ì th I^--^- +'i-l-l *;oht. ¡ossihlv reveal aexpel'l_l¡LglluaL_LUll , vvrvv4e+_r' ,.__-- Idr6YI arÐrIr r¡rrõrru yvrÐ¿vLJ Lvt

<'i onì f i n¡n* ral :t.i onshi n hore -Ðrõr1!r ¿ua
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Tabl-e 11. Summary of analysis of
differences in gastric
rainbow trout.

covariance tests for
dioestion rates of

Variable n^----; ^^-wvl[]ré¿ Iùvrl F

Meal- size

rn^--^--+rrþ^f glrrlvr a u u! ç

I'¡ n¡l * r¡no

Fish size

((1

I2C

17î.

6,2 I vs, 4.1 g. vs. 1.9 I

VSO IzC

vs. I7C

vs. 22C

^-*t^.i -^i^ .,^f,|l}Jrraywuù v ù.

^ 
* -L; -^i ^ -.-áltt}Jl ll luuÞ v ù .

Âm nh ì nnÂ c ¡¡<

cladocerans

Chaoborus

artificial food

3 " 3e vs . 38. 6s Gzc)

5.9e vs, t9"7s G7C)

12.8s vs. 9e.Be(r7c)

3,3s vs. 35,2s QZc)

?n?

<1 o¿rx*

0.40

1 O (/ r.l()Ê

0.04

0,07

l 07.60)(x

0 "6+

0,54

2A1

0.04

*r(P { 0.01
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Comnarìson of sâstr^ic riisestlon rates for
sinilar size rainbow trout fed different
foods. All experiments were conducted at
I7C, Lines are fitted negative exponential-s.
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Food Consunption

A summary of the estimated daily food consumption of Lake I rainbow

trout, obtained" by four separate methods of cal_culation, is shown in

Table 12. The individual results, presented for aLL I diel sampling

periods, reflect seasonal variati-ons in water temperature and fish

size as well as variability due to local- conditions at the tine of sarnpling.

The first three methods are sinifar in that thev are based on observed

quantities of food in the trout stomachs while tr{inberg's method is depen-

dent only on a knowledge of growth rate. Since the turnover rate of

stonach contents given by Foerster and. Ricker (tg+A) for Cu1tus Lake

sockeye salmon was estimated for a mean water temperature of 1!C, use of

their nethod was restricted. to similar thermal periods in Lake l" Fronr

the estimates of daily consumpti-on completed in this way it is obvious

that this approach yields resufts which are consistently lower than any

of the others. Values derived using the method proposed in this study

are somewhat higher but not nearly as high as those obtained using Sand.er-

cock's computational- technique. The difference between the two latter

methods appears to diminish with decreasing temperature" Clearly the

estimates of daily ration produced. by hlinberg's balanced equation are

considerably greater than those using the Foerster-Ricker method or those

obtained by the study rnethod but generally only a littÌe higher than

estimates using Sandercock's equation. Fprther interpretation of these

results and possible reasons for the observed variations wil] be presented

later.

The available d-ata on d-aily ration were applied to the deterrnination

of total seasonal food consunption and the corresponding food utifization

coefficient for Lake 3 trout. Two estimates of each r^rere obtained, one

using results from the study nethod and the other froin lnlinberg's bal-anced.



equation. The resultant estimates of total food consumed, on a wet weight

basis, frorn May 5 to October 20, L97L lor a single fish were 277g and

J))g respectively, a difference of nearly I20%, The corresponding food

utitlzation coefficients, that is, the percentage of the total ration used

f a- æ-¡nr.rf lu ,'ono 
n'4 - ^ ¿H

r vr õrvy, vr¡, ,,--- /o7o ana ))-/o,
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method-s of computation.

Srmnl i nø
date

^ ¿ ^rM.ay 2J-26 + June 2-)

June 2I-22

JuLy I4-IJ

Aug. 9-I0

Aus. 30-31

Sept. 20-2I

Oct. t9-20

Mean./\¡]-sn wt\g/

o.J

40,6

^1 
e
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1lt ÉLs c )
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1Ê, <

19,o

't a 1

14,I

8.1

Daily ratj-on as % dTy body weight

Q /r?

1?Q

177

^ 
A,)

Foerster & Ricker

1 1q

22e|

.L"OU

Sandercock

1I,96

222

4.48

3.12

4,54

??1

0.90

llinberg

4^ 
^l

É, A2

+,r)

lzA
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Food Habits

A variety of techniques have been developed for the express purpose

nf --e^--ina +h^ imnnrt.¡nce of veriol:s foofl orsa.nisms in a fish'S diet.vl aÈùgùù¿Iró UIIç f lrr!vr ualf uç vf v @!ivqÐ r vvu vrõq

These method.s have been evafuated by Lagler (lgS6), Hynes (tçSO), and

/ - ¡/ o\'trlindell t19bö) and will not be discussed here" Since each method- has its

a,,- ^Ä,,-¡+^-^- -h^ 'r j ^-^r,^h+^-^- +he ..o(") choso.' for ¡ sf.lldv shOUldvwll duvd"llud6uù a]lu urùauv4rluaógù ullç vrlv\È/ ulfvÐçl] fvr @ ÐuquJ p

reflect the particul-ar requirements of that study. The consumption index

used in the present study has not received wide application but is consl-

dered su¡erior to method-s in which nr-unerical and gravimetric (or volumetric)

J^+^ ^-^ --^^^-+^^ -^h-ø-+^lr, t{^,.,^-,^y -h ôn.l-.^.;^ ^€ f^^; ì-'^hitq Tìêy'sêqaLa al'e !f ese-il Leo- sepal'aLeIy . nul,\leve.L', i)II alld,rJÞ-ls uf J- vwu lldur uÐ IJçr Ðe

mav he nr:if,e me¡ninsless unless the characteristics of the predator and

-nrev sÐêcies and the dvnamir:s of the invertebrate populations are consi-
ltL vJ ul/v vrvu sJ ¡¡,j¡¡¡+ vlJ v4

dered. For this reason, food habits and feeding selectivity of Lake l

trout cannot be discussed separately without some degree of overlap.

Nonetheless, to maintain consistency and organizaLion of format, these

topics have been dealt with ind.epend.ently.

Temporal food habits

Amphipods were the most important food organism consumed by Lake 3

trout on all 1pll sampling d.ates except \rlay 25-26 + June 2-J when chironomid

larvae and cladocerans predominated. Al-1 food- organisms ' other than

^-nl.,inn.tc ¡tanlih^^ õ+^-.tì'l r¡ in imnnvi.naa frnm Mcr¡ *Ìrrnrroh Onfnbef andampri_Lpoos ¡ (l€) cI.LIlc(-L s ugd,(-L_LIJ lIl _LllLl.,ul- ud,lluu JtUII rr4J ulIIvuó!r vu uv

after mid-August constituted a negligible portion of the total- diet"

The seasonal varj-atlons in consunption are probably entirely related

to changes in the relative abundance of the food- organisms anð'for Lo

changes in size of the stocked trout. It is difficult to establish which

of the above factors is responsible for the observed- variations in the

oonsumnÍ.ion index of clad-ocerans and anphipods. From May to Septenber
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there was a marked reduction in the abundance of cladocerans and a

corresponding increase in amphipods in samples taken from the limnetic

zone" This alone may account for the extent to which these organisms were

utilized by the trout. It is afso possible that the higher consumption

index of zooplankton in May and June is directly related to fish size,

i. e. the smaller trout consumed smaller food organisns. Similar size-

dependent responses have previously been recorded for rainbow trouf by

/-^^^\ -. /-at.^\ . 
" ' /.n-o\Swift \1970), Ide (1943) and Hartman \L958). Regardl-ess of the

avn] ono*ì ¡n +h^ I ôf¡rêy. êôtlSlmnti on of :mnhì nôdq .lrrri nr M.rr -nrl -Texlralld,uaurl , r.ite -,,,-, -*- uul-Lli8 nA,y a,ilu dune l-S

significant in terms of the breeding habits of these crustacean inverte-

brates" Gammarus l-acustris has an annual- Iife cvcle with each femafe

usually bearing a si-ngle brood, the size of which is dependent on body

length (Menon f966). According to Biette (L969) most of the young gammarids

in ltlest B]ue Lake, Manitoba had been rel-eased by late June and reproduction

r^¡r< nomnl o* o 'lrt¡ ar¡l r¡ .Tll-ì t¡ Ranr rrqa l^rar ôT 1ôm nôr-* rr-^ i - -*rr.lr. -Þ^- 'l -l¡^õwaÈ uvr¡ry!çuE uJ vaLLJ vufJ. !vu@uÈç w4uç! uçr¡r_PçIduuIU ¿11 ÞuuuJ ¿IUd réAUù

i-ncreased rapidly, recruitment of new individual-s occurred somewhat earlier

than in Î¡lest Blue Lake. The effect of water ternperature on incubation time

in amphipods is well documented. (Clemens I95O; Cooper L96Ð. Predation on

+L ^ rì^--^-"^ -^^llation is less i ntense dtlri nø th o ranrndrrn*'ì r¡o nori n¡l 'UIIç s4ru¡ra+uÈ I/wPu¿éUIvll aù rEùù ¿r¡uvrrru urlv ltr,llVUUUUJVU -PVIIwqt

thus there is a larger prey population available to the trout in subse-

quent months. There is al-so a greater potential for naintaining high

population level-s sj-nce more adults are likely to overwinter and be

avail-abl-e to reproduce the following spring.

The continuous tenporal reduction in the consumption index of larval

chironomids is alnost certainly a function of availability since their
,2 ^ ,2

d.ensity decreased steadily fron a high of 9r970/n'on June 22 I'o 2,870/n*

on August lO. The fairly high consunption of dytiscid l-arvae indicated

in the June 2I-22 sanples likely reflects the susceptibility of this
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Õ-y-rr'^ni sm to Ìrrêd^rr ^- ^^ '-^'r r ^s their hish incidence of occurrence atv!ó@rrrÐrrr ev ¡/rvuéU¿vll t AÐ Wç!a A- ---o-- ----

that time. !,jhen observed in the aquariun they underwent regular

verticaf movements and sr^Iam with slow, exaggerated motion"

Rainbow trout have been d.escribed bv Leonard and Leonard (f949) an¿

McAfee Qçee) as versatile, opportunistic feeders, capable of exploiting

a variety of food sources. The restricted nuinber of species utiJ-ized by

the Lake 3 trout is probably indicative of an abundant food supply. Other

stud.ies report high percentages of vegetation (llates L946; Surber I%?)

and. terrestrial insects (Swift f97O) in the stomachs of lake dwelling

rainbow. Except for isolated cases both these food components were absent

from the diet of Lake ) fish, however both were certainly availabfe.

Although sone ad.ult chironomids were found in the stomachs of the June

2I-22 samples, correspondlng to an extremely heavy energence near that time,

their importance, as a percentage of total- food consuned, was negligible,

There was no apparent shortage of available food as only lB of J2) LrouL

stonachs from Lake I were empty in al-l 1971 samples. This represents a

much lower percentage than normally recorded for lake dwelling fistr (Balt

I94B; FaIk ISZL), The majority of empty stomachs were noted. in the June

21 -?2 samnles when fec6i ns ael,jy-ì*-' -nn^-r^¡l *n be muCh below the eXpected-þL-LL Ðar¡ruruÐ nf rçlr Iggurrró avvLv LVJ AyyWA!çU uv

level. Unusually high water temperatures nay have contributed to this

Äanroq<i nn -ì r-r fnod nnnsllmn-f.-i onue¡/rvup4v

Little difference was noted in the food habits of Lake 3 trout in

l97O and I97L except that an increased consumption of cfad-ocerans 
'

Chaoborus larvae, and corixids was evident in L970, Although invertebrate

sanples were not taken in L970 the j-ncrease in consumption of clad.ocerans

is }ikely a function of availability (i"u. abund.ance)" The reduced

growth of Lake I trout in I9?O (Appendix A-1 ) may have been related to

this variation in food. habits. Nikolsky (L9Ø) suggests that the energy
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êynênrlê¡ in nh*:i-i-- fa¡.-l i- -rì1.'h rr-r,Þ2+.a-r r.rhen lã1^r¡ê fish ¡re 1^ên¡irê¡] +.Oe^,yuirqvu rri vuualllllfó lvvq fÈ llluvri 6!eauer n¡¡ur¿ 
---o- - -ç\Iu¿rçq uv

consume nurneTous snal-l organisms and, as a result, most maturing, predaceous

fishesdcand.on zooplankton as a food source and switch to larger organisms.

