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ABSTR.tCT 

The stomachs of juvenile chinook salmon, Oncorhynchus tshawytscha, taken in the Prescott
Kalama area of the Columbia River during July-November 1968 and March-December 
1969 were examined to obtain information on their contents. Zooplankton, especially 
Daphnia, were the major item in the diet of the young salmon from July through October, 
whereas insects were the most important constilutents of the diet during spring and fall. 

The zooplankton in the area was sampled from January 1968 to November 1969 and 
examined in relation to the relative abundance of juvenile chinook salmon and their stomach 
contents. Daphnia, Bosmina, and cyclopoid copepods were major zooplankters in the area, 
and their periods of highest abundance were associated with high water temperatures of 
summer. Samples taken during daylight hours indicated Bosmina were most numerous at 
the surface, Daphnia were most numerous below 5 m, and cyclopoid copepods were rela
tively uniform in their vertical distribution. The zooplankton populations were generally 
increasing during the season of juvenile chinook abundance (April-July). Juvenile chinook 
were selective in their feeding habit5 and consistently consumed Daphnia in a much 
higher percentage than it was found in the zooplankton samples. 

Pre,·ious studies of the food habits of young 
chinook salmon in tributaries and upper river 
locations indicated that insects ( adults and 
lan·ae) constituted a major portion of their 
diet (Clemens 1934; Chapman and Quistorff 
1938; Hanson et al. 1940; Sasaki 1966; 
Becker 19i3). l\lost food habit studies of 
young chinook have been in tributaries and 
other areas of rapid flows whereas this study 
was done in a semi-estuarine environment 
through which they must pass during their 
earlr development and seaward migration. 
The relative importance of insects and zoo· 
plankton to their diet was not known for the 
lower Columbia River. The study area is 
downstream from most of the spring, sum
mer, and fall chinook spawning areas (Ful
ton 1968) and all but six of the chinook hatch
eries on the river (Atkinson et al. 1967). 
Columbia River chinook salmon, hatchery 
reared or naturally spawned, spend an impor· 
tant part of their early life passing through 
this portion of the river. 

1l1e objectives of this study were to: t l) 
determine the importance of'zooplankton and 
insects in the diet of juvenile chinook salmon 
sampled in the Prescott-Kalama reach of the 
Columbia River; (2) determine the seasonal 
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abundance of zoo plankton in the area; and 
13 J examine seasonal variations in relative 
abundance of selected zooplankters in relation 
to water temperature. 

METHODS 

Chinook salmon juveniles were collected 
weekly from purse and beach seining catches 
made to evaluate fish occurrence in the Pres· 
cott-Kalama reach of the Columbia Rh-er, 63 
km down- river from Portland, Oregon. A 
total of 207 stomach samples was collected 
from July to November 1968 and March to 
December 1969. Fish for stomach samples 
were selected from purse seine catches at mid
river, on the Washington side of the channel, 
on the Oregon side of the channel, and from 
beach seine catches on both sides of the 
river. Each week 1-10 fish were sampled, 
depending on availability. This food study 
was based on these stomach samples. 

Immediately after capture, the abdominal 
wall of each fish to be examined was slit open 
and the fish placed in 10% formalin. The 
fish was weighed and measured; the entire 
alimentary canal was removed and weighed to 
the nearest 0.01 gram; the contents were re
moved by splitting the gut and washing with 
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TABLE 1.-Perceniage (baetl on tlry weight of stomach contents) of ,Jjffe,ent en,u of food ilems in stomaclia 
of juflfflile chinaok salmon taken in the Columbia River near PrescoU, Oregon, 1968-69. 

Chinook sampled 

Average Average 
Year and Number weight length 

month of fish (g) (mm) 

1968 

July 6 8.8 79.6 
Aug. 8 14.3 101.6 
Sept. 4 18.8 110.0 
Oct. 
Nov. 8 12.9 97.3 

Total 24 

1969 

Mar. 13 47.8 153.2 

tr.·· 
1 23.6 137.0 

ay 2 18.6 117.5 

J:r; 
17 6.6 76.4 
25 8.2 83.8 

Aug. 36 12.7 96.0 
Sept. 31 18.7 106.6 
Oct. 35 14.8 100.1 
Nov. 17 11.4 95.9 
Dec. 6 10.9 95.0 

Total 183 

distilled water into SO ml of 10% formalin; 
the empty gut was weighed to obtain wet 
weight of the contents; the contents were 
separated (using a binocular microscope) 
into three component groups, i.e., insects 
( adult and larvae), zooplankton ( cladocerans 
and copepods) , and miscellaneous items ( fish, 
algae, sand, rocks, unidentifiable material, 
etc.) ; zooplankton were separated and counted 
by species ( cladocerans) or genus ( cope
pods) ; the contents were dried by vacuum 
filtration through a HA 0.45 micromillipore 
filter and baked overnight in. an oven at 37.8 
C; and the three component groups were 
weighed individually to the nearest 0.001 
gram. 

