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Abstract 

feeding habits of 0-age chinook salmon ( 011corhyuchus tshawytscha), collected in the Hanford 
Reach of rhc: Columbia River, were evaluated from March through July, 1976. Food items in 
thinook guts were compared to potential food organisms in the Columbia River. 

Aqugdc insects formed the bulk of the diet. Midge fl}' ( Chironomidae) larvae and pupae 
accoumed for 78 pcrcenr by number and 59 _p(:rcenr by volume of the total ingested items. Con
sumption of immature insects was greatest duril'lg March-June, whereas caddisfly adults were im
pt>rtant food icems in June and July. The cladoceran, Daph11it1 schJ!d/eri, was numerically and 
vulum<:trically important during the l:1tter parr of the study period. There was little size-related 
dtUerenn: in di('f, although chinook fry longer than 66 mm (FL) preyed mainly on caddisfly 
adults ( 7 pC'rccnt number, 64 percent vnlume) and cladoccrans ( 70 percent number, 13 percent 
volume). Chironomidae larvae dominated benthic samples in April and Junb with Trichoptera 
larvae in h:~sc:r abundance.-. Midstream 2ooplankron tows collected primarily Copepoda. 

Introduction 

Several studies (Gerke and Kaczynski, 1972; Carlson, 1976; Craddock et al., 1976) 
indicated the imporrance of crust=tcean zooplankron ir. the diet of juvenile Pacific salmon 
( OucQ.rhy1zchrts spp.) residing in semi-estuarine D.r marine environments. In contrast, 
studies in freshwater lode environmenrs sho\ved that although zooplankrers are some
times abundant in river drift, insects formed rhe hulk of juvenile chinook salmon diet 
(Chapman, 1938; Becker, 1970, 1973; Sasaki, 1976). Although Becker (1970, 1973) 
previously described feeding habits of fall chinook salmon fry at Hanford, additional 
studies w , e needed to compare chinook diet to potential food organisms present in the 
Columbia kiver. This paper describes sersonal and size-related feeding differences in the 
diet of chinook salmon fry caprured in nearshore habitats of the Columbh River. Data 
on relative abundance of zooplankton and benthos during the period of fall chinook fry 
residence are included. 

Methods 
Newly emergent faH chinook salmon fry reside in the Hanford stretch of the Columbia 
River from March through July. During the 1976 outmigrarion, fish were collected 
weekly by beach seine at eight srations between Columbia River kilometer 557 and 613. 
Collected fish were immediately preserved in 10 percenc Formalin. Fork length (FL) 
and weights of preserved fish were recorded in the laboratory. Stomachs were later re
moved and contents were washed inco shallow dissecting pans. Food organisms were 
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sorted u~·"g a binocular microscope, identified co the lowest practical taxon, characteriz.:.~ .~-"--

by developmental scage, and enumerated. FOGd items were distributed to a uniform depth 
and visual volume es::imates were made using grids (\Vindell, 1970). The number of 
stomachs containing each food item was recorded and expressed as a percenn:ge of the 
total number of stomachs examined. Relative imporrance of food items was analyzed by 
mom:h and by siz-e of fish. 

Samples -of macrobenrhic fauna were obtained using rock-filled baskets. Baskets were 
placed on the river bottom in 2-4m depths and later (~ 90 days) collected by SCUBA 
divers after organism colonization. Each basket conrained 14 rocks, 5 ro 8 em diameter, 
and covered about 200 cm2 of botrom substrate. Previous studies indicated similar popu
ladons of benthic organisms occurred in samples from baskets and grab samples of n:uural 
substrate (P?,ge and Neitzel, 1976a). Benthic samples were raken to the laboratory and 
organisms were removed from rocks by scrubbing. Organisms retain~ by a 0.5 mm mesh 

• 
scrc:.:!n were preserved in 70 percent isopropyl alcohol, identified and cm.:'lred. Benthic 
populations wer~ expressed as number of organisms per m2• 

Duplicate stepped-oblique zooplankton tows (Page and Neitzel, 1976b) were taken 
from depths of 2-4 m in .March and June, 1976 with a 153p. metered plankton nee, 30 
em in diameter. After e::i.Ch 3 min cow, rhe net was retrieved and the samole washed into 

~ 

a jar. Samples were preserved in 10 percent Formalin and taken co the laboratory for 
species idenrification and enumeration. 

