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Phyletic relationships among the six nominal species of western North American trout l g n u s
Salmn),and a yet unnamedfom, the redhand trout, are discussed in licht oforesent knowledge of
zuogeographK morphokogy. karyology. and genetic similarity. AISO kcluded is a description of
redhxnd trout From Sheepheaven Crcck. Californix. Redhand tmut and Kern Rivergolden trout.
Slrlmc*n~ctahanrto.are closely related phyletically They both poases~
the same chromosome and
chrumo~omcarm number, resemhle each other in seven! meristic characters and in external
coluratiun and spotting, and ?hare the same fixed o r most common allele at several
biochemical-genetlc loc!. Zoogeographic considerations are not inconsistent with the hypthcsis
that a redhand - S,cryirobuni!~l ~ n eevolved from an ancestral trout radiating from the North
Pacific. [I is suggested h a t the closest living relative to the redband -S. ng~~ohonirn
line is the
rainbow trout. Soltno gnirdnerf. The cutthroat trout?. Snlmn clrrrki, may he an earlierdivergence
from this s;tme phyletic line. The Apache trout, Solrnt) apadrr. is considered more distantly
related to S. clarki than has been previously suggested.
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GOLD,3. R. 1977. Systematics of western North American trout (Salmo), with notes on the
redband trout of Sheepheaven Creek, California. Can. J. Zool. 55: 1858-1873.
On discute des relations phyletiques entrc six especes nominales de truite* de I'ouest de
1'AmtsEque du Nord (genre Sahnt)) et une f o m e encore sans nom. la tmite a raie rouge. B la
lumikre des aspects d k j i connus de la xoogiographie, de la morphologie. d r la caryologie et des
simil~ludesgenetiques. On donne en outre la description de la truite h raie rouge d u ruisseau
Sheepheaven, Cahfomie. La truite 5 rnie rouge et 1~ truite dorrie dr la tiviere Kern. Snlmo
aqunhoaiirr, sont tres rapprwhCe9 du point de vue phyletique. Elks possident toutes deux le
mcme nombre dc chromosomes et de hmr chrwmosomiques. Fe resscmblent par plusicurs de
leurs caracteristiques merist~ques,leur coloration externe et leurs taches et possedent, en
plusieurs locus biochimiques genttiques, le mtrne allele fixe ou predominant. Les considerations
zoogeographiques permettent de penser qu'une lignee S. aquabonita raie rouge pourrait venir
d'une truite ancestrale venant de la rtgion du Pacifique Nord. On croit que I'espece actuelle la
plus apparentee a la lignee S. aquabonita a raie rouge est la truite arc-en-ciel Salmo gairdneri. La
truite fardee Salmo clarki serait un embranchement prkcedent de la mtme lignee tvolutive. La
truite apache Salmo apache est un parent plus eloignt de S. clarki qu'on ne I'a cru jusqu'a
maintenant.
[Traduit par le journal]

Introduction
The systematics and taxonomy of the true
trouts (genus Salmo) native to western North
America (the subgenus Parasalmo of Vladykov
(1963)) have had a colorful, but confusing
history. Although more than 30 giminal species
have been described (Jordan et al. 1930; Miller
1950; Behnke 1965), only six species with
numerous subspecies are presently recognized:
Salmo clarki Richardson (cutthroat trout);
Salmo gairdneri Richardson (rainbow trout);
Salmo aguabonita Jordan (Kern River golden
trout); Salmo gila Miller (Gila trout); Salmo
apache Miller (Apache trout); and Salmo chrysogaster Needham and Gard (Mexican golden

trout) (Miller 1950, 1972; Needham and Gard
1959; Behnke 1965, 1970, 1972; Needham and
Behnke, unpublished data; Schreck and Behnke
1971). Most of these apparently do not conform
to the biological species criterion of Mayr
(1973). Only the coastal cutthroat, S. c. clarki,
and the steelhead rainbow, S. gairdneri, are
known to coexist sympatrically without hybridizing (Behnke 1970, 1972). As pointed out by
Miller (1972), however, there is little experimental data available on the crossability of
western trouts in terms of mating discrimination
tests or fertility of hybrids.
Miller (1950) was the first to critically synthesize the abundant systematic data on western
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Salmo. He suggested that all extant forms could
be assigned to either of two evolutionary assemblages or species groups: the cutthroat (clarki)
series or the rainbow (gairdneri) series. Many
authors (e.g. Needham and Gard 1959) have
agreed subsequently with this concept. Others
(Behnke 1965,1970,1972; Needham and Behnke,
unpublished data; Schreck and Behnke 1971;
Legendre et al. 1972) have argued that more than
two phyletic lineages of western Salmo are
represented among present day forms. In addition to the cutthroat and rainbow trouts, they
suggest that western Salmo includes several
relict forms which cannot be easily assigncd to
either clarki or gairdneri. These relicts, collectively referred to as the "golden trout" complex
(Schreck and Behnke 1971), are of limited and
disjunct distribution, and include S. aguabonita,
S. gila, S. apache, and S. chrysogaster.
The origin of species in the "golden trout"
complex is uncertain. Behnke and his associates
(Behnke 1970, 1972; Needham and Behnke,
unpublished data; Schreck and Behnke 1971;
Legendre et al. 1972) consider the complex a
monophyletic assemblage whose center of origin
was the lower Colorado River drainage. In their
opinion, a common ancestor could have arisen
from ancient hybridization between a primitive
rainbow trout (related perhaps to S. chrysogaster)
and a primitive cutthroat trout, the latter invading from the upper Colorado River drainage
(see also Needham and Gard 1964). After a
period of expansion and radiation, this 'hybrid'
form then gave rise to the species of the complex.
Legendre et al. (1972) concluded from a taximetric study of western Salmo that most members of the complex were more closely related to
clarki-like trouts than to gairdneri-like trouts.
Miller (1972) recently has taken the view that
the species of the complex (although related
phenetically) are polyphyletic in origin, and may
represent two or perhaps three independent
phyletic lineages. He suggested (1) that the
Mexican golden trout, S. chrysogaster, represented the most primitive line of western Salmo,
dating perhaps some 3 million years; (2) that the
S. gila line may have been derived from hybridization in the lower Colorado River between a
chrysogaster-like trout, occurring north of its
present distribution, and a primitive clarki-like
trout; (3) that S. apache may have had a similar
origin to S. gila, or possibly stemmed directly
from a clarki-like trout; and (4) that S. agua-

