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Fingerling rainbow trout (Salmo gairdneri) fed tubificid worms (Tubifex sp.) grew
faster than those fed Oregon Moist Pellets (OMP) over a similar range of rations. Faster
growth resulted because trout incorporated protein and fat from tubificids more efficiently
than from OMP. Exposure to a sublethal concentration of dieldrin in water (0.18 ug/L)
did not affect the protein elaboration of trout fed either diet or fat metabolism in trout
fed OMP. However, dieldrin reduced fat elaboration in trout fed tubificids. The dieldrin
concentrations in trout exposed to dieldrin in water increased as feeding level (and there-
fore body fat) increased. The different responses to dieldrin by fish fed these two diets
provides evidence that the diet offered to fish can significantly influence the outcome of
chronic toxicity tests.
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Les fingerlings de truite arc-en-ciel (Salmo gairdneri) nourris aux vers tubificides
(Tubifex sp.) croissent plus rapidement que ceux nourris aux boulettes mouillées d’Orégon
(OMP) pour une méme gamme de rations. Cette croissance plus rapide est due au fait
que les truites incorporent les protéines et les lipides des tubificides plus efficacement que
celles des OMP. L’exposition 4 une concentration sublétale de dieldrine dans Peau (0,18
ug/L) n’affecte pas la formation de protéines chez les truites nourries 4 I'un ou lautre
régime, ou le métabolisme des lipides chez les truites nourries aux OMP. Cependant, la
dieldrine réduit la formation de lipides chez les truites nourries aux tubificides. Les con-
centrations de dieldrine dans les truites exposées  cette substance dans I’eau augmentent
4 mesure que le niveau d’alimentation (et, partant, de lipides corporels) augmente. Ces
réactions différentes a la dieldrine de poissons nourris & ces deux régimes sont une preuve
que le régime alimentaire offert aux poissons peut influencer de fagon significative les
résultats d’essais de toxicité chronique.
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ALTHOUGH the effects of diet on responses of mammals
to stress have been well documented (Lee et al. 1964;
Tinsley 1966; Boyd 1969; Stoewsand et al. 1970; Shack-
man 1974), few studies have been conducted that in-
vestigate how diet composition influences the response
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of fish to stress. Mehrle et al. (1974) showed that the
acute toxicity of chlordane to rainbow trout was in-
fluenced by the type of diet fed before exposure. Dur-
ing chronic exposure, Mehrle et al. (1977) found that
toxaphene influenced the growth of channel catfish
(Ictalurus punctatus) differently depending on the
Vitamin C content of the diet.

Our studies using rainbow trout (Salmo gairdneri)
fed tubificid worms (Tubifex sp.) obtained locally from
hatchery rearing ponds or a production diet (OMP)3

*Bio-vita Oregon Pellets, Bioproducts, Inc., Warrentown,
Oreg. 96146, USA.
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were undertaken to observe how these diets, either
alone or in combination with a dieldrin stress, might
influence growth, protein elaboration, and fat accumula-
tion. Three feeding rates were used because growth re-
sponse may vary with the plane of nutrition.

Materials and methods — Fertilized rainbow trout eggs
were obtained from the Oregon Game Commission’s Roar-
ing River Fish Hatchery located near Scio, Oregon. The
trout were reared on OMP (Hublou 1963) after hatching,
and kept at Oregon State University’s Qak Creek Laboratory
until reaching a size of approximately 3-4 g. Before the
experiment, fish of approximately the same size were in-
dividually fed one of the diets for 7 d. The experimental
group was chosen from these on the basis of diet acceptance
and uniform weight.

Trout were kept in 20-L aquaria divided into four separate
5-L compartments, each compartment housing one trout.
Filtered creek water and dieldrin were metered to the ex-
perimental aquaria via a series of distribution boxes and
manifolds equipped with adjustable siphons. Technical
dieldrin (Shell Chemical Corporation 1959) was introduced
by passing water through a column of inert sand coated
with the pesticide (Chadwick and Kiigemagi 1968). Flow
rates through all the aquaria were maintained near 100
ml./min (exchange time 3.3 h). Dissolved oxygen was at
least 82% of saturation, temperature averaged 15.1°C,
and daily photoperiod was 16 h light:8 h dark. Weekly
gas-chromatographic analyses confirrned that the concentra-
tion of dieldrin eluted from the column remained relatively
constant (80-92 ug/L) throughout the experiment. Biweekly
analyses of water from the aquaria showed that the mean
dieldrin concentration in the aquaria was 0.18 ug/L (SE =
0.05) and ranged from 0.12 to 0.21 pg/L; dieldrin was not
detectable in control water.