Results 

Dipcera, primarily Chironomidac (midge fly), were rhe dominant food icem, borh nu
merically and volumetrically. Figure 1 shows percent number nnd percent volume of 
dominant food items by month and by size class of chinook fry. Since size of food organ
isms varied, examination of both numerical and volumetric values provided the best indi
cation of an item's importance. Either value by itself may i:.e misleading, especiall)' when 
large ( caddisfly adults) or small (zooplankton, chironornid larvae) food items arl con
sumed. For example, chironomid lar:vae were numerically dominant in June yet ranked 
third by volume. Caddisfly adults were Jowesr numerically bur ranked second volumetric
ally in June· and July. 

Midge fly pupae were heavily utHized and were numerically dominant in April and 
May when numbers of chinook fry were at peak abundance in the study area (Gray and 
Dauble, 1977). M:dge fly larvae were important only in March and July when few fish 
were collected. Trichoptera udults w·ere ingested in greatest numbers in June and July. 
Twenty-two percent of all chinook samples in June contained > 80 percent C'lddisfly 
adults by volume. A rerrestrial insect, Homoptera, family CicadeHidaet was presem: in 
large numbers in May. Zooplankrers, mainly the dudoceran Dttpbnitt scbr/dleri, were 
consumed in all months except 1-farch. D. scb?dleri was of greatest importance in July. 
All other food items were usually presel}t in trace ( < 1 percent) amounts only. 

Ingestion of dominant food iteGls by four size classes of chinook fry is shown in 
Fib'11re 1. Midge fly pupae and larvae were most important numerically and volumetric
ally in the diet of fish 34-55 mm. Fish longer than 56 mm fed mainly on midge fly 
pupae and larvae (90 percent by number, 48 percent by volume). Caddisfly adults (2 
percent by number

1 
39 percent by volume) were also imporcanr. Caddisfly adulr:: were 

the mosc imporrant food item (7 percent by nun1! -~·, 64 percent by volume) for chinook 
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figure 1. Relative importanco of major food items by monrh and by size class of juvenile chinook 
salmon collecred at Columbia River kilometer 557~613 in 1976. 

fry longer than 66 mm. Crustacean zooplankton (70 percent by number, 13 percent by 
volume) and midge fly pupae ( 13 percent by number, 12 percent by volume) were also 
important food ite:ns for larger fish. 

Table 1 summarizes the diet of all fish examined. Dipterans were clearly the dom
inant food item. A utochrhonous food sources provided > 97 percent of the diet by 
number and > 90 percent by volume. These results differ from previous studies (Becke.r, 
1973) which showed lack of zooplankton and greater consumption of Collembola by 
0-age chinook fry in this section of the Columbia River. 

TABLE 1. Summary or food Item:> conRumed by 0-age chinook 
cenh·al Columbia River, l\l:'lrch through July, 1976. 

Food Category 

Diptera larvae 
pupae 
adult 

Tricho1~tera larvae 
pupae 

adult 
Terrestrial Insects 
Zooplankton 
Arachnida 
Other 

Percent 
Number 

37 
n 

2 
<1 
<1 

3 
2 

14 
<1 
<1 

sg.Jmon (N=2GO) 

Percent 
Volume 

• 
15 
44 

4 
6 
1 

17 
7 
4 

<1 
2 

collected in the 

Percent 
Occurrence 

53 
so 
21 

2 
2 

27 
22 
13 

8 
!I 
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Figure 2. Relative abundance- of rnajor aquatic insect groups collected in rock-filled baskets from 
the benthic community in the central Columbia River. 1976. Key: I. Chironomidae 
larvae; 2. Chironomidae pupae; 3. Trichopcera larvae; 4. Trichoprcra pupae; 5. Simulidae 
larvae~ 6. other insects. 

Figure 2 shows the relative percenrage of major aquatic insect groups collected from 
removable substrates placed on che river borcom. During emergence of fall chinook 
~almon in April, Chironomidae larvae constituted 85.2 percenc and Trkhoptera larvae 
12.8 percent of the roral benrhic fauna. Although June samples were also dominated by 
Chironomidae Iarvae { 46.4 percent), Trichoptera larvae ( 15.1 percent) and Simulidac 
larvae ( 14.4 percent) were present in increased numbers. Pupal forms of Diptera ami 
Trichopcera were more evident in June benchic samples and supported field observations 
on insecr emergence times. 