Tn a Swedish lake where zooplankton afford-ed the only maior food suppfy'

Nilsson GgeÐ found that char growth was marked,ly reduced.

It is difficult to present a meaningful interpretation of the food

habit information collected fron other study area lakes since sample size

was limlted and- onl-v numericaf d.ata were recorded. ft would appear that'

in comparison with Lake 3 fish, a wider range of food organisms was uti-

lized.. However, without some knowledge of their relative abund.ance, one

cannot postulate whether the increased consunption of food j-tems other

than amphipods and cladocerans is ind-icative of lower anphipod- populationso

Many of the invertebrates which Table J shows were consumed in greater

numbers, such as corixids, gastropods, zygopLera naiads, and leeches' are

usually found in the littoral zone, Since the littoral vegetation in

+l'^-^ -ì^T'^- r.r-e ¡6f. ne:rlv ¡s de-^^ ^^:'^ T^Í-^ â:r :^ -^^^t-r^ that theUIIgSe lal1gs Wil,S rlv u ]rçarlJ @Ð uullÞU d,Þ f,rr rønU J f, u aù ljvùÐr u¿ç

trout could more easily inhabit this reglon and make better use of the

food avail-abl-e there. If the similarities rather than differences in

Table 5 ð,aLa are examined. it is evident that amphipods, chironomid. larvae 
'

and-, to a lesser extent, cladocerans still constitute the most important

food items,

Diel feeding habits

Consumption indices for Lake 3 trout showed little divergence when

food habits were compared for the morning, afternoon, evening and night.

This comn¡rison io nn* ontiraì.'valid beCauSe Of diffefenges in abSolUte--- rÈ llv u ç11 ÚLLÇLJ

nlr:nf.it.ies r:onsumefl flur'ì ns the ¡ecnon*ir¡a ini.arrr¿fg and alSO beCaUSe manyqu4II Ur UIVÐ 9vrtÐurires uq!4rrõ

nf *ha nrsrr-ri sm. :ss1øne6 tO 2. ¡nr*ì ^rrl o¡ *imo neri Od ha.d ¡rOha.hl v heen
- * -¿aLvIUq!@! u¿llrç yç!¿ t'LvvseLJ
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n.ìnqrrmêd drrrìno the nrer:edinr" interval- lVIaior fl_iffefenges in diel fOOd

nnncrrmn* i nn nnrrl ,.1 l-'nr.'a'rov .l.^ oyncoT.ej tO :l t.cr f.he r.nnsllmn+.i ôn indiCeSvvv!'v99/!tJ9v¡¡lyu¿vl¡

consi der¡hl v- Tf i s :nn:ranl- that sl:r:h mâ ior^ fii fferenCes did not occurqyEqL vtt v

and that the food items eaten varied- little throughout the day. Feeding

does not appear to be refated to the activity patterns of aquatic inverte-

hr¡tes. es¡eci el'l v r.h'i ronomi ds :nd :m¡hi nnds . Chironomid larvae are known
'vvl/vv¿alJJgll¡¡rllyvqp.v

to migrate closer to the mud-wateï interface during darkness (ltitotsty

t9Ø¡ Mundie 1959) thereby rendering them more susceptible to predation

bv fish- However. tr''isrrre 3 shows that chironomid l-arvae did not constitute4õqlv)vL'v|\

a more important food source during hours of d.arkness than durlng daylight 
"

Since amphlpods are negatively phototrophic they tend to more readily vacate

the shelter of the vegetation or substrate at night (Clemens I95O), This is

evid.ent fron water column samples taken in mid-afternoon (t3OO-t6O0 hrs.)

and earfy morning (OtOO-O+OO hrs.). The slightly increased nighttine

consllmnt'ì on in|e- fn¡ -mnl-r'ìnnÄe p¡¡l the corresnOn|'ì np" fleereâ.se fOf C]-adO-uvllÐur!!urvll 4rlqç^ fvI 4lll]Jllf,-Ilvqù @rlu uffu uvrrçulviluriló uçvrçoDv I

cerans might be a reflection of this phenomenon.

Feeding Periodicity

Rainbow trout are considered to be visual feeders and this is ref-

lected 1n the results shown in Figure J. Feeding of Lake I trout was much

red.uced from mid.night to about 6¡00 a.m. but resumed shortly thereafter

and continued throughout the day and early evening with a peak intensity

occurring around 6;00 p.m. This observation can be consid.ered valid and

reliable since the pattern was consistent throughout the May to October

sampling period. Feeding often continued well into the evening when light

intensity r¡as much reduced but never seemed. to resune prior to 6t00 a.m.

even tho¡sh fllll ^-..-li-lì+ hôÁ heen available for sorne time. A similarI v çrr r urr UdJ f,róllu 114q vç

ïesponse is reported for stream dwelJ-ing brown trout (Hoar 1942). Visual
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^-:^-+^+;^- -^-- not he thc onlv faCtor controlljns feefine':cf,iyi*rr nnâv!rçrluaurvrl i[éJ --__ __ v¡-v v-__J -Ld"L;uu¿ uullt,I'u-L_Ll--o __ Il,.y d,l.lct

this is confirrned to some extent by Jenkins (L969) who was unable to

detect any increase in the feeding activity of stream rainbors even under

cond.itions of bright moonlight. Uoar (t942) found that caged brook trout

were equally capabfe of consuming food in total- darkness. He suggests

that the absence of night feeding under natural conditions is most likely

an adaptation to for¡er levels of food abund-ance at this tlme rather than an

uncontroflabfe restriction inposed by low light intensity. This is not a

plausible explanation for the feeding periodicity of Lake I trout since

amphipods were more abundant in the water column at night and thus would be

more subject to predation. Some stomachs from trout caught at night were

examined immediately after capture. These often contained recently in-

gested amphipods and other invertebrates but quantities were usually sma11,

Thoro is- ¡prh:n- -lì++l ô^h +n ownan* fao|ìno cn*ir¡i*r¡ ¡rÀj,--.,*l,s , J__Ltrr_Le reason _ * __**f ]E d.c ul_v_L ry afto prey

avail-ability to correspond closely, especially when food is abundant and

in*orcnaaifi¡ nnmnô+i+i'nn ¡J.-^n* ' /-^'^\¿¡ruvru1,vv¿rrv vv,'_puu¿urulr au¡yrru. Ohaston 1L969) found the peak feeding

periods of stream dwelling brown trout differed entirely from the times of

maxinun prey availability.

Other studies of fish feeding periodicity often revea] a bimodal

nnnsllm¡f.-i nn n:i.f.o¡n r.¡i *h mnrni -- ¡nrl er¡enì nc¡ Tlo:T-^ --l - -; Jl^.' Ianraqqi nnvvilÐuriryurv¡l _P@u uçlrl na ull lttv!llllló ur¡u u v urrrrró yuaÂÐ drtu d ltlf UUd,J uvlrvÐurv¡r

(Carlander and Cleary L949; Hoar 1942)" Hoar (ilid.) associates the

reduced midday consunption wlth restrictively high light intensities,

The fact that feeding of Lake 3 trout remained. more or less continuous

throughout the day suggests that the turbid and discoloured water reduced

light penetration to the extent that there was no light-associated inhibition

in f eedi-ng.
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Feeding Selectivity

Differences in the relative proportion of food consumed compared to

the total available supply have been revealed in nurnerous studies on the

feeding and food habits of fishes. Various ind.ices or ratios have been

developed to quantitatively evaluate these differences. A "forage

ratio" for some of the food organisms in a strean and in a lake was

determined by Hess and Swart z (L94I) and BaIf (1948) respectively. The

ret.ì n fnr anr¡ oiven food item is enlr:l Lo thp nerr:entap"e th¡f. food itemu9sar uv urrç yç!vçlruaóç vrtQv !

onstitutes of the total food consuned by a population of fish, divided by

its percentage abundance in the food complex" This is equivalent to the

"Availability factor" of Al-len (tg+t-"). The sel-ectivity index proposed-

by Ivlev (tç6l) and used. in this study is siniply a nodified form of the

forage ratio and, for reasons already given, is considered superior to it.

The purpose of these ratios and ind.ices is to express the relationship

between avallabl-e food and food eaten in quantitative terms and to estinate

the inportance of a given food organism to the fish"

Laboratory experiments

Most i-nvestigators agree that selectivity is a function of two

major variablesr Prey avail-abifity and predator preference and there is

equal agreement on the difficutty of separating these components (Frost

r945t Lewis et al, L96t; rvlev L96r). Attempts to isorate them were made

by Allen (tg+l--e) who determined selectivity ratios only for those food

O-l'f¡z.nisms considefed enll¡llv:ocessihle f.o tho r¡ollncr q:lmon hoino q*rr¡liarlq v\lqar¿J auugÐÐr w¿ç uv ulrç J - _--o vv+¿16 Ð uuq¿çq.

Differences in norphology and activity make it unlikely that even tr^¡o food

organisms could be found which are truly of equal accessibility to the fish.
Conpound.ed by inevitable differences in abund.ance, Allen's field. technique

for separating availabil-ity and preference is far from definitive" These



ñ7^hì ^mc r,rô?ô ^\¡ôr^^mê * n : dêoy'êê - i n the n'j^ês,ênt s+.tldv ly ¡27rrrì no ¡rrl
!lvUIUlllÐ WclY v! t e- k *vóIUg, r11 urrç -¡l!sÐçrru Duu{J vJ uqrlJ

laboratory experiments using concealnent-free and "na t ural" aquaria, as

suggested by Ivlev (fp6f). However, it is obvious from observations made

.i- +l^.i^ -+"1,' +L-+ +l.a^ ^^+ 
j\/-ì+.¡ n^**^rn- n+' +hô "--; arr^ fnn.-lrrr ur¡¿È Ð uuuJ v,rav urrç au ur v ¿ uJ !aLLef JlS O-l- ulÌe VafJ-OUS -LUOq Or'$anf SlnS

.*À êìình *h.t o^r121 er:cessib'ì litv is never real-lv nossihle- For lþig feason4ç ÈUU]I Ul¡AU çq u@r AUV9ÐÐr v¿¿¿ uJ

the inrlices siven for P in Table 7 cannoL be considered precise measurelnents

nf *ha ¡rafaranna nomnnnant Thc rcs,ltl*.s, r"ìt¡en in T.-hl o Â hnr.r¿-- b* ' --, lll -Lat)-Le o, Ilu|/^leverr are

nlit.e nonvinr:'ins in thair imnl ication that food consumptlon by rainbow

trout is a function of predator preference in situations where the food-

organisms are, essentially, equally accessible to them. Support for this

þpothesis is provided by the evidence that corixids, which appeared to be

the most capture-prone invertebrates in the concealment-free system, l^Iere

consumed in nuch silìaller quantities than the less mobile chironomid- larvae"

Despite their relative inactivity, chironomid larvae were the most intensi-

r¡elv crO¡¡efl Ors--'ì-m rrnrìo¡ *lro enllal aceessiljlì*rr nnndi*innq and ShOUldv uf J ur vfì/vu vlt)dLlf ùrll ulruçr u¡1ç ç!Iua! avvçÐÈr uLLL ÚJ uvrfqr

be regard-ed as the preferred. food of the trout. Having d.erived values for

the preference component of several of the more common aquatic inverbebrates

it is still not known if the features d-ictating this preference are of a

¡hr¡sioloøir-e'l or eoolor"ir:¡.1 n¡ttrro- nr hof.h- T+, WaS noted in the!]lJ Èrvrvóauør vr çuv¿võrva vv vr¡.

aquarium observations that trout were initially ra.ther unselective and

consumed. whatever they came across but as their appetite was appeased they

tended to confine their attention to one or two types of organisms. This

suggests that the degree of preference shown for a food item depends

-l :rr"elv on the c+^+^ ^f 1""--^v This is in asreement with ObServations!a!óv!J È U¿UU vf 11u]róçI

made by Nebol'sina (fg68) and Ivlev (tg6t) in sinilar stud.ies" Pearse

(tgZg) however, found that several sunfish had very strong preferences for

certain foods and refused to consume others, whi-ch they apparently did not

I i T¡a o.ron r,rhon hrlnorr¡ Condi t; ^-i -^ ^ê - ?^õr'll *. of rcncatcd cnnsllm¡t'ì OnI.IuIIåI'J. vUtÌLtaUf wrtf,rrót aù é !vÐu!v vL L eyçaueu evrru4,rÈervrr
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of a particular food., afso has a marked effect on the preference component

/- 
" 

i^/1 ranr\o1 selecfl-vfty \rvrev ryo-Li '/ÚaTe r>(L),

The consunption pattern and selectivity indices were altered con-

qidor:hlr¡ in f.hc selecf.ir¡.ì tv exr^-;-^¡r^ -^ñ^^+-¡..^i*- ^ ^*-".^.tedvr'^v¿sv.-J -,-telJ-llIeI]u¡j IePed,ue(-L uòf116 é Èrrrruré

natural environnent (tables 5 and ?). A comparison of the respective

/. \ /-\availability (A) and preference (P) components of sefectivity shows that,

und-er the conditions imposed, availability is by far the most inportant

d-eterminant in selective feed.ing and that preference pfays a relatively

rninor role" Similar concl-usions weïe d.rawn by Neilt (f%B) and Hess and

/- ^r., \SwarLz (1941) for naturaf situations.