bonita probably arose from an ancestral form
which entered the Kern River drainage from the
north via a Sacramento - San Joaquin connection. He also considered it possible that both
S. gila and S. apache could be derived from a
chrysogaster-like form.
Pertinent to western Salmo systematics, and
to the "golden trout" complex, is a yet unnamed
trout which was first thought to inhabit only
isolated tributaries of the McCloud River in
northern California and dessicating basins in
southern Oregon. Referred to as the 'redband,'
this trout is now thought to have been distributed
throughout much of the Columbia River basin
in Nevada and Idaho (Behnke, personal communication). Schreck and Behnke (1971) and
others have suggested that the redband may
represent a primitive evolutionary line of western
Salmo, belonging perhaps to the "golden trout"
complex, or to a more ancient phyletic line of
Salmo. Miller (1972), however, felt that the redband could represent the vestige or derivative of
the ancestor to S. aguabonita, but not to S. gila
or S. apache.
Hoopaugh (1974) has summarized most of the
limited taxonomic data available on the redband
trout. Generally, a low number of gill rakers and
branchiostegal rays, together with-a moderately
high number of scales in the lateral series and
vestigial basibranchial dentition, characterize the
redband and render it distinct from other
species of western Salmo. The redband karyotype
is apparently the same as that of S. aguabonita
(Miller 1972; Wilmot 1974).
In this paper, the redband is compared with
other species of western Salmo. Included is a
description of redband trout from Sheepheaven
Creek, California, a discussion of possible redband origins and affinities, and a brief consideration of western Salmo phylogeny.

Materials and Methods
Redband trout used in this study were electroshocked
in late summer, 1974, from Sheepheaven Creek, a
tributary of the upper McCloud River in northern
California. This particular population was chosen for
study because it is regarded as one of the few 'pure'
populations of redband trout remaining in North America
(Behnke 1970; Miller 1972). A map of the area and a
physical description of the trout habitat may be found in
Hoopaugh (1974). All specimens were transferred live
to the Fisheries Biology Research Facility at the University of California, Davis.
Life colors and other pigmented morphological
attributes were recorded both in the field and from freshly
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killed specimens. Most of the fish were not in breeding
condition, although 3 of 14 males had enlarged testes.
Only 2 of 11 females appeared to have spawned during
the spring.
Counts and measurements were made according to
Hubbs and Lagler (1947). To normalize the data for
morphometric characters, the permillage proportions
were transformed to arcsin values (after Sokal and Rohlf
1969). This transformation finds the value 0 = arcsin &,
where p = the permillage value; retransformation of
mean arcsin values followed Table L of Rohlf and Sokal
(1969). Statistical testing of means between sexes was by
t-tests, using Sokal and Rohlf's (1969, p. 646) weighting
factor for uneven sample sizes. All other statistical
procedures are noted where appropriate in the text.
Chromosome karyotyping was carried out on a few
specimens of each sex using the method of Gold (1974).
Anterior kidney was used as the chromosome source,
and only well-spread metaphases were selected for study.

Results
Description
Means, standard deviations, and ranges for
13 meristic and 18 morphometric characters of
25 Sheepheaven Creek trout are shown in Table
1. The t-tests revealed no significant (P > 0.05)
differences between the sexes in anv character.
Although sexual dimorphism in certain traits,
e.g. maxillary length, is often observed in Salmo,
its absence in the Sheepheaven Creek trout is not
unexpected given the small sample size.
Distinctive meristic characters of the Sheepheaven Creek trout include low number of left
side branchiostegal rays (2 = 9.8), pectoral fin
rays (2 = 13.3), and gill rakers (Z = 15.6).
Means of the remaining meristic characters are
generally intermediate within the ranges reported
for other species of western Salmo (data in
Miller 1950, 1972; Needham and Gard 1959;
Behnke 1965; Needham and Behnke, unpublished data). Behnke (personal communication),
however, has found that certain redband populations may be characterized by an inordinately
high number of vertebrae. Lateral scale row
number (two to four rows above the lateral line)
on the redband is relatively high (X = 162);
only S. aguabonita and certain subspecies of
S. clarki are more finely scaled (Behnke 1965,
unpublished; Dieffenbach 1966; Schreck and
Behnke 1971; Gold and Gall 1975a; Gold,
Gall et al. 1977).
Detailed morphometric data on western Salmo
are generally lacking; some authors (e.g. Schreck
and Behnke 1971) feel that these characters have
little discriminatorv value in western Salmo.
A comparison of rAband morphometrics (Table
1) with those of S. apache (Miller 1972) and

