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Chromosomes of Offspring Resulting from Crossing
Coho Salmon and Brook Trout
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Abstract Chromosome numbers of the hybrids between Oncorhynchus kisutch (2n=60) and Salve-
linus fontinalis (2n=284) were 2n==60 in the cross O. kisutch@ X S. fontinalisy, and 2n=72 in the
reciprocal cross. The karyotype of offspring from the former cross was identical with that of
the female parent, but the karyotype of offspring from the reciprocal cross was intermediate of
karyotypes of both parents. The karyotype of S. fontinalis looked as most primitive among karyo-
types of salmonid fishes ever reported. The evolution of the salmonid karyotype is also briefly

discussed.

Though the history of chromosome studies
of salmonid fishes can be traced back more than
40 years, firmly reliable karyotypes for com-
parative studies appeared only after the tech-
nique of the somatic chromosome squash was
developed for fishes around 1965. As far as
I am aware, the earliest, good photomicro-
graphs of salmonid chromosomes are by
Nygren et al. (1968b), for Atlantic salmon,
Salmo salar.

Karyotypes of interspecific hybrids between
two species of salmonids, chum salmon, Onco-
rhynchus keta, and kokanee salmon, O. nerka,
were reported by Sasaki et al (1968), with good
photomicrographs. In their study, the hybrids
of both reciprocal crosses were found to have
a karyotype exactly intermediate (2n=66)
between O. keta (74) and O. nerka (58).

In 1969 and 1970, intergeneric crosses of
coho salmon, Oncorhynchus kisutch (Walbaum),
and brook trout, Salvelinus fontinalis (Mitchill),
successfully produced offspring at the Grayling
and Thompson Research Stations of the
Department of Natural Resources in the
State of Michigan, U. S. A., under the direc-
tion of Dr. Leonard N. Allison.

The purpose of this paper is to report on
the karyotypes of the crosses made in 1970, and
thereby to enhance the understanding of the
nature of the hybridization and to discuss some

aspects of their karyotypic changes in the
family Salmonidae.

Material and methods

Eight specimens of coho salmon, 10 speci-
mens of brook trout, 14 specimens of offspring
from cross between female coho salmon and
male brook trout, and 10 specimens from the
reciprocal cross were used for this study, but
only 4, 6, 12 and 5 specimens, respectively,
provided appropriate chromosome spreads
(Fig. 1). All specimens used and parental
specimens of both intergeneric crosses are
deposited in the fish collection of the Univer-
sity of Michigan, Museum of Zoology. The
parental specimens were all obtained in Michi-
gan, although the original stock of coho salmon
was brought from the Pacific coast to Lake
Michigan. Dr. Allison, Mr. Warren Yoder,
and Mr. Keith M. Pratt actually produced the
artificial crosses.

In the cross between female coho salmon and
male brook trout, about 2,450 eggs were
fertilized, and several hundred specimens were
still surviving in March, 1971. In the recip-
rocal cross, about 1,200 eggs were fertilized,
but only about 50 specimens were surviving in
the beginning of March, 1971. According to
Dr. Allison, usually 60 to 80 percent of ferti-
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lized eggs survive in cases of intraspecific
fertilization at the two stations.

The chromosome preparations were made
following the technique described in detail by
Beamish (1970), with some minor modifica-
tions. Specimens were injected with 0.059%
Velban (Lillie Co., Ltd.) about 6 hours prior to
the removal of gill arches, which were placed in
distilled water for about one hour. Gills were
fixed and stained by 4 % acetic orcein (in 60 %
glacial acetic acid).

Results

Comparison of the karyotypes led to rather
surprising results (Table 1). The diploid
chromosome numbers were 60 for coho sal-
mon and 84 for brook trout. The hybrids
between female brook trout and male coho
salmon had a diploid number of 72, inter-
mediate between their parental species and
thus indicating receipt of a haploid chromo-
some set from each parent. But the fish
produced from the reciprocal cross, female
coho salmonxmale brook trout, had the
chromosome number and form identical with
that of the coho salmon (Fig. 2). This
strongly suggests that these offspring from the
latter combination are the result of partheno-
genesis, especially of gynogenetic reproduction.

Cases of gynogenetic reproduction in nature
have been known among fishes for many years,
as summarized by Schultz (1969), and recently
Carassius auratus gibelio and Carassius auratus
langsdorfii were found to be gynogenetic
(Cherfas, 1966 ; Kobayashi et al., 1970; Koba-
yashi, 1971; Kobayashi and Ochiai, 1972).
These examples are, however, found to be
caused by triploidy that was probably originated
by hybridization. The case of the cross between
the female coho salmon and the male brook
trout is the result of artificial insemination, but
it is unusual that the reciprocal cross produced
the true hybrids.

Discussion

It seems that the theory of the origin of the

salmonid karyotype by polyploidy is now well
established by the supporting evidences of the
numbers of chromosome and chromosome
arms, the presence of multivalents in meiosis,
the amount of DNA, and the number and
characters of isozymes (Nygren et al., 1968;
Ohno et al., 1969; Numachi et al., 1972). A
similar case is also reported for the origin of
the karyotype of the fish family Catostomidae
(Uyeno and Smith, 1972). On the basis of
these data, Ohno et al., (1969) stated that
the diploid ancestor of the Salmonidae must
have had a diploid complement as well as a
DNA value similar to that of the present day
anchovy (Engraulidae).