No effort has been nade in thls stud.y to quantitatively evaluate

the factors which affect the availability of food organisms to rainbo¡r

trout, A very thorough and comprehensive series of experiments undertaken

by Ivlev Qget), with seveïal species of fish, clearly show that prey

d.ensity, patchiness of d.istribution, concealnent, and mobility are the

most important variables in thls respect.

F aad i nq sal pn*.i r¡i tr¡ of T,:T¡o ? f.roltf.r'ççqr11É Ð9¿vvur v ¿ e.Y v! !(4!v / v!vsv

Selectivity indices obtained for the food organisms in the l-ittoral

and limnetic zones of Lake I support the original assumption that feeding

j-s essentially restricted. to the open i+ater portion of the lake. For

^---¡'r^ õìænifìcant nunbers of cladocerans occurred in the stomachsg^éIrlrfEt ù¿órlrrr

of trout on alf I sampting dates but were absent from the JuIy 2) and

August ]0 tittoral zone tank samples, resulting in an impossible index of

+1 for these dates. Although it is possible for corixids' Trichoptera

'l -?f io mcc*r¡-ods - :nd 'l ecchcs f.o nosspss indi eeS Of -1 r it SeenS entifelyLdL v aÇ I óaÐ u! v-uvuÐ 
' 

@rlu reeurf çÐ

unlikely that all species would be completely avoided by the trout, as

Table 10 suggests. A nore reasonable explanation is that these charac-

teristicatly littoral organisns are spatially separated fron the trout'
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The limited consumption of the amphipod, Hyalell-a azleêa¡ in relatlon to

its overal-l- abund.ance, supports this explanation. Hyalella was rarely

found in sainples from the limneLic zone but was often quite abundant in the

I i lt nrrl c¡mnl oq Tho ¡rnnonqi f ,- ^-tr +l-.l ^ ---L; -Ofl f.O ôr'altnV s,h:r I ^'-. rlls jrru_PçrrÐ¿ uJ uJ Ull.lÞ d,lltlJllflJvq uu wçuuI/J ù114r!uw,

vegetated areas of a lake has been noted- by Buscherti (f96f) and Biette

(tg6g). As few fish stomachs contained. this species, it is suggested

that the trout did not generally invade its habitat. If this is correct

i* r.¡nrrl¡t :¡nac¡ *h-* tll¡¡-l ^] I ^ i?+^^- L.¡ lrir*rra ¡f jts nreferred natUfalll, WUUJU ð._UU?4.L Ulld.U ffi dLvvva. Uv vrruuç v¿ ruÐ lrvru!!vq

habitat, has a selective advantage over the sympatrically occuring

Ganrnarus lacustris" Continued stocking over a period of years might

result in a shift in relative abundance of these species"

The negative selectivity indices indicated for chironomid" larvae

on all of the sampling d.ates is in general agreement r^iith laboratory

determinatlons. The burrowing habit of these benthic invertebrates ob-

viously precludes intense predation by trout. Swift (tgZO) also found

chironomid larvae to be poorly utitized by rainbow trout in a California

lake. Other fish species, especially those adopted- for bottom feeding'

show strong selection for this food' item (Balt r94B) ' The lower i-ndices

noted for the night sampfes nay indicate that the ability of rainbow trout

to capture chirononid- Iarvae in darkness is inpaired to a greater extent

than is their ability to capture anphipods or cladocerans.

Although the vafues for amphipod.s are inconsistent with the

laboratory èterminations, the ti^ro results are not really comparable since

concealment, in the forn of vegetation was available to the aquarium fish"

If trout restrict their feed-ing to the lirnnetic zone where amphipods do

not have this concealnent, the selectivity index would. have positive

:v¡'il¡h1 -l itv a.n6 nreference comDonents. In his stream study of young
QvaLL@wLL¿uJ srru t/¿v¿v¿vr¡vv vv¡¡¡f

Atlantic salmon Aflen (lg+t-b) reports a negative selection for one species
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of Gammarus an{ relates this to the shelter afforded by the gravel stream

bed-.

Clad-ocerans, although not used in the faboratory experinents, would

-r ; T-^'l nao:t ì r¡e nraferênr:ê r'omnOnent S'i mnl v hec¡llse Of the
-L-LKeIJ PUÞÞUÞÞ d !]uókurvv t/rv+v!çrrve uv¡rrlJvllv¿re ur¡¡!¡/rJ

pred.ator-prey size differential. The negative ind.ices observed for clad-o-

cerans in Lake I reflect the general principle that it is energetically

inefficient for l-arge fish to consume such small food items. Aside front

several reports that rainbow trout d-o feed. on zooplânkton, there is little

information in the literature from which to draw conparisons. Galbraith

(tg6Z) noted. that rainbow trout exerted a size selective pressure on a

-^-,,r^*inn nf Tlonhni¡ hv consl:mìrrs onlv the farser individuals. This
_Pw!u!du¿vtr eL !9yj::}!2 wJ uv¡rÐ4rr¿rrõ v¡¿rJ

selection could not be entirely related to gi}1 raker spacing and it was

^..--^-+^,r *ho* +he trout discriminated to some extent in the size ofb uóóeù uuu urr@ u ú

T'ì.nlrn'ì. r.rhi nh *h^.' i--^-+^.r \I^ ^++^--+ "^- ñ^'le tO d-etefmlne if thereJJApIMd l^Jl]-LUl-t r.lrey IIIEe¡j Leuô r\u d,t/ ucllt!u wd,ù rrrau

was size selective pred-ation of clad.ocelans by Lake ] trout. ft was

evid.ent from stonach sanples that copepods were not ingested even though

they were periodicatly quite abundant. A similar observation was nade i-n

a study of the feeding habits of char (Lind-ttron f95Ð.

Generally, it appears that rainbow trout util-ize primarily those

organisms which are nost accessibfe to thern and on which they are mor-

-L^rn-i^-'l'1 .¡ o¡lon*^,r *n faarr There is no indication to date that the
IJI](JIUð-LUd.tLJ ð.Jó"yvvu uv rçÇq.

stocked trout in Lake ) are exeïting und-ue pTessure on any particular

anr¡ï.ic'i nvertebrate. This is not to say that such pressure i^iill not exist

in the future or that it does not already exist in other study area lake.

More infornation is obviously required- on the population dynamics of the

important food organisms, especially amphipod-s ¡ before real-istic

nrertictions ca.'n be made as to the effects of stocking on the overall
f! eqrv

food resource.
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Digestion Rates

'tnlind.elt (tg6Z) defines time for gastric digestion as "the nuinber of

horrrq nêr.êss2rv for n¡ssing a.11 the foOd from the StOnaCh tO the
rrvevuvL¡+J

intestine "and consid-ers digestion to be complete "when the stomach

becomes devoid. of all measurabfe ïemains. " Brett and Higgs (tgZO) suggest

that " gastric evacuation" would be a nore correct d.escription since it

avoids the implication of absorption within the stonach itself. In this

study the terrns are considered synonynous and have been used inter-

changeably.

The various techniques employed. for following gastric evacuation

in fish have been reviewed. by llind.elf (fç69). The serial slaughter method

used. in this study has gained. the widest acceptance although several vari-

ations in approach are common. Some investigators, including Battle et

af. (tgS6), Magnuson (tg6g) and Brett and Higgs (tgZo) neasured depletion

by subsampling, at regular intervals, a falrly large Sroup of fish fed

initiatly to satiation, while Pandian (tg6ù, Shrable et al . (tg6g), and

1r^-+;-- --,t t^ti++ /- ^/^\ ' 'r!v!ua¡r6 @rru rr¿.. \Iyböl sequentfally autopsied. smalf nunbers of spatially

isofated fish r,¡hich had been fed- a measured meal" Stomach x-rays of briefly

anesthetized, livi-ng fish enabled Molnar and- Tolg (lg6z) to follow the

rtir¡ps,*.ir¡e disintesra.tion of bleak in the stomach of largemouth bass. This
q16uù

inethod. is presently restricted in application to plscivorous species'

The negative exponential is an appropriate descrj-ptlve model for

stom:r.h ¡enlction r¡te nrov'ì|efl ^ ¡nnc*-r* nar¡a-+^-^ ^r +L^ ^*^maCh COntentS- ¡- - a uulls uall u 1Jur u91l Ld.óg uJ ullu ù uu

is d.igested per unit time (i.u" there is a constant digestion raLe). ff the

.l-*- -r^ n'l n**o.l on ¡ scmi -'l o,qeri f.hmi o so:l p ânv n'r'.Jnôllnnod rievi atiOn ffOmvaua aLv l/lvuuçq vfr @ Ùurrr¿ !võa!r Duølu srrJ

'1 .ìno.rl*r¡ r.rnrr'lÄ in.lin¡-F^. r¡.rr¡.inø disest'ì On fate With time" ThiS COUId)-LrIeÕ,LruJ wvulu rllurvéuç q vaLJ ¿1ró uróeÐ

result from changes in digestive efficiency with quantity or qualil"y of

food. remaining in the stomach.
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Not afl of the depletion curves reported in the literature approach

the theoretically expected negaiive exponential" The model appears to be

Ieast applicable to largemouth bass (Hunt L96A), channel catfish (Shrable

-^z^\ , /,,. -^//\et aI, f969) and bluegilf sunfish (WindeLL L966) but provides a fairly

precise expression of digestion rate in sockeye safnon (Brett and Higgs

-^^^\ /- - -^^^\ /-^/^
L9'/0 ) and young cod t'I'y-Ler Iy /u ) , lvlagnuson \LYOY ) applred. a porynoml-ar

regression to his data on skipjack tuna.

If it i-s assumed that digestion in closely related species follows

¡ -im'ìl-r n-*4ar¡. t.hc sockcvc s:lmon rosll-l ts nrorridc snmo sttnno¡l fOf theé ùI¡lllfé! lr4U UY!]] t ullç ÐvUr\çJ s Ðarrrrvif rçÐqf uÐ lJrv Ðul/lv

depletion modef used in this study for rainbow trout, It is difficult to

:render additional comparisons since l-ittle information is avaifable on

dir"estion in s¡l-^ ---ì-Är^v.ì ^-necial'lv wif.h rcsnont. to n¡tllral. foodurêcourvrr rff uarlllV Ëóf!UtlUIl. gù!çvrarJv wru¡1 rçù!ç9u uv lf@uurar

organisms. Experlrnents conducted by l..lindelf and Norris (lg6g) and" lJindell

et al, (lg6g) on this species are not considered conparable because only

artificiaf diets were used. A visual insÞection of their results, however,

õ,,--^ô+ +h-+ - -es:ti ve exÐonent+ ^r "¡r'-r Ä -^+ --61¡i rle a. sOOd fit tO theÞU6BUbV Ul!Ò,U d, 1l-Þ*-- - ---¡-------IaI wvuru i¡vu -Prvv4uv a õvvq ¡+v

data. Thls inconsistency is difficult to rationalize if it ls presupposed

that the d.epletion pattern (not rate) is ina"pendent of food type.

A lag phase is evident in the depletion curves of bluegill sunfish

(Wir.a"tt L966), skipjack tuna (Mu.gnuson f96Ð and rainbow trout (l4lindell

and Norris L969) but not in young cod (Tyfer L9?O). A del-av in the

ser:rcf,ion of p"astrin iuiccs ¡fter food is consumed may possibly accountÐçu!ç õøu vlrv

for this 1ag (1. P" Scott, pers. comm.).