At the beginning of the 61-d experiment, four fish were
killed, weighed, and placed in a vacuum drying oven for
5d at 80°C. The initial dry weights of the experimental
fish were estimated on the basis of the wet to dry weight
ratios of this group. Forty-eight fish were used in the ex-
periment; 24 were held in dieldrin-free water and 24 were
exposed continuously to dieldrin. Twelve of the fish in each
sub-group were fed tubificid worms and 12 were fed OMP.
Feeding rates were calculated as percentages of body weight
(dry to dry basis); nominal rates included 2%, 4, and
54% of body weight per day. Rations were readjusted to
fixed percentages of body weight after each weighing period.

Fish were fed each day during the experiment except for
the day before weighing. The amounts of OMP and tubificid
worms to be fed were weighed to the nearest 0.01 g. Excess
moisture on tubificid worms was removed before weighing
by blotting with paper towels. Dry weight of subsamples
of OMP and tubificid worms were determined each week;
the dry weights of food consumed by each fish could then
be determined because the fish always consumed the entire
ration.

Fish were individually weighed at the onset of the ex-
periment and every 7-10 d thereafter. Before each weigh-
ing period, fish were starved for 24 h to allow time for
evacuation of previously ingested food. Each fish was blotted
dry with a soft, moist cloth, placed in a 1000-mL graduated
cylinder containing S0 mL of water and weighed to the
nearest 0.01 g; no anesthetic was used.

At the end of the experiment, dried samples of the initial
fish, the final experimental fish, the OMP, and the tubificid

worms were pulverized in a Wiley Mill and preserved in a
desiccator for subsequent proximate analyses.

The proximate composition of each fish was determined
in duplicate. The biweekly samples of each diet were in-
dividually pooled and analyzed in triplicate. Lipids were
extracted by the chloroform-methanol method of Bligh and
Dyer (1959); protein was determined using a modification
(Ballentine 1957) of the microkjeldahl method; and ash
content was determined by burning a 0.1-g sample in a
muffle furnace at 600°C for 15 h. Carbohydrate contents
of tubificids and OMP were calculated by difference. The
energy contents of dry samples were calculated from con-
version factors (Baker 1974) for fat (38.5 k¥/g), protein
(20.5k}/g), and carbohydrate (17.2kJ/g). Rates of
growth, food consumption, protein elaboration, protein con-
sumption, and fat elaboration were computed for each
sample and comparisons made between treatments. Fat
elaboration rate was compared to food consumption rate
rather than fat intake since lipid deposition can be derived
from dietary constituents other than lipid. Statistical sig-
nificance was judged using Student’s r-test (Steel and Torrie
1960); comparisons were based on treatments having similar
consumption rates of a particular dietary constituent.

Results and discussion — Both diets contained nearly
the same percentages (on a dry basis) of protein and
carbohydrates, but tubificids had a higher percentage of
fat whereas OMP contained more ash (Table 1).
Others (Embody and Gordon 1924; Phillips et al.
1954; Wood et al. 1957) have found a similar relation-
ship between natural and artificial (production) diets.

In general, as ration increased, fish increased (%)
in fat and ash and decreased in protein and water: fish
samples did not contain carbohydrate. Fish fed the low
rations of both diets gained little or no weight over
the 2 mo while the average weight increase (wet weight
basis) of fish in the high ration treatments ranged from
78.1 to 98.9% . At the end of the experiment the mean
proximate composition for individual treatments were
as follows:

7, fat 9 protein 9% ash
low ration 7.2-9.0 78.2-82.0 12.2-13.3
medium ration 7.7-15.1 73.6-80.5 12.6-15.2
high ration 11.0-14.7 73.2-80.9 14.9-16.5

A comparison of control fish — Control fish fed the
highest ration of tubificid worms exhibited significantly
higher (P < 0.10) energy growth rates (joules of growth

TaBLE 1. Proximate composition (dry basis) of the two diets
used during the test.