S. gairdneri (Needham and Gard 1959) reveals
the redband to be generally smaller than both
S. apache and S. gairdneri in occiput to snout
tip distance, head length and width, and caudal
peduncle depth. The redband is also smaller
than S. apache in pectoral and pelvic fin length,
has a shorter dorsal fin base than S. gairdneri,
but is longer in prepelvic length than either
S. apache or S. gairdneri.
Dentition on the basibranchial plate was
examined using a technique suggested by R. J.
Behnke. Tissue paper soaked in a mild solution
of alizarin in KOH was placed on the basibranchial plate of each specimen and left overnight. Each specimen was then examined under a
dissecting microscope using a fine jet of air to
remove excess tissue. Nine of the 25 Sheepheaven
Creek trout had at least one well-developed basibranchial tooth, the number and frequency of
teeth varying as follows: four (one tooth); two
(two teeth); one (four teeth); one (five teeth);
and one (nine teeth). Behnke (in Schreck and
Behnke 1971) found basibranchial teeth on 11 of
21 specimens collected from Sheepheaven Creek.
The condition of basibranchial dentition on the
redband is thus best described as vestigial.
Another unusual type of dentition was noticed
on the Sheepheaven Creek trout. Schreck and
Behnke (197 1) reported the presence of additional
glossohyal teeth, in addition to the normal single
salmonine row, on specimens from both Sheepheaven Creek and the Kern River (S. aguabonita). Eleven of the 25 redband examined had
these teeth (usually one), although one specimen
had six. This type of dentition has been found
(rarely) on S. aguabonita from the Little Kern
River basin in California (Gold, unpublished).
The coloration of the redband is similar to
that of the golden trout, S. aguabonita, from the
Little Kern River basin. The fish are dark
dorsally, olivaceous to dark green in color.
Below the lateral line, the color is light lemon,
becoming pale to white on the belly. Most
specimens have definite yellowish 'cutthroat
marks' under the jaw. The marks tend to fade
quickly when the fish are removed from the
water, and fade completely following preservation. The sides of the head, particularly the
opercle, are light gold with a subtle metallic
sheen. On darker specimens, the operculum
appears almost purple, and the sides and belly
are more colorful, appearing light rust in color.
All 25 specimens were conspicuous by the
presence of a brick-red (sometimes faded)
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TABLE
1. Meristic and morphometric characters observed for 25 specimens of redband
trout from Sheepheaven Creek, California
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Character
Meristic
Pyloric caecae
Dorsal rays
Anal rays
Pectoral rays
Pelvic rays
Branchiostegal rays
Left
Right
Gill rakers
Scales in lateral line
Scales in lateral series
Scales above lateral line
Scales below lateral line
Vertebrae
Parr marks
Morphometric*
Standard length, cm
Body depth
Head length
Head width
Least interorbital
Occiput to snout tip
Maxillary, length
Caudal peduncle, length
Caudal peduncle, depth
Width of gape
Predorsal, length
Preanal, length
Prepectoral, length
Prepelvic, length
Preadipose, length
Dorsal, base length
Anal, base length
Pectoral, length
Pelvic, length
Eye, diameter

Mean

Standard
deviation

Range

35.96
11.40
10.48
13.32
9.48

3.33
0.87
0.59
0.48
0.51

29-42
1C14
10-12
13-14
9-10

9.84
9.16
15.56
117.56
162.08
33.44
24.92
61.40
8.32

0.69
0.47
0.87
2.45
6.07
1.53
1.08
0.76
0.69

8-1 1
8-10
14-18
113-123
153-174
32-36
23-27
6 6 3
7-10

10.88
27.94
(219)t
30.23
(253)
19.48
(111)
14.78
(65)
24.88
(177)
19.29
(109)
23.87
(164)
18.01
(95)
21.24
(131)
45.83
(514)
60.63
(759)
29.06
(236)
48.54
(561)
67.21
(850)
21.24
(131)
19.06
(107)
24.19
(168)
21.12
(130)
14.64
(64)

1.86
1.02

-

0.62
0.64
0.61
0.73
0.70
0.52
0.60
1.54
0.75
0.71
0.74
0.47
0.78
0.51
0.61
0.66
0.47
0.40

(188-252)t
(24G281)
(1W127)
(57-75)
(165-204)
(96-133)
(152-177)
(87-107)
(9C182)
(490-541)
(737-778)
(222-260)
(548-578)
(839-872)
(123-142)
(93-121)
(145-184)
(121-145)
(58-73)

*Means and standard deviations for morphometric characters are shown in arcsin transformed units where
9 = arcsin fi,and p = the permillage proportion value (after Sokal and Rohlf 1969).
tRetransformed permillage proportion values from p = sin @)a. Values are expressed in thousandths of the
standard length.
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FIG. 1. Trout from Sheepheaven Creek, California. Courtesy of S. J. Nicola and the California
Department of Fish and Game, Sacramento, California.

lateral stripe or band. The intensity in color of
the lateral band was much greater than that of
the cutthroat marks, and easily was the most
recognizable feature (hence their common name).
Steely blue to dark parr marks were observed
on all specimens, and were most conspicuous
(and numerous) on larger fish of 12-15 cm
standard length (Fig. 1). The marks extended
above and below the lateral line, and ranged
from 7 to 10 per individual (Z = 8.3). Parr-type
marks which did not extend over the lateral line
were observed on several specimens. Such marks
were variable in number and location, and tended
to be more prominent and numerous on larger
specimens.
The fins ranged in color from reddish orange
to light golden to dusky. On most specimens, the
intensity and brightness of color was most
prominent on the pectoral fin, followed in order
by the pelvic, anal, caudal, and dorsal fins. The
caudal and dorsal fins were by far the darkest,
while the anal fin was light amber on a few
individuals. A milky, cream-colored border was
evident on all but the pectoral and caudal fins.
This border was located on the margin of the
pelvic and anal fins, occupying about 15% of
the fin surface (Fig. 1). The border on the dorsal
fin was variable; when present it was located at
the tip (similar to S. apache, pictured in Miller
(1972)), and often occupied > 15% of the fin

surface. The adipose fin was dark olive in color,
and was surrounded by an unbroken, black
border.
Spotting on the redband trout was similar to
that of S. aguabonita from the Little Kern River
basin. Generally, the density of spotting was
moderate, increasing both dorsally and posteriorly (Fig. 1). A few specimens were spotted
below the lateral line. Above the lateral line, spot
density increased posteriorly from light to moderate anterior to the dorsal fin insertion, to moderate to heavy towards the caudal peduncle.
Spotting on the fins was primarily on the
dorsal and caudal. The pectoral and pelvic fins
were immaculate, as was the anal fin, although
on several specimens a few large spots were
observed at the base of the latter. The dorsal fin
was heavily spotted (usually about 15); the spots
ranged in size from one-half to three-quarters of
the diameter of the pupil. Spots on the caudal fin
were smaller.
A second conspicuous morphological feature
of the Sheepheaven Creek fish was a prominent,
dark ovoid spot behind the eye on the preopercle.
Jordan (1891) believed that this type of spot
characterized S. clarki. Miller (1972) later
pointed out that other western Salmo species
(excepting S. gairdneri) display this characteristic.
Chromosome number and morphology of the
Sheepheaven Creek trout were determined from
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FIG.2. Mitotic metaphase chromosomesfrom kidney of Sheepheaven Creek redband trout (2n = 58,

