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CHROMOSOMAL DIFFERENCES AMONG RAINBOW TROUT POPULATIONS

Gary H. Thorgaard



ABSTRACT

Chromosome numbers varied from 58 to 64 among rainbow trout sampled 

from 29 locations from Alaska to C a lifo rn ia . The d ifferences were 

associated with ce n tric  fusions or f is s io n s ; the chromosome arm number 

was constant at 104 while the chromosome number varied . A 58 chromo­

some karyotype s im ila r  to that found in the golden and redband trou t 

was the most commonly observed karyotype over the species range. The 
s im ila r  karyotypes in the rainbow, golden and redband trout suggest 

that these groups are c lo se ly  re la ted . I f  th e ir  common ancestor also  

had 58 chromosomes then chromosomal changes in some rainbow trout since 

that time may have been associated with ce n tric  f is s io n s .

The 60 chromosome karyotype with two subte locentric  chromosomes 

that has been commonly found in hatchery rainbow trout s tra in s  was riot 

the most common type, but i t  was observed in f ish  from the upper 

Sacramento R iver system where most hatchery rainbow trout s tra in s  

originated and in f ish  from the southern Oregon and northern C a lifo rn ia  

coasts. F ish  with 60 chromosomes, including four subte locentric  chromo- 

s-omes, were found in the Puget Sound - S t ra it s  of Georgia area while 

f is h  with up to 64 chromosomes were found on the C a lifo rn ia  coast.

Most males showed a morphological d iffe rence  between the X and 

Y chromosomes but a number of males with no apparent sex chromosome 

heteromorphism were observed. These f is h  were p a r t ic u la r ly  common in  

some populations; these may represent areas in which the rearrangement 

re su ltin g  in  a morphological d iffe rence  between the X and Y has not 

become fixed  in the population.



The rainbow trout (Salmo q a ird n e ri) is  native to the P a c if ic  Coast 

of North America from Mexico to Alaska and has been widely introduced 

around the world (MacCrimmon, 1971; Sheppard, 1972). A v a r ie ty  of l i f e  

h is to ry  (W ith le r, 1966), m e ris tic  and morphometric (Needham and Gard,

1959; Behnke, 1972; Behnke, 1979), and protein (U tte r and A lle n d o rf,

1977; Allendorf and U tte r , 1979) d ifferences have been observed among 

rainbow trout populations. These d iffe rences have raised questions 

about the re la tion sh ip s of the rainbow trout and the c lo se ly  re lated  

golden and redband trout (Behnke, 1972, 1979; Gold, 1977; Wishard 

et a l . , 1982).
Chromosomal va ria tio n  has also  been observed in rainbow trout 

(Table 1 ). Chromosome numbers from 56 to  68 have been reported; the 

mo. . commonly reported chromosome number has been 60. The va ria tio n  

aps ¿ars to involve rearrangements (ce n tr ic  fusions and f is s io n s , sometimes 

termed Robertsonian rearrangements) which change the chromosome number 

whi.e conserving the chromosome arm number at 104. S im ila r chromosome 

rearrangements are common in other salmonid f is h  species (Simon, 1963; 

Roberts, 1970; Gold, 1977; Loudenslager and Thorgaard, 1979) and in 

other animals (White, 1973). The va ria tio n  in chromosome number with 

cc 3tant arm number in salmonids is  unique because of reports that i t  

nii be found w ith in  ind iv idua l f is h  (Ohno et a l . ,  1965; Roberts, 1968; 

l f ' ?0; Davisson et a l . , 1973; Gold and G a ll , 1975).

Th is report describes the re su lts  of chromosome analyses of 290

tbow trout from 29 locations covering much of the species range. 

CiW'mosome numbers from 58 to 64 were found in rainbow trout with 104 

clsr .mosome arms; the va ria tio n  showed a geographic pattern that may 

i :?1ect the evolutionary re la tion sh ip s among the populations.



MATERIALS AND METHODS

Chromosomes of rainbow trout from 29 locations covering most of the 

natural species range along the P a c if ic  Coast of North America (F ig . 1) 

were studied. With the help of many in d iv id u a ls  and agencies, I was 

able to sample hatchery and w ild  f ish  with a va rie ty  of l i f e  h isto ry  

patterns (Table 2 ). In most cases the f is h  sampled were native to the 

area sampled; exceptions are noted as footnotes in Table 2.

Most chromosome preparations were made from white blood c e ll cu ltu res 

as previously described (Thorgaard, 1976). Chromosome preparations 

of some young f is h  were made by d ire c t preparation from body t issu e s  

a fte r  co lch ic ine  in je c tio n  (Kligerman and Bloom, 1977). Kidney chromo­

some preparations were analyzed from a l l  the f ish  from G ilb e rt Creek,

F a ll Creek, and the P it  R iver in C a lifo rn ia , from three of the f ish  

from the Gualala R ive r , C a lifo rn ia , and from f iv e  of the f is h  from the 

1978 Mad R iv e r , C a lifo rn ia  sample. In te s t in a l chromosome preparations 

were analyzed from one Gualala R ive r , C a lifo rn ia  f is h .

The karyotype of an in d iv id ua l, f is h  was considered established 

a fte r  a'minimum of three and u sua lly  at le a s t f iv e  c e l ls  with a p a r t i­

cu la r karyotype were counted.