Effect of meaf slze

Barringto" (WSù and. Molnar et af , (tg6Z) suggest that a small

neal may be expected to undergo more rapid efinination fron the stomach

than a large neal. The experimental results of this study contradict
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this hvnol.hcs'is:s t.hcv indic¡te thaf. gastrìe evacuation in rainbow trout

is independent of rneal size. The percentage decrease of a satiation rneal

^-c --ñ1^'i¡¡.r- "^- not slsnifica.ntlv different fïom the decrease recordedvl dtll ,u]If ]JuUò wAù vtJ q¿r r

for a meal which was l-ess than one half the satiation quantity" SinLilar

observations have been made on bluegitt (WinaefL f966), pumpkinseea (Kit-

chetl and Inlindefl 1968), and young coa (Tyler L9?O). ]¡lindell and Norris

(ß69) noted that an increase in meal size resulted in an accelerated.\+ / v /

stomach depletion rate for rainbow trout given artificial pellet diets.

The rate of stomach depletion, then, is proportional to the

quantity of food pïesent in the stonach aL any given tine; for equal tine

.ìn+^T'rrd o^r,o-l nercenta.ses of the total maSS of food are passed from theIlt UU! VAJÈ t ç\|uo!

stornach. Knowing the satiation ration and the slope of the digestion

curve, a maximun rate of evacuatlon (and therefore a maximum rate of food

r:onsumotion ) can hc e¡s'i I v ca I crllated.vv!!Ð4ttLyvLvLL/ vv v(jp++J

Effect of water temperature

Instantaneous d.epletion rates increased rapidly as the water

*am¡o¡¡*rrrê r^rrq raiqod from (C l.o 12e:,- t.ho incre¡se becOming less ¡ronollnr:erluç¡¡l¡/çIauuIçnoÐ.-vLLv'ulrç¿ffu!ç4ÐçUgvv¡¡¡¿¡¡õlvUUì/!v¡]

at acclimation temperatures of L7 and,22C. This response approxinates a

ne¡'ativê exnonential ¡nd ¡ossilfrr roflonts thp relatiOnShip between enzymelre6s u ¿

--+i",i*rr nn¡r *^m¡py¿.1¿"" (T,rI."'lq?0) hlÌ. m¡v¡'l so be refated. to peristalticdÇvLv f uJ 41lu uçrlr_HLr@uu!u \rJLvL L/l v/

action (Brett and- Higgs L97O) " Although the literature d-oes not contain

comparable data for rainbow trout, the results of experiments on several

othor sneniês sìrnn.ìTl. Lhpse ohseïvations" Molnar et aI, (tg6Z) noticedv uf rçr Ð ¡/vv¿ve

Iittle variatlon in the general shape of the curve for 4 pisclvorous species

examined. and. was able to linearize the data with semilog transformations.

A sinifar relationship is reported- for fingerling sockeye sal-mon (Brett

and Higgs L97O). According to Tyler (tgZO), it is possible that experi-

fnents at higher temperatures would- reveal a levelling off or perhaps a
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decline in depletion rate.

Brett and Hlggs (tçZO) examined. digestion rate in relation to food

ntake, growth, and. conversion efficiency of sockeye sal-mon over their full

range of temperature tolerance. Sone interesting relationships were ob-

served which, if applicabl-e to rainbow trout, would help clarify the

overalf effects of water temperature on growth and. yield in stocked fakes.

^+ r^,, *^*n^¡^*r,rcs ¡-ì r"estive eff'ìnìannr¡ wes mrrcþ fedUCed, feSUlting inöu ]ww ugllrPul4uulçÐ urõuÐ rvrvrrvJ

pooï conversion and sfow growth. All systems' especially growth rate'

increased rapidty with rising temperature until an optinum was reached at

75C, Beyond. this, digestion rate continued to climb whil-e food" intake'

nn¡r¡arci nn e¡.{ ærnr.,*t-' ¡. 1a Ärnn¡od nrec'ì n'itousl v. It seems logical to
óIUWUI] IAUç ulvPyçu yrvv¿ t *v

assume that similar mechanisms operate in rainbow trout although the

resner:tive inflections in the curve are llkely to occur at slightly higher

temperatures. Since food intake of experimenta] fish held at 22C was con-

sistently l-ower than at I/C iL is apparent that the former tenperature is

beyond. the optimum for this species. McAfee (1966) reports a preferred

temperatuïe ïange for rainbow trout of IJ-20C while Garside and- Tait

/- a-a \ ,\Ly)o) quoae a aower range of 7J-I6C. It would seem that the increased.

n¡¡¡nif rr nf tho *.rout f.o disest food ¡t hip"her t.omnpraf.llres ì s of littleulvuu uv urõuÐ u f,vvu @v rr4õ¡1v¿

value to then since appetite, growth, and- conversion efficiency are sub-

stantially reduced. It can be expected that prolonged periods of r^rater

temner¡trrres preater than 2OC, especially if accompanied by low oxygen

levefs, will- ultimately result in poor yields. This has been confirmed'

ir n-e* lrrr.tnlrnssn and Hasler (tgS+) for rainbow trout stocked. in severalfI] _Pé!ut uJ uvlrr

dystrophic I'lisconsin lakes.
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Effect of food type

Ðifferential rates of digestion for different food organisrns might

be expected on the basls of food particle size (Tyter I9?O) anafor chemical

conposition (Hess and RainwaLer 1939; Nikolsky t96l). In this stud.y no

significant difference could be detected in the gastric evacuation rate

of several natural food organisms, possibly indicatlng that differences in

size and chemical composition Ì^rere not sufficiently great to alter depletion

time. Heavily chitlnized aquatic i-nvertebrates such as dragonfly naiads and

rl-i ^lrnn* oro I .?r¡- ^ h--'^ 'h^^n -l',n'.'- * n Ä ^l -rr -* ^'¡a.eh emOtVing (KiOnka andf I¿U1lU! VELó. Ló,L VdU 1]dV U UEUTI ù1]VWI1 UU UUIÓJ ù UUIII*V..

I,lindell L972; Hess and. Rainwater L939¡ Kitchell- and l^lindeLL t96B) but these

organisms did. not comprise a significant portion of Lake 3 trout consumption

and lrere not used in digestion experiments. fn rainbow trout, Klonka and

Windell (tgZZ) observed. that small pieces of chitin' such as appendages'

moved at essentialJ-y the same rate as the digestible organic matter while

pieces larger than the dlameter of the pylorus were delayed. This may

account for the fact that anphipods, though more heavily chitinized than

the other experimental food organisms, lrere evacuated from the stomach at

ver.v neâï'lv the sarne rate. Evidence of the effects of chemical conposition

on sastric disesl.ion is siven hv lüindell et al, (lg6g) who fed. rainbow trout

encapsulated- meals of commercial pellet food as well as various pure d.iets

innlrr|-ìnø nnrn nil --+rrv-*^.1 f-+ ¡nrl ma*hr¡l n^lllllOse- The ¡efCenta.gelituruu¿r¡õ uvrrr va!t ÈAUurAUgU fAUt Allq lllYuIIJI Uç!ruIvÐs. rrrç _yvrvv

depletion at 12 hours for the four food types was 65,8, +2,6, 28,8, and

(íl ? ¡oc nont ì r¡ol

In this studY it was noted

dried pellets ' was digested at a

organisns. This is confirmed bY

the d.elayed evacuation rnay result

tent of the artificial food.

that artificial food, 1n the form of

rlonsiderablv slower rate than naturaf foodvv¿]v¿¡¿v+\,v*J

llind.ell and Norri s (tç69) who suggest that

from the lower water and higher fat con-
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Although differential rates of digestion of different food organisms

did not appear to be a major consideratlon in the assessnent of feeding

sc'l er-f.ivìt.v:s food consum¡t.ion r:tes of T'¡ke 3'-^"+ +ì^i^ -Ê^^*or shouldÐçIççUIv¿uJ AÈ fvvq uvlrÐullrl/u¿vff !@UçÐ vr LAlrç ) UIVUU, UIIIÈ fOUU

be given additional attention in future studies on digestion in fish.

Effect of fish size.

Few attempts have been made to relate stomach depletion rate to

fish size, probably because of the difficulties encountered in feeding

and maintalning large fish under laboratory conditions. Much of the

information to date is contradictory, sometines even i^rithin the sane

/-, , a^/^ - -^/r.\ /¡a//\ -study (Hunt L960; Seaburg and Moyle L964). Neither WindeII (I9ôôl nor

Tyler \L970) could detect a significant difference in emptying tine for

different size fish in their experiinents " In a more conprehensive study

/¡¡/n\ . -^rPandian \196'/) related food intake, digestion, absorptlon, and conversion

to fish size. He found that digestion rate for Megalops cyprinoides

decreased as fish weight increased and compared the relationship to that

existing between fish size and feeding rate.

In the current study it was not possible to d.istinguish size-

dependent differences in digestion rate for rainbow trout. Since only one

avnori mont w:s nomnl et.ed on f i sh srea.ter tha.n 50- - ^^- "^; -l^+ +Lis obser-ç^[/ç!¿¡lrçr1u fl@Þ uvlll!]VUVU vll IlÐlr órvuuv! wLLØ'! )vó llrCélI Wçró1Iu ull

vation must be accepted with reservation. ff significant differences do

exist between large and small fish, calculations of daily food consunption

based. on laboratory determinations of evacuation rate in snall fish may

und.er- or overestimate the true values. tr'urther experimentation is

ra¡rlirorl *n olrrnid¿te the exact nature of the relationship existing here.



Effects of other variables

Several variables, other than those exarnined, have been implicated

^^ ñ^+^-+i--1 r^^tors infllencinp raÍ.e of digesl.ion in fish. ContinUOUSéù !w uYtt uaal l@u uv!Ð rf f Iruçlf e¿¡ró rcuv vr u¿õuÐ u+

feeding may accelerate stomach emptying by forcing partially digested

food into the intestine. Windell Gçee) recognized this possibility but

^-nh--i-^.r *hn* 2c'nelpr¡tefl êm¡tì¡ìnæ ÄiÅ nn* ^^^tlr^ in hluegil-l sUnfiSh.ujjLl1tdùf¿uu ulldu @uuçrçrauuu er¡rt/uJ¿¡ló qlu iivu vuvqr ¿ff urseõ¿rt u

Tyler (tçZO) found that stomach evacuation of young cod fed I meals in

overlapping succession was more Tapid. than woufd be predicted fron single

meal experinents. However, the dlscrepancy was not considered serious

enough to prevent estimates of daily ration.

Prolonged starvation and force feeding have been shown to retard

digestlon (Winaett L966) while the effects of other variables, such as

photoperiod., confinement, and physical handling are, as yet, unknown.

Food Consumption

Deternination of d,ai1y food consurnption by conbining information on

observed ind.ices of stomach fullness and gastric digestion rates is by no

meâns uninue to +ì,.i^ -+1,.rr' 'ìrh^ ¡5sf¡lness of this nethod has been pointedl¡rç@11Ð qrrr\|us uv Ullf ù È uuqJ . r1rç

out by Davi.s and Inlarre" GgeA), hrindell (lg6Z) and Popova (tg6Ð and is

nrnJ¡rhlrr tha most. fronircntlv em¡lovcd e¡nro¡r:h f,^ '-^^^"-'i-- ¡^'i'1 " -^{'in--- u f rVquEllurJ ç¡rl¡/+vJ -U lllUd'Þu!¿I1È; qaf,lJ I@uIvrf 
'

However, comparison between studies is extremely difficult because of the

variety of ways in which rates of food passage through the stonach have

1-^^- J^+ ^--; *^.1UUUll UY ugll¡l¿11çq.

