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ABSTRACT

The strengths of the relationships among species and genera of North
American Salmonidae are assessed from published data on hybridization,
coloration, and other attributes. The genus Salmo shows the greatest intra-
generic variation. Phylogenetically, Salmo gairdneri is as close to the species
of Oncorhiynchus as to Salmo salar; and Selmo trutia, at the other extremne,
is about midway between 8. salar and the species of Salvelinus. The genus
Salvelinusg is a closgely knit group. Of its'species, Salvelinus marstoni shows the
closest affiliation with Salmo.

Published data are scanty for several species and the methods of taking and
recording data vary so widely that comparison of data taken by different
investigators is hazardous.
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RELATIONSHIPS AMONG NORTH AMERICAN SALMONIDAE

By GEORGE A. ROUNSEFELL, Fishery Research Biologist
BUREAU OF COMMERCIAL FISHERIES

This paper Is third in a series in which I am
attempting to compile and evaluate published in-
formation on North American Salmonidae. Defi-
nition of the relationship among species is ex-
tremely complex and although I would preferably
avoid the subject, it must necessa.nly be considered
in order to decide on the gloupmcr of taxa for
evaluating the significance of various life-history
phases. In such a plastic group as the Salmonidae
there are all shades of differentiation from the
species down almost to the individual. With our
present knowledge, probably the best we can hope
to do is to gain some appreciation of the relative
closeness of the relationships between taxa.

Basically, we are not so much concerned with
whether two populations of any one species of
Salmonidae differ phenotypically as we are with
their response to similar habitats. Differences in
physiological reactions may be just as real as those
morphological differences which can be demon-
strated statistically.

In our zeal to he objective and quantitative, we
must not overlook many of the nonmorphological
characteristics that, although perhaps more diffi-
cult to assess, nonetheless may show very real dif-
ferences. I am speaking of such things as color,
spawning habits, migratory tendencv, growth rate,
age at maturity, attainable size, temperature toler-
ance, and doubtless other yet undefined char: ‘wtel-
istics inherent in different strains.

The use of such new approaches as serological
techniques and paper chromotography may fur-
nish a clue to differences not readily discovered
by the classical morphological approach. Counts
of the chromosomes, while réndered difficult by the
large numbers involved, may be of great taxo-
nomic valie, at least at the species levels.

In discussing classification of the Salmonidae it
is instructive to commence by observing the rela-
tionships among the North American genera.
Following the basic work done by Vladykev
(1954) we chose tentatively to consider Cristi-
vomer a8 a separate genus, resulting in four North
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American genera, ('ristivomer, Salvelinus, Salmo,
and Oncorhynchus. )

Since all salmonjds spawn in fresh water (pre-
samably their ancestral home), the anadromous
habit may have evolved gradually from popula-
tion pressure and a higher survival of fish feeding

- In the sea.

In the genus Cristivomer this seagoing habit (if
ever present) is almost if not entirely lost. The
genus extends in lakes with sufficient cool oxygen-
ated water in summer (only deep, stratified eu-
trophic lakes toward the soutliern part of its
range) across. North America from arctic Alaska
to eastern Quebec. Since it is lacustrine and
seldom enters streams, the fact that only one
species, (. namaycush, covers this entire area
might seem a little surprising; usually long-
isolated populations tend to develop distinguish-
able morphologic differences. This lack of differ-
ences over such an extended range might be cited
to postulate a theory of fairly recent origin for the
genus, which however is geologically untenable;
but there may be other reasons why differences
failed to develop. Differences between isolated
populations usnally develop through environ-
mental selection. In stream-dwelling fish where
environmental differences between localities are
often large the selection may be rather severe, but
C'ristivomer inhabits a relatively stable lacustrine
habitat that differs little from lake to lake.
Furthermore, most. geneticists support the postu-
late (National Research Couneil, 1956, p. 16) that
mutations are induced by naturally occurring radi-
ation : “To the best of our present knowledge, if we
increase the radiation by X%, the gene mutations
caused by radiation will also be increased by X%.”

Folsom and Harley (1957), from data of Libby
(1955) and George (1952), have estimated that
radiation from cosmic rays at latitudes midway
between the geomagnetic equator and 55° N. (geo-
magnetic) decreases, because of the shielding effect
of the water, from 35 millirads per year at the
water surface to 10.1 millirads at 10 meters, 4.86 at
20 meters, 1.40 at 50 meters, and only 0.47 milli-
rads per year at 100 meters. Folsom and Harley
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also estimate the internal radiation for a large fish
at 28 mrad./year. Thus, whereas a fish living
near the surface (in fresh water the radiation
activity from the water itself is estimated at less
than 0.5 mrad./year) would receive a total of 63
mrad./year, the total dose received would fall
rapidly with increasing water depth to 88 mrad.
at 10 meters and from 33 to 28.5 mrad./year from
20 to 100 meters. A surface-living lake fish would
therefore receive about twice the radiation dose
of a fish living below 20 meters.

Most of the salmonids would receive an even
heavier radiation dosage than the 63 mrad./year
 for lake fish at the surface since most of them
spend some time in streams, often streams too
shallow to afford any shielding effect, in which
they would receive additional radiation from the
naturally occurring radioactive emitters in the
rocks, which varies from about 23 mrad./year for
sedimentary rock to about 90 for granite, accord-
ing to Folsom and Harley.

It has been suggested that in part of their range
(i.e., in the deep lakes of the Precambrian shield)
lake trout might be subjected to considerable radi-
ation, particularly in the egg stage or during ex-
tended periods spent on the bottom. In the absence
of data to refute this suggestion it must be con-
sidered as a valid criticism of the above hypothesis.

To what extent a lowered mutation rate in
Cristivomer (which we may perhaps assume from
the foregoing discussion of radiation received)
could have slowed down the evolutionary processes
would be difficult to appraise. An altérnate pos-
sibility is that C('ristivomer, during its adaptation
to severe conditions in the periods of glaciation
that preceded its separation into many isolated
colonies, may have lost many of the alleles needed
for readaptation to less severe climatic conditions.
That this could perhaps be the case is indicated
by the ultimate upper lethal temperatures tolerated
by various salmonids (Rounsefell, 1958). The
young of the other genera all tolerate higher
temperatures than the young of Cristivomer.

Whether C'ristivomer or Salvelitnus is more an-
cient in origin is a moot question that can be
argued from different angles. It could be argued
that Cristivomer developed from Cristivomer-
Salvelinus ancestry in North America while
Salvelinus was simultaneously developing in Asia.
Later, perhaps, as conditions ameliorated, Salveli-
nus invaded North America, either over an Asian-
North American land bridge, or from the sea.
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('ristivomer, now isolated in deep lakes, unable
without the nest building habit to spawn effectively
in streams and unable to tolerate the higher tem-
peratures found in most streams, would be unable
to make a reciprocal invasion of Asia.

The theory that Cristivomer became recogniz-
able in its present form at least as early as the last
glacial period is supported by Henshall (1907)
writing about the Montana grayling—

It is very probable that the Arctic grayling was the
parent stock from which the Michigan and Montana
graylings descended; and from the fact that the habitats
of the three species are so widely separated, it iz not un-
reasonable to suppose that the Michigan and Montana
forms were conveyed thence from the Aretic regions dur-
ing the Glacial period. This theory is strengthened by the
fact that Elk Lake, a half mile from the Montana gray-
ling station, is abundantly inhabited by both grayling and
the lake trout (Cristivomer namaycush), which latter fish
is found nowhere else west of Lake Michigan.

Salmo might seem to be more ancient in origin
than Oncorhynchus, which is confined to the North
Pacific and Arctic Oceans and is much further
adapted toward an anadromous existence. Salmo
ranges in the western Atlantic from New England
to Ungava Bay, thence to southern Greenland and
Iceland; in the eastern Atlantic from Portugal to
the White Sea. Since Sa/mo (Dymond and Vlady-
kov, 1934) is limited on the western side of the
Pacific to the Kamchatka Peninsula; it would not
seem likely that it had a Pacifie origin, Mottley
(1934b) suggests that during the next to the last
glacial period the joint ancestors of Salmo and
Oncorhynchus were separated into a Pacific and
an Atlantic group, the former evolving into On-’
corhynchus and the latter into SaZmo. During the
interglacial period, Salino was able to migrate
from stream to stream across the continent to the
Pacific coast—an impossibility for the strongly
anadromous Oncorhynchus. '

Neave (1958) suggests that Oncorhynchus
evolved from Salmo in the western Pacifie, citing
in support of his theory the fact that O. masow is
more primitive than other species of O-nl:orlz.g/'neh.u.s
and is more closely related to Salimo. He states—

“In due course the newly evolved offshoot spread back
through territories occupied by more conservative lines of
the ancestral stock. This process of reinvasion was facil-
itated by increased adaptation to ocean life and was ac-
companied or followed by a further splitting up into
several species.

None of these explanations suffices to explain
fully all of the interrelationships.
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There are very few morphological characters
by which the various species can be unmistakably
identified because—

1. The latitudinal range of many of the species
is so wide that the meristic characters, which
usually show a latitudinal cline, are quite variable
for the same species in different localities (see
Mottley, 1934a).

2. For those species with fresh-water forms
there is a tendency for the geographically isolated
populations to develop slight differences.

8. Anadromous and fresh-water dwelling fish
of the same population may show environmental
differences in form or coloration. Some of these
differences, especially color, have been shown by
Wilder (1952) to be reversible in Salvelinus
fontinalis.

4. In fresh-water forms there may also be alti-
tudinal clines. In some instances, these seem to
involve retention of ]uvemle characteristics. For
example, the parr marks in the golden trout,
Salmo gairdneri agua-bonita, and the piute trout,
Salmo clarki seleniris (see Snyder, 1940).

The foregoing does not mean that there are not
valid species. Any experienced fisherman has no
difficulty in separating the five species of Pacific
salmon at a glance, even though most individual
characters overlap in their range. Species are
recognized by a combination of characters and
most taxonomic descriptions encompass only a
few of those most readily taken and easiest to
reduce to numbers.

ATTRIBUTES ANALYZED TO INDICATE
RELATIONSHIPS

HYBRIDIZATION

One line of inquiry that yields a clue to inter-
relationships comes from hybridization experi-
ments. Within recent years several investigators
have obtained chromosome counts of salmonids
(table 1). In the few species studied, the diploid
number ranges from 60 to 84. Of course-number
alone is not always the controlling factor. Thus,
in deseribing expel iments with the crossing of
Salmo salar, 8. trutta, Salvelinus alpinus, and S.
fontinalis, Alm (1955) writes—

The chromosomes of the Brown trout and the Char are,
in spite of being the same number, greatly differentiated

from one another and the former are more homologous
with those of the Salmon, The Brook trout and the Char

chromosomes are more in agreement with each other than

with the other species.

TSHANYTSCHA

F1euRE 1.—Relative success of crossbreeding of Salmoni-
dae (except Oncorhynchus). (Length of solid lines
shows relative success ; see table 2; dotted lines indicate
failure; arrows, direction of male-female cross.)

In comparing Salmo gairdneri and S. salar
sebago, Buss and Wright (1956) noted that
“Bungenberg deJong has indicated (1955) a
marked difference in the chromosome structure of
these species. . ...”

TABLE 1.—Diploid chromosome number in certain

Salmonidae
Species Chromo- Authority
somes

Salmo salar 60 | Sviirdson (1945).
Salmo salar sebago. - 60 | Buss and Wright (1956).
Salmo gairdneri. ... 60 S\'%%gon (1945); Wright -

( .
Salmo trudla. oo eeen 80 Sv(ﬂl‘;(sigsm (1945); Wright
Salvelinus alpinus. ... ___.._._____ 80 | Svirdson (1945); Alm (1955),
Salvelinus fontinalis ... 84 Svﬂg%sgm (1945), Wright

Q1
Cristivomer namaycush_._________.. 84 | Buss and Wright (1956).
Salmo salar X Salmo trutte. _______ 70 | SvHrdson (1945); Alm (1955).
C'.‘g;mz:yqz)ah X 8. fontinalis (= 84 | Buss and Wright (1956).
At o).