In the recent classification of teleostean fishes
the Clupeiformes which includes the Engrau-
lidae are separated from the Salmoniformes at
the superordinal level (Greenwood et al., 1966),
or at the ordinal level (Gosline, 1971). So the
closest relatives of the family Salmonidae in
freshwater of the northern hemisphere are
considered to be smelts (osmeroids), and pikes
(esocoids). The reported chromosome num-
ber of osmerids ranges from 2n=48 to 54
(Ohno et al., 1969; Nygren et al., 1971), and of
Esox lucius is 50 (Nygren et al., 1968a),
with all acrocentric chromosomes. My pre-
liminary examination of the karyotypes of
Esox lucius and Esox americanus in Michigan
indicated that both have 50 acrocentrics, and
all species of the Esocidae examined by Beamish
et al. (1971) also had 50 acrocentrics.

The chromosomes of brook trout (2n=84)
can be grouped into two distinct types (Fig.
2A): 16 large metacentric and submetacentric
chromosomes and 68 small acrocentric chro-
mosomes, yielding a total arm number of 100.
This results agree well with the counts obtained
by Davisson and Mayers (Benirschke and Hsu,
1971). If it is assumed that the large meta-
centrics were derived by Robertsonian fusions,
the ancentral “tetraploid” form must had 100
acrocentrics, and the diploid ancestor had 50
acrocentrics as in karyotypes of the Esocidae.
If the above assumption is correct, then the
brook trout has one of the most generalized
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Fig. 1. Photomicrographs of chromosome spreads. A, hybrid (2n=60) of Oncorhynchus kisutch @
X Salvelinus fontinalis 5 ; B, O. kisutch (2n=60); C, S. fontinalis 2n=84); D, hybrid (2n=72)
of S. fontinalis @ X O. kisutch & .
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Fig. 2. Karyotypes: (S.f.), Salvelinus fontinalis, 2n=84; (O.k.), Oncorhynchus kisutch, 2n=60;
(0O.k.xS.f.), O. kisutch @ < S. fontinalis &, 2n=60; (S.f. > 0.K.), S. fontinalis @ X O. kisutch
S, 2n=72.
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Table 1. Chromosome data.

Distribution of counts for the diploid chromosome number

Diploid numbers

57 58 59 60 61

Total no. of

62 69 70 71 72 81 82 83 84 . Cbserved

Oncorhynchus kisutch 1 1 4 30 36
O. kisutch @ X S. fontinalis & 1 2 22 4 29
S. fontinalis X O. kisutch & 1 2 2 19 24
Salvelinus fontinalis 3 3 2 18 26

karyotypes ever reported among salmonine
fishes. Nygren et al. (1971) reported that
Salmo trutta and S. alpinus have 2n=80 and
possess 20 metacentrics, and the arm number
for both species is 100. Though figures of
chromosomes of these species were not pro-
vided in their report, these two species also
might have simple karyotype which was derived
by Robertsonian fusions of 40 acrocentrics.

The deviations of the arm number from 100
are probably the result of some structural
rearrangements by the shifting of the centro-
mere position in some fused and unfused
chromosomes, which reduced or increased the
number of arms. The karyotype of Salmo
salar suggests the former type, and the karyo-
types of Oncorhynchus kisutch, O. keta, and
O. nerka suggest the latter type of structural
rearrangements.

The karyotype of coho salmon (Fig. 1)
includes the following types of chromosomes:
38 metacentrics large to small in size, 4 large
submetacentrics, 2 medium sized submeta-
centrics, 2 small submetacentrics, and 14
acrocentrics. In the arm number calculation,
if T follow Sasaki et al. (1968) in desig-
nating very small arms as ““m”, the formula for
the arm number becomes as follows:
(384+4+42) 2+ (16+2~6 m)=104+2~6 m.
(Number of very small arms is difficult to count
exactly). This karyotype of coho salmon can
not be easily derived from the karyotype of
the hypothetical ancestor with 100 acrocentrics,
as in the case of brook trout which has 16
definitely biarmed large metacentrics (indicative
of fusion of 2 acrocentrics) and 68 acrocentrics
as simply formulated as (16)2+68=100.

In order to derive the karyotype of coho
salmon from the hypothetical ancestral salmo-
nid karyotype with 100 acrocentrics, it has to
be assumed that at least 2 pairs of small meta-
centrics (or submetacentrics) and 2 pairs of small
chromosomes with shorter arms were derived
by structural rearrangements rather than
Robertsonian fusions.

In a recent work, Nygren et al. (1971) reported
on the number of chromosomes, number of
metacentric chromosomes, and N.F. values
(arm number) for 6 species of salmonoid fishes.
They included Osmerus eperlanus (2n=>54) in
the family Salmonidae, and stated that the
species has the lowest chromosome number so
far reported in the family. The genus Osmerus,
however, has been placed in the separate family
Osmeridae (Greenwood et al., 1966), or even in
the separate suborder Osmeroidei (Weitzman,
1967). and should not be included in the Salmo-
nidae, especially if all of salmonid fishes are
“tetraploid”, and osmerids are ““diploid”.

With these considerations, the results of the
hybridization between species of two salmonid
genera Oncorhynchus and Salvelinus are rather
remarkable suggesting the need for further
cytogenetic investigation.
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