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Abstracl

Food habits of Rocky Mountain whirelish lPrcropitn uilliamsotiJ were related to ase classes.
Three dominant families of food items jn the diet of whitefish were Chironomidae, Hydioptilidae,
and Dytiscidae. Chironomids occurred in all fish. The percent of chironomids io thi diet direased
as the ages _increased. Statistical atralysis of diversity of food habits between age classes revealed
significant--differences, except between age class one and two, and age three aid combined ages
four and five, which may mean that wirhin these subgroups fish could comfrte for food.

Inlroduction

The Rocky Mounrain whit&ish Prosopium uill,iamrcni ( Girard) is the most abundant
species in many sffeams in wesrem North America (Sigter and Miller, 1961; Brown,
1971; McPhail and Lindsey, i970; Go,odnight and Bjorur, 1971) . Whitefish have been
repo(ted as competing with t<rut for food ( Sigler, 1951). Crurent ecological thought
is tbat direct con4rtitors do not exist in the same environment (Royce, 1972). The
subtle differerrces in space u'tilization and food utilizatioar often prevent eveq membels
of the same genera from being in diteot cornpetition ( Johnson and Minckley, 1972).
Biological theory, rhetefore, indicates that white,fish and trout should not be in d,irect
competition, yet exarninatio,n of food habits of the species reveals similarities in diet
(Catl et al., 1959; Carlander, 1969). The interacdoo qf wb,itefish and trout p,opula-
tions has oot been cleady established ( Baxrer aod Simon, 1970). Resea.rch into the
biology of various trout and salmon sp€€ies has been more extensive than the resea,rch
into the biology of whitef,ish eveo thou,gh the whitefish may be the moer abuodant
fish in many sreams. Frequendy, diets are not related to age classes, but morely to
size ca,tegories of fish, This situation makes an accurate assessmerlr of cornpetition
between wlr,itefish, as well as between whitefish and trout, inr,prartical. This study
of whitefish in the Teton River relates food items to age class.

De3c pllon ot Study Area
The study atea was located in Tetoo County, Idahq at an eleva,tion of 1550 m. The
fish collecting a.rea was the enuance of Teton Creek into the Tetmr River. The area
is a spatsely populated mountaioous region characterized by hillsides with dry farms,
aspen, and pine. The area is moderately grazed, and bank eroeioo was present Tb,is
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€t6ioo has caused silting in bodr Tet<rn Creek and Tetcr River, with heavier silting
in the slowet flowing Tetoar C,ree&.

Methods

Seventy-five vshitefish vrere collected duriag October 1973 by elecaofishing. Staaclard
length, body depth, weigtrt, and sex were recorded. Scale sarnqrles were tak€o frtrn
belovr the dqrsal fio and above the lateral line. Back-calcul.ated gro$'th was determin€d
by using a dear plastic nom,ograp,h (Irwry, i951). Stomachs were temoved, tied in
cheese cloth, cross indexed with scales, and preserved in 10 percent formalin. Volumes
of the stomachs were subsequendy determined by displacement Stomach contants were
nalyzrd by separating and countiog each individual organism under a variable power
dissec'ting rnicroscop. Classifications were based on taxonomic keys by Barne (1963),
Borror aad Delong ( 1964) , Ross ( 1956), Ward and Vhipple ( 1918) , and Needham
and Needham (1966). The frequence of occurrence (FOVo) was established for each
food item (La$er, 1)56) . The numerical method (N% ) was also ernp,loyed to
establish percent of vatious fo,od iterns in the diet (Ia,glet, 1956). The data obtained
were then related to wh,itefish age classes. Shannon's iadex of d,ivetsity (Z^t, 1974)
was utilized to calculate diversity indices of food items for each whitefish age class.
Indices of diversiry were then compared by t-test to test the hy1roth€s,is that ajge
classes have simila,r diets.

Two quantirative and wo qualitative sanr,ples of aquatic organisms in the Teton
River were taken by use of Hess net (7/16n2) and kick net, respecdvely. The quar-
titative sarnples were ta-ken at two lqcations representative of the stud,y siti, The total
atea sarnpled encompass€d 1/8m2.'lhe substrate consisted prirnarily of fine sand aod
silt, with water depth raoging frorn.6 to 1.) m.