Zooplankton populations were sampled 
(during daylight, normally 1000-1400 hours) 
in mid-river, offshore from the Trojan Nuclear 
Power Plant (river kilometer 118). This ap
proximated the area of the purse seine fish
ing. In 1968, samples were taken biweekly 
from April through October and once every 
3 weeks during November through March. 
Weekly samples were collected during 1969. 

Two types of sampling gear 'Were used: ( 1) 
a 0.5-m Nansen type net constructed with num
ber 10 bolting cloth and (2) a 127-mm Clarke
Bumpus sampler with number 10 cloth. Mesh 
opening of both nets was 150 microns. 

Food Items in stomachs 

Stomach 
contents 

weight %Zoo- %In- %Miscel-
(g) plankton sects 1-s 

0.455 23 13 64 
0.179 53 5 42 
0.269 81 0 19 

0.169 0 27 '13 

1.072 39 11 50 

1.283 0 12 88 
0.029 0 41 S9 
0.045 0 36 64 
0.69.2 4 28 30 
0.395 5 17 78 
1.479 66 8 26 
1.635 77 17 8 
1.162 51 32 17 
0.250 0 28 72 
0.102 5 17 78 

7.072 41 18 41 

The Nansen gear was used for all samples 
taken during the period April 1968 through 
June 1969; the Clarke-Bumpus was used July 
through December 1969. During 1968 each 
sampling operation included two vertical 
hauls from 10 m. In 1969 the procedure was 
changed to include vertical hauls from 5-, 10-, 
and 15-m depths ( vertical hauls were at a 
speed of 20 m/min). Also during July through 
December, horizontal tows at the surface and 
at 5-, 10-, and 15-m depths were taken with 
the Clarke-Bumpus.· The samples were pre
served in 5% formalin; the zooplankters were 
later identified and enumerated in terms of 
organisms per m3• Volume of water strained 
by the 0.5-m Nansen net was calculated from 
the area of the opening and the distance 
hauled, whereas the volume of water strained 
by the Clarke-Bumpus sampler was monitored 
by a flow meter which is a part of the gear. 

Water temperatures were monitored and 
recorded with a' thermistor thermometer sys
tem in the fishing area both years. 

RESULTS 

Juvenile chinook salmon were captured . 
during the entire year (26,000 were captured 
during 1968 and 1969) ;·however, the peak of 
downstream chinook salmon migration occurs 
in June or July. The size of chinook captured 
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TABLE 2.--0ccurrence of zooplankton in &tomachs of juvenile chinook &almon &aken in the Colrunbia River · 
near Prescott, Oregon. 1968-flJ. 

Year and Number of Da,,hnia 
month stomachs No. 

1968 

July 8 8 
Aue. 8 2,073 
Sept. 4 3,888 
Nov. 6 s 
Total 24 S,970 

1969 

Mar. 13 

� 
1 
2 

June 17 538 
uly 25 78 

.Aug. 38 23,280 
Sept. 31 29,795 
Oct. 35 7,805 
Nov. 17 12 
Dec. 6 38 

Total 183 61,542 

ranged from 49-218 mm,- hut the average was 
100 mm. 

Insects (adults and larvae) were the major 
component of the identifiable stomach con• 
tents in the spring and fall, whereas zooplank
ton (small crustacea) were most utilized in 
July, August, and September of 1968 and 
August, September, and October of 1969 
(Table 1). The miscellaneous or unidentifi
able contents of the stomachs sampled nor
mally accounted for the greatest percentage 
of the weight, except in months when zoo
plankton dominated. 

Daplini.a were the most prevalent zooplank
ter in juvenile chinook stomachs. In August 
and September of 1968, they constituted ap
proximately 98% of the zooplankton; in 1969 
they a\'eraged o,·er 95% for 6 of the last 7 
months of the year (Table 2). The only other 
zooplankter utilized in quantity by juvenile 
chinook salmon was the cladoceron Sida

{62.5% in July 1968 and 55.0% in July 1969). 
or 14 species of cladocerans collected, 2 

were numerically dominant in both years. 
Daphnia and Bosmina were by far the most 
abundant cladocerans and occurred in almost 
equal abundance. They both exceeded the 
third most numerous cladoceran { Ceriodaph
ni.a) by approximately 40 times in 1968 and 
by 80 times in 1969 (Table 3). The months of 
peak abundance coincided closely for the 2

years. Cyclopoids were the most common of 
the copepods, exceeding the calanoids by fac-

Sida Cyclopoids All others 
No. No. No. 

1S 3 
22 18 s 
17 S!! 7 

S4 88 15 

s 
93 

209 4 19 
170 

l 

472 10 !2 

tors of 19 and i in 1968 and 1969, respectively. 
The time of peak abundance for copepods did 
not coincide for the 2 years. 

Daphnia increased to peak abundance as 
water temperature peaked at 21 C in August 

· of both years, then declined sharply. The den
sity of Daphni.a was greater than 100/m3 from
June through October 1968 and July through
September 1969.