From several sources we have compiled table 2
showing the results of certain crosses between spe-
cies of Salmonidae (Oncorhynchus is shown in a
separate table). To obtain a clearer view of the
results we have rated the success of each cross
from 1 to 6 (excellent to failure, see table 2). Al-
though this is subjective, it aids in studying the
results which are portrayed in figure 1.
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KisuTeH another species, which suggests incompatibility of
the male sex chromosome.
The only experiments in crossing Oncorkiynchus
with other Salmonide were those of Roosevelt
(1880) and Green (1881). In both cases male O.
tshawytscha from eggs taken in the Sacramento
River system were crossed with female S. fontina-
lis, and in both cases hybrids were raised to ma-
turity, but the hybrids were all females, and the
eggs would not hatch when fertilized with milt
firom male S. fontmahs.
Within the genus Oncorhynchus all five species
were crossed in both directions by Foerster (1935) ;
his results are summarized in table 3 and figure 2.
Freuvre 2.—Relative success of crossbreeding of the five From figure 2, in which the length of each line
eastern Pacific species of Onchorhynchus. (Lines in- coincides with the subjective rating of table 3, it
dicate relative sucess; see table 8. Arrows indicate is clear that Aisuteh is rather apart from the re-
direction of male-female cross.) mainder of the species. This seems to coincide
. with the conclusions of Milne (1948) from a study
This figure shows . trutta occupying a position  of certain morphological characters which will be
between the Salvelinae and the other species of discussed later. Natural hybrids of kefa and
Salmo, approaching closest to 8. salar. The Sal-  gorbuscha are not uncommon, and Hunter (1949)
veline appear to be a closely knit group, but not  describes the examination of about 50 such hybrids
Salmo. It is surprising that #trtta will hybridize,  at Port- John, British Columbia; other natural
despite the difference in chromosome number with crosses are more rare. The contribution of
both salar and gairdneri, yet. the latter two so far  hybridization toward understanding relationships
appear incompatible. No one has been successful  will have to be evaluated together with other
in crossing a male S. gairdneri with the female of  characteristics.

TaABLE 2—8ome interspecific crosses in Salmonidae
[Excepting Oncorhynchus)

Fry sur- Hybrid Hybrid . Sub-
Female . Male vival maturity | breeding Authority ]ei-._t.lve‘
. rating

ﬁ'alntlmus alpinus
Do. S. fontinalis. .
Salmo salar sebago. __ . Salmo gairdneri

Salmo trufta trutfe. . Salmo salar______

0.
0. -.| Verylow..| Yes._._...{ Yes._..._. Stokell (1949)
C. namaycush 0 Buss and Wright (1956)
Salmo salar sebago [ TS (VUSRI HUIRR NI | {, SO,
S, elarkilewisi.._ | 8% | faee Slmon (1946)
MIller (1950) -

Salmo gairdneri_.__ S elarkie oo | e | e memeea| Hybrids . | o O
Salvelinus fontinalis.___ S f K- D S Buss and wnght (1958) -

D S i [ I Alm (1955) . .-wea-
S.gairdneri. .| O : Buss and anht- (1956) - oo
Selvelinus alpinus__.__ ___ Alm (1955)

RRRSARRDO = BEODRNNRRIBRRATNRDIDIDW

('natwo-mer namaycush_____ 1%, - Buss and anht {1956)_ . _
0. . Stenton (1950, 1952). ___—____
Roosevelt (1880) Green (1881
. Alm (1955) . coeieeees
Salneluma fontz Y 17T I = S I B 2 P PR do.
1 «Qeveral other chars™. _____________|____’ 3 - Vladykov (1954).. --------
Cristivomer namayeush. 8. jonhnam ________________________ d___ .. s;em,o n (1952)._______.- 1
0 Ry O T b3 A IO 10%. ... Buss and Wright (1956) ___________ 1

I Subjective ratings of relative success: 1, excellent; 2, good; 3, moderate; 4, poor; 5, very poor; 6, failure.
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TABLE 3.—Results of crossbreeding species of
Oncorhynchus

[First three columns from Foerster, 1935)

Subjec-
Female Male Remarks tive
rating !
tsharoytscha.| nerka_ ... Very poor. 1fry from 762eggs__.__.__ 5
Do_.... kisutch._.____. Very poor, Only 15 abnormal fry L
from 673 eggs.
Do.__... keta_______. Nohatch. Eggsdied in early develop- 6
ment.
Do.....] gorbuscha__.._ Excellent hatch of healthy fry________ 1*
kiguteh__ ... tshawytscha. | No hatch. Eggs died at the “eyed” ]
stage.
nerka_ Very poor. Only 3{ry from 1,183 eggs 8
keta___ No fertile eggs recovered [
gorbus Moderate hatch. ¥ry abnorm: Lo
tahawytscha Excellent hatch of healthy fry_. - 1*
kisuteh____.__ 011':1 yd50 weak alevins from 900 eggs (all 6
keta_. ... Good hatch of healthy fry_._________. a*
gorbuscha_.._| Only 10 fry from 810 eggs (lived only 5
one month).
tshawytscha. | Moderate hateh of healthy fry (*‘com- 240
pletely successful').
Do..... nerke.._..__ Good hatch of healthy fry_ . ___..._..- 2
Do _____ kigutch__...__| Very poor. Only 5 fry from 965 eggs. 5
_____ gorbuscha____| 166 healthy fry from 1,196 eggs._____-_. 3*
norbuccha___ fshawytscha_.| Moderate hatch of healthy [{5 3*
_____ nerka Moderate hatch (excellent growth of 2*

normal individuals),

Do.__.. kisutch._.._.__| No hati;ch. Eggs died during develop- 6
ment.
Do.....|kelao ... Excellent hatch of healthy fry..______ 1+

*Male hybrids matured and bred successfully with nerke females.

**Hybrids held to maturity.

***Hybrids presumably held to maturity.

1 Bubjective ratings of relative success: 1 excellent, 2 good, 3 moderate, ¢
poor, 5 very poor, 6 failure.

COLORATION

The fact that a great many taxonomic studies
have necessarily been' made on faded museum
specimens has tended to deemphasize the im-
portance of color in classification. Furthermore,
the heightening and changing of color in the
breeding season contrasted with the hiding of
color by the silvery guanin in marine species and
even during the lacustrine existence of adfluvial
species, has made color a sometimes unreliable
tool for field identification in the salmonids.
However, there are several color patterns in Sal-
monidae that may be diagnostic; the genetic in-
heritance of color in some taxa has been so well
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documented (for instance in Lebistes) that color
should be treated with equal or perhaps greater
respect than many anatomical characters. In
this discussion we are not looking upon color
merely as a handy character for identification;
therefore, we are comparing coloration under
normal conditions. Some of the more evident
color characters of adults, not in breeding color,
are given in table 4.

The presence on the body of black spots and
black speckling characterizes Oncorhynchus and
Salmo with the exception of S, trutta, which has
both the black spotting and the bright spots
otherwise reserved for the charrs. Since none of
the charrs (including C'ristivomer) shows black
spotting, #rutta is intermediate in this character.

Rainbows and cutthroats agree in both the black
spotted tail and the bright lateral band. Both
characters are absent in S. salar and trutia.

The dorsal vermiculations are conspicuous in
fontinalis and faint in awreolus and namaycush.
This close association is corroborated by the
hybridization experiments (fig. 1), which showed
fontinalis closest to namaycush.

The parr markings of young Salmonidae are
often useful in field 1dent1ﬁcatxon, despite the
considerable variation both in number and shape
of the marks (table 5).

Parr marks are absent in gorbuscha. This would
seem to be associated with the life history since the
young pink salmon normally proceed immediately
to the sea so that they are in effect not parr, but
very small smolts, when they emerge from the
gravel. This theory is somewhat strengthened by
the fact that Aete, which is only slightly less an-
adromous than gorbuscha (Rounsefell, 1958), has
parr marks which are not as dark as those of
tshawytscha, kisutch, or nerka, and which com-
mence fading at an early age.

TABLE +.—Normal coloration in adult North American Salmonidae

, Body spots Caudal fin spots Black stripe
Bright Red streak un-| Vermicula- after white
. lateral band | der maxillary | tions on back |edge on lower
Black spots Black and Light spots Large black Black Without . fins
light spots spots speckling black spots
gorbuscha gorbuscha
kisutch kisulch
tshawytscha tshawyische
nerka nerke
keta kela
gairdneri gairdneri gairdneri i
clerki elarki clarki clarki
salar salar
trutla trufta trutta trutle . A
Jontinalis Jontinalis Jontinalis Jontinalis
namaycush namaycush ‘namayciush
aureolus aureolus aureolus
alpinus elpinus
ogquassa ogquessa
malma malma

637
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TABLE b.—Parr marks in young North American Salmonidae

Number of marks
Species Shade Shape Relation to lateral line Remarks
Range | Average
gorbuscha._ ... 0 1 N O T YO S ——
G S — : g—}g __________ Dusky.-...| Elliptical to oval; slender........ Chiefly above line. . ......| Marks fade at an early age,
tshawytscha. .. oeo-- 16-12 oo Dark__._. Long vertical bars equal to or | Bisected by line.
wider than interspaces.
kisutch Dark._.__| Narrow vertical bars, about one- | Bisected by line__._.._____ Marks about one-half depth of
half width of interspaces usually . body, rounder toward caudal.
narrower than in ishawyischa.
nerka._ ..o ooeeoeen 1812 | oo Dark.._..| Elliptical to oval. .coevncee.o N Immediately above line.._| Row of smaller blotches between
' arr marks and median dorsal
ne.
galrdneri®_ ... __ 1912 |aommrmaee Dark....- Deep bn}'s, narrower than inter-
Spaces,
trutta. — Elliptical, of medium width.d ____ Small red blotches between marks,
salar. e Vertical bars wider than inter- Do.
spaces.
malma’____. - Roundish blotches. On line.
fontinalls_____ - 9. Large and pear-shaped.4
namaycush 5___ .- 9.9
aureolus b___.__ - 11-12 n.7 [
marstoni 5___ - 10-15 12.3
alplnus o _._____._____ 11-15 i V% 28

1 Chamberlain, (1907).
2 Foerster and Pritchard, (1935b). .
$ Chamberlain (1807) says fry indistinguishable from 8. clarki.

The young of 8. salar and trutta are difficult to
distinguish, as are those of 8. gairdneri and clarki.
The former agree in the small red blotches between
the parr marks, while the latter two have no col-
ored spots but agree in the light lateral band,
which is less conspicuous in ¢Zarki. The hybridiza-

tion experiments also show ¢rufta closer to salar

than to gairdneri.
The aforementioned relation of parr marks to

anadromy is indicated by the retention of parr
marks throughout life in some landlocked strains
of anadromous species. Thus Salmo gairdneri
agua-bonita, the golden trout, and Salmo clarki

seleniris, the piute trout, retain their parr marks.

There are a few other color patterns which have

from time to time been used to distinguish between

certain species or groups. Because information on
these color characteristics is lacking for all of the

Salmonidae we shall merely mention the char-
. acteristic for the groups with such information.

4 Bacon (1954, text and plate).

5 Counts include the incomplete bars; Vladykov (1954).

Color of the mouth is used to distinguish On-
corhynchus (mouth black) from Salmo gairdneri
and clarki, whose mouths are white (Snyder, 1940;

Shapovalov, 1947).

Color of the roof of the mouth is given by

Vladykov (1954) as black

for Salvelinus fontina-

lis, blackish for S. aureolus, and white for 8.
oquassa, S. marstons, 8. alpinus, and Cristivomer

namaycush.