RESULTS

Variation  in  chromosome number
Among the 290 rainbow trout examined chromosomaliy in th is  study,

Jr

a l l  but 5 had 104 major chromosome arms. The va ria tio n  in chromosome 

number from 58 to 64 (Table 3) thus did not re su lt  from va ria tio n  in 
the amount of genetic m ate ria l. The d iffe rences apparently resulted 

from fusions of acrocentric  chromosomes to form m etacentrics or from 

f is s io n s  of metacentrics to form acro cen trics .
Although there have been reports of va ria tio n  in chromosome number 

in  c e l ls  with the same arm number w ith in  ind iv idua l rainbow tro u t , I 

did not find  extensive va ria tio n  of th is  type in  th is  or e a r l ie r  studies 

(Thorgaard, 1976; 1977; Thorgaard and G a ll , 1979). Chromosome numbers 

a lso  did not seem to be tissue-dependent; f is h  analyzed from kidney chromo­

some preparations showed s im ila r  karyotypes to f is h  from the same or 

a nearby population analyzed from white blood c e ll cu ltu re s . For 

example, among the 1978 Mad R iver f is h  sampled, the one f is h  analyzed 

from white blood cell cu ltu res had 64 chromosomes l ik e  four of the f iv e  

analyzed from kidney preparations, and the two f is h  from G ilb e rt Creek, 

C a lifo rn ia , analyzed from kidney preparations had 59 chromosomes l ik e  

many f is h  analyzed from white blood c e ll cu ltu res from the nearby Rogue 

R iv e r , Oregon. The low level of va ria tio n  w ith in  in d iv id u a ls , Hardy- 

Weinberg pattern of va ria tio n  w ith in  populations (Thorgaard, 1976) 

and consistent d iffe rences between populations are in  agreement with 

an inherited  rather than a somatic basis fo r the chromosomal va ria tio n  

seen in th is  study.
The chromosomal va ria tio n  showed a geographic pattern (Table 3 ).

The most common karyotype among the populations studied had 58 chromo­

somes, includ ing 46 m etacentrics and subm etacentrics, 2 subte locentrics



and 10 acrocentrics (F ig . 2 ). This karyotype appears id en tica l to those 

previously reported fo r some rainbow trout and fo r the c lo se ly  re lated  

redband and golden trout (see Table 1 ). Two d is t in c t  60 chromosome 

karyotypes were observed; f is h  with 44 metacentrics and submeta- 

c e n tr ic s , 4 subte locentrics and 12 acrocentrics were observed in coastal 

Washington and B r it is h  Columbia samples (F ig . 3, and see F ig . 2, Thor­

gaard, 1976) while f is h  with 44 metacentrics and subm etacentrics, 2 

subte locentrics and 14 acrocentrics were found in  southern Oregon 

and C a lifo rn ia  (F ig . 4 ) . F ish  with more than 60 and as many as 64 

chromosomes were found on the C a lifo rn ia  coast (F ig . 5 ).

There were three t r ip lo id s  and two trisom ies among the f iv e  f is h  

which did not have 104 major chromosome arms. The t r ip lo id s  were a l l  

ju v e n ile s ; one was sampled from the Mad R iv e r , C a lifo rn ia  hatchery in 

1977 and two others were sampled from the P it  R iver hatchery s tra in  

kept by the C a lifo rn ia  Department of F ish  and Game. T r ip lo id  rainbow 

trout have been observed previously in hatchery populations (C u e lla r 

and Uyeno, 1972; Grammeltvedt, 1974) and may occasiona lly  be present 

in high frequencies in ind iv idua l fam ilie s  (Thorgaard and G a ll , 1979).

Trisomie rainbow trout with 46 metacentric and submetacentric, 2 

subte locentric  and 11 acrocentric  chromosomes were found in samples from 

the Big Creek, Oregon hatchery population and from McGill Creek, C a li fo r ­

n ia . As with the t r ip lo id s  found in  th is  study, no deta iled  stud ies of 

these in d iv id u a ls  were possib le because the f is h  were discarded before 

the chromosome analyses were performed. Ohno (1970) and Davisson et a l .  

(1972) have previously found viab le  trisom ie tro u t .

Sex Chromosomes

The heteromorphic sex chromosomes found in male rainbow trout 

in  southwest Washington (Thorgaard, 1977a) and in a C a lifo rn ia  hatchery



population (Thorgaard and G a ll , 1979) were apparent in most of the male 

rainbow trout sampled from Alaska to C a lifo rn ia  (Table 3 ; see p a ir 23, 

F ig . 4 and p a ir 21, F ig . 5 ). Although many of the males with three 

or four subte locentric  chromosomes appeared to have heteromorphic sex 

chromosomes, they were often d i f f ic u l t  to c la s s if y  (Thorgaard, 1977). 

Consequently, f ish  with three or four subte locentrics were ro u tine ly  

placed in the "uncertain" category as to sex chromosome type (Table 3 ). 

Among the f is h  of known sex which could be c la s s if ie d  as chromosomally 

"XY" or "XX", only 2/93 females appeared XY, while 19/108 males appeared 

XX (see p a ir  24, F ig . 2 ). Several such atyp ica l males were found 

previously (Thorgaard, 1977). Some populations (Karluk R iv e r , A laska ; 

Butte Creek, C a lifo rn ia ; and West Fork San Luis Rey R ive r , C a lifo rn ia ) 

had e sp e c ia lly  high frequencies of a typ ica l males. In add ition , in 

several populations in which the sex of the f is h  sampled was not known 

(P it  R ive r , C a lifo rn ia  and Moosehead Creek, C a lifo rn ia ) no in d iv id u a ls  

with sex chromosome heteromorphisms were found.



DISCUSSION

Patterns of Chromosomal Variation
This study and previous in vestig ations (Table 1) have demonstrated 

considerable chromosomal va ria tio n  w ith in  the rainbow trout species. 