Bosmina increased in abundance with ris� 
ing temperature in April or l\lay and reached 
a maximum in June or July preceding the 
peak period of water temperature in August, 
and then decreased during the period of high• 
est water temperature and returned to a sec
ond maximum as temperatures declined in 
October and :Xo,·ember. The pattern of fluc
tuations in relati\'e abundance of Bosmina was 
similar for the 2 years. 

Two population peaks of cyclopoid cope
pods appeared in 1�: in May as water tem
perature was increasing and in September as 
water temperature decreased. The period 9f 
greatest density in 1969 was fairly uniform 
from June through September, the season of 
highest water temperature. 

The population of calanoid copepods peaked 
in July 1968 before maximum water tempera· 
ture and in September 1969 after maximum 
water temperature. The u·erage monthly 
abundance of calanoids did not exceed l 75/m3 

in the 2 years of sampling. 
Cyclopoid copepods were uniformly dis-



CRADDOCK ET AL-FOOD OF JUVENILE CHINOOK SALMON 75 

TABLE 3.-Zooplankton abundance (no./m1) as indicated by pl1111kton sampling in the Columbia Rifler near 
Prescott, Oregon, 196�. 

1968 
Zooplankton 
composition July Aug. Sept. Nov. Mar. 

Cladocera 
Da,,hma 227 2,548 824 40 
Bosmina 1,212 48 64 800 1 
Cerioda1>hnia 68 24 8 
Mono,pilus 
Alona 8 
Chyd.erus 22 16 
Sida 19 
Simoce,,halus 
Dia1>hano,oma 
Le,,todora 3 
llyocnn,tus 
Pleuro:rus 
Macrothrb: 3 
Leydigia 3 16 

Copepoda 
Cyclopoids 613 1,270 3,064 160 27 
Calanoids 173 84 32 24 3 
Harpacticoids 8 8 

tributed from the surface downward to 15 m. 
Daphni,a were relatively scarce at the surface 
but increased with depth to a maximum den
sity from 10 to 15 m. Bosmina were most 
abundant at the surface, nearly double that of 
their abundance at the other depths. 

DISCUSSION 

Juvenile chinook in the Prescott-Kalama 
reach of the Columbia River selectively fed 
on Daphnia. Both Brooks (1968) and Gal
braith (1967) determined that trout were 
highly selective for Daphnia, especially for 
Daphnia over 1.3 mm in length. Size of zoo
plankters (as given by Edmondson 1966) may 
have an important bearing on the selection 
of Daphnia ( 1.3-2.2 mm) over Bosmina ( 0.5 
mm). Bosmina were numerous during July 
and November of 1968 and during the sum
mer and fall of 1969, but they made only a 
minor contribution to the stomach contents 
in 1968 and none at all in 1969. Cyclops ver

nalis (the dominant cyclopoid) overlaps Daph
ni,a in the lower size range (0.99-1.8 mm), but 
was not utilized to any extent by juvenile 
chinook. The large size of Sida ( 34 mm) 
probably was a significant factor in deter
mining its utilization by the juvenile chinook. 
Sida, which contributed very little to the total 
entomostracans in our zooplankton samples 
( 1 % or less in all months sampled), made a 
significant contribution to the stomach con
tents in some months, especially July of both 
years. 

1969 

Apr. May June July Aug. Sept. Oct. Nov. 

2 22 94 406 1,722 825 66 12 
5 54 560 461 338 304 609 700 

20 22 1 
4 11 2 

2 6 7 2 
1 1 1 2 1 8 2 

4 6 2 
1 10 
3 4 
4 2 

3 
2 1 

2 
1 

68 105 751 598 666 836 199 56 
12 6 61 71 37 158 27 11 

2 1 1 1 5 

Cyclopoids were of equal or greater abun
dance than Daphni.a at certain times during 
1968, but they did not contribute significantly 
to the diet of juvenile chinook that were exam
ined. In September of 1968 when the popula
tion of cyclopoids exceeded that of Daphnia 
by almost four times, Daphnia ( 1.3-2.2 mm) 
constituted 98% of the stomach contents of 
juvenile chinook while cyclopoids (0.99-1.8 
mm) made up 1.3%.

Calculation of Ivlev's ( 1961) electivity in
dices for the important zooplankters in the 
area from July through November 1968 and 
June through November 1969 revealed that 
on the scale of -1 to + 1 Daphni,a and Sida 
were highly selected by chinook juveniles (av
erage index 0.58 and 0.99, respectively), 
whereas Bosmina and cyclopoids were ac
tively avoided (average index --0.97 and 
--0.99). 

During May, June, and July, when most 
juvenile chinook moved through the study 
area, zooplankters comprised less than 23% 
of the food in the stomachs we examined. Fish 
which remained 'in or passed the study area 
in August or September fed selectively on 
Daphnia, which were at peak abundance at 
that time. 
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