Bajkov (lçSÐ proposed a field nethod for estimating daily ration

¡^rhorohr¡ a f zrrsø ^---l ^ ¡f €i-l.r r.r¡s ne¡ï.llrefl Ove1^ a minimUm time intefVal* -*-o' Þd,lltPrc ul I ¿ù11 waÐ uo}J u ur uu v v v¿

and placed. in a food-free contalner in the lake" The rate of food passage

was deternined by subsampling at time zero and at appropriate lntervals

thereafter until digestion was complete. The method is only val-id if it

is assuned that feeding throughout the day is continuous and that handllng
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does not interfere with the digestive process. Equally unrealistlc assunp-

tions are inherent in the method.s of Keast and i{efch (ry6A), Plnskii QçAZ)

/-^/^\and Mikhman \1969) who based their estimates of food passage rates on

dÍfferences in the diel feedlng pattern. The method does not consider

food inoested drrrins oeriods of dcr:l'ìning stoma.ch fullness nor food

digested. d.uring increases and is restricted in application to fish which

have pronounced peaks in feeding intensity. Other authors ' including

Seaburg and Moyle (tç64), Tsuniko"u (lg7O) and Nebol-'sina Ggeg), measured

digestion over a short interval (u.g. 4 hrs.), at a given water temperature,

and nultiplied the resul-t by the number of such intervals in a day and by

the nean stonach fuflness to arrive at a figure for daily ration. Essen-

tially the same method was used by Sandercacþ. (1969) who determlned. a

stomach emptying time lnterval using marker organisms and nultiplied this

by the number of these time interval-s in a day and by the nean stomach

fulfness. Sinilarily, Darnell and- Meierotto (f962), using amphipods as

food items, establ-ished an arbitrary classification of digestion stages and

from this calculated daily food. consumption of bl-ack bullheads. Only Tyler

(tçZO) and Falk (lgZt) conpleted estimates of daily ration using val-ues

from exnerimenta.llv dcrived di,oest,ion curves. This is rather surprising

in light of the nurnber of stud.ies undertaken on the rates of digestion in

fish- trlnr¡f.'ìons deseritrins the r:te of de¡letion of food from the stomachsr ¿Ðrr. qvu e¿ + vf ¡rt)

of juvenile perch were derived by FaIk (L971) who combined this infornation

with data on diurnal feeding intensity to obtain estimates of daily ration.

Data on the diel feed.ing rhythm and indices of stomach fullness were not

available to Tyler (lgZO), however, he computed a theoretical maximum

ration for cod by extrapolating the mean rate of stonach depletion for the

first J hours Lo a 24 hour period. The method used in this stud.y is

simil:r to Tvler's exce¡t tha.t fnod nonsumnt'i on lias cafculated on an
ùf¡¡lJI@! vv tJLçL Ð v^vv¡v
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interval basis from direct measurenents of the indices of stonach fullness

and then summed for a 24 hour period"

The substantial differences reported for the daily ration of Lake

I rainbow trout in Table 12 are difficult to comprehend if it is assumed

that all of the described nethods are valid. It seems reasonable to

reject the empirical method of Ricker and Foerster (1948) since it was

proposed. only as a general approximation and does not adequately consider

+h^ -^--^h--1 ^1.-n-ô- in ¡.rc*ôr +ô--^-^+"-^ ^ 
+^ìzlr¡ nhvinrrc ovn]¿natiOnullg ¡je¿aÞullia_L ullallåe:i _L11 wd,uuI uulr]1ulduutÇc n J@I¿.!J vuv¿vuÐ ç^i/

exists for the d.ifference in the estinates of daily ration derived using

the study method- and the method proposed. by Sandercoct< (t969), fn the

latter case B hours is given as the tine required for rainbow trout to

clear their entire intestinal tract aL I9C although no explanation is

provided. as to how this determlnatj-on was completedo Numerous experiments

und-ertaken for the present study repeatedly indicate that, for trout at

this temner¡tllre -nn¡¡-in-+^r.' 16 hours are needed to clear the stomachurrrÐ uçrrr-[/9!auure t d,y!IU^Itll@UgrJ

al-one. Al-though there is little data availabl-e from the literature with

which these findings can be conpared-, Ï,lind.ell and Norris (tç6Ð show that

2Bt6 hours are required for rainbow trout to digest a meal of oligochaetes

at 75C. If Sandercock's formula is ad.justed for a more realistic turnover

rate of t,J aL 1pC, the resultant estimates of daily ration are reduced by

50%, These estinates would not differ greatly fron those calculated by

the study method. nor for that matter from those determined by the Ricker-

tr'oerster techninue. However, when extrapolated to total seasonal food

consumption and. related to overall growth by the coefficients of food

utÍlization it becomes clear that the study method significantly under-

estimates daily ration of Lake I fish, The possible reasons for this r^¡ill

be discussed shortlY.
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Estimates of daily ration based on Winberg's (tgS6) balanced. equation

--^^^-+ ^^-.able alternatlve to i.he nrevì orsl v monti onpd f.echni niros :nd .yfçÐçtru é IEaÐvlléUlC ólUtjIlIcl"LJVe veerrrrrlluçù ar¡u,

in snite of thp -^-.- ^^-"--1 : ^-- vô^rriv^.1 i+ l,l-q haan r.¡i¡lolr¡ ¡nnon*od Ìrr¡rrl Ð-uruç vI uIIç l¡l4]IJ 4ùùUrlll1U¿Wtlù IULlUJIç(-Lt lU 11d,Ð uugrl w¿qçrJ @çuçIJvçu UJ

fishery bioJ-ogists. Since many of the necessary parameters such as neta-

bolic rate and food assimil-ation efficiencies have been determined in

nutnerous other studies, it is quite feasible to predict, from a knowledge

of growth rate only, the l-evels of food consumption. The assumption that

energy expended for metabolism in nature is approxirnately twice the level

of energy expenditure of a minimal-ly active laboratory fish is the most

difficult to justify and l1ke1y accounts for most of the error involved in
- /", -^u-\thl_s metnod (rYrann L9o / ) ,

In the few situations where daily ration has been rneasured using

gastric digestion rates and stomach content data, in conjunction with

hlinberg's balanced equation, the resul-ts obtained are comparable (Pinskii

f967; Foerster 1968¡ Falk 1971), Although this is quite obviously not

true for this particular study, it is suggested that the differences result,

not fron inconsistencies in the rational of the methods used but rather fron

the nature of the observed indices of stomach fullness. HoweveT, no d.equate

explanation can be given to account for the abnorrnally l-ow stonach content

indices, especially since each estimate is based on 70-80 fish. It is

possible that the gillnets did not take representative sanples of the fish

population and that only fish which were actively moving about in search

of food were caught. ff this was true, the observed indices of stomach

fullness would likely be fess than the true values. It seens totally

unlikely that the stomachs Ïrere, by coincidence, abnorrnally deficient in

foorl rlllrinø:ll 2 af *1.'o o.-n'li-r¡ norioriq IInnll^^+'i^-^'l^'1 " +l'.^ fêê¡inÞ.¡¡Õ *-* I vf uI1E ùAlrl}/!f 11ó _[r9rf vqÐ. v¡r\luvù vLwlldu!J t u]lç

intensity of the trout was influenced to some extent by weather conditions

.+ ^T nôâT +h^ +ì me of s¡mnl i n- Ir^- ^---ñ-l ^ |llri nc" lhe Jllne 2I-22AV t vI ilç@r t ur¡ç u¿¡llç vf Ð@llr_P!¿¡I6. ¿ vI ç^A¡¡I!rç t qurlrrõ uI¿ç v u]f ç



-79-

sanpling, Lake J water temperatures reached a sumner high of ZJC and this

-..r h-.r^ inhiÈì*ori faojino an+i1/ì+\r Q--nl'ina ¡l^+ ^L-^^-:r.oorfiinrrllld.J Ild"Ve Jl-ttliU-LUuu reuurr-ó avv¿vIUJ. ud,lll!!¿11ó qéUYù WUIU UtluùUII kv'--*---O

+^ +Ì-^ r^ì. ^€ rr.^,,^^T- --,r +L.^-^fore Were nOt biaSed in favour of ânvuv uI]g q4J vI urlç wÇçÂ 411q ur¡çrglv!ç wg!ç llvu u¿aÐçu vqr vr srrJ

particular weather conditions.

If one considers, then, the amount of effort required to obtain

accuïate information on gastric digestion rates and the variability which

is likeJ-y to arise fron short term observations of diel feeding intensity'
-l i++.lc irs,l.'i fineti.rn nân he sivcn for the estimation of daily ration using

the method presented here. Thls is not to suggest that the method used is

'in¡denir¡te for its desip'npd nr'rï'Ðose but rather that llinberg's balancedrrføqev uvv¿õr¡v\¿ ¡\4!r

equation can produce refiable results with nuch less effort.

rt was previously stated that a najor goal in the trout farming

progran was to estabfish a range of suitable stocking densities which

would facilitate managenent on a maximum sustained yield basis. To accom-

n'ì i -h *hì - - Tzn¡r^¡l odo-o of f.hc sonond¡rv ¡rodllr:t i nn nf f ood orr¡¡.nisms
Pf,lÞll UIllÐ t d 

^11vnrçuõe 
v! varu uçuvfiqarJ I/¿

(n.nl ì nrrl ¡rl r¡ amnh'i nods) a.nd the fnod oonsllmnt'ì on rates of stocked. trout
\!cr uruur@I rJ @¡l_vrrr_yvuÐ / a!!v r¡¡f v+ v

i q nonaqqqTt¡ P-¡* af *Jra nrr?¡^^^ ^-tr +r'''i ^ -+"'1 .' "^^ +^ ^l^+^f h ^UantitatiVe- d,I'L Ul- LIÌg !UI'!U:;e Ul. Ullf ù ùuuuJ wéÐ uu vvuarr¡ Y

estj-rnates of the latter. Observations during 1970 and I97L on yield'

survival, and growth of trout in stud.y aTea fakes tend to negate the

imnort.:nr:e of fo^i ^,,--r --;^- €-^*n¡ ìr +þç overall suitabil-ity off,¡rr_L/vl u@flvu vf rVULL ÞuPlJaJ óù d lllaJv! f auuvl rrr

¡nv s'1 ven la.ke for sf.ock'ìnr"- Ðata from 197I indicate that no signiflcantarrJ õf

relat'ì onshio existed- between survi-val or growth, and stocking density. In

facl ) of the J most successful lakes had stocking denslties greater than

]OOO fish per hectare (Sunde, pers. corm.). At the present time the most

i -nn¡* -ñ+ fî ^+ ^7 ODera.t,.i ng lg 19^rrna nrnrìllnl-.i ôn â nnôâTc I n ho ÔIygen
-LtlllUI'Ud"llL J-d,UUvI -- -iuquç I/rvqqeu¿vrr wYrve!u

¡ta¡l oii nn ¡<qnnì.+Ã,l r.ri*h hì oh r^r:l.ar i.em¡era.tures ¡nd alga.l die-offs. In
- --c1 UUU W a Utl lla6lr n@ uç! uu¡¡ryv!a u q

lekes where oxvsêïr st.rcss w¡s known to occur, slower growth rates weTef ar! çÐ v^J õ vrr

observed and survival was lowered. These problems appear more critical to
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effective nanagernent at present than does a complete understanding of feeding

¡a'l ¡*i nrchì nq
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SUMMARY

Food habits and feeding sefectivity of rainbow trout in a small,

hlestern l\Íanitoba winterkill lake r¡ere studied during the ice-free

periods of L970 and 197I. Annual, seasonal, and dieJl changes in type and

quantity of food consumed were determined-. Laboratory experinents were

conducted on rates of, and factors infl-uencing, gastric digestion and the

results applied to estimates of daily ration.

1 . The rnost important food organisms of Lake I trout were amphipods,

cladocerans and chironomid larvae, however their relative contribution to

the diet changed over the season. The latter two organisns, abund.ant in

the stornachs during May and June, became less important as the season pro-

gressed, The food utilized by the stocked trout did not d,iffer greatly from

one year to the next with the exception of an increased consumption of

cl-adocerans during August and Septernber, L970,

2. Rainbow trout were d.iurnal in their feeding habits. Feeding

activity was more or less contj-nuous throughout the day and evening with

a rnaximum index of stomach full-ness occurring in late afternoon. Consurn-

¡*i nn '.'-- -?^1+1v re¡llce¡ from 2-lrnrr* mi rlni oht *^ 6:00 a.m. Little Change!uavtl wd,ù È;IUÓu!J rçuuvçu ¿!vr¡r auvuu lllrqlr¿órr u vv

was noted in the types of food items eaten at different times of the day.

3, Consj-derabfe variation was observed in food habits of trout

stocked in other lakes¡ however results are based on a fimited number of

samples" Although amphipods were still the nost important food item it

was evid-ent that a wider range of inver:tebrates wcre consumed.