N.F.= 104).

kidney cells of 10 individuals. Of 114 cells
examined, 86 (75%) showed 58 chromosomes;
the rest were hypomodal (<58) indicating
chromosome loss during preparation. No indication of the intraindividual chromosomal polymorphism observed in other trout (Ohno et al.
1965; Roberts 1968, 1970; Gold and Gall 19756)
was found.
The modal karyotype (Fig. 2) showed 44
chromosomes with approximately median centromeres, 2 chromosomes with submedian centromeres, 2 chromosomes with subterminal
centromeres, and 10 chromosomes with approximately terminal centromeres (2n = 58). Following the classification of Levan et al. (1964), the
arm number (N.F.) estimate is 104. Miller (1972)
and Wilmot (1974) found the same karyotype
for redband trout from Sheepheaven Creek and
southern Oregon, respectively. The Kern River
golden trout, S. aguabonita, also possesses a
2n = 58, N.F. = 104 karyotype (Fig. 3, and
Gold and Gall 1975b).
Comparisons
Morphological
A summary of the means and ranges of nine

meristic characters for the six recognized species
of western Salmo and the redband trout of Sheepheaven Creek are shown in Table 2. Character
states for five nonmeristic characters are also
included in the summary. The sources of the data
were as follows: S. gila and S. apache (Miller
1950, 1972); S. aguabonita (Schreck 1969;
Schreck and Behnke 1971; Gold and Gall 1975a,
1975c; Gold, unpublished); S. c. pleuriticus
(Gold, Gall et al. 1977); S. c. henshawi (Behnke
1965; Needham and Behnke, unpublished data);
S. chrysogaster (Needham and Gard 1964);
S. gairdneri (Needham and Gard 1959; Needham
and Behnke, unpublished data; Behnke 1965;
Gold 1975); and redband trout (this paper).
A total of 510 specimens (12-83 per group) were
used in the summary.
To examine phenetic relationships among
western Salmo, similarity coefficients between
species pairs were computed using all the information in Table 2. The quantitative meristic data were standardized after Gold and Ga'1(1975a,
p. 256), while the suggestions of Sneath and
Sokal (1973, p. 136) were followed for the nonmeristic multistate characters, viz. the score
for a given comparison is 1 for a match and 0 for
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FIG.3. Mitotic metaphase chromosomes from kidney of Salmo aguabonita (2n

a mismatch. Similarity coefficients (S,) between
all species pairs were calculated from the standardized data matrix after Gower (1971) and are
shown in Table 3. Similarities ranged between
84.7% (S. c. pleuriticus and S. c. henshawi) and
22.9% (S. chrysogaster and S. gairdneri). Comparisons between S. c. henshawi and other forms
may be slightly affected since five meristic
character states were not available for this subspecies. The loss of information, however, should
be minimal since the distinguishing characteristics of henshawi (higher pyloric caecae and gill
raker number) were included in the data matrix.
A phenogram (Fig. 4) was then constructed
from the similarity matrix by UPGMA average
linkage cluster analysis (Sokal and Michner
1958; Sneath and Sokal 1973). This method
involves a simple, agglomerative clustering
approach which cycles repeatedly through the
data matrix and admits to a previously formed
cluster the group(s) exhibiting the highest level of
similarity to that cluster.
The results of the cluster analysis reveal at
least three phenetically divergent groups. The
rainbow ( S . gairdneri) and cutthroat (S. clarki)
trouts appear to form two distinct lines, unrelated
to any other group until 44% similarity, where

= 58,

N.F. = 104).

the cutthroats cluster with the trouts of the
"golden trout" complex. The latter, including
S. gila, S. chrysogaster, S. apache, S. aguabonita,
and the redband trout, appears to represent a
third phenetic line clustering at 57% similarity.
Within this complex, a close phenetic relationship is indicated between S. gila and S. chrysogaster (75% similarity), and among S. apache,
S. aguabonita, and the redband trout (72%
similarity). As noted, the cutthroat trout appear
more closely related phenetically to the "golden
trout" complex (44% similarity) than to the
rainbow trout (39% similarity).
Qualitatively, the results of the cluster analysis
are most compatible with the classification of
Schreck and Behnke (1971) and Legendre et al.
(1972). In their view, the "golden trout" complex represents a third phyletic line (in addition
to clarki and gairdneri) whose members share a
common origin, probably from a clarki-like
progenitor. This scheme differs from that of
Miller (1972), who suggested an independent
origin at least for S. aguabonita and perhaps also
for S. apache.
Karyotypic
Reported chromosome and chromosome arm

Present or
absent
Moderate
Weak

Present
Weak
Absent

Moderate
Strong

Vestigial

22-40
(31)
11-12
(11.4)
10-12
(10.8)
14-1 6
(15.2)
9-10
(9.5)
10-12
(10.8)
18-22
(19.8)
142-170
(156)
58-61
(59.5)
Retained

S . apache

Absent or
vestigial
Present

10-14
(11.7)
10-12
(11 .O)
13-16
(15.0)
8-10
(9.1)
9-1 3
(11.3)
17-21
(19.5)
160-210
(181)
57-62
(59.8)
Retained

( 31)

2240

S. aguabonita

*CDmparison%nrc prmnted as ranm a n d eslimated means (in parentheses).
tSalmo gairdneri d o a not include Rne-smled forms auch as S.g. kamloops.

