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Macroscopic intersexuality in salmonid fishes
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Abstract The occurrence of individual salmonids
with macroscopically identifiable, simultaneous
male and female gonads is an uncommon reproduc-
tive disorder. Individual specimens have been de-
scribed, but no larger synthesis of the condition has
been made. We first describe two simultaneous in-
tersexual Pacific salmon (Oncorhynchus spp.) speci-
mens, encountered during rearing operations in New
Zealand and Chile, confirming that the phenomenon
occurs beyond the natural range of the genus. A re-
view of these and other isolated specimens within
the Salmonidae (Oncorhynchus, Salmo, Salvelinus,
Coregonus, Thymallus) suggests that the disorder
takes at least two distinct anatomical patterns, which
we call lobular and mosaic. These are consistent with
differences in either the degree or onset time of ab-
errant development from protogynous or neutral
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gonadal primordia. The disorder has a low natural
incidence (one in several thousand), but the exten-
sive use and study of salmonids makes it likely that
natural macroscopic hermaphrodites will be encoun-
tered regularly. Isolated specimens have been attrib-
uted to environmental contamination, but their
widespread occurrence suggests they are primarily
a natural phenomenon.
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INTRODUCTION

It is often said that much is learned from exceptions
to rules. In salmonids, individuals with visible,
simultaneous testicular and ovarian gonadal
elements represent occasional exceptions to the rule
of gonochoristic sexual development. The general
term "intersexual" is used here to distinguish a
macroscopic, aberrant phenomenon in a normally
gonochoristic species from true hermaphroditism,
where the natural sexual condition of the species is
for all or most individuals to develop both male and
female gonads during their lives (this nomenclature
is generally consistent with Lepori 1980). Despite a
large number of isolated reports of such individuals
(Table 1), there have been few attempts at a wider
synthesis of their biology. However, interest in the
reproductive development and health of this
economically important family of fishes, and recent
concerns about the potential for agricultural and
industrial environmental contaminants to promote
sexual abnormalities such as feminisation of male
reproductive organs (e.g., Fraser 1995; Jobling et al.
1998), make a review of the scale and nature of the
phenomenon worthwhile.

During a recent study of chinook salmon
(Oncorhynchus tshawytschd) in New Zealand, and
during net pen culture of coho salmon (O. kisutch)
in Chile, simultaneous intersexuals were observed
in maturing condition. This study: (1) describes the
New Zealand and Chilean specimens; (2) collates
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information on the occurrence of macroscopically
intersexual salmonids (genera Oncorhynchus,
Salmo, Salvelinus, Coregonus, and Thymallus) based
on a review of the literature and personal reports
known to the authors; and (3) considers the common
structural forms of intersexual salmonids, their
natural incidence, and their possible relationship to
biological contamination.

RESULTS

Description of specimens
On 22 May 1997, an age 3 freshwater-reared chinook
salmon, with outwardly female characteristics, was
identified as intersexual during dissection to remove
ova (Fig. 1) at the Glenariffe Hatchery in New
Zealand. This 1535 g, 490 mm long individual
showed spawning coloration and body shape but had
not matured by the end of the 1997 spawning season.
When viewed ventrally the left gonad comprised
19.7 g of ova attached to the anterior end of the skein,
and 52.2 g of testis attached to the posterior end. The
right gonad (81.1 g) consisted entirely of ova. The
testicular portion was white and contained thick milt
similar to that of normal males approaching ripeness,
though the duct to the genital pore was not infused
with milt. Ova were of apparently normal size
(c. 0.13 g) and number on the remaining gonads, and
some eggs were fully mature and loose in the body
cavity. The gonadosomatic index (GSI) was 10.0%,
compared to mean values of 5.7% for 179 males and
17.7% for 699 females from the same cohort. Use
of a sex specific genetic marker (Du et al. 1993)
indicated that this salmon was genetically female.
This specimen represented the only hermaphrodite
out of 2660 fish from the same brood class sampled
over 3 years.