Chromosome numbers vary at le a s t from 58 to 64 (some studies suggest an 

even greater range) and the d iffe rences are associated with ce n tric  

fusions and/or f is s io n s .
Th is study demonstrated that the va ria tio n  shows a geographic pat­

te rn . A 58 chromosome karyotype is  the most common type over the species 

range. F ish  with as many as 64 chromosomes are commmon on the C a lifo rn ia  

coast. Two groups of 60 chromosome f is h  are present; a northern group 

is  found in the Puget Sound - S t ra it s  of Georgia region and a southern 

group is  in southern Oregon and northern C a lifo rn ia . The northern 60 

chromosome f ish  have two more subte locentrics and two fewer acrocentrics 

than the southern group; the groups may d if fe r  by a p e r ice n tric  in ve rs io n .

The 60 chromosome karyotype in Oregon and C a lifo rn ia  f is h  (F ig . 4) 

appears id en tica l to that found in most previous stud ies of rainbow 

trout (Table 1 ). These previous re su lts  probably re f le c t  the common 

orig in  of most hatchery rainbow trout s tra in s  from trout native to the 

McCloud R iv e r , a Sacramento R iver tr ib u ta ry  in northern C a lifo rn ia  (Need­

ham and Behnke, 1962; MacCrimmon, 1971). Samples in th is  study from 

near the McCloud R iver (samples 26, 28, and 29) had f is h  with the karyo­

type typ ica l of hatchery rainbow tro u t. Several previous stud ies showing 

rainbow trout with 2n = 58, rather than 2n = 60, karyotypes (Wilmot,

1974; Busack et a l .  , 1980) were of f is h  with non-McCloud R iver o rig in s .

The d ifferences among populations in th is  study should, fo r the 

most p a rt , re f le c t  natural d iffe rences w ith in  the rainbow trout species. 

Some populations I sampled had a mixed o r ig in , however (Table 2 ) ,  and



!ect th is  by showing increased chromosomal va ria t io n  w ith in  the popu- 

ion. The Mad R ive r , C a lifo rn ia  hatchery w inter stee l head (samples 

and 16b), fo r example, had extensive va ria tio n  both w ith in  and between

c la sse s (Table 3 ). This probably re f le c ts  th e ir  mixed o rig in  from 

R ive r and Eel R ive r w inter stee l head; the ye a r-c la ss  d iffe rence  

id re f le c t  d iffe re n t re la t iv e  contributions of the two stocks. Sirni- 

y , the va ria tio n  in  the Cowlitz R iv e r , Washington w inter steelhead 

tuples 7c and 7d) may re f le c t  th e ir  mixed o rig in  from native Cowlitz 

- (probably 2n = 58) and introduced Chambers Creek, Washington w inter 

ilhead (predominantly 2n = 60). The late-spawning Cowlitz w inter 

si head (sample 7e) d idn 't show any v a r ia t io n , probably because th e ir

spawning time prevented any in trogression  with the introduced Chambers 

ak steelhead. These d iffe rences among Cowlitz R iver steelhead demon- 

ate how chromosomes might be used to trace  ancestry in some rainbow 

■at populations.
In some other cases i t  is  more d i f f ic u l t  to assess the s ig n ifican ce  

intrapopulation v a r ia t io n . Based on planting h is to r ie s  I would pred ict 

t  the va ria tio n  in Rogue R iver steelhead (sampled 13a and 13b) may be 

y r a l ,  but that the va ria tio n  in rainbow trout in  the Mount Palomar 

ion in Southern C a lifo rn ia  (samples 19 and 20) may re f le c t  in trogression 

¿een native f is h  (possib ly with 2n = 64) and introduced rainbow tro u t. 

West Fork San Lu is Rey population (sample 20) seems more l ik e ly  to 

i f  predominatly native o rig in  than the Pauma Creek population (sample

Further study is  needed to determine more exactly  where the natural 

ansition  zones" in chromosome number in  rainbow trout are located on 

P a c if ic  Coast. Past introductions of f is h  from hatcheries may make

h determinations d i f f ic u l t  in some cases.



Chromosomal Varia tion  Compared to L ife  H is to ry , Morphological and Protein

Variation
Steelhead returning from the ocean at d iffe re n t times of the year 

(summer and w in ter) could be compared chromosomally in  two r iv e rs  with 

l i t t l e  h isto ry  of past in troductions: the Quinault R iv e r , Washington 

(samples 6a and 6b) and the Rogue R iv e r , Oregon (samples 13a and 13b).

The f is h  from the Rogue and Quinault d iffe red  chromosomally, but summer 

and w inter steelhead from each r iv e r  were s im ila r . This is  consistent 

with stud ies of protein va ria tio n  (U tter and A lle n d o rf, 1977; Ch ilcote 

et a l . ,  1980) and morphology (Behnke, 1972) suggesting that there are 

not large genetic d iffe rences between summer and w inter steelhead from 

the same r iv e r  system. These re su lts  suggest that the d iffe re n t times 

of return may have evolved independently in the d iffe re n t r iv e r  systems.

The chromosomal d iffe rences observed among rainbow trout populations 

in  th is  study do not correspond c lo se ly  to the morphological and protein 

d iffe rences found among populations in other stud ies . Morphological 

comparisons of populations suggest that there may be two major groups: 

the in te r io r  (upper Columbia and Fraser r iv e r  systems) and redband 

populations, and the coastal populations. The interior/redband group is  

characterized by f in e r  sc a le s , lower p y lo ric  caeca! counts and b righter 

co lors than the coastal rainbow (Behnke, 1972; Gold, 1977; Behnke, 1979). 

