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Effects of Gamma Radiation and Temperalure on Growth
of Juvenile Rainbow Trout (Salmo gairdneri)

Abstracl

Effects of gamma radiation and tempeenrre on growth of juvenile rainbow trout (Salno gahdneri)
were studied in continuous flow aquaria. Fish fingerlings acclimated to 10"C were exposed to
various doses of garnma radiation up to 1,000 RADS and placed into filtered tap water at 10", 15",
and 20"C. They were rcared in one of these water tempetatures lor four weeks and fed 4 percent
of their body weight in commercial fish food once per day. Survivors wete weighed weekly and
counted dailv in the basic exDerimmt.

Thete dete no statistically sigdificant (P (.05) effects of tempetatute, mdiation, or tem-
perature-radiatiotr interaction on growth. I concluded that the combined action oI gamma radia-
tion less than 1,000 RADS and temperatute regimes studied did not noticeably af{ect growth of
juvenile rainbow tuout withio the first foui weeks.

Inlroduclion

The objective was to detemine the effects of a sublethal dose of gamma radiation and

a sublethal temperature shock upon growth of juvenile rainbow ttovt (Sdlnlo gai.tdneri).

Primary emphasis v/as on the possible synergistic effects of these two variables.

Many srudies on effects of radiation and temperature on fish have been published
(for exa-mple, Grcs et al., 1958; Egami et al., 1967; Etoh and Egami, 1967; Egam|

1969). None of these include the combined effects from sublethal doses of ga.mma

radiatiotr and a temprature shock.

Methods and Materials

Juvenile rainbow tctvt (Salno gaird.neri) vrere obtained from Troutlodge Springs Fish

Hatchery near Soap Lake, !fiashington. Initial range of lengths and weights for the

various replicates vras vatiable (Table 1). Hatchery incubatio,n temperature for all

test fish was 10"C, and the total hardness (as CaCOr) of the hatchery wate! q/as

120 ppm.

TABLE 1. Range of initial lengths and weights of juvenile sinbow trout (Sd|no gd; Jneri) .

Date of Lengtha
Replicate Purchase (--)

\%ight
( gms./

1
2
)
4

aThe largest fish in any one test container withrn a trough was initially no longer than 1 1/2 times
the shortest. All fish were of 0 age gtoup, ,.e., less than 1 year old.

Continuous flow bioassay was used as the test procedure (Edmundson, 1971).

Minimum water flow was 5 L/gm of fish per day. A hardness of 160 ppm, D. O. con-

October 20
November 27
Januaty 15
February 16

52-89
34,55
58-8)
65-92

1.4-4.4
0.2-1.7
1.1-6.5
2.0-9.3
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centratio'n from 8 to 10 ppm, pH of 7.5, ar'd a copper concentratioo of 0.008 ppm or
less wete measuled in the test water

Each group, coosisting of 10 fish each, was exposed to a 17,000 Ci60Co source at 10
or 11 R/sec to obtain approximate whole body acute gamma radiation doses of either
O, 320, 560, 870, or 1,000 RADS. Water temperaue prior to and during radiation
was 10"C. All radiation exposutes were done between 3:30 and 5:00 pm. Ifithin
30 sec after irradiation, I placed the fish into a test chamber containing either 10", 15.,
or 20'C water. Therefore, fish placed in 15"C water received an immediate temlnatule
change of 5"C and those placed in 20"C received a change of 10.C. Fish were left in
these temperaores and test containers fot rhe remaioder of the four-week experiment.
Hereafter, I will refer to those fish that received 0o, 5o, or 10"C temperature change
as 10', 15', and 20'C fish, respctively. Control fish v/ere tfeatd the same as ir-
radiated fish, excepr they received no radiation. Fish were fed their hatchery diet of
Steding Silver Cup Fish Food No. 4 in amounts approximately 4 percent of their body
wet weight once per day. Initially, the largest fish in a test container was no larger
th^r\ \ 1/2 times rhe smallest. Once a week, I anesrhetized (using MS 222), measved,
and weighed individual fish in each group in the same manner as during initial measur-
ing and weighing.

Drring all four replicates, all fish were swimming upright before being exposed to
gamma radiation and before remperature changes. For funher details concerning the
procedure see Edmun&on ( 1971).

All experiments were carried our ar rhe Washiogton State University Nuclear Radia-
tion Center, Pullman, \Tashington, during October 1970 to March 1971.