Parr marks
on aduIts
Basi branchial
dentition
Well-developed
spot khind eye
Cutthroat mark
Lateral band

lateral series
Vertebrae

Scales in

Absent

10-30
(20)
10-12
(10.7)
8-1 1
(10.1)
12-14
(13.3)
9-9
(9.0)
8-10
(8.9)
17-19
(17.4)
132-156
(142)
56-59
(56.9)
Retained

Pyloric
caecae
Dorsal
rays
Anal
rays
Pectoral
rays
Pelvic
rays
Branchiostegal
rays (left)
Gill

rakers

S . chrysogaster

Character

Present

Absent or
vestigial
Present or
absent
Weak
Weak

Strong
Weak or
absent

Present

30-45
(39)
10-12
(11.2)
10-19
(10.8)
13-15
(14.5)
9-10
(9.1)
10-12
(11.3)
18-22
(20.4)
170-210
(189)
60-63
(61 .6)
Absent

S . clarki
pleuriticus

31-42
(35)
10-12
(10.7)
9-1 1
(10.3)
13-15
(13.8)
9-10
(9.6)
9-1 1
(10.2)
18-20
(19.0)
133-151
(141)
59-62
(60.2)
Retained

S. gila

Absent
Absent
Strong

Strong
Weak or
absent

Absent

35-75
(55)
10-13
(11.7)
10-12
(11.4)
13-16
(15.1)
10-11
(10.2)
10-13
(1 1 .6)
17-22
(19.3)
120-150
(135)
62-65
(63.5)
Absent

S . gairdnerit

Present

Present

145-175
(160)
6'2-65
(61.8)
Absent

21-28

NA

NA

NA

NA

45-65
(55)
NA

S . clarki
henshawi

Weak
Strong

Present

Vestigial

29-42
(36)
10-14
(11.4)
10-12
(10.5)
13-14
(13.3)
9-10
(9.5)
8-1 1
(9.8)
14-18
(15.6)
153-174
(162)
60-63
(61.4)
Retained

Redband
trout

TABLE
2. Comparisons* among "species" of western North American trouts (Salmo), and the redband trout from Sheepheaven Creek, California
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TABLE
3. Similarity coefficients* between pairs of western North American trouts (Salmo) based on nine meristic and
five nonrneristic (morphological) characters
S.
S.
chrysogaster aguabonita
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S. chrysogaster
S. aguabonita
S. apache
S. gila
S. c. pleuriticus
S. c. henshawi
S. gairdneri
Redband trout

-

0.481

S.
apache

S.
gila

S. c.
pleuriticus

S. c.
henshawi

S.
gairdneri

Redband
trout

0.458
0.741

0.747
0.574
0.663

0.379
0.624
0.579
0.461

0.293
0.397
0.431
0.359
0.847

0.229
0.499
0.398
0.374
0.422
0.412
-

0.538
0.667
0.741
0.690
0.485
0.373
0.358

-

-

-

-

*After Gower (1971).

S gilo

s chrysogosler
Zopocbe

S oguobonilo

FIG.4. Phenograrn of western North American Salmo
from UPGMA cluster analysis of similarity indices based
on nine meristic and five nonmeristic characters The
cophenetic correlation coefficient (r,,) was 0.85.

numbers of several western Salmo forms are
shown in Table 4. Definite differences in karyotype exist; only the redband and California
golden trout (S. aguabonita) appear to have the
same karyotype. However, reported karyotypes
for many individual species do not appear consistent among laboratories. For example, the
chromosome number of the inland cutthroat
trout (excluding S. c. clarki) is apparently 64;
the reported chromosome arm numbers are 104
and 106. Discrepencies in either or both chromosome number and arm number also exist for
S. c. clarki, S. aguabonita, and S. apache.
Further, although most North American workers
(Wright 1955; Bungenberg de Jong 1955; Ohno
et al. 1965; Miller 1972; Wilmot 1974) have
found a 2n = 60, N.F. = 104 karyotype for the
rainbow trout (S. gairdneri), populations with
106armed karyotypes of both 2n = 58 and
2n = 62 have been reported (Wilmot 1974;
Vasil'yev 1975; Thorgaard 1976).
The observed discrepencies in karyotype
within western Salmo species may be true

chromosomal polymorphisms. Several authors
(Ohno et al. 1965; Roberts 1968,1970; Gold and
Gall 1975b) have found evidence in Salmo of
intraindividual Robertsonian chromosomal polymorphism. This could obscure 'true' karyotypes.
If so, the situation would prove interesting cytogenetically, but would render karyology of
limited use in Salmo systematics. Most investigators, however, agree on the karyotypes of
S. gairdneri (2n = 60, N.F, = 104), S. agt~obonira
(2n = 58, N.F. = 1041, S. apache (2n = 56,
N.F. = IOg), and the redband trout (2n = 58,
N.F. = 104). The situation in S. clarki (particularly inland forms) merits further study since
only recently have populations with 104 chrornosome arms been reported (Wilmot 1974; Gold,
Avise et al. 1977). A 2n = 64, N.F. = 104 karyotype of an inland cutthroat trout (S. c. henshawi)
from Macklin Creek, California, is shown in
Fig. 5.
Robertsonian fusion is apparently the most
frequent type of karyotypic change in western
Salmo. Reported chromosome numbers range
from 2n = 68-70 (S. c. clarki) to 2n = 56
(S. apache), indicating that at least six or seven
Robertsonian events have occurred in the
history of the phylad. Repeated fusion (and
reduction in chromosome number) seems the
most probable sequence; of those species
karyotyped, the cutthroats have the highest
chromosome number and the most primitive
distribution. The difference between species in
chromosome arm number (104 vs. 106) can be
accounted for by a single uneven translocation
or uneven pericentric inversion (Simon and
Dollar 1963).
Although detailed phylogenetic interpretations
based on western Salmo karyotypes must await
further study, a few tentative conclusions are
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TABLE
4. Reported chromosome and arm numbers of western North American trouts (Salmo)
-

-

No. of
No. of
Chromosome two-armed
one-armed
no.
chromosomes chromosomes

Arm

References

no.
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-

S. clarki clarki
Washington*
Unknown*
California
S. clarki lewisi
Montana
Wyoming*
S. clarki subsp.
Nevada*
S. clarki henshawi
Nevada*
California
S. clarki alvordensi
Oregon
S. gairdneri
many sources
S. aguabonita
California*