ANADROMY
The degree of anadromy exhibited by various
taxonomic groups (see Rounsefell, 1958) may well
be of phylogenetic significance. Thus, when the
degree of anadromy was scored for each species of

Salmonidae according to

a subjective rating of

several criteria it was found that the most anadro-
mous species belonged to Oncorhynchus. The next
highest rating for anadromy belonged to Salmo.
Only slight anadromy characterized Salvelinus,
while Cristivomer was lacustrine. The ratings for
anadromy are listed in the following table:

Tazon Rating ! Lacustrine Adfluvial Fluvial Apadromous
Optionally Adaptively Obligatory
Cristivomer.__._____ 0 | namaycush.
L {o.' marstoni.._____. R =
Salrelinus_ .ooooee.- | U {Zfiﬁm"e:{lus___ - ---- _ulpmu.s.__ """
12-16 fontinalis__. __ .| fontinalis fontinalis - N -
1 - 7 - .| malma._._ - VSRR FU
. t;utﬂ .............. trl-utiq .............. hl'ut'ttq ..............
clarki__.._ clarki__. clarki
Salmo. 1920 [oomenee . henshawi________ c. selenir -
""""""" 29 Jgairdneri_____.__..| gairdneri__________| gairdneri_
: g. kamloop g. agua-benit
salar. . R
8. sebago.
-| n. kennerlyi
Oncorhynchus._._.._ -
S R | gorb

1 Degree of anadromy (Rounsefell, 1958; p. 180); the rating of a species is partly dependent on the existence of subspecles, which in some cases occupy a

different habitat.
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MERISTIC CHARACTERS

In using meristic characters to distinguish be-
tween any two populations there are certain things
to bearin mind. Several investigators have estab-
lished that in some species some of the meristic
characters exhibit phenotypic variation induced
by variations in environmental factors during
early developmental stages. For a review of these
studies see Taning (1952) and Seymour (1959).

By incubating and rearing chinook salmon, 0.
tshawytscha, at constant temperatures, Seymour
(1959) showed that the fish formed the lowest
number of vertebrae at intermediate temperatures
(45°-55° F.), and higher vertebral numbers at 40°
and at 60°. He found, however, that this pheno-
typic variation was much less than the genotypic
variation when lots of eggs from four rivers, the
Sacramento, Green, Skagit, and Entiat, were in-
cubated and the fish reared at several constant
temperatures. The mean number of vertebraé for
all temperatures was about 66 for the Sacramento,
68 for the Skagit, 69 for the Green, and 72 for the
Entiat River. Asthe spawning season in different
localities tends to conform to the optimum local
conditions, the temperature-induced variation is
probably of even less importance than these con-
trolled experiments might suggest. The number
of individuals with abnormal vertebrae increased
in temperatures above 60° and below 40° F.
Seymour also found that low oxygen content of

the water during 1ncubat10n increased the number
of vertebrae.

Branchiostegal Rays

Most meristic data on Salmonidae have not
been collected in such a manner, or are not suffi-
ciently extensive, as to yield a reliable measure of
the range of variation to be expected between
samples taken in different years or in different
localities. ‘Ome of the best series of data is from
Chamberlain (1907) for sockeye salmon from six
streams in the southern portion of southeastern
Alaska for the years 1903 and 1904. Since none
of his samples had less than 100 individuals we
have made an analysis of his data, shown in
table 6, for the mean branchiostegal ray counts
on 4,686 specimens.

The number of rays is usually higher on the left.
side as the left membrane normally overlaps the

TaBLE 6.—Mean count of branchiostegal rays in sockeye
salmon, southeastern Alaska, 1903 and 1904

Left side Right side Total

Locality
) 1904 1903 1904 1903 Left | Right { Both
side side sides

13.579 | 13.624 | 13.040 | 13.092 | 27,203 | 26.141 | 53.344
13.986 | 13.930 | 13.320 | 13.343 | 27.916 | 26.672 | 54.588
13.855 | 13.721 | 13.339 | 13.143 | 27,576 | 26.482 | 54.058
R 26.682 | 54,208

54. 487

52.927

82,735 | 82,305 | 79.324 | 70.228 |165.130 |158,552 | 323.682

1904, ... 162. 059 §=13. 505,

1
_1903 ...... 161, 623 j=13. 469 7|18 761 | 13.213

13.487

NotE.-—Data from Chamberlain (1907); total of 4,686 specimens, samples of
100 to 513 individuals each.

right. Chamberlain states that “In no instance
was a clearly defined case of right overlapping
seen, though oceasionally the right membrane car-
ries the higher number of rays.” Similarly,
Vladykov (1954, p. 909) found the number of
branchiostegals on the right side in all charrs
somewhat smaller than on the left.
The analysis of table 6 follows.

Source of variation D.F, | Sum of | Mean r
squares | square
Total . . e 23 | 2.423393 | 0.105365
Between sides._ - 1 | 1.802920 | 1.802920 | 503.047**
Between years.. - ooooceoea- 1| 0.007921 | 0.007921 2,210 N.8.
Between localities. . - 5 | 0555208 | 0.111041 | 30, B84+
Interaction (error) . ___________ 16 | 0.057349 | 0.003584

The significant difference in the mean number of
rays between the left and right sides was con-
firmed, as well as a significant difference between

_localities, but the difference between years was

very small.

Repeating this analysis, but employing only the
number of rays on the left side, a significant dif-
ference is again shown between localities, but not
between years. If we ignore the possibility of
greater differences occurring between years, we
stil] find a maximum mean difference for the left

This %uggests use of great c aution in fOl‘lI]lllO‘ con-
clusions about 1nte1‘spemﬁc. differences in a meristic
character on the basis of small samples, especially
if the samples are not geographically representa-
tive.

If one compares this mean branchiostegal count
for 0. nerka from southeastern Alaska with the
average given by Foerster and Pritchard (1935a)
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BRANCHIOSTEGAL RAYS
FIGURE 3.—Mean numbers of branchiostegal rays.

for British Columbia and Puget Sound the dif-
ference is 0.354. Considering that a difference of
0.506 was noted between adjacent localities in
southeastern Alaska, it would seem logical to add
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this geographical difference of 0.354 to the previ-
ous difference of 0.506, which gives a difference of
0.860 rays that can be expected between means of
samples of the same species.

The branchiostegal ray counts for various Sal-
monidae are summarized in table 7 and figure 3.
If we apply to the other species the criterion found
above for nerka of an expected “within species”
difference of 0.86 rays between samples we find
that the table clearly sets apart O. tshawytscha.
The next three species of Oncorhynchus, keta,
kisutch, and nerkaq ave close together but separated
from gorbuscha.

C. namaycush is clearly dlstmct from the re-
maining charrs.

Another interesting point is that S. ¢rutte is
quite separate from selar or g. kamloops. This is
reminiscent of the position of 8. trutte (in fig. 1)
between the charrs and the other Salmo.

TABLE 7T.—Count of branchiostegal rays on left side in North American Sabmonidae

[x in frequency column indicates rays present, but no numbers given]

Specles

Number of rays Num- | Mean | Stand-
ber of {number| ard
speci- | of rays | error

8 9 10 11 12 13 14 15 18 1-17 18 19 mens

Oncerhynchus: .
gorbuscha 1. ...
merkato_______.

Do?2.

{shawytscha..
Salmo salar 3.

gairdneri 5.
g. kamlocps
clarki

Salvelinus:
fon tt]'rsa He T e e eemee

alpinus -
Do s
oquassa 7.

aureolus 7
marsioni 7

Cristivomer:
namaycush 7__

1 Foerster and Pritchard (1935a); Puget Sound and British Columbia.
2 Chamberlain (1907) southeastern Alaska.

3 Kendall (1935, p. 137),

4 McCrimmon (1949), eastern Canada,

§ Shapovalov (1947),

Pyloric Caeca

Since more material is available for Oncorhyn-
chus it has been considered first (table 8). The
published material on caeca is usually listed by
categories and since different authors have used
different breaking points for their categories, some

6 Mottley (1936) Kootenay Lake,
 Vladykov (1954),

! Wilder (1952); Nova Scotia and New Brunswick.

¥ DeLacy and Morton (1943); Karluk, Alaska.

of their material may be listed slightly in error;
thus, the number of caeca if listed from 96-105
would be given in table S under the category 95—
104.

The material for tshawytscha is extremely vari-
able but this is caused chiefly by the great differ-
ence between the counts for the Sacramento River
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(Suisun Bay) and those for the Klamath River.
These two. samples by McGregor (1923) are the
highest and lowest in caecal count. I suspect that
this variability is caused by some extraneous fac-
tor. When the Klamath River counts are sepa-
rated into those caught at Requa at the mouth of
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the river and those taken at the salmon -counting
weir, 170 miles upstream at Klamathon, the weir-
caught salmon show a much lower count. Pos-
sibly, the upstream count was lowered on account
of the atrophy of the digestive tract prior to
spawning.

TABLE 8.—Number of pyloric caeca in gpecies of Oncorhynchus

Number of specimens of—
Number of kisulch nerka gorbuscha tshawytscha
caaca
Milne Milne Milne |Pritchardi Pritchard|Pritchard Milne Town- | Town- | Town- Town-
(1948) 1 (1948) 1 (1948) 1 (1945) 2 (1945) 8 | (1945) + Sum (1948) 1 send send send send
(1944) & | (1944) ¢ | (1944) 7 | (1944) 8

Number of specimens.__._ 17 51 123 118
Mean number of caeca- 75.5 157.5 165.8 162.5 150. 5
Number of specimens of— Percentage distribution
tshawytsche (con.) keta
Number of cacca
MeGregor kisulch nerka |gorbuscha | tshawyt- kela
(1923) ¢ McGregor| Parker | Parker Milne scha
(1928) 10  (1943) 1 | (1943) 18 Sum (1948) 1 |
a b |

ok et bk ot ek
peorwnikinkbrrweco
OISR N O O O = DGO~

245-254.__ O SN SOOIy FEVEVEU RS 5
Number of specimens. .. .. 42 24 81 221 97 835 20
Mean number of caeca_..- 137.5 126.2 176 165.7 162.7 160. 68 205.0

.1 S8keena River, British Columbia.
2 Queen Charlotte Islands (7 streams),
2 Vancouver Island, Morrison Creek,
¢ Lower Fraser River (5 streams).
8 Cowlitz River, Wash.,
¢ Middle Fork, Willamette River, Oreg.
" McKenzie River, Oreg.

8 South Santiam River, Oreg.

9 Klamath River (a, at Requa, mouth of river; b, at Klamathon racks,
170 miles upstream),

10 S3acramento River.

1 Bacramento River.

12 8acramento and San Joaquin Rivers,
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FicURE 4—Mean numbers of pyloric caeca. (Lines in-
dicate the 20th and 80th interpercentile range.)

If we disregard McGregor’s samples the intra-
gpecific variation in the mean caecal count is
small, ranging from 150.5 to 165.8 for tshawytscha
and from 133.5 to 137 for gorbuscha. This is a
small range in relation to that for the five species—
from 75.5 for kisutch up to 205.0 for keta.