The major protein a l le le  frequency d iffe rences (at the LDH-4 and SOD 

lo c i)  are between in te r io r  rainbow tro u t populations and coastal popu­

la t io n s  (U tter and A llen d o rf, 1977; A llendorf and U tte r , 1979). Protein 

stud ies suggest that the redband populations are not a s ing le  evolutionary 

group; some populations show s im ila r it ie s  to coastal rainbow trout (U tter 

and A lle n d o rf, 1977) while others show s im ila r it ie s  to inland populations



(Wishard et a l . ,  1982). Chromosomally, the in te r io r  rainbow trout popu­

la tio n s  (samples 21-24 in th is  study, and the Deschutes R ive r , Oregon 

f is h  studied by Wilmot [1974], Table 1) and possib le redband populations 

(see Table 1 and samples 15, 25, and 27 in  Tables 2 and 3) are charac­

te rized  by a 58 chromosome karyotype. However, many coastal rainbow 
trout populations, which d if fe r  from the in te r io r  populations in morpho­

logy and protein a l le le  frequency, a lso  have f is h  with apparently 

id en tica l 2n = 58 karyotypes. Variation in chromosome number from 58 

to 64 was observed among coastal rainbow trout populations fo r which no 

marked morphological or protein a l le le  frequency d iffe ren ces have been 

found.
I t  w il l  be d i f f ic u l t  to determine why the chromosomal d iffe rences 

among the populations do not correspond to the morphological and protein 

d ifferences that are seen. D iffe ren t se le c t iv e  facto rs and/or d iffe re n t 

instances of random genetic d r i f t  were apparently involved in the d iffe re n t 

types of divergence. There are several ideas about the s ig n ifican ce  of 

chromosomal change in  evo lution . . Chromosome rearrrangements might repre­

sent random events fa c i l it a te d  by small population s ize  and inbreeding 

(Bickham and Baker, 1980), might in fluence the expression of genes and 

promote adaptive evolution (Wilson et a l . ,  1974), or might serve as 

iso la tin g  mechanisms to promote the genetic divergence of groups (White, 

1978). The ro le  that chromosome rearrangements have played in the evolu­

tion  of rainbow trout populations is  unknown at th is  time.

Sex Chromosomes
Comparison of the chromosomes of male and female rainbow trout 

in  th is  study supported e a r l ie r  observations (Thorgaard, 1977a; Thorgaard 

and G a ll , 1979) of a heteromorphic sex chromosome p a ir in male, but



not female, rainbow tre a t , ,e y ; - < , 19/5,08 ftafes with two ,v«.fete]'©c,ej * rf 

chrome tomes showed r,o evidence of the sex chromosome hrtoro-.u.rpuism; 

several such " X X  males*' were found pftrrtovsly (Thargaard, I9 / /a ) , The 

ma: the sex slir#iffsyrtt6 u ' l e  oiiios' r :<isn were concerti dod in

certa in  popul&tion$ fButts Creek* C a lifo rn io ; West Fork Si r  cuts Rey 

R iver, C a lifo rn ia  and Karluk R ive r, A laska) and are l ik e ly  to  be present 

fit several other populations (p it  River», C a lifo rn ia  and tteosehaad Creek, 

C a lifo rn ia ) in which no evidence of any sex chromosome heteromorphism 

was found ptong f is h  of unknown sex it is  noteworthy that pppu-l a t lofts 

lacking the sex chromosome betercniorphism were located near the lim its  

of t ie soeeias range or in iso la ted  |p|fdwater streams.

These re su lts  are consistent with an infcraspeci^ic polymorphism 

-,n the sex chromosome p a ir  in. rainbow trv i/ t . He tcromorphic sex chrepospmss 

are usua 2 ly  believed to evolve from morph o'* ogieal ly  Id en tica l homologs 

(Ohno, 1867: Singh et a l- ,5 1576); some populations Iff the species may have 

retained toe p rim itive  c h a ra c te r is t ic  of und iffe ren tiated  sox chromosomes, 

v-' ,1a feist: hav* become fixed  iM$% or have a high frequency of. a rearrange» 

|  *Tfhf 1 h d if fe re n tm  .• d the V chromosome morphologically from the X;, 

fu rth e r study of the nature of the Y chromosome rearrangement .siici i t s  

d is tr ib u tio n  in  populations should be in teresting*

||® q| | • u:nes and kXa iuU onary Relationsh ips
Vio ■ st rv a ti on that the S;8 chromosome kifeyotype» s utiier ffssB the 

GO efremt-soro? cype, was the most common over the species range of the 

rainbow trout ills  ilitg S f St 'Tv. ■.,» la , ; I t  |  ii|c fit1 8 i| karyp jfftf 

|| | | | |  o m eteristic  Of fla ■ - | a il . ■ r  trout |:g |f f || | |  t»
the Kamchatk-i t ro u t , f f i i  cm fficy . present AS'faUc form rr, n in b e s  

trout { fa hi r ) ) *  Fiftrio  '¡n- iS |'g ri se-ort! di ft or. | t 1 I l f



58 chromosome karyotypes, but the sim plest assumption is  that they are 

homologous. This would suggest that the common ancestor of a l l  these 

groups shared the 58 chromosome karyotype.

I f  the common ancestor had 58 chromosomes then rainbow trout with 

higher chromosome numbers must have arisen  by ce n tric  f is s io n . Centric 

fusion has u sua lly  been believed to be much more common in  evolution than 

cen tric  f is s io n  (Sturtevant and N o v itsk i, 1941; Matthey, 1973; Baker et a l .  

1975) but there are several well-documented examples of ce n tric  f is s io n  

(Yosida et a l . ,  1979; Fryns et a l . ,  1980). I previously proposed that 

the 58 chromosome karyotype in rainbow trout was derived from the 60 

chromosome karyotype by ce n tric  fusion (Thorgaard, 1976). Gold (1977) 

proposed that the 58 chromosome karyotype in  golden and redband trout 

was derived from the 60 chromosome rainbow trout karyotype by ce n tric  

fusion .