Zooplankron samples in che mid-river drift were dominated by Copepodar primarily 
Cyclops sp. in ~!arch and June, 1976 (Table 2). Although D(tph11ift sp . .vas the most 
abundant zooplankcer presenr in fish guts, it was rarely found in drift samples. 

'I'AllLE: :!. :\lt·an pt•t'(.'t•nht~l·~ r~r t•laclncl•t•mt and ~·~~~~~110d znntJianktnn l'lltO'lliNl in rilhl~tJ·•·nm at C'u~ 
lumhia I:ivet· kllnnH·It-r iiHIJ. 

------------------------------------------------------------------------
l\fnrf'h .rune 

Znoplu.nkh m NumhtH'/.l percent Numb~r/..! percent 

Cladnceru. 
lhlJihlllll ~Ill'· 0.4 0.7 
Bo~mhm sp. o.:: 0,6 6.!) 1:!.0 
ChylltH·idat> 0.7 1.5 0.!) 1.6 

{ 'IIJH!JlOihl 

C,t'l'ltiJIS :-;p. 2::.5 :i0.8 4.-) •• ...... 7a.s 
()Jnt•tunml-1 ~'~P· 21.~ ··17.1 6.1{ lt.!l 

1.'11llll~ -It;.:: 100.{1 57.;} 10li,O 

Sarnplt• Voh11111• ::.5·1 X 1(1 I .,l 3.:r; x lO~.L 
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Discussion 

The availability concept in fish feeding dynamics has been discussed for young salmonids 
(Hoag, 1972; Carlson, 1976). Seasonal changes in diet have been attributed to seasonal 
changes in availability of various food items in the fish's habitat. Qualitative and quan
titative changes in food supply and beha.vioral changes associated with fish size may be 
reflected in an organism's dice. 

Tlitilrtg of adult insect abundance '!.nd trends in benthic prey organism density were 
reflected in the diet of juvenile chinook salmon. Increased surface feeding by juvenile 
chinook salmon was noted during periods of caddisfly emergence and reflected oppor
tunistic feeding. Although tl1e :relative large size of adult caddisflies limits the size of 
their predators, guts from some chinook salmon fry as small as 46 mm contained only 
adult caddisflies. 

The frequent occurrence of midge fly larvae and pupae in young chinook sal.nlon 
guts coincided with high midge numbers in benrhic areas. We calculated forage ratios 
(Hess and Swartz, 1941), which indicated that chironomid pupae were the only benrhic 
organisms selected in April and June (ratios, 55.4 and 1.9, respectively, when a number 
> 1 indicates selectivity). However, absence of larval cases in examined stomachs in
dicated that mosr midges were consumed while the highly visible pupae moved to the 
surface before adult eclosion. Becker ( 1970) considered most insect forms to have been 
floating, drifting or swimmin~ in the water column when captured by chinook fry. Mun
die ( 1971) attributed utilization of various food items of coho fry to flotation and visi
bility and found that chironomid adult and pupal forms were selected from the drift. 

Seasonal presence of zooplankton as a major component in the diet of young chinook 
salmon may reflect zooplankton population fluctuations resulting from high \Vater inun
dations that persisted long enough for the zooplankters to reproduce and grow. Although 
spatial separation of zooplankton tows could lead to discrepancies in actual availability 
of food items, habitat characteristics of Daph11ia schf}dleri (Brooks, 1957) in :icate they 
may be concentrated at times in shallow slack areas. Concentration of this cladoceran 
could result in visual discrimination from other food irems and increase predaror food 
collecting efficiency: This event could explain the presence of this dadoceran in rhe diet 
of d1inook salmon fry in contrast to Becker's ( 1973) study. Craddock et al. ( 1976) 
found zooplankton were the mosr common item in the diet of young chinook salmon 
collected from July through October in the lower Columbia River. However, midstream 
zooplankton abundance in rhe lower Columbia River sometimes exceeded 4500 organ
isms p~r m3 during the summer, whereas our samples never exceeded 400 zooplankton 
per m 3• Nearshore sampling of insects and zooplankton drift would be necessary before 
selectivity of all available food organisms could be determined. · 

• 
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