Percentage composition (dry basis)

Diet Fat Ash Protein Carbohydrate®
Tubificid 15.0 8.2 59.7 17.1
OMP 10.0 12.2 59.7 18.1

aDetermined by subtracting total percentage of other three
constituents from 100.
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per kilojoule mean trout biomass per day) for a given
food consumption rate (joules of food consumed per
kilojoule mean trout biomass per day) than fish fed
OMP at a comparable rate (Fig. 1). Fish fed the me-
dium ration of OMP averaged a 52.0% weight increase
while fish consuming tubificids at a similar rate averaged
a92.6% increase. This occurred because protein and fat
from tubificids were more efficiently elaborated than
protein and fat from OMP (P < 0.05) at the higher
feeding rates (Fig. 2 and 3).

Gerking (1955) has pointed out that natural diets
are more likely to contain the inorganic nutrients and
essential factors necessary for good growth than pro-
duction diets. The poorer growth of fish fed OMP
could result from OMP possessing an inferior quality
protein or from a deficiency in some important growth
factor such as Vitamin C (Mehrle et al. 1977); a more
complete assessment of dietary content is essential to
interpret these growth responses.

A comparison of dieldrin-exposed fish— The growth
rates of fish fed both diets were not significantly affected
by the pesticide, but independent examination of the
two major components of growth (fat and protein) re-
vealed that dieldrin significantly depressed the lipid
elaboration (P < 0.05) of fish fed tubificid worms at
the two highest rations fed (Fig. 3). However, dieldrin
did not influence fat metabolism of fish fed OMP over
the entire range of rations. Moreover, the ability of fish
to elaborate protein from either diet was unaffected by

means and 90% confidence intervals shown for each treat-
ment (n = 4),

20F T T
=
(=}
o
d Of — e — — — — — — ——
[oN
5
4
~
)
= 204+ ]
Lt
=
@
g -4a0 —
g /
5 / %/ —— CONTROL
= /_- A PELLET —
3 %o L7 ® TUBIFEX
g =7 _/ ——DIELDRIN
- % A PELLET
= O TUBIFEX
R | |
0] 50 100 150

FOOD CONSUMPTION RATE (J/kJ per day)

F1G. 3. Influence of dieldrin on the relationship between
fat accumulation rate and food consumption rate in rainbow
trout fed Oregon Moist Pellets or tubificid worms; means
and 90% confidence intervals shown for each treatment
(n=4).

the pesticide.

Various species of fish show reduced growth rates
when exposed to chlorinated hydrocarbon pesticides.
Examples include chinook (Oncorhynchus tshawytscha)
and coho salmon (O. kisutch) fed DDT (Buhler et al.
1969), rainbow trout fed endrin (Grant and Mehrle
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1973), channel catfish (Ictalurus punctatus) fed
dieldrin (Argyle et al. 1975), and johnny darters
(Etheostoma nigrum) immersed in 2.3 pg dieldrin/L
(Silbergeld 1973).

Reduced growth in mammals resulting from exposure
to dieldrin has been attributed to effects on both carbo-
hydrate and lipid metabolism (Bhatia et al. 1972;
Kacew et al. 1973). Increased lipolysis and changes
in carbohydrate metabolism induced by dieldrin have
also been noted in fish. Silbergeld (1973) observed
weight loss and a reduced lipid content in johnny darters
exposed to 2.3 pg dieldrin/L for 30d. The elevated
level of fat metabolism associated with increased in-
gestion of dietary lipids may have increased the vul-
nerability of the fish fed tubificids to dieldrin, resulting
in the observed growth depression.

A limited number of dieldrin analyses on fish ex-
posed to dieldrin in water (one fish per treatment)
showed that dieldrin accumulation increased as ration
(and therefore fat intake) increased. Dieldrin con-
centrations (ug/g whole wet fish) were 0.53, 1.55, and
1.65 for the low, medium, and high rations of OMP
and 0.47, 0.82, and 1.32 for the low, medium, and
high tubificid rations. Reinert (1970) noted a similar
relationship between pesticide residues and lipid con-
tent in great lakes fishes; this trend presumably results
from an increase in the size of the storage reservoir
available for lipophilic chlorinated hydrocarbon
pesticides.

This study shows that various components of fish
growth, such as protein and lipid, are not necessarily
influenced in the same way by pesticide exposure;
moreover, diet composition and ration can have im-
portant influences on the growth responses of fish ex-
posed to a pesticide. Dietary stress interaction should
be more critically considered by researchers conduct-
ing laboratory studies using fish.
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