The karyotypes found in rainbow trout are d is t in c t  from those in 

most other western North American tro u t. The various cutthroat trout 

subspecies have 2n = 64-70 but the same number of major chromosome arms 

as the rainbow, golden and redband tro u t. Coastal cutthroat ( Salmo 

c la rk i c la r k i ) ,  with 2n = 68-70 (Simon, 1964; Gold et a l . ,  1977) and 

West-slope cutthroat ( S. c . le w is i) ,  with 2n = 66 (Loudens!ager and 

Thorgaard, 1979) both have many more chromosomes with minor short arms 

than the rainbow tro u t. The Yellowstone cutthroat (S . £ . b o u v ie ri) and 

Lahontan cutthroat (S . c . henshawi) have 64 chromosomes and none with 

minor short arms (Gold et a l . ,  1977; Loudenslager and Thorgaard, 1979); 

they lack a subte locentric  chromosome p a ir (sex chromosome p a ir) co rres­

ponding to that in rainbow, golden and redband tro u t. The extent of 

homology between 2n = 64 cutthroat and rainbow trout otherwise is



d if f ic u l t  to asses without improved chromosome banding techniques. Both 

S. apache (M ille r , 1972) and S. g ilae  (Beamish and M il le r , 1977) have 

2n = 56 karyotypes d is t in c t  from those in rainbow tro u t.

The sim plest general explanation of chromosomal evolution in rainbow 

trout is  that the common ancestor to rainbow, golden and redband trout 

had 58 chromosomes and lacked a sex chromosome heteromorphism in males. 

Centric  f is s io n s  and p e r ice n tric  inversions led to the present va ria tio n  

w ith in  rainbow trout of from 58 to 64 chromosomes with 104 major chromo­

some arms and 2 to 4 minor arms on subte locentric  chromosomes. The Y 

chromosome d iffe re n tia te d  from the X in most populations so that males 

showed heteromorphic sex chromosomes; some populations re ta in  the prim i­

t iv e ,  u nd iffe ren tia ted  Y chromosome in high frequency.

The golden and redband t ro u t , although apparently ka ryo typ ica lly  

id en tica l to many rainbow trout and c lo se ly  re lated  to them on the basis 

of e lectrophoretic  stud ies (U tte r and A lle n d o rf, 1977; Wishard et a l . ,  

1982), share many m e ris tic  and morphological c h a ra c te r is t ic s  with cu t­

throat trout (Schreck and Behnke, 1971; Gold, 1977). Several numerical 

taxonomic studies have demonstrated that golden and redband trout are 

phenotypically more s im ila r  to cutthroat trout than rainbow trout (Legend 

et a l . , 1972; Gold, 1977). However, these s im ila r it ie s  may re f le c t  

p rim itive  or ancestral c h a ra c te r is t ic s  that these groups have in common 

(M ille r , 1972; Behnke, 1979). As M ille r  (1972) d iscussed , p rim itive  

features can cause m isin te rp retations when estim ating evolutionary re la ­

t io n sh ip s ; groups that share them may simply have retained them over a 

long period from a common ancestor. Many m e ris tic  and morphological 

c h a ra c te r is t ic s  of golden and redband tro u t , l ik e  the 2n = 58 karyotype, 

were probably present in the common ancestor of the golden, redband and



rainbow tro u t . The s im ila r  high mountain, small stream environment 

shared by the golden trout and many redband and cutthroat trout may have 

provided s im ila r  se lection  pressures to re ta in  the p rim itive  characte rs .

For example, Moyle (1976) has discussed how sexual se lection  may have 

favored the bright co loration of the golden trout in the S ie r ra s .

Morphological and chromosomal changes in some rainbow trout probably 

re f le c t  s h if t s  away from the ancestral condition. Perhaps redband trout A 

should be thought of as a broad group of rainbow trout re ta in ing  ce rta in  

ancestral c h a ra c te r is t ic s  rather than as a d is t in c t  phylogenetic l in e .
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Table 1

Previous chromosome studies of rainbow trout and some related  tro u t* .

Study
Speci es 
(s t ra in ) Material

Modal chromosome 
number (Number 
of in d iv id ua ls  
studied)

Chromosome
arm
number

Number of 
subte locentric  
chromosomes 
observed

In tra in d iv id u a l
Robertsonian
va ria tio n ?

Wright, 1955 Rainbow tro u t , 
Sal mo gairdneri 
(hatchery 
ra i nbow)

b lastu la
squashes

60 - —

Bungenberg 
de Jong, 
1955

Rainbow trout 
(hatchery 
ra i nbow)

b lastu la
squashes

60

L ied e r, 1956 
in  Simon and 
D o lla r , 1963

Rai nbow trout 
(hatchery 
rainbow)

b lastu la
squashes

60
'

Simon and 
D o lla r , 1963

Rainbow trout 
(hatchery rainbow 
from several 
sources)

b lastu la
squashes

60 104 2

Simon, 1964 Rainbow trout 
(stee l head, 
Soos C r . , WA)

b lastu la
squashes

60 104 ?

Rainbow trout 
(stee l head, 
Minter C r . , WA)

b lastu la
squashes

60-64 ? ? mm

Ohno et a l . , 
1965

Rainbow trout 
(hatchery 
rainbow)

embryo, l i v e r ,  
spleen, kidney 
ovary, and tes 
squashes

58-62(12)2
9

t i s

104 ||



Table 1 (continued)

Previous chromosome studies of rainbow trout and some re lated  tro u t .