California
California
Redband trout
California
Oregon
California
S. apache
Arizona*
Arizona

Simon (1964)
Wilmot ( 1 974)
Gold, Avise et al. (1977)
Simon and Dollar (1963)
Wilmot (in Behnke 1970)
Miller (1972)
Simon (1964)
Gold, Avise et al. (1977)
Wilmot (1974)
Several
Simon (in Schreck and
Behnke 1971)
Miller (1972)
Gold and Gall (1975b)
Miller (1972)
Wilmot (1974)
This paper
Wilmot (in Behnke 1970)
Miller (1972)

'Karyogram not shown.

warranted. By virtue of karyotypic identity (in
chromosome and chromosome arm number),
the redband trout and S. aguabonita probably
represent at least the same phyletic line, if not the
same species. Chromosomal homologies cannot
be ascertained by present techniques; but the
retention of the same gross karyotype argues
strongly for close phyletic kinship, especially in
view of the apparent karyotypic instability of the
entire phylad. Further, the 2n = 58, N.F. = 104
karyotype of both S. aguabonita and the redband
trout is most easily derived from that of S. gairdneri (Wilmot 1974). Only a single Robertsonian
rearrangement is necessary to change the chromosome number by two without altering chromosome arm number. The evolution of a 2n = 58,
N.F. = 104 karyotype from any of the remaining
(reported) western Salmo karyotypes requires a
minimum of two or more successive events.
Finally, it is conceivable that S. apache,
which definitely appears to possess 106 chromosome arms (Miller 1972, Fig. 3), may be more
divergent from other species of western Salrno

than suspected. Previously, most authors (e.g.
Miller 1972) have believed that the arm number
of S. clarki was 106, and hence suggested a close
phyletic relationship between S. apache and
S. clarki. The possibility that S. clarki has 104
arms instead of 106 (Fig. 4 and Gold, Avise et al.
1977) must be considered. If true, a close phyletic
relatimship between S. apache and S. clarki on
karyotypic grounds seems unlikely since the
104-armed S. clarki karyotype can be more
easily rearranged to yield that of S. gairdneri,
S. aguabonita, and the redband trout than that
of S. apache. Five successive events (four fusions
plus one uneven translocation or pericentric
inversion) would be necessary to produce the
S. apache karyotype from a 104-armed inland
S. clarki karyotype; whereas only two or three
fusions could produce the S. gairdneri and S.
aguabonita karyotypes, respectively. Further
cytogenetic studies on S. clarki, preferably with
high resolution techniques such as banding, will
help resolve this question; but the indication is
that cutthroat trout may be more closely aligned
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FIG.5. Mitotic metaphase chromosomes from kidney of Salmo clarki henshawi (2n = 64, N.F. =
104).

chromosomally to rainbow trout than to S.
apache.
Genic
Published comprehensive systematic studies
in salmonid fishes using a biochemical-genetic
approach thus far have been concentrated on
Pacific salmon (Oncorhynchus) (Tsuyuki and
Roberts 1966; Utter et al. 1973); although data
on two species of western Salmo (S. clarki and
S . gairdneri) were presented in Utter et al. (1973).
Recently, F. W. Allendorf and F. M. Utter
(unpublished) have completed a study of electrophoretic variation at 20 loci in 10 salmonine
species, including S. clarki (both inland and
coastal), S. gairdneri, S. apache, S, aguabonita,
and the redband trout. The loci examined were
limited to those for which reliable resolution was
obtained; the techniques, staining procedures,
and nomenclature followed Allendorf (1973,
1975). With the permission of these investigators,
the results are summarized briefly below.
No indication of genic divergence was found
among S . gairdneri, S. aguabonita, and the redband trout; the three forms shared the same fixed
or most common allele for all 20 loci examined.
The two forms of S . clarki (inland and coastal)
also shared the same alleles for all 20 loci, but

differed from S. gairdneri in having a single
unique allele at one of two loci for creatine
kinase. The Apache trout possessed unique
alleles at 3 of the 20 loci (malate dehydrogenase
3 and 4, and alcohol dehydrogenase), indicating
a high relative amount of genic divergence
between S. apache and other species of western
Salmo.
These electrophoretic data are most compatible wit11 the karyotype data. The rainbow
trout (S. gairdrreri). California golden trout
(S. aguabonira), and redband trout appear to be
a close!y related g o u p ; S. a p ~ c h eappears to
be the most divergent form thus far examined.

