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Abstract
A batch of experimental rainbow trout was found to have a high level of spinal deformities. An
equal deformity level was found in fish from the same batch, but reared at the fish farm from
where the fry originated, suggesting that the all-female triploid status of the rainbow trout might
account for the high level of deformity.

Many factors being of physical, chemical, en-
vironmental or genetic origin, but also mal-
nutrition and exposure to infectious organ-
isms may give rise to abnormal skeletal struc-
ture in fish (McCrimmon & Bidgood, 1965;
Aulstad & Kittelsen, 1971; Poynton, 1987;
Sandnes, 1991; Brown & Núñez, 1998;
Vågsholm & Djupvik, 1998; Bæverfjord &
Lein, 2000). More than one factor is often in-
volved (Brown & Núñez, 1998), and cultured
fish are particularly susceptible to develop-
mental deformities, through exposure of de-
veloping fish to a variety of suboptimal envi-
ronmental conditions (Brown & Núñez, 1998).
A man-made application associated with ab-
normal skeletal structure is the antibiotic ox-
ytetracycline (OTC), which has been linked
to fracture of the spinal column (Toften &
Jobling, 1996; Høie, 1999).

Rainbow trout fry weighing 0.5 g were pur-
chased from a Danish fish farm and acclima-
tised at our laboratory. At the weight of 1 g

the fry were used in an oxytetracycline treat-
ment experiment. Fish were kept in 200 l
tanks, each of which had individual
recirculation of water (13-18∞C) and an air-
supply. Stocking densities as well as treat-
ments of the groups are shown in Table I. The
fish were fed dry commercial pellets (Ecostart
17, BioMar A/S) according to appetite. The
medicated feed comprised the same pellets
coated with oxytetracycline. The experiment
ran for 8 months and was terminated by
euthanizing the fish with an overdose of MS-
222 (Sigma).

The trout were radiographed according to
Madsen & Dalsgaard (1999). The location of
spinal deformities was recorded.

Deformity percentages were found to be high
(Table I). Replicates were not statistically dif-
ferent from each other (P>0.05, Chi-square
test), and when results in the different groups
were compared statistically, significance was
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only found between OTC medicated fish and
control fish (control fish had the highest de-
formity percentage). The severity of deformi-
ties (i.e. more than 10 affected vertebrae) was
very low (0 % to 6 %) in all groups apart from
one control group where the level was 19 %.
More than 75 % of the deformities in each
group were located in the cranial region of the
vertebral column (data not shown). A radio-
graph of two fish, one with no deformities and
one with deformities located in the cranial
region of the spinal column, is shown in Fig.

1. The comparable levels of deformities in
controls and in treated fish in our study indi-
cated that the investigated medication quan-
tities of oxytetracycline did not affect the spi-
nal column in rainbow trout.

The high levels of deformities found among
all groups in this study were consistent with
findings among fish from the same batch
reared at the fish farm from where the fry
originated. At the farm, 20-25 % of the fish
had been discarded because of externally vis-

FIG. 1. Radiograph of two fish from the group medicated with double OTC dose. Upper fish: no deformities
of the spinal column. Lower fish: vertebrae 11-13 are fused.

TABLE I. Prevalence of vertebral column deformities in rainbow trout treated with oxytetracycline (OTC).
OTC =100 mg OTC/kg fish/day for 10 days. 2 x OTC = two treatments with the above dosage, 10 days
between treatments. Double OTC = 200 mg OTC/kg fish/day for 10 days
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ible deformities, which is within the range
shown in Table I regardless of treatment. A
dietary cause (i.e. deficiency in vitamin C in
the first feeding diet) resulting in high levels
of deformities was rejected, as other offspring
than the batch of experimental fish were fed
the same diet at the farm in the same period,
and those fish did not show spinal deformi-
ties. A genetic cause for the deformities could
not be excluded, but when the experiment
was terminated it came to our knowledge that
the fish originated from a batch of eggs that
had been treated to develop all-female
triploids, and it was suggested that a wrong
step in this process had resulted in the higher
levels of vertebral/spinal deformities. The
results from our study also suggested that
such deformities were primarily located in the
cranial region of the spinal column. A higher
incidence of deformities in triploid rainbow
trout compared to diploids has been found in
other studies (J. Forster, personal communi-
cation).
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