The data for the remaining genera are far less
extensive so they are combined with the summary
for Oncorhynchus .in table 9. In figure 4 the
means are given as well as the approximate 20th

TABLE 9—Count of pyloric caeca in North American

Salmonidace
Range in Approx-
. number ! mate Mean | Number
Species percentiles | number | of speci-
of caeca mens
Mini- | Marxi- :
mum | mum | Q20 | Q80
Oncorhynchus:* '
kisutch 58 114 67 90 75.5 17
nerke 45 114 75 97 85.5 122
gorbuscha 95 224 | 120 ( M7 134.8 1,023
tshawytscha. ... 85 244 | 142 | 179 160. 7 835
137, T, 175 249 | 185 | 221 205.0 20
Salmo,
salar 3___ 40 RG] ()] 55. 4 561
gairdneri 25 35 2 11
0.8 39 61 50 16
clarki¢___ 27 33 11
Do e 23 40.3 71
i 20 49 33 45 38.4 30
Do.9 23 45 27 38 32.5 47
20 . 39 24 32 27.9 114
30 64 38 53 46.0 62
20 33 47 30.1 16
aureolus®___________ 30 1099 34 49 45.9 35
oguassa 8_____ . _|ecooo || 39 1
 marstonid _________ 20 49 33 4 31.7 3
Cristivomer:
namaycush®., ______ 96 170 [ 112 ] 143 126.7 &5

1 Upper and lower limits of groups unless given by authors.

? References for Oncorhynchus in table 8.

3 Belding (1940); eastern Canada.

1 8tandard deviation, 4.03.

3 Milne (1948); Skeena River.

8 Townsend (1944); Oregon.

T DeWitt (1954): northern California.

§ Viadykov (1954). .

® Morton and Miller (1954); presumably these data include counts for
malma and qlpinus by DeLacy and Morton (1943), Karluk, Alaska.

1o Only 1specimen beyond category of 70-79; distribution extremely skewed.
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and 80th percentiles. Obviously, Oncorhynchus
and Cristivomer differ markedly from SaZmo and
Salvelinus in number of caeca.

In number of pyloric caeca, as in number of
branchiostegal rays, C. namaycush differs
markedly from Salvelinus and is close to Oncor-
hynchus.

Fin Rays

The comparison of fin-ray counts is rendered
difficult by differences in counting methods used
by different investigators. For instance, for the
anal fin counts of 0. nerka in table 10, Foerster
and Pritchard (1935a, p. 91) write—

In counting fin rays only developed rays, those which
had attained a length of one-half the length of the longest
ray, were included. The remainder were considered as
undeveloped. Care was taken to ensure that branched
rays did not lead to error in the count.

Milne (1948) apparently used the same method
since he comments (p. 73) concerning his differ-
ence in average count between 1946 and 1947—

. it is possible although not probable, that during the
first year (1946). less attention was focussed on omitting
rays less than one-half the length of the fin or in count-
ing branched rays as two with the result that a higher
count might have been recorded in error for 1949.

Chamberlain (1907, p. 89) writes—

In the fin-ray counts the totals of rqdimentary and
branched rays are used, but the terminal half ray, which
varies greatly in development, is in all cases omitted.

It will be noted that the counts for 0. nerka
given by Chamberlain are about 3 rays higher than
the others, owing doubtless to his inclusion of the
rudimentary rays. A good summary of this diffi-
culty is given by Vladykov (1954, p. 911), who
writes—

. . . there are technical difficulties in counting small
simple rays in front of the dorsal and anal fins. The best
way is to remove the skin and stain the rays with alizarin.
In larger specimens the stained fins should be dissected
and made transparent by placing in glycerine. To avoid
error in counting these small rays in unstained speci-
mens, some authors, as Kendall (1914, p. 24), counted
only “fully-developed”.rays in the dorsal and anal fins.
Unfortunately there is no definition of the term *“*fully-
developed.” Some other authors count only branched
rays, which are plainly seen even without staining with
alizarin. Unfortunately the number of branched rays in
younger fish (parr) is smaller than in older individuals of
the same species . . . .
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TaBLE 10.—Count of anal fin rays in O. nerka
Number of specimens with fin ray count of— Number | Mean
Locality of speci- | number | Year
mens of rays
12 13 14 15 16 i7 18 19 20
Southeastern Alagka: !
uadra__ __..-___. — 2 56 277 1 510 18.24 | 1904
0. 65 276 497 18.20 | 1903
Yes Bay. VTS RPUPRRSVRN PRI AV 3 82 322 500 18.04 | 1904
Do 1 42 207 300 18.02 |" 1903
Karts Bay . oo cmmemaeecmaaemcce{ecmmm e {ammmm e e {m e a e csefe e e o 1 133 307 512 17.83 1 1804
Do. VS (SSPUPRI SRPERNUOU (RS (R 1 114 268 420 17.81 | 1903
Kegan. . - 1 6 150 315 510 17.75 | 1904
Do ——— 2 32 56 100 17.76 | 1908
Dolomi. . - - 10 248 238 511 17.51 | 1904
DO e —————— 13 85 96 200 17.48 1 1903
Nowiskay. _— 33 257 212 513 17.39 | 1004
Do 7 44 46 100 17.45 | 1903
Sym: -
L NGRSV VNG VSRR [ 2 55 026 | 1,617 397 14 3, 065 17.80
1903 - 24 382 949 249 13 1,617 17.90
Both years 79| 1,308 | 2,620 646 27 4,682 17.84
Unweighted average: :
1904 —— 17.80
1 17.79
Both years - oo ccemm e 17.80
Skeena River, British Columbia: 3 .
Prince Rupert.-.... — 1 4 36 60 1 ) N SRR, [ 103 15.57 | 1946
' 0 - 3 27 39 17 86 14.81 | 1947
Moricetown — 5 42 18] 2 e e 67 14,25 | 1946
Deo. —— 2 11 17 s 11 1 42 14.88 | 1847
Babine. . e - B 14 8 30 14,30 | 1948
Do. 1 9 4 - - 14 14.21 1947
Lakelse_ - 1 8 3 12 14.71 1046
Do. 2 4 b 4 - 15 13.78 1047
Sum:
19486 12 68 65 65 1 A PR R 212 14.90
1947 2 10 52 64 28 ) 1 157 14.70
Both years. 2 120 129 93 1 21 T F— 369 14. 81
Unweighted average:
1048, SRRV PRvuutpu PO - 14. 57
1947 RV PRV R VRS (RPN pUSpRS VRSP, - - RO PR 14.43 |
Both years__.___..._._ [ (RS N - 14. 50
Southern British Columbia, and Puget Sound 4 -_|__...._. 4 53 38 8 103 14.49 | Mixed

1 From Chamberlain (1907).

 Because published data by Chamberlain is in percentages a few of the
samples reconverted to actual numbers differ slightly from original sample
size, undoubtedly owing to rounding off of percentages. .

In determining how much variation to expect
between anal-ray counts within a species (table
10) we can only compare counts made by the same
investigator. In Chamberlain’s data, the maxi-
mum difference between sample means is 0.85
(18.24—17.39). In Milne’s (1948) data we can
compare only the 1947 data (see quotation above)
which leaves a difference of 1.25 (14.98—13.73).
Because of the small size of the Lakelse sample
this difference may be too large.

A comparison of the means and ranges of the

anal-ray count in table 11 shows that counts in all
Oncorhynchus are definitely higher than in the

3 From Milne (1948).
¢ From Foerster and Pritchard (1935a).

other genera. Salmo gairdneri occupies an inter-
mediate position between Oncorhynchus and the
charrs. :

For dorsal rays, as for the anal, counting meth-
ods differed between investigators. Table 10 indi-
cates that Foerster and Pritchard (1935a) were
counting about 8 less anal rays than Chamberlain
was, The dorsal-ray count appears to vary some-
what less than the anal-ray count; thus, for Cham-
berlain’s data on southeastern Alaska sockeye the
maximumn difference between sample means is 0.85
rays for the anal-fin count but only 0.51 for the
dorsal count (table 12).
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TaABLE 11.—Count of anal fin rays in North American Salmonidae

[Counts adjusted to a complete count (see text); x indicates rays present in frequency column but no number given]

Specles

Number of specimens with anal-ray count of—

Mean

Number
of number

8 9 10 11 12 13 14

specimens| of rays

15 16 17 18 19 20 21 22

Oncorhynchus:
nerkg 1

tshawﬂlscha 2
Do

Salmo:
galrdmn L
Do.

. I.amloops 8,

w133

clarkib ______ .

salar ...

Cyistivomer:

yeus
Salvelinus:
fo'nﬁ%alia 0

oguasse ?
marstoni ®,
aqureolus ®_ .. _____..______
alpinus ?

Do. 1

malma 1L_

1 Chamberlain (1907); southeastern Alaska; complete count made.

? Milne (1948); Skeena River; data ad]usted by adding 3 rays (see tablo 10).

1 Foerster and Pritchard (10352); southern British Columbia and Puget
Sound; data adjusted by adding 3 rays (see table 10),

4+ Milne (1948); Skeena River; data adjusted by adding2rays (MeCrimmon
(1949) says 1 rudimentary angd 1 unbranched in S. salar and S. {ruita).

s Shapovalov (1947); California; 2 rays added.

§ Mottley (1936) Kootenay Lake, British Columbia; 2rays added. standard
deviation 0.5
7 I;)endall (1935, p. 137); P

! McCrimmon (1949); count includes rudimentary rays.

? Viadykov (1054); complete count.

10 Wilder (1952); Nova Scotia; complete count.

11 DeLacy and Morton (1943); Karluk, Alaska; count may be incomplete.

Penobscot River; 2 rays added; McCrimmon

TABLE 12.—C'ount of dorsal fin rays in Q. nerka

Number of specimens with fin ray count of— Number | Mean
Locality [ number | Year
specimens| of rays
9 10 11 12 13 14 15 16 17 18
Southeastern .ilaska:l

Quad 12 25 515 14.55 | 1904

13 212 256 14,56 1603

9 211 274 500 14,58 1904

5 109 183 300 14.62 1903

3 1682 312 512 14.74 | 1904

2 122 265 420 14.78 | 1908

13 277 211 511 14.43 | 1904

2 57 40 100 14.40 | 1003

13 274 211 14.42 | 1904

6 107 200 14.43 | 1903

28 299 175 512 14.33 | 1004

7 61 100 14.27 | 1903
7| 1,448 | 1,448 89 3 1 3.068 14.51 |
a5 59 b I . 1,620 14,58 (ooooo—--
Both years .o ]e oo m oo 1 113 | 2,118 | 2,304 148 5 1 4,683 14.53 Jacconon

Unweighted average:
1604 il 14.51 |-
14. 51
Southern British Columbia and Puget

Bound 2. ... 1 12 66 23 2 - - 104 1113 |eomeenen

1 Chamberlain, 1807. Because his published data are in percentages, a few of the reconstructed samples differ slightly in sample number.

? Foerster and Pritchard, (1935a); counts do not mclude all rays.

The meager data on dorsal-ray counts for all
species are summarized in table 13, in which I
have attempted to adjust all data to a complete
count. This shows that the overlap in the fre-
quency distributions of the dorsal-ray count is

sufficiently large that many individuals of Oncor-
hynchus can not be distinguished from the charrs
on the basis of dorsal-ray count.

It is worthy of note that 0. kisutch is lower than
the remaining Onecorhynchus in both anal- and
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dorsal-ray counts, suggesting a closer approach to
the other genera.

This coincides with the distant
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relation of Aisutch to the other Oncorhynchus
species as shown in figure 2.

TABLE 13.—Count of dorsal fin rays in North American Selmonidae
[Count adjusted to complete count (see text); x indicates rays present in frequency eolumn, hut numbers not given)

Number of specimens with dorsal ray count of— Number | Mean
Species of speci- | number
men of rays
9 10 - 1 12 13 14 15 16 17 18
Oncorhlmchua
e mam———— 13| 2,116 | 2,304 148 5 1 4,888 14. 53
12 66 23 104 14.13
3 69 210 14.83
26 61 . 19 . 109 13.88
5 47 82 137 14.61
Sat 1 32 54 9 14.79
@
X X
X X
X X X
________________________________________ 216 13.08
..... X X X
Cristivomer: .
namaycushs.__. 2 8 [ % FSOSPRNSN VSRRV FVURUO FEVSUPR IS SR SRa PR 14 11.14
Salvelinus:
on ma 187 o eeecmcmmacmcccmamca e 2 8O 2687 93| 2 | [ femeaaa e 3
fontinalis 7 90 268 03 2 455 12.01
Do. 6 20 VSRR SRS [N ROR (VSRR PO F 22 10.32
- ) ' SR (PR MR TR R E 1 12.00
16 20 ) U OR[N NPRVRR PRSP R 39 11.51
12 . N [EOURRRRN VSRR RSO PRSP BN FSN 24 10.71
al-[l))imgs L (] [0 RS EPSSURRRY RPSPURU NSRS PRSI S, %’; }(1) &
malma . e ccecmcemcmmne e famenmmm e e e e | e e - —— 64 10. 50

]
1 Chamberlain (1907), southeastern Alaska, complete cou
? Foerster and Pritchard (1935a), southern British Columbm and Puget
sound, data adjusted by adding 3 rays.
3 MeCrimmon (1949).
4 Shapovalov (1947), 2 rays added.