Study
Species
(s t ra in ) M aterial

Modal chromosome 
number (Number 
of in d iv id ua ls  
studied)

Chromosome
arm
number

Number of 
subte locentric  
chromosomes 
observed

In tra in d iv id u a l
Robertsonian
varia tio n?

Heckman 
et a l . , 1971

Rainbow trout 
(hatchery 
rainbow)

cultured
leukocytes

60 104 - +

C u e lla r and 
Uyeno, 1972

Rai nbow trout 
(hatchery 
rainbow)

g i l l
squashes

60(17),90 (1 ) 104 2-3 **

Fukuoka, 1972 Rainbow trout 
(hatchery 
rainbow)

ai r-d ried  
kidney

60 (5 ),58 (1 ) 104 2 —

Gramme!tvedt, 
1974

Rainbow trout 
(hatchery 
ra i nbow)

cultured
leukocytes

59-63(15) 104(?) 2 ?

Muramoto, 
et a l . , 1974

Rainbow trout 
(hatchery ra in  
bow "oceanic 
form")

a ir-d rie d
kidney

60(5) 104 2

Ohno, 1974 Rainbow trout 
(hatchery 
rainbow)

56-683 104 ? +

Wilmot, 1974 Rainbow trout 
(hatchery ra in  
bow, w inter 
stee l head)

60 104 2



Table 1 (continued)

Previous chromosome studies of rainbow trout and some related tro u t .

Study
Species
(s t ra in ) M aterial

Modal chromosome 
number (Number 
of in d iv id ua ls  
studied)

Chromosome
arm
number

Number of 
subte locentric 
chromosomes 
observed

In tra in d iv id u a l
Robertsonian
varia tio n ?

Wilmot, 1974 Rainbow trout 
(summer s te e l- 
head from 
Deschutes and 
S ile t z  R . , OR. 
and Clearwater 
R . ,  ID .)

kidney
squashes,
leukocyte
cu ltu res

58(16) 104 2

V a s il'y e v , 
1975

Rainbow trout 
(hatchery 
rainbow)

kidney 62 (9 ),60 (1 ) 104 2 4*

Raicu and 
Taisescu , 
1977

Rainbow trout 
(introduced w ild 
rainbow)

a ir-d ried  
kidney, spleen 
g i l l ,  l iv e r

6 0 (3 ), 58 (1 ), 
6 1 (1 ), 62(1)

100-
106

** mm

Thorgaard and 
G a ll , 1979

Rainbow trout 
(hatchery 
rainbow)

cultured
leukocytes

60 (1 ),59 (4 ) 
89 (3 ),9 0 (3 )

104 2-3 «M

Busack et a l . , 
1980

Rainbow trout 
(Eagle Lake, CA)

cultured
leukocytes

58(4) 104 2 -

Kaidanova,
1980

Rainbow trout 
(hatchery

b lastu la
squashes

60-62 104 ? ?

rainbow)

M ille r , 1972 Golden tro u t , 
Salmo aguabonita

g i l l
squashes

58 104

WiImot, 1974 Golden trout g i l l 58 104



Table 1 (continued)

Previous chromosome studies of rainbow trout and some related  tro u t .

Study
Species
(s t ra in ) M aterial

Modal chromosome 
number (Number 
of in d iv id u a ls  
studied)

Chromosome
arm
number

Number of 
subte locentric 
chromosomes 
observed

In tra in d iv id u a l
Robertsonian
varia tio n ?

Gold and G a ll , 
1975

Golden trout ai r-dried  
kidney

58 104 2 +

M ille r , 1972 Redband t ro u t , 
Salmo sp.

gi 11 58 104 2 -

Wilmot, 1974 Redband trout several 58 104 2 -

Gold, 1977 Redband trout a ir-d rie d  kidney 58 104 2 -

V a s il'y e v , 
1975

Kamchatka t ro u t , 
Salmo mykiss, 
(m igratory form)

g i l l ,  kidney 60-62(16) 108 0 +

Kamchatka trout 
(fresh-w ater form)

g i l l ,  kidney 58-60(17) 104 2 ip

Gorshkova,
1980

Kamchatka trout g i l l 58 104 2 *

1 Some of my re su lts  on chromosome va ria tio n  in rainbow trout have already been published (Thorgaard, 1976, 1977a, 

1977b). These re su lts  are combined with my more recent find ings in th is  report to f a c i l i t a t e  descrip tion of the 

geographic pattern of chromosome varia tio n  in the species.

2 Chromosome numbers from 58 to 65 (with 104 chromosome arms) were observed w ithin in d iv id u a ls .

3 Chromosome numbers observed w ithin in d iv id u a ls ; modal numbers are not given.



Table 2

Rainbow v .out populations sampled in th is  study. Past introductions of non­
native rainbow trout in to  some populations are discussed in the footnotes; 
the other populations are presumed to be predominantly of native o rig in .

Loca
(see

t1 on 
F ig . 1) Type1

Sample (Adults or 
Young, date)

Sample obtained 
through

<£ » Karl
(57°:

•Jk R . , AK 
32  N, 154°20'W)

W, FS A, 11/76 John Murray, Alaska 
Dept, of Fish  and 
Game (ADFG)

2. Nafjn
(55°:

R. j AK
35 Mi, 131°351W)

W, FS A, 10/76 Don Siedelman, ADFG

3. Keo{iK R ., B .C .
Sj'N, 127°20'W)

W, WS A, 2/77 E r ic  Parkinson, B r it is h  
Columbia Fish and 
W ild life

4. Bia
(49°

Qualicum R . , B .C . 
2 3 'N, 124°37'W)

H, WS Y, 12/77 Dick Harvey, F ish e rie s  
and Oceans,Canada

5. Cha»
(47

5a ’