Resulls

The growth of juvenile rainbow trout was analyzed in two ways: ( 1) a sq>arate analysis
of variance of the average gain or loss in weight each week, aod (2) att analysis of
variance of the average total gain or loss in weight over the four-vreek priod. Average
weights of the fish present in a group were used because some fish died before the ex-
periment was completg thus complicating the analysis of variance. Weight gained
or lost during rhe firsr week was computed as the average weight at the end of the
first vreek minus the average initial weight of the group. \Teight change for the
second week was found by subtracting the average for rhe eod of the second week from
that for the end of the first week, and so forth. In referring to particular weeks, I viill
use week 1,2,3,or4to indicate the growth during the ith week (i: \,2, j,4). T1rc
reason fo! weekly comparisons is that fish which received a certain temprarure-radia-
tion combination may show a different functional response rhrough time with the end-
points being similar. As observations among weeks were correlated (i,e,, they were
the same fish for each group), statistical analysis of growth as a function of time and
a single analysis of variance of the set of data were not attempred.

There were no sraristically significant (P<.05) effecs of tempraturg radiation,
or temperature-radiation inreracion observed in aoy of the analyses (Table 2). Thoae
fish raised in 15o and 20"C water (a temperature change of 5. or 10"C, respectively)
averaged over all radiation levels, lost more weight on the average during week 1 than
did the 10'C fish, but gained more duriog rhe lemaining three weeks. Fish in 15.C
water increased in fioal gained weight whereas those in 20.C gained only enough to
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TABLE 2. Analysis of variance of the averase gain or loss io weight (gm) of juver e rairbow
ttout (Salmo gafulazeri.) exposed to 

-acute 
gamma mdialon aid a teniperature change.

\(eek

Source of Variatiotr dt Total

m s F

Main Plot
Replicates
Temperaturea
Main plot error

Subplot
Radiationb
Radiation x

temperalure
Subplot elror

Total

3 1.449
2 .154 2.52
6 .061

.055 2.58

.014 .64

.021

. te6
2.69 .375 3.04

.121

1.4L .040 r.46

1.63 .008 .29
.027

10.06t
r.018 2.L2
.479

.288 1.86

.086 .70

.122

. )  t>

.04)

.016

.028

.0)2

.020

4

I
36

.607

.242

.066

.065

.052

.053

4.82

1.22

.99

59

!  .05 (1,6) = ' .99
E  .0 j t 2 ,6 )  =  5 .14

F .05G,s6) = 2.6)
F  . 0 t ( 8 3 6 ) : 2 . 2 1

r Prior ro aDdrluring irradiarion fish rere in lO"C warer. Afier irfadiarion dey were pJaced in 10",
I5", or 20"C warer for rhe remainder of rhe experimeDt (23 days).

b Vhoie body acute gamma radiation levels ot 0,320,560,870, and 1,000 R.

replace that amount lost during the four s/eeks. Largest average gtowrh, t one stand-
ard deviarion, (0.38 +0.59 gm) was observed in fish exposed to 1)"C water and 320
RADS (Table 3). Loq/est average growrh was in 10oC fish exposed to either 0
(-O.37 'r 1.23 gm) or 870 RADS (-0.18:L 1.16 gm). \(hen I considered the average
weekly or total growth combining all three remperarures, I found the grc,q/rh pattern
was similar at rhe different radiation levels. The synergistic relationship of rcmperature
chaoge and acute gamma radiation on average weekly growrh and average total glowrh
was not consistent.

TABIE 3. Avenge total gain.or loss- (t one srandard devlatioo) in weighr (gm). of juvenile
rainbov trout (Salmo gafudneri 1 exposed to acure gamma radiatioo"aod a timpera-
IUIe Cllanee.

Temperature ('C)a

Radiation
(R-{DS)

1 t "

* t s b

20'10" Total

0
320
560
870

1000

-0.17c i- 1.21
-0.14 :x 1.42
0.02 ::L 0.55

-0.38 :t 1.16
-0.29 x 0.96

0.27 :r 0.68
0.38 :L 0.69
0.27 t:0.16
0.10 :r- 0.85
0.05 :t 1.06

0.14f 0.70
0.03 :t 0.65
0.231:0 .19

-0.31 I 1.06
0.20 r 0.98

0.01  10 .87
0.07 ::r 0.88
0.17 ! 0.6t

-0.20.! 0.96
-0.01 I 1.03

Total -0.23 L 0.96 0 .21 - t  0 .74 0.04 -t 0.75 0.01 i  1.01

"Prjor_to^and during irradiation fish were in 10.C watef. After inadiation they were placed io
10",  15",  or  20"C warer for  the remainder of  the exper iment (28 days).

b Stand ard . devia rions _were computed using the individual average toal gain or loss in weight for
each or the tour reDlrcates,

c Sarnple size q'a" 40 fl"h (10 for each replicare) at the start of the experiment.
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A comparison of the four replicates showed that avelage weekly gtowth pattern for
each srcceeding replicate was lower than the precedirig teplicate. Hete again may be
evidence that experin'rental control was influenced by the fish allocated to the replicates.
However, all fish were gaining weight at the end of the four weeks.