4. Feeding selectlvi1-y, a function of prey availability and

nrcdef.or nreferenr.ê- r^râs evalllated for rainbow trout i-n laboratory and
!reuauvr yrvrv!vrrvv,

field experiments" Availability was clearly the most inportant factor in

deternj-ning which food.s were eaten. Chironornid. Iarvae, although a preferred

food. item, weïe negatively selected.. The inaccessibility of this benthic
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inwcrtehr¡f,c ¡roh:lrlv ancÕlrntêd for its limited consumption. Sefectlonfllv9!

for cladocerans was slightly negative while severaf organislns including

corixids, cad.disfly larvae, snails, and leeches were almost excl-usively

avoided. ArLphipods were negatively selected in the laboratory experiments

where vegetation was availabfe for conceafment but positr ively selected in

the open water portion of Lake l. The feeding of Lake 3 trout appeared

î.o hc I im'ì ted orimarilv to the limnelic zone.vvs ¡r4r'¡(j!++J

5, The relationship between state of digestion and" tine was

curvilinear, the response approxinating a negative exponential" Rates of

c':strie d'i gestion rÀrê'r ô inde¡cndent of meal size but greatly affected by6øÐ urru

tenperature. The number of hours required for 95% digestion at 5,I2,I7

and 22C was J4, t6, I4, and- 9 respectively, No significant difference

was detected in the rate of digestion of several natural food organisns

but digestion of artificial food was 2.J times slower. Digestion rates

weïe not significantty affected by flsh size within the size range examined,

The daily ration of Lake J trout was estinated for several- salpling

periods using informatlon on gastric digestion rates and diel- feed-ing

intensities. The daily ration varied from 1.4 to 2,1 percent of bod-y weight

d.uring the interval from mid-June to late August when mean weekly water

temperatures were relatively constant. Atthough the estimates derived

using this method were definitely too 1ow, it was felt that the errors

were attributabfe to variations in the indices of stomach fullness rather

than to any inconsistency in the basic theory. Several other methods of

def.erminins da.ilr¡ food nonsum¡t'ì ôn T^Iêrê emnloved fn¡ nnmn¡retirrq pufposes.
--o *---J f, vvq çvf f Ðurr¡}/ u¿vrr we!u v¡rly¿

ft was conclud.ed that adequate estimates of daily ration could be obtained

with much less effort by using the balanced. equation method of 'lrlinberg

\LY)O ) ,
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rta-l^-l ^ A I Comparison of growth rate
rainbow trout in t970 and

uaua fvr !aÂç ,
I a21

r970 1 971

Srmn'l i no

date
vqryLç

Ð12ç

Mean wet
wt. (s)

q^-ñl; --uarll/r rrló
,t-+^u¿ uç

p@ULPLY

Ðt'Lc

M^^-,,^+TICAIl WUU

rru. \g/

Ttutay 
t 5

July B

July 28

Aug. 25

Sept. 27

l, /+") Lytuy 
5

I4ay 2J

June 2

June 22

July 14

JuIy 2)

Aug. 9

Aug" 3A

Sept. 19

Oct" 20

20"t,22-30

L,7

5,8

6.6

42,4

6r,3

r03"1

r07 ,7

184.8

21ô 1

240,0

2O"

rg3

'il5

TI4

2I0

2 2,2

Ql,

46

)o

167

q1

I7

r90

r23

108

87

2^21,2o.t.zo-25

1

!a-Le oI srocK]n8,

2"Approxinate range of harvest dates.
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Table A-2. Dry weights of equal samples of Gammarus
lacustris preserved in I0% (A) and full
"trut¡g't.f, 

(e) for mafin for varying
periods of time.

No" of days
nras a n¡ orl

Þ-^^^-,,^+;,.^rIgÈE!V4UIVU
,,/ \lry wefgnf,\g/

i\Tnt n¡ac a¡r¡oârtvv y¿vpv!vvq

B

B

I <<R

r.737

1.469
1,658

1,458
1"65ç

1,447
r"659

T,448
r,645

1,455
t,oa)

L.+37
t.629

1,412
T,586

r,393
t ,556

A

B

A
B

A
B

B

A
B

10

17

2t+

)r

lt.1a,)

59

A
B

95

r42 A
B
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Table A-1. Summary of wet and dry weights for samples of different
size rainbo¡^¡ trout caught in Lake I during I97I.

'll 
\yver wr\g/ ,/ \lrry w¿ \g/ n-,. /,.^+..1 nnULJ/ WC U^rvv hret wt (e) Dry wt(S) Dry/wetx1O0

4.14
Á 1a

?2Q
<R1
A AÉ,

5.94
lt 1lt1o )a

6"00
/r îaì

22R
^ 

4l,
)oI*
4"46

"R18.64
ry<R

7 ,20
2 '74I.IV

81?
TI,34
A rlt

7R<
Q lt')

B. 1B
(,L)

12 R2

21 ?2

1+ "OO

716 "70114 o')
'1 /rô 2ô
4lt^ A^

r47 "79I 
"O 

/r.O

A,BI2
1 1AO

1 .058
r "450I,206
L.37 5
t. I ol-
0 "820
1,247
r,076
o.834
1.473
0,617
ô 01 0

1 .060
1.0I5
0,623
'l (Q<

1 .484
r,)))
I CA7

r.479
2 1Õ2

1 .408
I JO6
1 

^9,ry1,876
r.677
r,324

1.Ø6
5.426
5.7 53

69 "4t
36.59
2? 2Q

?Q QO

43.85
42,89
4r "47

1 O /r.

1R R

10 a

20.8
2^1
10 A

rR o
)ît 1

'1 0 ir

2^2
¿^ /
o^A
r,q R

IO. a
tA a

rR <

10 
^1R <

av.o
1R 2
1Ê <

21 tr,

2^A
-4 -¿t,)
22 1

2^
1R Á

1A q

21 J

2??
2?1
^4 

I')r.+
2R<
cA )t

-1 a)r ,.
2A^
2A P,

22 Q2

22,84
24,50
17.63
10. 38
20,07
19.67
18,33
18"24
20 0Â

38.23
42,67
54.47
52,66
62,54
70.96

rro.¿(
r3o.B7
tr9 

" 56
II7,IB

83. 5o
I]t,+2
IT4,50
rr4"gg
107,28
I58,7O
1<1 Q(
118. 06

81.42
1 30. BB

26r "49
126,85

/ J. t t

198.45
T47,TO
173 "03
r 55.43
r42 "67
r37.t+8

6,285
o. ¿oo
6.373
+,30t+
¿. ooo
4" BBB
4"692
)"¿)r
4,09

o"n
L2.01
13.70
1? 12

76 "84
20.43
42 "30
32.30
30 "92?? Q1

)< OR

28,03
27,02
29.76
33.63
47 "24
44.46

"< 
A2

.L, )*
34"52
68,64
30.08
37 .66
62.5t
43.42

46.4a
42.68
42,3r

27 lt

2)R
¿o.v
24.4
2< 7
24.1+

1A A

aa.+
-1 I)r.r
^,,a+. )
2R1
ar I.). !

2AA
Ctr )t

)lt n

ôQô

a4 4
)f"-L

a( .o
a).o

St. )
2r..j^c'

24"
2rì "277
^/ t.ao.+
ao.a

)L, )

)ro)

?OR
2AR
2AA

"nR



Table B-l-. Number and dry weight of
trout caught during 1970

¡-+ ^

JuLy 28-29
1 AryOL/t "

tt

ft

it

tt

tt

ll

| ^ ¿ ^/Allo ,/ \-./6

1 AryOL/t v
tt

tt

tt

It

ll

It

Sept. 27-28
1O"î,L/t v

It

Time No. of
fish

ma.ior food orsa.nisrns in the
and I97L diel gil] netting

2100
2400
0300
0600
0900
1200
1 50o
1800

t5oo
1 800
2100
2400
0300
0600
0900
I200

1800
2IO0
2400
0300
0600
0900
I200
1 5oo

Tì-.,ULJ

w r.\ð/

10
10
10
10

6
10

B

10

10
10
10
10
10
10

9
10

10
7

10
10
10

6
10
10

309
?"8
2 qlt

230
1(?
240
2IB
2'R

Amnhi nodq
1\O. wt \gi

stomachs of Lake ] rainbow
avnarì m onl c

tt

tt

tf

ll

tl

22I
274
L9I

8?
o)

r27
r42
L21

O.2BB
0.353
0 "296
o "r590,r35
0,228
0.350
0. B4g

Cladocerans
No " wt (s)

ltnnd orrr: n i qm q

42t
360
357
344
- /4
1l_L

27R

*JI

tAR

608

609

629
533
346
))r

66

290 O "260118 o "r 56
85 0.059

B4B 7 "385420 0,730
784 r "316762 o "255rg4 0,287

249 0"422
4lg 0.670
454 t,037
6g1 1"5+4
724 r.859
r77 0 ô69
7 55 r .787
696 1.299

/- \unfronomfds\-L. /
No. r* (e)

2
1

l+

9
34
99
ltr

742 0.114
1472 0"150
5363 0 "315275 0"037
27I O "053
344 o "0661477 0 .r 53
9I7 0.102

Bgçe r.242

?t, o "305

lé25 o " 59i
965 o "r 52

4700 0 
"7 50

oloo:
0.008
0,02I
0"050
u. rJ)o

oloo¡

0,092

0. 004

0ther* ./ \l\o. wt\g/

1

5

I
3

o(
3
6

ao
9

4I
I1,
ar-)

4I
5

¿o

¿o
20
+2

3

2

30
1B

0,0+7
0,0+2
0.074
0"050
o "0650.006
0.001
0"014

0 "433
0,039
o. o7B

olor¿
0"030

0,052
0 "0220.004

0.018
0.049
0.004
0,037

34
1B

6

3
10
22

B

20

I

\o
{\)

I



Tabl-e B-1. Cont'd"

Tì^+ ^

I{tay 26-21+
June 2-J,L977

ll

L

tt

tt

tt

tt

June 27-22
1 471

ll

tl

tt

tf

ft

tt

July 14-1J
1 A21
L/IL

It

Time No" of
fish

09oo
I200
I 500
1800
2I00
2400
0300
0600

7 500
1800
2100
2400
0300
0600
0900
7200

1 500
1 800
2100
2400
0300
0600
09oo
I200

Tln¡
WÏ \g/

9
4t_Ll

6
10
I4

6

5
1B

10

5
L0
10
10
10
10
10

10
10
10
10

7
10
10
10

Amphipods
No " wt (s)

T2
17

7
T1
20

B

5

20
'/ r,

B

10
35
10
4

4-!)

0,023
0.070
0.011
0"011
0.061
0"015
o "0I20,018

0.038
o 222
o "073
0.048
0.014
0,01j.5
0,05)
0 .104

trto oÁ oroe n i qm q

Cfadocerans
No " wt (s)

111
o¿

1L2
111
T2T
¿ /aro¿
r46

315 o"o2o
I4r7 o.oBB
1023 o "0522212 0.105
trc5 o,068
2rI 0"020

1d+5 o,o7 5

526 O "029
2?

419 o "0331123 0"066
440 0 "02r71 0.003
304 0.015
33 0.002

1143 o "157429 o"060
36t3 o "452

45
159 0.007
423 0.034

1408 0.141
694 0.106

1

6
2

43
14
90
lt É.

2Q

28
28
A/
-LO

/,- \unr_ronomfdstl" /
No " wt (s)

176
228
1a2
T9I

87
i))

r50
tAa

?1 ?

17q

¿oo

eã+

4 )t

2

1

7

197 0 "393
357 0.607
100 0.288
435 o "635
37 0,030
63 o "099

3Io 0,262
192 0 

" 509

0.111
0,069
0"014
0.068
0,167
0,076

0"160

0"004
0"016

ô+ r,. ^-i+v ullcr

1\O" wt\g/

10

34
12
T4
I4
24

1q

9B
64

r65
71

4
22
L3

2

0"030
0.004

o "026

olo++

0"011

0 "057
0"091
0"280
O "TLg
0"007
0"013
0,015
0"005

0 "r73
0"114
0,073
0 "039

0,02I
0.064
0"108

4-t1

ô5

?

39
d

0"008
0.067
0.008

0,055
0.003
0,122
0 .019

436
r05
r23

9
I
B

227

\o\,
I



Tabfe B-1" Cont'd""

Tì^+ ^

Aug" 9-I0
1 Ory1
'/I 

L

tl

tt

tl

lt

t?