Fomge ratio for each food item was calculated by dividing rhe perc€ntage in
stomach by the percantage in the quanti.tative enviro,nmental sanr,ples. Values higher
dran one indicate preferential selection, a value equal to one is interpteted as chance,
aod values less than one indicate avoidance.

Resulte

Age and growth are dete,rmined for 75 Rocky Mountain whitefish from the Teton
fuver (Table 1), Figure l shows ttre percent of each food item present in the efitire
fish mrnple. The tbree dominant families of food items in the diet of whitefish were
Ohironomidae, Hy&optilidae, and Dytiscidae (Fig. 1). These farnilies q/ere cornpared
by chi-square analysis to deterrnine if there were differences in food items selected
berween age group's (Table 2). Quantitative aquatic invettebtate sampling indicated
chironomid lawae as the most abundant, followed by tubificids ( Table 3)- Percent of
individual food items (N% ) and frequency of occlrrence GA%) of food items fot
the various age classes are listed in Table 4. Analysis of forage ratio,s by age classes
revealed that chironornid larvae had a positive selection ratio in all age grouPs. Bra-
chyceotd&e had a tairo less than ooe, indicating negative seleatioo. Age class four
and five had the highest occurrence of Brachycentridae. A positive selmion for Hydra-
chinellidae was seen in age class three whitefish. Haliplidae had positive selection by
age class tbree and a negative selection in all other age classes. Basommataphora's
forage ratio for classes four and five revealed positive preference; forage ratio for this
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organism in all other age classes indicated negative selectio,n. Sphaeridae had chance
selection in age class thlee and coorbined age classes four and fivg and negative se-
lection in age classes one aod two.

Simuliidae did not show up in any aquatic samples (Tabte 3), but age class tb,ree
indicated selection of Sim,uliidae as a food itern. D1'tiscidae was not collected in aquatic
sam4rles; howwer, it orcurred in a\l a6e class stomachs, and was increas,ingly selected

oe-o.20/o- o.3"/"
Hydroc  h ine l l idoe  -  O. l%

l ip l idoe -  O.4%

6.4v"

Figurc 1. Percent of food items preseot in seventy-five Teton River mountain whitefish.

TABLE 1. Growth measurements of whitefish in Teton River lor various ase classes ai time ot
capiufe.

Class Sex

Stddard AveraAe
Sample Lensth Weisht

s ize  (cm)  (c )

Averaae Back-calculated Stanilard
Irensth (cm at each annulus)

4 5

Avefag€ Average
DeDth Condtiion
(crn) Facior

1 - 1 6

2 Females 7
3 Males 18
3 Females 4
4 M:rles 9
I Fernales 1
5 Males 2
5 Femal€s 3

Averase lor Males
AveraAe lor Females
Averase all Groups

10.50 14.65
1?.00 86.50
14.78 84.?8
18.10 92.69
21,25 143.\2
23.60 193.20
25.00 233.00
26.25 251.50
28.60 3?0.00

Males

All Groups

6 . 6 0
6.96 13.20
6.?4 13.00
5 . 8 6  9 . 8 2  1 4 . 9 9
8.8? 13.12 18.50
6.22 11.61 16.90 21.00
?.00 10.50 1?.00 23.0 0
6.50 9.50 14.00 19.00
6.83 11.40 1?.06 21.50
6.33 11.35 15.53 20.63
7.34 72.56 1'1.77 21,92
6 . 5 ?  1 1 . 6 6  1 C . 0 1  2 0 . 9 E

5.02 4.18 5.10
5.2L 5.22 4.15
5 . 0 9  4 . 3 5  4 . 9 1

2.20 0.0\24
3.74 0.01?0
3.85 0.0168
4,14 0.0149
4.40 0.0148
5.08 0.0147
5.10 0.0149

2 4 . 0 0  J . 4 5  0 . 0 1 3 8
2 5 . 8 3  6 . 5 3  0 . 0 1 6 I
24.00
25.83
25.10

3 . 9  7
4.12

Chi ronom idoe -  51 .57o

Hydrop i i l i doe  -

t7.sVo Dyt iscido e -

to.4%
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for as age increased. Hyd,roptilidae larvae were not collested in the quantitative samples,
but did appear as a major food item in the diet of the whitefish. These thtee fanflies
were probably picked up in the &ift or m,issed by the sarnpling device. Additional
environmental sampling is required to determine the disttibution of these organisms.