Discussion
The Redband Trout
The importance of the redband trout to
western Salmo systematics lies in the recent
findings of Behnke (unpublished) that redband,
or very similar trouts, were once distributed over
much of the Pacific northwest. Hybridization
with introduced trout (principally gairdneri)
undoubtedly has decimated many 'pure' redband
populations. However, it now appears that in
addition to northern California and southern
Oregon, redband trout were situated throughout
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much of the Columbia River basin, including the
Owyhee drainage of Oregon and Nevada, and
the Snake, Salmon, and Clearwater drainages of
Idaho. This relatively broad distribution suggests that redband trout may represent part of a
major phyletic line of western Salmo.
Speculations on the relationships of the redband to other western Salmo have been made by
several authors, each of whom have noted that
the redband shares affinities with several species.
The retention of basibranchial dentition, for
example, is characteristic of S. clarki; whereas
the bright lateral band is typical of S. gairdneri.
The redband karyotype is most closely related
to that of S. aguabonita.
Much of the data argues that the redband is
closely related phyletically to S. aguabonita.
They both possess the same chromosome and
chromosome arm number (a rarity among
western Salmo), resemble each other in external
coloration, and share the same fixed or most
common allele at several biochemical-genetic
loci. Very possibly, the two are spatially isolated
conspecifics. The discriminatory characteristics
of the redband (few gill rakers and pectoral fin
rays) and of S. aguabonita (numerous scales and
intense coloration) could result from local
adaptations or phenotypic plasticity.
The geographic origin of a redband - S. aguabonita lineage concerns the past distribution and
dispersal of many western Salmo species. Basically, there seem to be two possibilities: either (1)
the redband - S. aguabonita line stems from a
monophyletic "golden trout" complex as envisaged by Schreck and Behnke (1971) and Legendre
et al. (1972), and hence traces its origins to the
lower Colorado River system; or (2) the redband
(and S. aguabonita) represent inland migration(s)
along the north Pacific coast by a trout invading
from the north Pacific (Wilmot 1974). Whether
or not the latter 'invasion' was strictly monophyletic (a single inland migration followed by
wide dispersal) or polyphyletic (several inland
migrations over time) is impossible to know.
Considerations of zoogeography and of the
western Salmo fossil record make a lower
Colorado River origin for S. aguabonita (and
hence for the redband) seem unlikely. To enter
the Kern basin to the west, a trout from the
lower Colorado River would have to gain
entrance to the pluvial waters of the Death Valley
system, connect to the Owens River Valley, and
finally cross the Sierra Nevada crest. Schreck
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and Behnke (1971) suggested such a scheme, and
noted that several fish genera both in Death
Valley and in coastal streams of southern California reflected ancient connections with the
lower Colorado River. Geologic events which
would have permitted such a migration, however,
predate most of present-day western Salmo.
Based on the sketchy fossil record, Miller (1965,
1972) tentatively dated most of western Salmo
(excluding possibly S. chrysogaster) as no earlier
than Pliocene-Pleistocene border, about 3
million years ago. It seems improbable that
trout could have crossed the Sierras en route to
the Kern basin at this late time; although a
connection between the lower Colorado River
and Death Valley probably did exist during the
Pliocene (Miller 1959). Dr. Rene Engel, a
geologist from Kernville, California, has rendered the following opinion excerpted from a
letter (1 January 1970 to Mr. Ardis Walker, also
of Kernville) :
At the beginning of the Pliocene about 12
million years ago, Owens Lake at the north end
of the Mojave Lake chain, if it already existed,
was faced on its west side by a Sierran fault
scarp more than 1000 feet high which separated
the Kern Plateau from the eastern drainage. This
scarp continued to grow by successive movements on the Sierran Fault, so that at the end
of the Pliocene and beginning of Pleistocene
glaciation, some 3 million years ago, it was about
4 to 5000 feet high. Consequently, the migration
of the trout to the Kern Plateau from the southeast is hardly conceivable in view of the growing
barrier separating the Kern Plateau streams from
the Mojave Region streams.
On the other hand, if we consider the fact
that at the beginning of the Oligocene, the
Powell Surface was still continuous with the
Mojave, such a migration becomes possible.
It would move migration back to about 30
million years ago when the Kern Plateau was
part of the Powell Surface extending from the
western sea in the ancestral San Joaquin
Valley to eastern Mohavia, the broad eastern
land.

If Dr. Engle's interpretation is correct, a lower
Colorado River origin for the S. aguabonita redband line seems improbable. This argues
against a close phyletic relationship between
S. aguabonita and S. apache, and against a monophyletic origin of the "golden trout" complex
envisaged by Schreck and Behnke (1971) and
Legendre et al. (1972).
On the other hand, zoogeographic considerations support an alternative hypothesis of inland
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migration by a redband-like trout, or its direct
antecedent, from the Pacific Coast of North
America. The relatively broad distribution of
redband trout in the Columbia River drainage
suggests initial migration into the Columbia,
followed by dispersal eastward to the interior.
By annectant connections and headwater stream
transfer through Harney Basin in southeastern
Oregon, or perhaps via an early Pleistocene
Snake River connection (Miller 1965, Fig. 3),
trout could have reached the Klamath and (or)
Sacramento River basins, and from there easily
migrated to the waters of the Sacramento - San
Joaquin valley. Such a route probably was
travelled by the ancestors of S. aguabonita.
These ancestors also could have entered northern
California from a previous (or later) migration
directly into the Klamath River, or into coastal
streams further south.
One indirect line of reasoning suggests a zoogeographic link between the upper McCloud
River area (near Mt. Shasta) and the Kern
River basin. Both regions served as glacial
refugia during the Pleistocene, and both now
share several plant and animal species in common (references in Schreck and Behnke 1971).
Platnick (1976) has pointed out that similar
migration paths or "tracks" of widely divergent
species are nonrandomly distributed; only a
relatively small number of generalized tracks
exist into which the distribution of many taxa
fit. Possibly, a migrational track between the
Kern and Mt. Shasta areas existed during the
Pleistocene, and allowed the direct transfer of
the antecedents to S. aguabonita.
The phyletic origin of the redband trout
(including S. aguabonita) must be considered in
view of present theories of phylogeny in western
Salmo. Miller (1950) originally proposed that
all western trout could be referred to either
S. clarki or S. gairdneri, or to species derived
from either group. Later, after a thorough study
of S. apache, and a consideration of the evidence
accumulated to date, Miller (1972) concluded
there were at least four, perhaps five phyletic
lines of western Salmo: (1) the Mexican golden,
(2) the cutthroat, (3) the rainbow, (4) the redband
(including S. aguabonita), and possibly ( 5 ) the
Gila trout. He also believed that the redband
trout were older and more primitive than their
derivative, S. aguabonita, but younger than S.
clarki.
Behnke and his associates (Behnke 1970;