Aus.30-3I
1 q71

tt

lt

tl

tt

tt

tl

S,on* 1a-?ÕvvIJ vs ¿/ *v

1 471L/t +

ll

Time No. of
fish

1 500
1800
2100
2400
0300
0600
0900
I200

1 5oo
1 800
2IO0
2400
0300
0600
09oo
I200

1 500
1 800
2I00
2400
0300
0600
0900
1200

Dry
w u \ó./

9
10

B

10
10
10

9
5

10
10
10
10
10
10
10
10

10
L0
10

B

10
10
10
10

28g
2AlL

207
)05
281
?88
zBI
IB6

400
377
50r
370

"OR
418
446
467

705
65r

506
505
5+B

590

Amphipods-,/ \r\o. wL\gi

569 r,077
492 0.787
T2 0.563
342 0,699
164 0,246
gg o,rBI

t57 0,304
244 0,565

766 r"708
7IB 2 "t)5
3BB 0.967
4r9 r,oB2
256 0.659
r41 0,3r9
459 r.664
571 I,BO4

Lr77 3.9r2
1532 5,449
762 1.952
468 1 "3oo
268 0"626

,286 0,820
294 0.965
568 r.892

H 
^ôd 

I JTOânì qmq

Cladocerans
No" wt(s)

527 o "06984 0.006

!& o.or7

_25 
0,002

'o-'u ':"'

553 0 "045

!05 
o "otz

I4

15 -

370 0 "033

/. \unlrononr-crs\rr /
No o wt (g)

2

50
¿o

t
T

7

0,096
0.020

0ther* ./ \No" wt\g/

2

5t
70

0.003

0"005

0,027
O. OBB

0.004

0,046
0,065

0,025
0.038
0.014
0.006
0.015

2
1

10 olor e

oloo¡
0.002

o o<1

0 "0I20,0I2

O,OT2
0"007

2
2

10
4

3

4Ll
B

5
5
1

6
10

4
7

5
2

3
2

3
I
3
2

\oÞ
I

0.008
0 "072



Table B-1 " Cont'd.

n^+ ^

Oct" 20-2I
I q71

Tine

tt

ft

ll

tt

tt

tt

No. of
fish

1 500
1800
2100
2400
0300
0600
0900
I200

l(T)onanrlinø ôn +i-^ ^f .,^^7 *i'.i- pr7611l r:Onsisted -^4-'1 .' ^f n.'+i^^"^ T^--'^^ ry.t-^^+^-^ -^'i^¡^ ¡Laoborus
--llle UJ- Jeal'r LII-LS Ð--*r - - -* llld,J-IlIJ u-L u.y t,JsuuÞ !d,IVd,s, LJ6wPvvré rlalGuÐ t :jI_

Larvae and Corixids,

TÞrr

w-r \g/

9
B

9
10
10

7
10
10

rÉ,)t

(1 ô

))t
1aá
680
395
609
617

Amphipods
l¡o. rl(e)

+40 r "637405 r"354
391 r.189
270 0,842
226 0,670
gL 0,246

232 0,7 562Ig 0,676

tr'nod Orc":ni qmq

Cladocerans
r\o" wt\g/

/. \unr_ronomlo-s\+. {No" wt(e/

:

1

t

0ther* ,/ \1\o" wt\g/

?

I

0"019

0"018

I

\o
\_^

I
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Table C-l " Analysis of variance test for differences
in consunption of several aquatic inver-
tebrates by rainbow trout in a clear,
concealment-free aquarium.

Source d. f SS lvis F

Total 39 7382,6

Between 4 2286,4 457 .3 3.59x

Residual 35 5096.3 L27 ,t+

TabLe C-2, Analysis of variance test for differences
in comsumption of several aquatic inver-
tebrates by rainbow trout in a simulated
natura] envi-ronment.

Source d,f SS MSF

Total 39 4457,5

Between 4 1534.2 308.9 4"20x

Residual 35 2923"3 73,I

ìfP(o 
" 
o5
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Tab1e C-1. Sunmary of data for day and night benthic sanples taken with
a multiple corer on Lake I during the sunner of 797t " Only
the dominant invertebrates are considered.

n-+^DdúÇ Time Anphipods- /2'l otal no. no , / m'

Chirononid larvae
-/a'1 Otal no " no, / mL

No, of
coïes

U UIIU

T,,-^

ï1r-l .,

d u-LJ

Ar ro

Day

t\ I ønT.---o__ -

uaJ

Ni r"hl.

Ðay

Ni ¡'h*.

(o8

(,qa

roao

+aI

)))o

I f\ l¡lt')rv taa)

4lt ltlnrara)(

33,427

17 ,309

284

306

L7B

4B

9285

ro,649

5838

6564

3659

I A7b

2ñry4B

B6

2t

22

30

1_1

L2

24

1-.La

30

)r



Table C-4" Summary of d"ata for d-ay and night water column sanples taken
with a Schindl-er trap on Lake 3 during the summer of L97L,
Only doninant i-nvertebrates are consi-dered"

Date Time Cl-adocerans
No " Nof n3

l\ô. ôt' Amnhi nnflg-. /')
samp-L es l\ o " N o/ m-/

Copepods Corixids
No" NofnS No. No/nL3

v ullg

u urJ

nuó.

nuó.

Day

Nì c"hf._ -o__'

Day

Ni r"ht

Day

Ni sh*.__ô¡¡ -

53

104

369

333

1 LLLL}

1 041

o¿

aÕ

6

A

4ÕIL

13

a4LL

22

2Q

?o

30

)r

315 7092 42,214

6tg to,t6o 60,476

954
¿^ ñ-r) ( (

28 83

638 1753

10 27

L+05 ttI3

3846 11,+46 4Bg

2r2o 5824 379

3

5

10

4

I

2

30

II

1.) 2179 5986 577 1420

t6B9 4640 575 15Bo
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Tabte C-J. Number of organisms recovered in daytine littoral
zone sanples taken with the Whitaker tank on
Lake I during the sunmer of L97I,

Oro.n i qm June 22
tt cm.

July
l0 cm.

Aug 
"

33 cn,
30
66 C]TI .

2a
cm.

Gamrnarus

Hr¡: I cl -l :

Corixidae

7,vçanl ara

Tìr¡*i cnrrc

rlì--i 
^l-' ^¡* ^-^fI¿ut¡v[/uç!@

Chirononidae

Cladocera

Hirudinea

ñ ^ ^+ -^-^r ^s4ù u! vPUqa

¿).o 708

7

2

60

(O/r.

¿o

24B4

oo

1 q7c,

1n

2<8

7 1C)

1B

840

1<A

I'

L¿

30

6



Table C-6. Suinmary of stomach content
feed.ing selectivitY of Lake

Tì^+ ^vavç

June 2I

June 22

Aug. 9

AuB. 10

Aug. 30

Aug. 3I

Tine

Day

N'ì oh*

Day

N'i r"ht_ -o__'

Day

Ni oht_ -ô_'-

No. of
Stomachs

inforrnation used in the assessment of dayl and nightz
I rainbow trout.

Àmnhi nn¡l<

No, /"t oi-a]-

24

¿()

873

364

r305

B2B

r064

l.^laytr-me resu]-rs are

2",. r rlr\agn-Lfme

53

T4

Cladocerans
No, %totar

30

30

582

I982

&L

I6T

t 567

64

B1

It-)

based- on stomach

lt tt lr

/" \unlïonomfos \r. /
No. %toLa:

ao

2

'1 10

¿o

L68

7

30

IO

contents of trout
lt ll ll

4T

3

/" \lJy-r1sclos\r " /No. %total

11?

3g

6

3

n¡ n* r rrod at 1 2OOvaÍ)vql Lþvv I

rf rr C1 
^^4Lvv t

7

5

+

T

1500, and tB00 hours

2400, and 0100 hours

I

O
O
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Table D-1. Sumnary of data fron digestion rate experiments conducted on

rainbow trout during the sununers of L970 and L97L"

Eì..-+!^!u. Tine after/, \reedfng\nrs. /
Dry wt,/ \oï rfsn\g/

Dry wt -/ \oï fooo,\g/

ñ
/o oï 1ilÌ-L1â.-L
fond rom: i ni nrr

No. of
fish

D

E

F

0,2
6

1aIL

1B
24
30

0,2

r).)
10 <

?1 (

"Ro+)")

0,2
6

9
t2
2T

0,2
6

4aIL

1B
24
30

0,2
6

I'
1B

0,2
3
6

9
I2
tl

1q

9
10
10
10
10
10

4
4
4
4
4
4
4
4

2
2
2
2
2

10
10
10
10
10
10

7
6
B

B

9
TT

10
10
10
10
10

o.Il
qô"

7 ,77
R.71
R n<
on"

24,1
22 îl

24.4
21 R

2^

¿t.)
20,0

4 a ltra.+
11 ?

1< O

1ô ?

11 ô

6.49
A )tn

o.+a
/ t, /o. +o
( O/r

ot.)
)( .a
r7Q Q

Ê,/r O

7 "072R7
8,40
6.94

o,((
B. 60

0.34t
0,320
O,2TB
0,r54
4,r39
0.092

0"140
o,tIz
0"075
0,062
0,0t+2
0,035
0 "026
0"007

o "459
0.034
0,023
0 "0L20.002

0,302
0,t57
0.082
0,025
0.003
0 .001

0.7 58
0,316
0.179
0.004

o "437o ?,64
0,25r
0"116
0,054
0.0I7
0.006

100"0
R/r ?

l, )+r.a
41 .0
24"3

100.0
iA7
48.0
3+"4
?1 (

18.4

100.0
(R1
2.l2
21 R

en

100"0

RA
11
0,2

100.0
t,. Q*( ,t)

20,0
0,9

100.0
nlt A

/rR e

27 "014 tIr, )
4.0
11



-LVa-

Table D-1 " Cont'd.

Ervñ+ Time after/, \r eed-]ng\nrs. /
Dry wt,/ \or r lsn\g/

Dry wt.
of food(s)

ñ"/o aI LfiIT.l-àL
fnod remri ni nr¡

No. of
fish

J

0,2
3
6

9
4^I'

l-I

1B
.L

4,2
3
6

9
4^I'

1\
1B

0.2
3
6

9
I'
4-r)
1B

4
B

T2
1B

0,2
3
6

9
1-IL

tl

0,2
6

I'
1B

B

9
B

B

B

B

B

B

7
7
B

B

B

6

5

2
2
2
2
2
2
2

2

3
3
3

3
3
3
3

12 C)

1- /Lao )
12 2
12 R

1- ar ).4
1 )t 1

ta A

Â o<
Ji2

Â ir.O

7 11

( "o)
6.64

10't
11 n

o.a
<Q
ql
AA
Az

<n7

A1 2

a< o

ro, (
12 A

11 R
a^ /
la.Q

¡Lc)

2AR
2< A

2" LL

O .4BB
0,401
0.298
0,r59
0,074
0 "o7I
0,022
0.010

0,166
0,126
0,093
0,057
0.046
0.010
0.006

0 "n6
0. 086
0,054
0,047
0.013
0.008
0.005

0,32
0,I5
0,27
0.07

0.358
v.¿Qa
0. 140
0 "073
0,055
0"013

o "443
0,262
0 "052
0.014

100.0

"oÂ1? B

12 ?
Ita

17

100.0
R"o
)+, )
JO. U
4/ a10.r
7"0
1)t

100.0
nlt lt

)tA o

AR
It t.

)v'+
2"2

100.0
o( ?
(< 1

27 "r1a 
^)" r

100.0

^74llt Q

¡lt
).4

10
B

B

B

B

B

L
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Table D-1 . Cont'd.

Eì.. ^+!^-P u . Time after
t, \f eedlng\nrs. /

lry wt",/ \or rlsn\g/
Ðry wt"-/ \or looo.\8/

ã-/o OI ITÌt-Ï',r-ãL
fnnd rpmrinìnø

No. of
fish

0,2
6

4aLL

1B
24
30
)o
42
4B

0,2
4
B

I'

10
20

0.2
6

10
r)
2I
,q

33
39

0,2
3
6

9
t/

0,2
3
6

9
4aIL
4/
I)

B

7
B

10
10
10

7
B

B

B

B

7
B

7
7

B

B

7
6

7
7
4
5

10
10
10
t2
10

9
B

B

B

9
B

La.+
1? 1

1? ?
11 ô

12 ?