Cofilparison of food habits between age classes revealed significant differences in

diet berween age classes (Table 2). No diffetences in fo,od habi'ts existed between
age classes one and two. It appars that these age classes are dependent upon the same

TABLE 2. Chi-square iesi results lor dilferences oi selection belveen ase sroups or mouniain

whiielish on three dominant iooal item families and i_lest resulis ol compa sons oi inalices

ol div€rsiiy beiween age classes.

).r Vaiue )C.05(2) with 1d.l-Food ltem AAe Class Comparison

Chlronomiatae

Hyalropiilidae

Dr'liscldae

2.28 3.841
5.32 3.841
5.07 3.841
2 . 3 0  3 . 8 4 1
1.19 3.841

10.74 3.841
6,44 3.841
6 . 3 3  3 . 8 4 1
1 . 8 6  3 . 8 4 1

diBsimilar sel€ciion
dissimilar selection

dtssimilar selection
dissimilar selection
dissintlar setection

1 v s 2
2 v s 3
3  v s  4 - 5
l v s z
2 v s B
3 vs 4-5
1 v s 2
2 v s 3
3 v 3 4 - 5

Compa.rison Dilferences
ot Aaes (J1-J2)

t . 0 5  ( 2 ) 1sH1-H2

l v s z
1 v s 3

2 v s E
2  v s  4 - 5
3  v s  4 - 5

-0.1028
-0.4106
-0.4052
-0.3078
-0.3024
- 0 . 0 0 5 4

0 . 0 6 0 0
0.05?4
0.0539
0.0640
0.0608
0.0683

- 1 . 7 1 3  3
-7.A533
-?.51?6
-4.8094
-4.9737
0.09s6

1.9?3
1.973
1.972
1.972
1 . 9 ? 3
1.9?3

Rej€ci
Rej€ct
Rejeci
Rejecl

Ho: r;=4
H o r J - = J .  -

H o :  J ^ = J .  -

sH=Shannon's Idex of Diversity.

TABTjEI 3. Quanlilative and qualltative s:Lmples ol aquatic o€anisms ln the Teton River.

Taxa present in two kick
net samples oI sluily area.

Perc€ni oI inatividual
Taxa present in 1/E

m, ol study a.ea.

Hydropitlidae
Brachyceniddae (la.rva€)

DiDiera
Chlronomidae (larvae)

Acroheurlinae

Hytlrachinetlidae
Coleoptera

Ha.liplidae q8,ltpln8 sp. (larvae)

Sphaerialae Pislitltm sP
(]aslropoita

Basonmataphora, PhYBa sP

Otieochaela
Tubilicidae

+
+

0 . 0
1 6 . 0

3  5 . 8

2 . 0

2 . 0

0 . 5

1 2 . 8

6 . 1

24.5
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fmd resources. There was a significant difference in the indices of food diversiry be-
tween age classes one and two aqd age class tbree indicating reduced com4rtition for
fmd. There was also a highly significant difference in food categories betweeo age
clas one and cornbined age classes four and five. Age class three and combined age
class four and five showed ao insignificant difference between food categories and
may be in cornptition for food

TABLE 4. Perceni of individual iood iiems (N%) and lrequency of occurrence (FO%) or food ilems
ior various ase classes ol Teion River whiietish.

FooiI N% FO%
Ase Class 1

N% FO%
Ase Class 2

N% r.o%
AAe Class 3

N% FO%
Ase Ctass 4&5

Simuliidae

Hydroplilidae
Hydrachinetiidae
Halipliilae
Dytiscidae

Corixidae
Lumbriciilae

86.8 100.0
1 . 0  a 2 . 5
0.1 6.3

12.6 81.3
0.0 0.0
0.0 0.0
0.4 18.8
0_1 18.E
0-0 0.0
0.0 0.0
0 . 0  0 . 0

7 8 . 5  7 8 . 3
0.1 8.7
1.9 21.'1
9.9 34.8
0 . 0  0 . 0
0.0 0,0
8 . 5  5  6 . 5
0.7 8.?
0.1 4. f ,
0 . 2  8 . ?
0.0 0.0