Vertebrae

Because the methods used in counting vertebrae
vary, it is difficult to place all counts on a com-
mon basis. Vladykov (1954) says that “all verte-
brae were counted, including three of the hy-
pural.,” DeLacy and Morton (1943) state “In the
up-turned posterior end of the vertebral column
the fused vertebrae were counted as one.” Wilder
(1952) says “In counting the vertebrae the uro-
style was excluded.”

8 Mottley (1936), Kootenay Lake, British Columbia (2raysadded, standard -
deviation, 0.5.

8 Vladykov (1954), complete count.

7 Wilder (1952), Nova Scotia, complete count.

8 DeLacy and Morton (1943), Karluk, Alaska, count may be lncomplete

Obviously, vertebral counts of different investi-
gators may differ by as much as three vertebrae,
according to their method of recording. To place
all counts on a comparable basis (using the total
count) some of the published counts must be in-
creased by either two or three vertebrae. Data
on vertebral counts are meager. Mottley (1937)
gives data, shown in table 14, which include counts
for all of the North American Salmo.

2 »
TaBLE 14.—Count of vertebrae in genus Salmo
[Counts from Mottley, 1937]
Number of specimens with vertebral count of— Number Mean
Species Number | Varlance | Standard| Standard
Specl- .of deviation| error
57 58 59 60 61 62 63 61 65 66 67 mens | vertebrae

gairdneri 1 ______ .. oo 25 63. 48 0.35 0.59 0.117
g. kamIoopa 2 50 63. 46 .53 .73 .104

Do e 12 64.00 .0 .0
Do. l 25 63. 40 .83 .91 . 183
Do.?3 25 63.92 83 .91 . 182
Do.o. 17 63. 88 .93 . 225
Do.? 25 63.48 28 .51 .102
Do.8 25 64. 56 .92 184
g. whitehousei ¥ 49 63. 57 1.04 1.02 146
" Do.10 50 63. 34 44 .66 093
Do.u__ 25 64.40 92 -96 191
elarki ut 25 62, 52 50 .7L 143
trutta 12 25 58.32 56 .75 150
salar 13_ 25 59. 04 53 .73 147

1 Cowichan River, Vancouver Island, 1931 reared at Cowichan hatchery.
2 Redfish Creek, 1830.

3 Lardeau River, 1930.

4 Penask Lake, 1930; reared at Nelson hatchery

3 Paul Creek, 1931.

t Paul Lake, 1931 ‘eared at Lloyd’s Creek hatchery.

7 Paul Lake, 1932,

637056 0——62——3

8 Paul Lake, 1932; reared at Lloyd’s Creek hatchery.

9 8-mile Lake, 1930.

10 8-mile Lake, 1930; reared at Nelson hatchery.

11 Cottonwood Lake 1030; reared at Nelson hatchery

12 Wisconsin stock, 1981; reared at Cowichan hatchery.

1 From Thurso River, Scotland, 1033; reared at Cowxchan hatchery.
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Mottley’s counts are ehiefly on fry or finger-
lings 20 to 75 mm. in length. He stained the tis-
sues with alizarin and counted the last stained
centrum; since the urostyle did not stain it was
not counted. He writes—

.Jn making a comparison with the data of other investi-
gators, ‘howéver, it should be noted that in the caudal
region, if the centra were stained as discrete blocks they
were counted separately, if the separation was- not com-
plete they were counted as one.

‘Because the last two or three vertebrae were not
always separated in the very small fish, he found
a slight tendency toward a lower vertebral count
in the smaller fry. Therefore, although his data
can be used for interspecific comparisons in Salmo,
they must be used cautiously in making comp'm-
sons with species of other genera.

The maximum mean difference between any 2
of the 11 samples of btdmo gairdneri is 1.22 verte-
brae (64.56 minus 63.34). Obviously 8. gairdneri
and clarki differ significantly from either salar or
trutta. Whether clarki and gairdneri or salar and
trutta can be distinguished by vertebral count can-
not be answered without additional data.

For the genus Oncorhynchus, all available
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counts except those for two small samples of adult
tshawytscha were made by Foerster and Pritch-
ard (1935b) on unstained young ranging from

"7 inch to 3 inches in length. According to their

statement it would appear that their counts do not
include the three upturned vertebrae in the tail.
Furthermore, there is some reason to suspect that
the number counted is related to size. Table 15
gives the estimate of the statistical parameters
for the five species and it may be noted that the
variance was highest (7.84) for nerke, which has
the smallest fry, and smallest (2.20 and 1.44, re-
spectively) for gorbuscha and tshmwytscha, which
have the largest fry.

For nerka, the distribution of vertebral counts
is negatively skewed so that the mean, 63.78, is
about 2 counts below the mode (about 65.5). In
the bottom part of table 15 are shown the result-
ing estimates of the parameters for four species
of Oncorhynchus, when the counts causing .this
extreme negative skew are disregarded. Although
tshawytscha shows the highest average count it
would seem unwise to use vertebrae as a distin-
guishing character between species of Onco'rhyn-
chus until further chta are available,

TasLE 15.—Count of vertebrae in genws Oncorhynchus

Number of vertebrae

Number of young (7/8 to 3 in.)1 Number of adult 2
tshawytscha
Sum of
. tshawytscha
nerka - kisutch “keta gorbuscha |tshawylscha | McKenzie |Willamette
River River

" Number of specimens

Of SPECIMEDS. . oo oo e oo 62 68 67
Mean number of vertebrae- ... 63.73 63.29 65. 57
Varianee ... 7.84 3.11 3.61
Standard deviation. .. 2.80 1.76 190

. Btandard error_ ... oo oo . 359 .214 . 232
Range?d ______ 62-67 62-66 62-68
Number._.. 52 56 63
Mean...__. 64.73 63. 96 65. 89
Varianee i eeeeoaeos 2.54 1.02 2,04
Standard deviation_ ___.._______._______.. 1. 59 1,01 1.43
Standard error__ ... . 220 .142 . 180

Nore, Believe these are 3 vertebrae short of total number, as Foerster and
Pritchard say, the segments beginning with the one immediately
behind the skull and ending with the one immediately in front of the long
vertebrae projecting up into the tail can be counted”,

L Foerster and Pritchard (1935b); Cultus Lake, British Columbia., except

gorbuscha which were from Masset Inlet, British Columbia.

2 Townsend (1944); Ore|

3 Recapitulation of estxmated sample parameters rejectlng counts below
62 vertebrae (see text).
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Vladykov (1954) does not. give the source of his
samples of Salvelinus (table 16) but comparison
of the variances and ranges of his sample counts
with those of Mottley suggests (table 17) that
each of his individual samples may not be from

one- locality. The great variation in both ranges .

and variances casts doubt on the utility of making
any but very broad generalizations from these
available data, and also casts serious doubt on the
utility of using normal probability estimates for
describing distributions of discrete variables that
have such a small range.

Salvelinus  fontinalis, a,pparent.ly, is signifi-
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cantly lower in vertebral count than either C.
riamaycush or other species of Salvelinus.

The extremely large variances (table 17) in
some of the samples of Oncorhynchus are appar-
ently caused by undercounting in the smaller fry.
Therefore, in table 18 the adjusted values are used
for four of the species of Oncorhynchus.

The values for the vertebral counts are sum-

_marized in figure 5, which shows that the count is
highest in Oncorhyf;wkus and lowest in Salmo
salar, S. trutta, and Salvelinus fontinalis. All of
the other species occupy an intermediate position
with respect to this character.

TABLE 16.—Count of vertebrae in Salvelinus and Cristivomer

[x Indicates vertebrae present in frequency column, but no numbers given]

Number of specimens with vertebral count of —

Species
' 58 | 59| 60 | 61 | 62 | o3 | €4 | 65

Number | Mean Standard

of speci- | number (Variance | devia- | Standard

mens | of verte- tion error
66 67 68 69 brae

1 Viadykov (1954).

2 DeLacy and Morton (194.3), I\arluk River, Alaska; count increased by 2
to include all vertegrae

* Wilder (1952); anadromous stock, Moser River, Nova Scotia; count

increased by 3 to include all vertegrae.
§ Wilder (1952); resident stock, Moser River, Nova Scotia; count increased
by 38 to include all vertegrae. L.

TABLE 17.—Ranges and variances of vertebral-count distributions
[Presumably individual sample_s]

DeLacy Foerster Foerster |Total using
Count Mottley | Townsend and Vladykov and All and adjusted
. (1937) (1944) Morton (1954) | Pritchard | authors Pritchard values
. (1943) - : (1935hL) adjusted?
1 1
1 1
3 3
8 .8
7 8
1 2
2 T4
1 1
1
2
0
1
Average range. 2.8 0 4.0 5.0 8.0 4.3 5.8 3.7
Varjance:
[ S P— 4
[ R T []
7 2 9
4 1 4
b2 I, 2
1 1. 1
0 1 1
1
1]
1
1

1 See bottom of tahle 15,
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TOTAL NUMBER OF VERTEBRAE

F1cUrE 5.—Mean number of vertebrae.

Gill rakers

Counts of gill rakers made by different investi-
gators are somewhat more comparable than are
those of the vertebral counts. Even here, how-
ever, there seems to he some question concerning
the comparability of counts between fish of differ-
ent sizes. Thus Wilder (1952, p. 187) says that
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all the gill rakers on both limbs of the first gill
arch were counted including rudimentary rakers
sometimes present on large trout. He also writes
that—

The exceptionally low raker count for Bocabec trout is

_ possibly a result of the low average size (115 mm. SL)

of the fish in this sample as there is some evi-

dence to indicate that raker count increases with size in
salmonoids. . . .

Foerster and Pritchard (1935b) write concern-
ing young Oncorhynchus—

From Table 1, in which is presented a summary of the
average numbers of gill-rakers for each l4-inch length
group for all species, it appears that in the very early
stages ap to a length of 134 inches, there is an increase in
the number of gill-rakers with increase in size. Such a
change might be attributed to the overlooking of some of

. the rudimentary rakers on the very small arches, but in
view of the fact that all counts were carefully made
under comparatively high magnification, it is unlikely
that such an error would have occurred. ’

The available gill-raker counts for Oncorhyn-
chus are given in table 19. Obviously, the count
of 0. nerka is significantly higher than that of gor-
buscha, which in turn is significantly higher than
the counts of the remaining three species. Because
the counts for Oncorhynchus are all for mature
adults returning from the sea on a spawning
migration, the factor of size of fish on gill-raker
count may be entirely disregarded.