Schreck and Behnke 1971;Needham and Behnke,
unpublished data; Legendre et al. 1972) share
the view that S. aguabonita, and possibly the
redband, are part of a monophyletic assemblage
(the "golden trout" complex) whose origins were
in the lower Colorado River drainage. Specifically, their taximetric studies (Legendre er al.
1972; Legendre 1976) demonstrated a close
rnorpholopical relationship among S. apache,
S. aguabonira, S. gila, S. chrysogaster, and the
redband, with the entire group showing greater
resemblance to S, clarki than to S. gairrlneri. On
the basis of the latter, Legendre et al. (1972)
suggested that the entire complex may have
originated from a clarki-like progenitor.
Wilmot (1974) suggested that the members of
the "golden trout" complex (including the redband) were derived from inland migrations, or
entrapments, of rainbow-like trout along the
Pacific Coast of North America. In his view,
some of these trout moved inland and established
resident freshwater populations which subsequently gave rise to the species of the "golden
trout" complex; others remained in coastal
streams and eventually gave rise to S. gairdneri.
The chromosomal and biochemical-genetic
data certainly point to a close phyletic relationship between S. gairdrreri and the redband line
(including S. a~aboniru).The two appear to be
separated by only a single Robertsonian chromosomal rearrangement, and are alike (or nearly
so) in allelic arrangement at 20 allozyme loci.
Although theoretical arguments against using
either gross karyotypic or alfozyme information
as bases for phylogeny (especialIy in western
Salmo) are available, the similarity in karyotype
and allozyme content between S. gairdneri and
the redband line i s strong 'genetic' evidence of
close phyletic affinity. Further, a close relationship among these trouts is not contradicted by
zoogeography. A very plausible sequence of
events, closely following the ideas of Miller
(1972) and Wilmot (1974), would be invasion and
entrapment of a gairdneri-like trout along the
North Pacific coast. presumably subsequent to
one of the glaciations. Isolation inland might
follow or be foIlowed by a single chromosomal
rearrangement reducing the chromosome number from 60 to 58; although there is no way of
knowing whether the rearrangement was monophyletic or polyphyletic. The Kern trout,
S. aguabonita, likely evolved from (one of) the
redband line(s), after migration down the
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Sacramento - San Joaquin valley and isolation
in the Kern basin. Given the topology of the
Kern basin, the origin of S. aguabonita was
probably monophyletic, although polyphyly has
been suggested (Schreck and Behnke 1971).
The chronology of' the above events is imprecise. If only because of present distributions
of western trouts, Pleistocene glaciation is
clearly involved. Since most western Salmo
fossils are dated as either Pliocene-Pleistocene
border or Pleistocene (Miller 1965, 1972), and
since an invasion by a gairdneri-like trout was
preceded by S. clarki or its antecedents (Behnke
1972), a later interglacial period for the origin of
the redband line is most likely. To the extent
that electrophoretic data may be used as a
biological clock, the allozyme similarity among
S. gairdneri, the redband, and S. aguabonita
supports a recent divergence.
However, this evolutionary scheme is not
supported by morphological-phenetic data. The
similarity coefficients (Table 3) and phenogram
(Fig. 4) computed suggest (1) a distant relationship between S. gairdneri and the redband trout
(about 36% similarity); (2) a close relationship
among the species of the "golden trout" complex, including the redband (about 57% similarity); and (3) a closer relationship of the "golden
trout" complex to S. clarki (about 44% similarity) than to S. gairdneri (about 39% similarity).
Qualitatively similar results were obtained by
Legendre et al. (1972) and Legendre (1976),
and led to their proposed classification and
phylogeny (see above).
Theoretical arguments against using morphological traits as criteria for phylogeny are also
available, and in the case of western Salmo may
be applicable. First, as a group, the salmonid
fishes are notoriously labile in external morphology, presumably as a response to differing
environmental conditions during early stages of
development. Several examples in nature are
cited in Mayr (1973, p. 145), and examples from
laboratory experiments are abundant (Taning
1952; Garside 1966; Kwain 1975; and others).
Secondly, these fishes are noted for numerous
cases of both convergent and parallel evolution
(Behnke 1970). This presents a serious problem
for most cluster analyses, since many of these
methods include assumptions about overall
rates of evolutionary divergence being homogeneous in different phyletic lines.
Finally, numerical taxonomists strongly sug-

gest that many characters be included in similarity (or distance) computations (Sneath and Sokal
1973; Sokal 1974). Only 14 characters were used
in the analysis here (far fewer than recommended), and previous numerical taxonomic
studies of western Salmo have used even fewer.
At present, we are carrying out further studies
using a large number of character states in the
data matrix.

Phylogeny in Western Salmo
A suggested phylogeny of western Salmo,
based solely on reported karyotypes, is shown in
Fig. 6. This arrangement is based on the following assumptions: (1) most rearrangements in
karyotype involved Robertsonian fusion, and
the reduction of chromosome number through
time; (2) all fusions were sequential, i.e., species
with lower chromosome number evolved directly
from an ancestor with the most similar karyotype; (3) a single uneven chromosomal rearrangement (pericentric inversion or translocation)
occurred at an early divergence point, giving rise
to 106-armed and 104-armed lines; and (4) the
karyotype of S. clarki contains 104 arms, and
not 106. Whether or not each assumption is
realistic must await more thorough analysis of
trout chromosome structure. The karyotypes of
S. chrysogaster and S. gila are not yet known.
The relationships depicted in the schematic are
straightforward and do not need elaboration.
There are, however, two points of interest. The

Weslern Solmo

FIG.6. Suggested phylogeny of western North Arnerican trouts (Salmo).
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first is the possible early divergence of western
Salmo into 104- and 106-armed lineages. Karyotypes of S. chrysogaster and S. gila will prove
illuminating, but it is interesting to note that all
forms with 104 arms (including S. clarki)
presently occupy habitats which show retreat
from glaciation. This would suggest a prePleistocene divergence of 106- and 104-armed
lines, and may indicate that S. apache, or its
immediate ancestor, is older than S. clarki.
The second point of interest is the inclusion of
S, clarki into a 104-armed line which contains
S. gairdneri, S. aguabonita, and the redband
trout. A single lineage for these four trouts is
suggested, with the north Pacific as the center of
origin. Divergence and dispersal during the
Pleistocene seems obvious since the present
distributions of all four show evidence of glacial
influence. Because of deepest inland penetration
(Miller 1972, Fig. l), and the highest chromosome number, S. clarki would seem to be the
initially divergent species.
It is clear that we are far from understanding
many (or most) of the evolutionary relationships
in western Salmo. As more and different kinds
of information are obtained (see Behnke 1970),
phyletic affinities hopefully will become less
obscured. Further study should prove both
interesting and rewarding.
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