5b

m rs C r . , WÂ
1 i 'N , 122°32'W)

H, WS 

H, WS

A, 4/75-11/75 

A , 2/76

Fred U tte r, Fred A llendorf 
National Marine F ish e rie s  
Se rv ice , Peter Davenport 
Washington Dept, of Game 
(WDG) '

6. Quin
(47'

a u lt R. , WA 
Z l'N , 124°17'W)

Terry W right, Quinault 
t r ib a l b io lo g ist

6a W, SS A, 6/76

6b W, WS A, 1/77

7. Cowl i t z  R . , WÂ  
?9 ‘ N, 122°44'W)

Harold Fisher-Benson, 
WDG

7a^ H, SS A, 2/75

7b H, SS A, 2/76

7c.' H, WS A, 2/75

7d H, WS A, 2/76

7e& H, LWS A, 5/76

8. Wasr
(45^

ugal R.®> ,̂ 
3 'N , 122°10'W)

H, SS A, 2/76 Peter Davenport, WDG

9. m
• m  ■

r . , OR
• 'N, 123°35'W)

H, WS Y, 12/76 Ray Sheldon, Oregon 
Dept, of Fish  and 
W ild life  (ODFW)



Table 2 (continued)

Locati on 
(see F ig . 1) Type^

Sample (Adults or 
Young, date)

Sample obtained 
through

10. S i le t z ,  R . , OR 
(44°50'N, 123°45'W)

H, SS Y, 12/76 Homer Clendenon, 
ODFW

11. AT sea R . , OR 
(44°25'N, 123°34'W)

H j WS Y, 12/76 Paul Groman, ODFW

12. N. Umpqua R . , OR 
(43°17'N, 123°21'W)

H, SS A, 3/77 Je rry  Bower, ODFW

13. Rogue R . , OR 
(42°40'N, 122°40'W)

Mike Evensen, ODFW

13a H, SS A, 8/76

13b H, WS Y, 3/77

14. G ilb e rt C r . , CA 
(41°59'N, 124°12'W)

W, WS Y, 4/78 C a lifo rn ia  Dept, of 
Fish and Game (CDFG)

15. Butte C r . , CÂ  
(41°30'N, 124°2'W)

W, R Y, 7/79 CDFG

16. Mad Ì É CA9 
(40°53'N, 124°00'W)

Bob W ill , CDFG

16a H, WS Y, 5/77

16b H, WS Y, 5/78

17. Gualala R . , CA 
(38°46'N, 123°31'W)

W, WS Y, 4/78 CDFG

18. F a ll C r . , CA 
(37°3'N , 122°5'W)

W, WS Y, 6/78 CDFG

19. Pauma C r . , CA*9 
(33°211 N, 116°57'W)

W, R A, 5/79 John Hewitson, E n c in ita s , 
C a lifo rn ia

20. W. Fk. San Luis Rey 
R . ,  CA11
(33°20‘ N, 116°48'W)

W, R, A, 6/79 John Deinstadt, Larry 
B o ttro ff , CDFG

21. Loon L k . , B .C . 
(51o10'N, 121°10'W)

W, R A, 6/77 E r ic  Parkinson, B r it is h  
Columbia Fish and W ild life

22. Columbia R . , (W ells 
Dam) WÂ -2
(47°57 'N, 119°52‘ W)

H, SS A, 1/77 Gary T re f f re y , WDG

23. Snake R . , WA-̂  
(46°35‘ N, 118°0'W)

? , SS A, 1/75, 8/75 Jim M ighell, NMFS



Table 2 (continued)

Locati on 
(see F ig . 1) Type1

Sample (Adults or 
Young, date)

Sample obtained 
through

24. Clearwater R . , ID 
(46°31'N, 116°17'W)

H, SS Y, 10/77 Bob White, B i l l  K lontz, 
Univ. of Idaho

25. P it  R . , CA8
(41°00'N, 121°35'W)

H, R Y, 5/78 CDFG

26. McGill C r . , CA
(41°03'N, 121°58'W)

W, R Y, 6/78 CDFG

27. Moosehead C r . , CA8 
(41°11'N, 121°48'W)

W, R A, 11/78 CDFG

28. N. F . L i t t le  Squaw 
Cr. , CA
(40°45'N , 122°29'W)

W, R A, 11/78 CDFG

29. B a ttle  C r . , CA13 
(40°24'N , 122°8'W)

H, FS A, 1/79 Doug D ysart, U. S. 
F ish  and W ild !ife
Service

1 Type: H or W ind icates hatchery or w ild  o r ig in ; SS, FS, WS, LWS ind icate  
the time of return from the ocean, i f  the f ish  were steelhead (summer, f a l l ,  
w inter or la te  w in te r). R ind icates the f ish  were resident rainbow tro u t.

2 Chambers Cr. hatchery stock is  a mixture of f is h  from various Puget Sound 
stream s, the Nemah R iver on the Washington Coast, and possib ly others (Royal, 
1973).

3 These re su lts  were previously reported in Thorgaard (1976).

4 These f is h  .were the progeny of matings invo lving  a lim ited  number of parents, 
and were kept at the NMFS Montiake Laboratory, S e a tt le .

5 Summer steelhead in the Cowlitz R iver are the re su lt of introductions of 
Washougal R iver (Skamania) summer steelhead. Chambers Creek w inter steelhead 
were introduced in to  the Cowlitz system in the 1960's. The May-spawning 
la te  w inter steelhead stock orig inated from a native Cowlitz stock (Harold 
Fisher-Benson, WDG, personal communication).

8 These re su lts  were previously reported in  Thorgaard (1977a).

7 Washougal R ive r (Skamania) summer steelhead hatchery stock orig inated from f ish  
from the Washougal and K l ic k it a t  R ivers in Washington (Jack A ye rst, WDG, per­
sonal communication).