If we disregard the two smaller samples of
tshawytscha (14 and 17 specimens), the largest
differences between means of samples of the same

TABLE 18.—Number of vertebrae in North American Salmonidae

Mean Adjusted values 1 Unadjusted range B
Species Number of | number of Standard | Standard
specimens | vertebrae . deviation?| error ?
Number Mean Minimum | Maximum Total .
Oncorhynchus: ’
tshamytscha . _ 100 ¢ 3 7 PRI R 68 75 7 1.41 0.141
gorbuscha . _ 50 69. 00 49 69.12 63 72 9 1.22 174
L7 S 57 68. 57 63 68. 89 62 71 9 1.43 . 180
nerka. . 62 66.73 52 67.73 59 70 11 1.59 220
kisutch 68 66. 29 56 3 8 1.01 .142
Salmo: .
gairdneri kaml - 179 83.75 5 .87 . 085
. whiteh i - 124 63.65 4 .99 . 090
- 25 63.48 2 . 50 117
- 25 62. 52 3 .71 .143
- 25 59. 04 3 .73 . 147
trutta_ __ - 25 58.32 3 .76 .150
53 66.7 4 1.24 .17
16 64. 81 6 2.04 . 510
37 64.3 4 1.03 07
30 63. 90 6 1.30 .237
18 63.78 4 1.31 . 308
13 59, 54 4 1.13 312
p 49 59. 86 - R a—-
“ristivomer: .
NEMAYCUSH_ oo e 23 63.04 5 1.22 .255

{ 8ee bottom part of table 15 for treatment of these data.
3 Based on adjusted values for Oncorhynchus.

NoTE.—Insofar as possible was put on basis of total number of vertebrae;
for details see tables 15-17.
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specieg are 1.78 for gorbusche and 1.19 for nerka,  plesof the other genera. The distributions of gill-
which gives us some basis for judging the differ-  raker count are given for Salno, Salvelinus, and
ences between the means of the much smaller sam-  C'ristivomer in table 20.

TABLE 19.—Number of gill rakers on first gill arch (left side) in Oncorhynchus

Number of specimens of—
nerka gorbusche
- 2 - = e =
Number of gill rakers e - . 2 ¥ ol
- s - - . - = o - @ &
= A NN A I ¥l |z |&|8)2 )%
B §| 8|88 AN N I - IR -
" =} =] & a ,_,E e e 'g 'g e g
B i=4 f=t (=4 ;= ¥ 52 =3 g
eS| 2|2 |2 |2 |¢ |88 |2 |2 |2 |2 |35|%8]|:;
= = = = g = = = = £
& = = = = a | = = = & ~ & & @
. SRS R UPIURSY (RUVUPSRSY) FRVSROIUpSY RSV SRRt (RS 2 3
1 U . I T 2 2
. RSSO SpUU USROS PRPORNFIOVIPH FSVERVRSIYINS (VSIS RS, - |- SN Feevevavaraie ppupepaun (R SR (P I 4
27. - - 3 ] 1 |eeeooae 6 2 2 22
28. 1 - 1 20 14 1 1 18 10 18 82
20 .-l 70 22 4 13 65 22 91 287
30--. 1 1 | 1 1 4 111 24 11 23 118 38 146 471
31. 2 S P, 1 feooaaaa 8 79 9 15 a7 110 23 125 398
a2. 6 2 3 2 1 14 30 2 8 21 55 8 62 186
33--. 18 8 6 5 4 41 5 1 b 3 10 |eaes 10 34
34 - 51 19 18 9 6 101 .. 1 1 1 ) R PR 3 7
35_- 74 15 20 23 9 141 1 1
36_-_. 72 15 14 A 22 | Ty S R SRR NP SN MU RIS NS NS
37_. 48 14 10 20 11 108 o -
38--- : = S 8 10 10 1 JN PO PSRN SO SO M. s N E I
39.- b - S (RO, M 3 18 |eaemmmeee -
Number of specimens..cocooo-—-- 317 78 77 98 66 636 318 88 46 103 457 1497
Mean number of rakers..___..... 35.62 | 34.72 | 3527 3578 | 3591 | 35.52{ 80.11} 29.11 | 30.89 29.91 | 30.35
Number of specimens of—
Percentage distribution
tshawytsche kete kisutch
5 + 5
. B = b T
Number of gill rakers ~ - & [Tt - e} -
~~ - - ~~ - -~ bt
-] - & o8 = -] -
55 ) ot EES () Eg ] 3
21 2| = 2] 2 2.2 E
o Z g § Z E'E =) -§ 8
3 -0
55 g g g §§ g g | &8 ! g g 3 : s E
g = g =] =] & ]
= = & @ [ = & & = @ H g E &2 2
1 | 6 e - 0.5 3.3
4 b 3.8 2.1 .3
1 8 6.0 0.6 .6
3 7 19.0 . 6§ .1
6 F I " T SR P, 28.8 . 8 . 4
0.2 25.5 .1 . 6
0.1 9.8 .6 . 6
0.3 3.8 3
1.5 2.2
5.5 1.1
________ 19.2
0.6 315
0.9 26.6
2.2 12.4
6.4 2.3
15.9 0.5
22,2 0.1
2 1 O P
16.2 | ...
9.4 |-
2.8 |-
Number of specimens...| 153 17 14 184 151 37 188 125 26 151
Mean number of rakers.! 23.22 ] 22,76 | 24,64 | 23.2 2281 2214 | 2268 22.45] 21.38 | 22.26
1 nggeti Sound 320 Butedale, British Columbia. n Fg(;ur tributarles of lower Fraser River, British Columbia.
21925, 1926, 1634, 12
3 Pglzéwe Rupert, British Columbia c l: Tw}';) Moresby Island streams, Queen Charlotte Islands, British
4 olumbnia,
51947, 4 Five streams in Masset Inlet, Graham Island, Queen Charlotte Islands,
¢ Skeena River and tributaries, British Columbia, British Colum hia.
7 Fraser River t.o northern British Columbia. 1519486,
8 1928, 1930, 1932, 1934, 1 Mckenzle River, Oregon.
¢ Morrison Cre.ek Vancouver Island, British Columbia, 17 1934,

101041,
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TABLE 20—Count of gill rakers on first gill arch, left side, in Salmo, Salvelinus, and Cristivomer

[x Indicates gill rakers present in frequency column, but numbers not given]

Number Number of specimens with raker count of— - Mean
Species of speci- number
mens [ : of
14 15 16 17 18 19 20 21 22 23 24 25 26 27 rakers
Salmo:
salar Vo ek 1] X X X
Do.2 41 19.8
truita 2 [ N PR POV (VORI ORI R NS S 17.0
gairdneri 28 10 9 5 19.75
g. kamloops 4 _ __ .. 2 € " TRV DR SRRV FEESORE FIVIIUPE VI R, 19. 34
elarki s __._ : X X X X b b4 X ) S T I
Salvelinus: E
alpmue J 9 1 1 1 1 2 1 1 1 21
Do’ ___ T USRS PP RVINSVRIVES MRS OIS (U, R, X X X x x b N 2.
Iina 7. 62 [cemmma b X X x|  x x x E 3 F— 18,
oquassa 8 A USRI NUPUR ISPV USRIV FVUERoReY FURY PSP R ) N I
Marsloni O - e 38 2 5 13 12 5 ) N SRR N I, 20.
aureolus ®___ 18 1 4 1 2 3 1 2 )ean 1 1. 18,
fontinalizo___ 11 J [ ES 15 13 9 5 4 2 2 17.
Do.t 171 1 10 31, 53 42 28 6 17.
Do.". 150 2 14 35 35 33 20 10 17.
Do e 29 2 2 10 6 5 3 1 16.
Total fontinalis 400 5 26 1 | 107 89 56 21 3 2 17.
Cristivomer namaycush 8. .__..______________ ;2 NN PSRRI N R R, 7 10 [ 1 20,

wig| Jpgos ~re

1 Kendall (1035); Penobscot River,
2 MeCrimmon (19 9).
1 Milne (1948); Skeena River, British Columbia.
4 Mottley (1936) Kootenay I'Atke, British Columbia.
8 Shapovalov (1947), .
® Viadykov (1954).

The gill-raker counts of tables 19 and 20 are
summarized in table 21, in which I have endeav-
ored to give some indication of dispersion. Many
of the samples were so small, with the distribution
either discontinuous or skewed, that the standard
deviation was discarded and instead I have shown
the range and the interpercentile range from the
80th to the 20th percentile (see fig. 6).

It is interesting to note that #rufte shows the
lowest average for gill rakers (fig. 6), as it also
does for branchiostegal rays and vertebrae (fig.
3 and 5). Fontinalis, which is next to the bottom

NERWA ——@———

GORBUSCHA ——8——
. o etem
TSHAWYTSCHA ——8——
..
—-0— NETA
..
——0— KISUTCH
..
Q ALAWUS
.
———— MARSTON/
—O— NAMAYCUSH
————X-——=— SALAR
——— GARDNER!
== ¥~ = G. KAMLOOPS

DO X@ MEAN FOR SPECIES

=1 80-30 PERCENTILE RANGE

WTRASPECFI, mrr!nm&e BETWEEN
MEANS IN ONCORHYNCHUS

F-=== SEE TABLE 21

® MEAN OF INOWIDUAL snnu:

1 N 1
2 30 33

RAKERS ON FIRST GILL ARCH

F1aURE 6.—Gill rakers on first gill arch.

7 DeLacy and Morton (1943); Karluk River, Alaska. .

8 Wilder (1952); anadromous stock, Moser River, Nova Scotia.

 Wilder (1952); resident stock, Moser River, Nova Scotia.

10 Wilder (1952); from 3 brooks in Nova Scotla. Sample from Boeaboe
Brook in New Brunswick omitted because of small size of the fish.

in gill-raker count, occupies the same position for
number of pyloric caeca and is quite low in num-
ber of branchiostegal rays and vertebrae.

The question of gill rakers on other than the
first gill arch will be discussed later.

Scales

Although. scale counts are widely used in taxo- .
nomic work they must be used cautiously because
of the variation in counting practice among differ-
ent investigators. Neave (1943) gives an excellent

"discussion of the various counting methods in
vogue. One difficulty arises from the failure of
many authors to recognize that the number of
scales in the lateral line does not usually corre-
spond either to the number of diagonal (oblique)
rows just above the lateral line or to the number
of diagonal rows counted along any horizontal row
several rows above the lateral line. As a result
many published data on the count of lateral-line
scales, or “scales along the lateral line,” actually
refer to a count of diagonal rows made either just
above the lateral line (usually a somewhat higher
count) or of diagonal rows counted several longi-
tudinal rows above the lateral line (usually a still
higher count).

Some investigators have varied these practices
by counting the lateral-line tubes or sensory pores
and considering them equal in number to lateral-
line scales. A fifth method has been to count the
rows of diagonal scales 10 or 15 rows above the
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TABLE 21.—Sununary of gill-raker count of North American Salmonidae
[First gill arch, left side]
Number Mean Range Percentile
Specles of number Total
specimens of gill range
rakers Minimum | Maximum 20 80 80-20
Oncorhynchus: .
nerka___. 836 85. 52 28 39 34.10 87.32 3.12 11
gorbuscha. _ 1,497 30.23 24 35 29,11 3135 2,24 11
tshawytscha - 184 23. 28 20 28 22.04 24.28 2.24 8
keta. 188 22. 63 19 26 21.75 23. 56 1.81 7
kisuich - - 151 22.26 19 25 21.28 23.26 1.98 6
Salmo:-
salar._. 41 19. 8 17 21 1(18.1) 1¢21.5) 13.36 4
U o o e ————— 41 17.0 (. - ROV I I,
- gairdneri 28 19.75 16 22 18. 88 20.78 1.92 6
g. kamloops. 214 19.34 |-cmmmeo o] ?(18. 4) 2(20.8) [ao el
clarki PN RS S 14 3 N ORI VU (S, 7
Saloelm-us
alpinus 3 9 21.3 17 0 18.5 25.5 7.00 10
Dod . emen 71 23.4 21 26 | R R
malme ‘. 62 18.1 15 [0 20 [ [ ——— I
. marstoni 38 20.4 18 23 19. 55 21.37 1.82 5
aureolus. . - 16 18.6 15 24 16.05 21.40 5.35 9
ontinaliz 3 .o _.ooo__. 50 17.7 16 22 16.17 19.10 2.93 8
Do s 171 17. 36 14 20 16.25 18. 50 2.25 [}
Do.5_ - — 150 17.25 14 21 15.90 |. 18. 55 2,68 7
Do.7. —— 29 18. 79 14 20 15. 68 18.14 2.46 8-
Total, fontinalis eee e 400 17.32 ‘14 22 16.03 18. 54 2,51 '8
Cristiromer:
namay - o« 20.2 19 23 19.27 20.99 172 4

1 Standard deviation of 1.6 multiplied by 2.1. "MecCrimmon (1949) gives
1.6 as standard error of mean for salgr and 0.01 as standard error of mean for
trutta. The first must be standard deviation, the second is improbably
small since standard deviation would be only 0.06.