50.4 77.0
13.1 31.8

4.2 22.7
10.9 31.  E
0 . 2  9 . 0
1 . 0  9 . 0

12.4 72.',i
4 .8 27.2
2.7 22.7
0.0 0.0
0 . 1  1 3 . 6

4 5 . 3  5  3 . 3
0 . 6  6 . ?
9 . 8  6 0 . 0

27.5 26.6
0.0 0.0
0.2 6.7
8.4 66.6

t1.2 33,3
2.3 20.0
0.2 6.7
0 . 6  1 3 . 3

Discussign and Conclusion
Food Habits

Whitefish food habits in 'the Teton River indicated vatiation in families of aquatic
insects utilized betvreen different age classes. Similar results were o,btajned from food
habit studies of whitefish of I/yoming, British Colu-mbia, and in the Snake River of
ldaho ( Baxter and Simon, 1970: Carl. et al., 7g6gi Carlander, 1969). This study is
most neady con.lparable to that of Snake River vhitefish in Grand Teton National
Park (Pontius and Parker, 1973).

The October 30, 1970 collection of Pontius and Parker (I9jT ol size class one
whitefish from the Snake River is equivalent to age classes one-three io this study.
They indicated chironomids in all stomachs of dass one fish, and as rhe size clases
increased, the percent of chironomids in the diet decreased. This study confirms these
results. They found Plecoptera ancl q>hemeropterans in Snake River whitefish, as did
Sigler (195i) in Logan River whitefish, and as Laakso (19)1) found in whitefish
of Yellowstone River. However, the two orders appeared in small numbers in La,.r,kso s
(1951) fall samples. Plecoptera and ephemeropterans .were nor preseot in Teton River
whitefish sromachs. Ephemeropterans vrere not collected in the aquatic samples of the
Teton River, and a small percent of plesopterans were sampled. This finding may be
a function of the siltation of Teton River. Tubificidae and chironomids were the most
abundant organisms in the environmental sarnples and are characteristic of sil bottoms,
but the numbers of Plecoptera and Ephemeroptera decrease in silr substrate (Eustis
and Hillen, l9)4).'feron River whitefish food habits may be adapted to the environ-
mental disrurbance resulting from overgrazed sream banl<s.

Food Diaersitlt in Age CLurct

Intraspecific cornlretition for food items may exist between age class one and age
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class two when food resources are limited. However, age class two had a highly sig-

nificaot selection for Dytiri&e compared to age dass one. This difference probably

results from the ability of $e latger fish ,to feed on the large Dytisciclae larvae. Age class

two bad a teduced woight gain cornpared to the other age grouPc (Table 1). This

diqparity could refl t from comqrtition for food. Age class two fish are less capable

of com,peting with larger age classes and partially share their feeding niche with age

dass one.

Age dass tbree whitefish were captured in all sampling areas and co,ntained the

sa.me t1,1xs of food items as age class fou,r and five. However, age class four and five

had a h,igher occalrrence of la,rger food items in the stomach than did age clas three.

Age class three also showed less linear growfi than age class four and five. This dis-

pariry agaio may result from intrasperific co,mpetition ( Enrlen, 1966). Age class tb,ree

has to expenl more energy collecting smaller food items than age class four and five,

which feed on larger items.

Funther study is needed in the biology of the q/hitefish. Smdies in populatioo dy-

namics, food habits, and gr<rwth need to be uadettaken in conjunction with otlrer sal-

monicls during seasonal changes, low waterflows, and differen't habitat rypes. The in-

teraction of whitefish and trout needs to be furd-rer understood so 'that managemeot

plans may be adequately constructed for the game fish species. The decrease in the

rnore prefelred trout sPecies is grbably the result of s*eam siltatirvn and not intra-

specific conr,petition with vrhitefish. The aL'uadance aod believed increase in whitefish

may be correlated with decreased tout de$ities which result frorn increased silt depo-

sition. The whitefish may adapt more readily than trout to a silted environment
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ANNOUNCEMENT
This number of Northwest Science consists of rwo pafis. The November number will

teturn to the usual format, as will futnre issues of Northwest Science-
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