3 Id e n tif ie d  by Behnke (1979) as probable resident redband trout populations.

9 Mad R iver w inter steelhead hatchery stock originated as a mixture of f is h  from 
the Mad and Eel R ivers in C a lifo rn ia  (Bob Wi l l ,  CDFG, personal communication).



Pauma Creek probably o r ig in a lly  had a native rainbow trout popualtion (Eigen- 
mann, 1892) but i t  seems l ik e ly  that h is to r ic a l and recent introductions of 
rainbow trout may have influenced the genetic background of the native popu­
la tio n  (Behnke, 1979).

11 West Fork San Lu is Rey R iver probably o r ig in a lly  had a native rainbow trout 
population (Eigenmann, 1892) but may have been planted with hatchery rainbow 
trout in the 1890's (La rry  B o ttro ff , CDFG, personal communication).

12 Probably mostly of upper Columbia R iver o r ig in , although there may have been 
some mixing of Washougal hatchery stock with the Wells Dam hatchery stock 
(Gary T re ffre y , WDG, personal communication).

13 B a ttle  Creek hatchery stock orig inated from upper Sacramento system steelhead, 
but these f is h  were mixed with Kamloops trout in the ea rly  1960's, and with 
Nimbus hatchery steelhead (of mixed Washougal and Eel o r ig in s ) in  the 1970's. 
The impact of these introductions is  unknown.



Table 3

_______Population_____________

Coastal Populations 

L  Karluk R . , AK

2. Naha R . , AK

3. Keogh R . , B .C .

4. Big Qualicum R . , B.C 

5a Chambers C r . , WA

5b Chambers C r . , WA 

6a Quinault R . , WA 

6b Quinault R . , WA 

7a Cowlitz R . , WA 

7b Cowlitz R . , WA 

7c Cowlitz R . , WA 

7d Cowlitz R . , WA 

7e Cowlitz R . , WA 

8. Washougal R . , WA 

. Bi g C r . , OR

Chromosomal d ifferences among rainbow trout populations

Type!

No. of f is h  with 
chromosome number

58 59 60 61 62 63 64 3n

Sex chromosome types among f ish  
of d iffe re n t sexes

Males 

XY XX ?

Females 

XY XX ?

Unknown 

XY XX ?

FS

FS

WS

WS

WS

WS

SS

WS

SS

SS

WS

WS

LWS

SS

WS

10

7

2 3

3 1

7

3

8

12 1 

2

5 1

3

10 13

23 

9

20 1

7

9

3

3

3 2

1 

3

5

8

7 2

15

1

2
7

5

6 

1 

2

5

15

1

6
6

6

1

9

9 6



Table 3 (continued)

Chromosomal d iffe rences among rainbow trout populations
Sex chromosome types among f ish  

of d iffe re n t sexes
No. of f is h  with 

chromosome number Males Females

Population Type! 58 59 60 61 62 63 64 3n XY XX ? XY XX

10." S ile tz  R . , OR SS 4 3 1

11. A1sea R . , OR WS 2 2 1

12. N. Umpqua R . , OR SS 10 9 1

13a Rogue R . , OR SS 2 6 5 1 6

13b Rogue R . , OR WS 2 3 3 1 1

14. G ilb e rt C r . , CA WS 2 1 1

15. Butte C r . , CA R 4 3 1

16a Mad R . ,  CA WS 1 3 1 1 1 1 2 1

16b Mad R . ,  CA WS 1 5 1 5

17. Gualala R . , CA WS 4 1 1 2

18. F a ll C r . , CA WS 2 1

19. Pauma C r . , CA R 1 4 1 3 1 i

20. W. Fk. San Luis Rey R . , 
CA

R 1 3 2 3 1 4 1 2

Unknown 

XY XX ?

In te r io r  populations

21. Loon L k . , B.C



Table 3 (continued)

Chromosomal d iffe rences among rainbow trout populations

Sex chromosome types among f ish  
of d iffe re n t sexes

No. of f ish  with
chromosome number Males Females Unknown

Population Type! 58 59 60 61 62 63 64 3n XY XX ? XY XX ? XY XX ?

22. Columbia R . , WA SS 14 1 1 4 1 11

23. Snake R . , WA SS 6 3 3

24. Clearwater R . , ID SS 2 2

Upper Sacramento Populations

25. P it  R . , CA R 4 2 3 3

26. McGill C r . , CA R 3 3 4 2

27. Moosehead C r . , CA R 5 5

28. N. F . L i t t le  Squaw C r . , 
CA

R 5 2 1 2

29. B a ttle  C r . , CA FS 3 2 1 6

1 Type: SS, FS and LWS ind icate  the time of return from the ocean i f  the f ish  were steelhead (summer, f a l l ,  
w inter or la te  w in te r). R ind icates the f ish  were resident rainbow tro u t.



F ig . 1

F ig . 2 

F ig . 3

F ig . 4 

F ig . 5

FIGURE LEGENDS

. Native d istrubution of the rainbow trout (MacCrimmon, 1971; Behnke, 

1972) and locations sampled in th is  study.
. Karyotype of 2n = 58 male rainbow trout from Butte Creek, C a lifo rn ia .

. Karyotype of 2n = 60 female rainbow trout from Big Qualicum R iv e r ,

B r it is h  Columbia.
. Karyotype of 2n = 60 male rainbow trout from McGill Creek, C a lifo rn ia .

. Karyotype of 2n = 64 male rainbow trout from F a ll Creek, C a lifo rn ia .
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TDê f< ' $ % Ét-*-d §l?- < ULk-Ce ^  U>̂  ^
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