3 Assuming same interpercentile range as for S. gairdneri above,
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FIGURE T.—~Number of lateral-line scales.

3 Eastern Canada.

4 Xarluk River, Alaska.

5 Anadromous stock, Moser River, Nova Scotia.
¢ Resident stock, Moser River, Nova Scotia.

7 Three small brooks in Nova Scotia,

lateral line from the gill aperture to the adipose
fin and, then, to continue the count at a lower level
from the adipose fin to the caudal. The five meth-
ods are brleﬂy summarized as follows, in the order
of usually increasing count:

1. Number of sensory pores on lateral line.

2. Number of scales on lateral line.

3. Number of diagonal scale rows in the hori-
zontal row just above the lateral line.

4. Number of diagonal scale rows from top of
gill aperture to caudal.

5. Number of diagonal scale rows from top of
gill aperture to caudal, counting on a lower hori-
zontal row posterior to adipose fin.

Most investigators terminate the count at the
base of the caudal fin (standard length), but some
count the scales that extend on to the caudal fin.

Available counts of lateral-line scales (methods
1 and 2) are summarized in table 22 and in figure 7.

It is obvious from figure 7 that the variation
between the mean numbers of lateral-line scales
from different localities (and perhaps between
counts by different investigators) is so great that
only a few of the species can be separated by this
character. However, there is a general trend
with species of Oncmh ynchus the highest, and
fontinalis, salar, and trutta the lowest counts.
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TABLE 22 —Counts of scales in lateral line of North American Salmonidae
Mean Range Percentile
Species Number of | number of
specimens scales Year
Minimum | Maximum Total 20 &0 80-20
Oncorhynchus:
st #om oW om0 8| om omow
175 1 14 1
3 166 147 130 - J0 [ F IO S $46-47
s|ow moE| B[ETTEITTY
142 150 8 19464
9 134 130 138 L3N P S [ 7
155 136 124 153 29 131 140 9
27 139 130 147 17 135 142 7 194647
6 133 129 139 RPN
145 131 124 138 14 128 133 5
50 135 127 141 14 132 138 6 1948
% 133 130 141 11 132 137 5 1947
48 140 124 150 26 137 143 6 1946
42 135 124 141 17 130 135 5 1947
37 130 124 138 14 127 133 6 1946-47
20 134 127 141 14 131 137 6 | 194647
10 120 122 135 [ R
3,068 133.1 126 143 17 132 135 3 1904
1,612 133.3 127 141 14 132 135 3 1903
127 129 121 138 17 127 131 4
27 136 130 144 14 133 138 5 1946
P 134 130 141 11 131 137 [ 1047
10 128 123 132 9 PSR (S,
11 111 106 113 7 RS S,
41 'S [ ORI, P USRS [P
122 124 119 131 12 122 126 4
61 120 114 124 10 118 121 3
2 130 124 138 14 127 132 5| 1946-47
11 122 119 125 [ I F S [
25 126 121 130 9 124 128 4
1 128 - RS [
50 123 116 133 17 120 126 6
30 120 1168 128 10 117 122 5
6 122 120 120 | 2 O PR F N
13 119 116 126 b U1 RO FEUII I SR,
11 112 107 117 10 | U SR (R
25 112 105 116 11 110 114 4
41 12 e e e el
Crigtivomer:
NAMAYCUSR B e 19 125 121 130 L 20 ORISR ISR PR
Salvelinus:
aIPINUS B _ oo e 12 122 111 130
Jonlinalis®__.___ 28 115 109 127
lmes3.._ 18 128 120 131

bin 1 Foerster and Pritchard (1935a); Fraser River to northern British Colum-
hia,

2 Milne (1948); Skeena River, British Columbia.

s Morton and Miller (1954); count is of sensory pores.

4 Milne (1948); Prince Rupert, British Columbia.

5 Milne (1948); Moricetown, Skeena River, British Columbia.

§ Milne (1948); Babine Lake, Skeena Rlver, British Columbia, in 1946 and

1947
191 Mllne (1948); Lakelse Lake, Skeena River, British Columbia, in 1946 and
# Chamberlain (1907); tubes on lateral line eontinued onto caudal for 6

localities in southeastern Alaska.
9 Morton and Miller (1954); count is of lateral line scales.
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RATIOS OF SCALE NUMBER TO VERTEBRAL NUMBER

FIGURE 8.—Relation between numbers of vertebrae and
scales. *

10 MeCrimmon (1949).

1 Neave (1943); anadromous stock, Cowichan River, British Columbia,

12 Neave (1943); resident stock, Cowichan River, British Columbia.
Cnl IrVIorton and Miller (1954); regident stock, Rush Creek, Modoe County,

ali

14 Neave (1943).

1t Neave (1943); reared at Cowichan Lake Hatchery, Vancouver Island,
British Columbia.

18 Neave (1943); reared at Veitch Creek Hatehery, Vancouver Island,
British Columbia.

17 Morton and Miller (1954); coastal strains of Oregon and Washington.

13 Morton and Miller (1954); S. ¢. pleuriticus from Colorado River Basin.

Before commenting further on this character, in
table 23 we have compiled the numbers of oblique
scale rows counted (with exceptions noted) along
the first row of scales above the lateral line, In
discussing the lateral scale count, it is instructive
to compare the results of counts made on the
lateral line and counts made one row (or more)
above the lateral liné. This comparison is shown
in table 24 and figure 8.

It may be noted in comparing the number of
vertebrae (fig. 5) with the number of lateral-line
scales (fig. 7) that the different species maintain
approximately the same ranking in the two char-
acters (see table 24). Even though for several of
the species the vertebral counts and scale counts
are not all—in some cases none—from the same
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TABLE 23.—Number of diagonal (oblique) scale rows in first row above the lateral line in North American Salmonidae

Number |Mean num- Range Percentile
Species of speci- | ber of rows
mens
Minimuom | Maximum Total 20 80 80-20
Oncorhynchuas:
gorbuscha 1 108 199 169 231 82 190 . 209 19
Do s 8 213 194 22 |- [
tshawytscha 1. - - 110 143 133 153 20 138 148 10
2 47 149 138 158 | e e e e
keta 1. . 1356 139 130 153 23 136 142 6
0T 3 5 141 137 145 L2 PR VSN F
nerka ) s 173 133 124 144 20 129 137 8
0 2. — i R 16 138 130 148 |- - N
kisuteh t__ .. 124 131 118 147 20 127 134 7
Doz, - ¢ 138 133 DT L5 N R —— I R IO
Salmo:
salar® __ 11
gairdneri ? 122
Dot.__ 61
Do __. - 8
Dos. i1
g. kamloops 7 - 25
Do 2. 1
0 T 216
clarki? - 50
Dov.____. — 30
Do _. - 6
Dotl___ 13
Do e m——— 78
trutta e 11
Do 4 25
Cristivomer:
namaycush 2___ 30 196 175 228 53 -
Salvelinus:
alpinus . 28 195 154 236
0 13__ - 15 217 195 238
malma® ___. 31 231 186 254
Do1s__ . 13 243 218 254
Fonlinalig 2. ... 25 218 197 236
Do 4__ 83 25 200 243

bll Foerster and Pritchard (1935a); Fraser River to northern British Colum-

a. .
2 Morton and Miller (1954). '

3 Neave (1943); anadromous stock, Cowichan River, British Columbia.

4 Neave (1943); resident stock, Cowichan River, British Columbia,

s Morton and Miller (1654); anadromous stock, Clackamas River, Oreg.
8 Morton and Miller (1054); resident stock, Rush Creek, Modoc County,

Calil.

C'IlNealvie (1943); reared at Cowlchan Hatchery, Vancouver Island, British
olumia.
8 Mottley (1934a); Kootenay Lake, several rows above lateral line,

TABLE 24.—Comparison of number of vertebrae and num-
ber of lateral-line scales, in North American Salmonidae

? Neave (1943); reared at Veitch Creek Hatchery, Vancouver Island, Brit-
ish Columbia.

10 Morton and Miller (1054); coastal streams of Oregon and Washington.

1 Morton and Miller (1954); 8. ¢. pleuriticus, from Caolorado River Basin,

12 DeWitt (1954); northern California coastal streams, counted along second
scile row above lateral line.

13 DeLacy und Morton (1943); Karluk Lake, Aluska.

H Wilder (1952); Moser River, Nova Scotia, count is from posterior margin
ffthegldlpo t;l‘ld of vertebral column (presumably several scale rows above the
ateral line),

samples or localities, the scale count (1.) closely
approaches twice the vertebral count (V) with

Mean number of— one notable except.lon.. The lla.teral—lme scale
count for 0. gorbuscha is 2.5 times the vertebral
Scales
Species Verte: | Lateral- | in st | 1V | OV count.
T e TO! ove . .
" | seales | lateral Neave (1943) noted this anomaly in O. gor-
line
buscha and wrote—
W) (L) (0) . .
After examining a few small pink salmon fingerlings
Oncorhynchus: he pres writer believes that the first le papillae
gorbuscha. ... __ 69. 12 173.7 109.6 | 2,51 | 2.89 t e present w @ . e. es t e first sc.a e Pap
tshmwoytscha. _ 71. 58 141. 4 144.8 (.98 | 2.02 show the same distribution as in other species but that
,,l?’,"k;,'_:" g;‘: gg }gg:g }gg'_i i:g‘; %g? subsequently papillae develop between the primary mem-
ol "’:g{"lfh --------------------- 66.29 130.7 131.5 | 1.97 | 1.98 bers of the lateral line series, as well as dorsad and
[ S 59. 04 111.0 115.0 | 1.88 | 1.95 ventrad to the latter. This development can perhaps be
i ! k] .
g;",:,z,_’,',;;:,p,__ sl B iy 22 correlated with the comparatively large size attained by
clarki____ 62. 52 121.5 156.0 | 1.94 | 2.48 is speci e S . i i resulting i
trutta.o- Eeg TS s melieal 28 tll-lb speues.: before scale formation begins, resulting 11.1 a
S‘qistgzgomer: namaycush.._____. 63. 04 125.9 196.0 | 1.98 | 3.11 wider spacing between the sense organs and thus leaving
e N . .
';f;{,ﬁu ____________________ 66,26 122.0 202.7 | .94 | 3.08 room for the establishment of papillae.
malma__ 643 126.0 334 5(196| 3.65 . . .
Jontinalig. .- oo oooooooeeo ©.my ns0| :W4rez| 3 This close relation (except in gorbuscha) be-

1 From table 18, weighted means,
? Weighted mean, excluding counts of sensory pores where lateral-line scale
eount is available.

tween vertebral count and lateral-line scale count
(approximately twice the verterbral count) is
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depicted in figure 8. Since these two characters
are not independent they should not be used in-
dependently in any racial analysis involving a
“character” index. The relation between number
of vertebrae and number of oblique scale rows
(O/V in fig. 8) on the other hand shows that there
is a wide variation in the degree of branching of
the lateral-line scale papillae: malma and fonti-
neelis with an O/V ratio of 3.65 and 3.74, respec-
tively, reépresent the extreme in fine scaling;
alpinus and namaycush with O/V ratios of 3.06
and 3.11 form another distinct group; gorbuscha,
with an increase in both types of scale counts,
occupies a unique position. All of the species of
Salmo show a slight to moderate increase in the
number of oblique scale rows over the number of
lateral-line scales.