Discussion

The effect of an abrupt 10'C or iess temperature change on fish growth was not
statistically apparent during the 28 days of this study. No differences were found which
could not be explained by the temperature rhe animal was kept in or the feeding level.
Although apparent rreods were developing, 28 days did not give adequate time for the
effect of combined temperature and radiation to show up.

There was considerable variation in the average growth observed in this experi-
ment. A lalge amount of this variacion apparently can be attributed to the difference
in fish size among replicates. The weekly avenge growth declined during each con-
secutive feplicate, with the lowest in the February-March replicate (replicate 4). At
the end of the experirnent, however, the fish were gaining weight in all replicates. De-
crease in weight may be correlated with the time of first feeding withio a replicate.
The presgnce of fecal matter was used as an indication of feeding to see if such a
relationship existed. In the first replicate, fecal matter begao appearing on the fifth day,
in replicates 2 and 3, within rhe renrh ro fourteenth day, and in replicare 4, it was on
the sixteenth day. Initial feeding of 10'C {ish vras usually one to lwo days after that of
the 15c and 20'C fish. This delay io initial feeding time suggests that the physiological
condition may not have been the same for the four groups of fish.

To my knowledge, the interaction of an immediate temperarute change and radia-
tion on gtowth of fish has not been repofted. Effects of radiation on fish growth have
been srudied, but usually at varyiog rempp,ramres. Bonham e, al. (\948) stated that
the effect of X-radiation on the growth of chinook salmon fingerlings during 12 weeks
was generally directly related to rhe amount of X-rays received. The average weight
of fish exposed to 250 R or less was not statistically different from the controls (P<1
.05 ), whereas groups receiving 500 R or more weighed less and the difference increased
after four weeks. Velander et al. (1948) srated that differences in average weights of
chinook salmon egged fry exposed to X-rays of 1,000 R were "doubtfully differenC'
from O R through the sixty-fifth day. After 125 days, those salmon exposed to 1,000 R
weighed 45 perceot less than controls. No significant differences were observ€d in rhe
final average weights of fish exposed to 500 R or less when compared to controls.

Yeading rainbow rrout fed 0.5 uci of St!omium-90-Yirtium-90 per gram of rissue
per day begao to weigh less on the average after 12 weeks, as cornlmred to controls;
however, there was no statistical differeoce from the conrols in those fed 0.05 uCi
(Nakatani ard Fosrer, 1963). Purdom (1966) reports that exposure o{ 500 or 1,000
R of X-rays to six-week old guppies (Lebistes reticulatut) did not affect lengths of the
fish during the following eight weeks. One disadvantage of a four-veek tesr is rhat
duting experiments which serve to place considerable stfess on the fish, long-term growth
effects may not be derecmble. There is evidence in rhe lirerarure, however, that gtowth
resporises to temperarure can appear within four weeks ( Banks et aJ., I971i Brcrt
et 41., 1969).

In my experiment, there were indications of possible growth srimularing ef{ects of
radiation and temperarure. Although not statistically significanq fish which received
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32O or 560 RADS had greatef average Iinal growth when comlmred with those of
other radiation levels and-dontrols. The highest final gtowth was 120 RADS in 15'C
water. This figure does not seem uncommon, since 15'C is near th'e optimum temperatule
for rainbow trour (Garside and Tait, 1958).

I did find, however, that fish exposed to 10"C and 0 RADS had the low€st growth
of any 8roup. One would think that these "control" fish vrould at least maintain their
present weight. Since these fish were treated exactly the same as the other test fish,
I can only conclude that suess of handling had an adverse impact.

The presence of a somewhar higher growth aod survival of animals at 1ow radiation
levels has been reported before (Lorenz et al., 1914., Carlson et al., 1957; Catlsor. aod.
Jackson, 1959; Marshall, 1963; Atlan, 1!68; Vadley and Welander, 1971). Fu,tther
research should be conducted testing the impact of temperature change and sublethal
radiation over longer periods of time and during different times of the year.
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