12,4
r) lt

11 R

lt1, ')

/r.O ll
t,¿ /+l"o
/rÂ.Q
irn I

)), r

12 1

11 7
44 /rr.J
RR

1.) ?
RÊ

AA

o,o (
<A6

" 
1A

Á lJ

J2R

^1) 
<

rlA lt

AÉ. lt

Â"ô

1.10r
0.765
0,705
0,447
0,446
0.r34
0,059
0,026
0,02r

0 "395Õ 2Q2

0 "726
0,027
0,032
0"009

L "072ñ 7Á2
0.632
0,342
0,242
0.140
0.034
0,033

0,165
0,077
0.049
0,025
0.002

o.gB9
0.496
0 "35r
0,763
0 "042
0"006

100.0
/,< A

qoQ
)t.1 O

?BA
12 0

(, )t

)t 1

IQ

100.0
or.a
30,6
o.r
R2)/r.o

100.0
22 1.

+),o
cA lt

1R n
Ao

100.0
53.4

1" Â

100.0
OU. J

""R14.0

0,7



- 104 -

Table D-2. Summary of regression analysis data for rainbow trout
digestion rate experiments.

trr- n* - /. \slope\ o/ - ^ / ^\o..r. !n-¿l to. 
o5

c"r" (¡i to.o5s¡)S¡

A

B

C

D

E

F

G

H

r

J

K

L

M

N

0

P

a
I

A+B-

C+D+E

P+8

M+0

I+N+F+G

-0.0522

-o ,o 582

-o.16g8

-0,2084

-0,2500

-0,2408

_0.1934

-0,r572

-0.1831

-0 ,r 543

-0,2296

-0,r944

-0 " 
0840

-0,2023

-0.0786

-0.3400

-0,3244

-0,0567

_0 
"1893

-0 "3290

-0,0824

-0.2023

2,78

. "+)

" 
1R

2?R

,lr îf\

2,45

'> )t t

2,78

2<2

" 
1,q

? 18

/r 2l^t

2"2

27R

2,45

" 
1R

2JR

2.tB

¿. lo

..r)

c¡A

4

6

3

+

2

6

6

4

5

3

3

2

7

4

6

3

4

I'

1-r)

9

4Ír)

)o

0.0050

0 
" 
0070

0 ,017 5

0 "0268

0,0670

0,0205

0.0161

0,0339

0. 01 30

o, o1 58

0,0294

0,0319

0.0080

0,0267

0,0052

0.0692

0 "0387

-0.0050

-0,0206

-0 "3r7

-0 " 
0048

-0,0109

-0.0384 to

-0.0411 to

-0.1140 to

-0.1lJB to

+0.0182 to

-0"I90ó to

-o "L539 ra

-0.0ó30 to

-0.1498 to

-0. 1041 to

-0.1362 Lo

-0,0571 Lo

-0.0657 t o

-0,I2BI t o

-0.0658 to

-0.1200 to

-0,2168 to

-0.04J8 to

-0"1448 to

-o "2574 to

-0.0722 Lo

-o,r79B Lo

-0,0662

-0.07 53

-0,2256

-0,2830

-0 " 5382

-0,2970

-0,2329

-0,2574

-0,2164

-0,2045

-0,3230

-0.3317

-0,1029

-0,2765

-0,0914

-0. 5600

-0.4320

-0,0676

-0.2338

-0.4006

-0,0926

-0,2248

1* 
^- ^-^-t,,^; ^årr d,rrd,rJ ùf Þ

norfnrmad nn
of covariance test
each set of d.ata

for difference in sloPes was
prior to combining thenL"



Table D-]. Summary of analysis of covariance tests for
regressions of 1n percent food renaining in

Test
cornparison

Meal size
(FvsGvsH)

Source of
variation

JC vs
(ae vs

F
G

H

I2C
CDE)

Within
D^- ^^^frLsÈ;. uvvl .

Common

AB
CDE

ÏJithin
rLçÈi. uvçl .

Cornmon

CDE

TNFG

llithin
D^- ^^^€aLgó. Uvçf .

Common

]NFG
PQ

llithin
Reg. coef"
Common

SS (X)

6
7
5

12C vs
(cm vs

significant differences in slopes of the
the stomach on tine linear"

sPT XY )

77c
INFG)

27r
)78
I58

1B

I7C vs 22C
(rNPc vs PQ)

IJ

cQ

!)

I4

cq /vl

BOB

2360
805

IO
tl

aa

-r34

¿.r SS(Dev)

Deviations from regression

74
22

^) 
/ P

Ro<
1 197

5
6
+

37

0,36
a) <B

0,28

L,22
0,49
172

0.70
4.47

t 4q). r (
10,56

4,t+7
3,70

B.1B
0"08
8,26

3,70
2,27

tì
,

17

1-ta
r)

I
¿o

r)
¿o

4I

27
10

-286

1()

-242

B

3)

lvlÐ ( l-iev /

2002

1197
25r

+L

33
53

)(

-39+

-242
-83

0 
" 
oB 3.03

o 2<

r44B -325

B6

53
2Q

?g
1

40

o21
lô <A

ao
9

B2

(1 niË

)5
L

)o

o ,2r 0 .40
0.08

I

\^
I

^ 
1t 10 (x

v.If L/.J

?1?



Table D-1. Cont'd.

Test
comparison

Àm¡hi nnrl< r¡q

clad-ocerans
/ -"r-^ r¡ \
\ t_I\-ti u vs r!/

Source of
variation

Anphipods vs
Chaobo3us
\rI\¡G vs !/

INFG
K

ülithin
lLçÈj. uvçI .

common

rNFG
t

hrithin
aLvÈ;. uvçf .

common

INFG
MO

l.tlithin
rLÇó ¡ vvçr ¡

coinmon

ss (x)

27 rtgT
390

Àm¡hi nnÁq r¡q

artificial food
/ ---^^ ""^ \( l-l\.tì U vs lvlu /

cp/vvl

30

?

-242
o1

ss (v)

I2B7

1 147

180

))6,LlbIl vÞ
^^ /JÕ. OS.l lsn
\lJ vs lll

53
5

-242

^1

30

27

1ô

Deviations from regresslon

ao
2

ÞÞ |\!ev/

r )( (

I 147
?¿, ('1

,

28
1

2Q

2 2e)

^ 
2')

-2?7

lt')a)

l"lÞ \lJevl

3.94
0.06

-242
-2c'"

ao
2

ItA)tQ

630
180

6o

53
2+

¿ó
1

2Q

3.70
036

0.14 0,+4
0.06

F

4.07
0. 01

4.08

3,70
12e'

4 "90
T2,87
1J 77

1B1
r.oa

-r)2
-45

¿o
r-)

72

2Q
4ar)

+1
I

42

0J5 0.07
0 .01

o,r2 Io7 "6x
T2,87

O
O\

I

0,45
0. 81



Table D-1. Cont'd.

Test
comparison

5.9e,fish vs 
"19,7s.fish

(¡'G vs IN)

Source of
variation

'!üithin
¡LEó r uvçf ¡

Comrnon

Áf

r^ ô
!L.vó. f1È11 vÈ

QR Bo fì <h/,v . "Y)

(INFG vs J)

FG

IN

ss (x)

Within
Þ^- ^^^f¡tçÈi. uvçI .

Common

INFG
J

I¡'Iithin
Þ^- ^^^€rLç6. uvçf .

Comrnon

ep / vv)

I4
4-
I'

810

a)(
540

< <o tìqn 1rq
J. )õ. ¿ .4vL¿

<\ /a Tt <n)).*Ó.i*"..
(M vs O)

SS(Y)

_177

¿o

t.)
)t

-1 "R
-104

¿- r sS (nev) MS (Dev)

11 a?

42

-4

22

Deviations frorn regresslon

11q7
195

6
1-

7

xP<O.05

-2+2

-2+2
-30

-4)r

4
5

hrithin
Þ^- ^^^frLçó. uvçr .

Common

3,43
0. l-l_
1, ?2

221
t,4t

aAc
0.08
1n^

r)
11

24
I

¿o
?

2Q

I
301 aQ2

90
158

5)

53
5

^ 
<2 ô 10v. )I v. t /

ô 11

-2?2

- )t

1Õta
4Q

248 -82

3.70
o 1<

0J5 0,5+
0.08

a Ê,<

O?Q
lt.2')

30

12Q
0.9+

7
1

B

0 ,t3 2,9t
O?Q

2 2Lr

0 .01
2,2+

I

O

I

0.32 0.44
0 .01



Table E-l. Sunnary of data from
calculation of daily

-108-

I97t ell-l netting experiments used in
ration of Lake I rainbow trout.

Tì^+^ Time No. of
Interval- fish

Index stomach
fullness

Amt" digested fnterval
,'lrrri no i n* on¡¡l nonsrlm¡l.i on

NIay 2J-26
+ Jtne 2-)

June 2L-22

JuLy I4-LJ

a43o
_0730

-1 030
-r330
-1630
_r930
-2230
-oI30
-a430

o43o
_0730

-1 030
-1330
-IØO
_t930
-2234
-01 30
-0430

0430
_0730

-1 030
-r330
-1630
_1930

-22)0
-01 30
-0430

r,906
2 JAO
2 ?7^
't Q?1

3,002
2,705
2 QQ1,

L,o 53

0.090
0,09+
0.t37
0,196
0.96t
0.459
o Jz6
0,067

O,IB7
o 4J2
O,B2T
0,7+o
0,668
0.767
o.Øz
0.198

0,789
a 1EÉ.

o "gB4
0,799
1,243
I,I2O
1 2"Q
0.46

0.049
0.051
0,074
0 .106
o"5tg
0.248
0,203
0.036

Daily

0.101
0,309
0,443
0.400
0.36r
0,4I4
0.344
0 "t07

Daily

1B

9
L)

6
10
14

6

5

Õ t,^/ljal-ly ratf On = 0,+¿o

a / 
^^L.o))

o,7t+t
0.539
l.870
0,9+6
1 .408

1 
'RO

0,053
o.o9+
0,r33
o "B7I0,0I7
o J65

0,059

ration = L,392

0,486
o ' 5t+B
0,524
0,328
0.460
0,284

0,096

a n¡/Tatfon : ¿o (¿O

10
10
10
10

5
10
10
10

10
10
10
10
10
10
10

7
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Table E-1. Cont'd.

Tine No. of
interval fish

fndex stomach
fulfness

Amt - di gested fnterval
Ärrri nø i nl- orr¡rl nons.llmnf.i ott

Aug.9-I0

AuB. 30-31

Sept. 19-20

Oct " 20-21

0430
_0730

-1 030
-1330
-1630
_r930
-2230
-01 30
-0430

0430
_0730

-1 030
-1330
-1630
_r930
-2230
-0I30
-0430

0430
_0730

-1 030
-r330
.IØO
_r930
-2230
-0I30
-0+30

o43o
_0730

-1 ol0
-r330
-1630
_1930

-2230
-01 30
-0430

10

9
5
9

10
B

10
10

0.085
o.1gB
0 ,551+
0,7r5
0 .545
0"538
0 .414
0 "155

0,t37
0 "695
o,7L+o
0 .844
r "067
0.347
0,526
ô 200

0,270
0.308
o .590
1.010
r,)!(
0.610
0,It64
î, 22Q

O.TLz
0 "223
o"1gB
0 ,529
0 "479
0,403
0.265
O,L7B

¡ /¿Õ]Jar-Iy ratfon = ¿.o)0

0.r59
0,463
0.460
0,216
0,287
0,167

0.014

ration : I,766

0.632
0,420
0 ,504
0.679

0.366
0,057

0.148
0.408
0,647
0,920

0.103

0,135

ration -- 2,355

0,r39
0.030
0"380
0"081
0.043

0,046
0,I07
n 204
0,386
0,29+
0,29r
0,224
0.084

DaiIy

0,074
0,37 5
0 .400
0.456
o.5za
o "787
0,284
0,167

0.110
a.126
0,24I
0,413
0,620
0,249
0.190
0.094

Daily

0.028
0,055
0,049
O,T3T
ô'f 1q

0. 100
0,066
0.044

10
10
10
10
10
10
10
10

10
10
10
10
10
10

B

10

7
10
10

9
B

9
10
10

^ /ñ^lJar-Iy rataon: v,o()