A 635 mm (3100 g) intersexual coho salmon was
discovered during harvesting at a fish farm near
Puerto Montt, Chile, on 28 May 1996 (Fig. 2). This
fish was 2 years old, of Chilean origin (i.e., from
parental stock reared in Chilean waters), and had
been reared in a seawater net pen after initial
hatching and rearing in fresh water. It was externally
coloured as a male, but had female body shape and
relatively little snout development. It released mature
eggs but upon dissection was found to also possess
testes with flowing milt. Gonads were arranged with
ova anterior and loose in the body cavity, and testes
attached posterior. Total gonad weight was 301 g
(ovarian tissue: 270 g, testes: 31 g), giving a GSI of

9.7%. Eggs were 6.8-6.9 mm in diameter and
numbered 2355. This fish represented a single
individual out of 3000 harvested from its brood.

Other reports
Twenty-nine published and unpublished records of
intersexual Salmonidae identified by gross
examination are summarised in Table 1. In
Oncorhynchus records exist for specimens from all
species except pink salmon (O. gorbuscha) and masu
(p. masou). In Salmo we found examples from both
species (S. salar and S. trutta), and in Salvelinus and
Coregonus we found examples from three species
each. In Thymallus only a single record was found.

The gonads of macroscopic intersexual salmonids
generally take one of two structural forms, which we
call "lobular" and "mosaic". Lobular gonads are
characterised by distinct sections of ovarian and
testicular tissue along the supporting structure of one
or both gonads, often separated by undifferentiated
connective tissue. This form includes the New
Zealand chinook and Chilean coho specimens.
Mosaic gonads are characterised by more superficial
patches of ovarian tissue on the surface of testicular
tissue, or scattered and embedded oocytes in the
testicular tissue (Gibbs 1956; Blachuta et al. 1991).
Mosaic and lobular gonad forms may be combined
in some individuals (e.g., Edsall 1970; Porter &
Corey 1974). A third form characterised by multiple
male and female gonads, may also occur (Crawford
1927; Honma & Chiba 1985), although we found no
visual confirmation of this in the published literature
and it may be only an artefact of ambiguous
specimen description or interpretation.

Although lobular forms were more common than
mosaic forms, there were few consistent patterns of
testicular or ovarian distribution along the cranial-
caudal axis. Segments of both types of tissue were
found in various locations and in various amounts
along the gonads of different individuals. In
individuals for which both gonads were of lobular
form, the ordering of testicular and ovarian elements
tended to be similar in both gonads (Table 1),
suggesting an imperfect, bilaterally-symmetric effect
along the cranial-caudal axis. Carcinoma or a cystic
tissue body was noted in three specimens. In two of
these cases (Maconie 1933; Brown & Scott 1988)
one of the structures considered ovarian was cystic,
whereas Ross et al. (1963) documented a specimen
with advanced hepatocellular carcinoma.

It is difficult to estimate the frequency of
macroscopic hermaphroditism from the collected
literature because of inconsistencies in reporting the
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Fig. 1 Intersexual chinook salmon from the Glenariffe Stream Hatchery, New Zealand, showing: A, individual with
wall of body cavity removed to expose gonads; and B, excised gonads. Labels indicate the right ovary (RO); left ovary
(LO); right testis (RT); and supporting tissue (ST).

total numbers of normal individuals examined, the
few cases in which more than one specimen was
found, and no obvious means of estimating how
many studies found no intersexuals. However, from
our own observations and the data summarised in
Table 1 we approximate the incidence in
Oncorhynchus, Salmo, and Salvelinus to be c. 1 in

2000-5000. The observed incidence of intersexual
specimens in the coregonids appears to be less than
in the other salmonid genera (perhaps 1 intersexual
in 7000 or more normal specimens with a very wide
range in the cases reported). The single reported
specimen in Thymallinae precludes any estimate of
their incidence.