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

Surprisingly, in view of the position of gor-
buscha, the other species of Oncorhynchus show
no detectable increase in number of oblique scale
rows over their lateral-line seale counts.

The number of horizontal scale rows is avail-
able for so few species that counts for all genera
are combined in table 25. The data for Salmo
salar and S. ¢trutta differ in the method of count-
ing and these species cannot be compared with the
others. The published values of 0.82 and 0.16,
given presumably as standard errors of the mean
for salar and trutte, differ widely. This suggests
strongly that the number of specimens whose
scales were counted (at least for salar) was much
less than the 41 given by McCrimmon (1949). It
is therefore doubtful whether the means for the
two species should be considered significantly dif-
ferent without additional data.

TABLE 25.—Number of horizontal scale rows in certain species of Sabmonidae

Number Mean Range Percentile
Specles of number Year
specimens | of rows .
Minimum | Maximum Total 20 80 80-20
FROM ANTERIOR OF DORSAL FIN TO LATERAL LINE
Oncorhynchus: -
gorbuscha . . .. 320 34.8 26 40 .14 32 37 5 el
Do.2._ 18 33.4 27 37 10 32 35 3 1946
25 38.7 33 40 7 35 38 3 1947
135 30.8 37 10 29 33 [ S
21 30.9 23 87 14 30 32 2 1946
18 30.7 26 35 9 30 32 2 1947
127 26,5 23 31 8 25 28 [ JE
25 27.4 24 31 7 25 29 4 1946
22 27.5 23 30 7 26 30 4 1947
154 22.9 19 31 12 21 25 L S PO
14 25.5 22 32 10 24 27 3 1948
12 24.1 2 26 4 23 26 3 1947
183 21.8 18 26 8 21 23 [ R I
47 22,5 18 24 6 20 23 3 1946
76 22. 4 19 22 8 21 23 2 1047
63 2.8 21 26 5 2 24 2 1948
18 2.2 20 24 4 2 24 2 1947
22 22,0 19 - 2 5 21 23 2 104647
16 23.6 22 26 4 23 24 1 1946-47
Salmo:
gairdneri®. . _..__ - 23 25.5 2 30 8 23 27 4 1046-47
Salvelinus: :
malma 7. - 15 2.0 || e £2.8 | 193041
alpinUS T 15 34,0 |oeas USRI (VUSSR (P 83.7 1939-41
FROM ANTERIOR OF VENTRAL (PELVIC) FIN TO LATERAL LINE
Oncorhynchus:
gorbuscha 1..__ 319 32.4 25 40 15 30 35 5
tshawutscha @ - 109 . 30.0 23 39 16 27 33 6
kisutch ) ...... - 127 25.7 19 37 18 24 4
nerka ! ' 113 21.5 17 27 10 20" 22 2
keta 1. - 155 21. 4 17 27 10 19 24 5 .
Salvelinus: i
15 42,1 §2.8 | 193941
15 35.7 |. £3.7 | 1939-41
FROM POSTERIOR BASE OF ADIPOSE FIN 70 LATERAL LINE
Salmo:
salar 9_._____ - 41 b (15 IR [ RN E N 00.82 | oo
trutta ®. ... . 41 15.2 [P E S —— R 100,18 [-ocecmmmnem

Columbia.
2 Milne (1048); Skeena River, British Columbia.
3 Milne (1948); Prince Rupert, British Columbia.
¢ Milne (1%48); Moricetown, Skeena River, British Columbia.
¢ Milne (1948); Babine Lake, 8keena River, British Columbia.
¢ Milne (1948); Lakelse Lake, Skeena River, British Columbia.

! Foerster and Pritchard (1935a); Fraser River to northern British

t DeLacy and Morton (1943); Karluk Lake, Alaska.

8 8tandard deviation.

9 McCrimmon (1949).

10 These values are presumably the standard error of the mean, but for
salar the error is inexplicably large if the number of specimens is 41 as stated
by McCrimmon (1949, p. 11).
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0 GORBUSCHA
—_———

Q= DORSAL TO LATERAL LINE —_—

X = VENTRAL TQ LATERAL LINE

b———1 - 80-20 PERCENTILE RANGE —o—

F—=—d - STANDARD DEVIATION —0—

o l TSHAWY TSCHA

———t |

——
NISUTCH

AVERAGE HORIZONTAL SCALE ROWS

F16URE 9.—Nuniber of horizontal scale rows.

The average horizontal scale counts for Oncor-
hynchus, two species of Salvelinus, and Salmo
gairdneri are shown in figure 9. A alma has the
largest number, followed by alpinus and gor-
buscha. The variation in number of scales within
species is large, the maximum between means for
gorbusche heing 3.3 in the number of scale rows
above the lateral line. :

Despite large differences in the sample means a
definite trend exists in Oncorhynchus from the
fine-scaled gorbuscha to the relatively coarse-
scaled kete and nerka.

ANALYSIS OF MERISTIC CHARAGTERS

All meristic characters were placed on a common
basis to facilitate their comparison. Such a basis
was established by determining the lowest and
highest species means for any given character and
then using the numerical difference between the
two means as a yardstick. The lowest mean has
been rated as 0, the highest as 10, and the inter-
mediate means have been rated in between accord-
ing to their position on the scale. The ranking of
characters is given by species in table 26.

As explained earlier, not all of these characters
are independent variables. Therefore, if we use
two closely correlated characters in attempting to
weigh differences between species from several
characters, we are in effect giving double weight

to the same measure. Figures 10 to 12 show the
close correlation between three pairs of characters.

To obtain a joint ranking of these pairs of cor-
related characters, the rankings were adjusted
(table 27) according to a correction factor (table
26) to equalize the average ranking for the species
with available data. After obtaining the joint
rankings for three pairs of correlated meristic
characters, we are left with six presumably inde-
pendent meristic rankings, which are listed by
species in table 28.
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RANKING OF DORSAL FIN RAYS

Ficure 10.—Relation between dorsal and anal fin rays.
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[ ]

Lo 1 [ L 1 1
40 80 80 100
RANKING OF VERTEBRAE

Ficure 11.—Relation between vertebrae and lateral-line
scales.
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TABLE 26.—Swmmary of ranking of means of meristic eharacters, by species

Rays in— Scales
Branchio- Rakers on
Species stegal Pylorie first glll | Vertebrae
rays caeca arch On lateral | Oblique | Dorsal fin
Anal fin [~Dorsal in line rows to lateral
line
Oncorhynchus:
tshawytseha . e oene 10.0 7.5 10.0 9.9 3.4 10.0 4.8 2.5 4.4
gorbuscha___ 3.4 8.0 0.4 10.0 7.1 81 10.0 7.1 8.2
kisuich... 5.7 2.7 7.8 7.9 2.8 8.5 3.1 1.4 2.3
el oo 5.7 10.0 8.5 9.5 3.1 8.0 4.0 2.0 0.8
nerka 5.3 3.2 8.9 9.3 10.0 7.1 3.8 1.5 0.0
Cristivomer:
npamayensh_ . ___ .- 4.2 5.6 1.3 1.8 1.8 3.6 2.2 6.8 | oo ..
Salmo:
1.6 L5 0.5 0.0 0.0
0.8 L5 3.9 2.0 1.3
1.2 1.3 141 2.4 2.5
[ 25 R I (R 3.2 1.7 3.4
______ 0.0 0.7 0.0 0.0 6.2 0.8
Salvelinus:
alpinus______ 2.0 0.9 0.0 0.0 3.3 8.0 1.7 7.3
aureoulus._ _ 1.1 1.0 0.1 0.8 0.9 4.1
marstoni. 0.0 0.6 0.7 2.6 1.8 4,2
OqURERA - - [V 1 PRI JEPUSUORSS ) DRI RSO
malma._._ - 2.1 0.0 | ... 0.4 0.8 4.5
foutineli$. .. . T .. 1.1 0.4 1.2 3.8 0.2 1.1
Correlated characters:
Number of paired entries_ ... _._._..__ 11 13 ]
Sumofranks__.__._____. 51. 4 | 258.5 l 28,7 3.1 31.4
Averagerank.__. .. __________ 4.67 4. 50 2.21 4.14 3.03
Average rank, both characters. 5.13 3.35 4.
Correction factors. ______ ..o o 110 " .74 , 1.52 0.97 1.03
1 g. whitehousei=4,0. 3 To put on a common basis.
2 Exclusive of gorbuscha.
» \ . ,
% 00 ° TaBLe 27.—Adjusted rankings of certain correlated
2 meristic characters, by specics
w
3 1. Anal and dorsal fin rays
w 80}
w 80 Species Anal fin | Darsal Sum Average
Z rays fin rays rank
-4
)
g Oncorhynchus:
i Ly — 11.00 9.11| 2011 10.1
= .. gorbuscha..._ 10. 34 9.20 19. 54 9.8
a 6o kisuleh. ... . 7.27 . 7.9
- kefa_____ 8.74 9.0
[o] nerka. ..._.. 8. 58 0.2
L Cristivomer:
- namaycush .66 L5
‘% o Z'moi'
3Qear ...
& 4'0[_ gairdneri- .
o ' P
[4{1 4. 1 P
Ic") tradta. oo
© Salvelinus:
2 L ) alpinus 0. 0.00 0.0
¥ 20 aureolus. ... ... 0.74 0.85 0.4
= [ ] marstoni__.__. 2.39 3.18 1.6
< malmg.- ... 0.87 0.37 0.4
x fontinalis 3.31 4.63 2.3
o
o P 1 1 1 .| II. Vertebrae and lateral-line scales
[+} 2.0 4.0 6.0 80 100
RANKING OF OBLIQUE SCALE ROWS Species Vertebrae l_Lal:era]l Sum Averige
. . ine scales ran.
F16URE 12.—Relation between oblique scale rows and scale
rows from the dorsal to the lateral line, Oncorhynchus:
lshﬁmytgcha __________________ 7. 498 lg- gg ]‘ll. zg lg‘ é
. . . . a1, .
Throughout the enumeration data there is a Risuitoh i.g}, L1 5.2 4.8
. keta_...- 5.92 . 12, .
clear tendency for the variances to be correlated o merkd - T 5.25) ba47| 1072 5.4
. . . . . - istivomer:
with their means. This tendency is easily seen in T R 286 33| 600 3.0
p . . . Salmo: .
figures 4, 5, and 7, in which the 80 to 20 inter- P 0.37 0.00 0.37 02
. : . . . . . gairdneri. . 2.89 3.04 5.43 3.0
percentile range increases with an increase in the g. kamloops_ 3.0 3.85 6.88 3.3
. . . P clarki 2,37 2,58 4.95 2.5
mean. This of course implies that the differences trutta p.00| 3] 030 0.2
. . Salvelinus:
between mean rankings must be larger for higher alpinus 444 2.5 7.02 33
- PR olus. ... 3.08 [-eoomi . .
rankings to be equally as significant as the smaller Taretoni. N I 311 31
. 2 N * . : . 3 8.98 3.5
differences between mean rankings for lower ot :l iR Ih 09
rankings. :
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‘To correct for this correlation between the

means and their variances, the adjusted rank-
ings (table 28) were converted to logarithms. In

order to avoid dealing with minus logari s, an
Oblique | Dorsal to Average ] voe - logarithms, and
Species rows | lateral | Sum rank with the absence of any logarithm for a zero rank-
: ing, all rankings were first increased by 1 and
Oncorhymchus: 042 053 5.5 as then multiplied by 10. The logarithms of the
ﬁgg;lc&hma_. S | e 839 | 133 8.8 rankings so derived are given in table 29,
kela.___ - L 0. 82 2.76 ‘L4 One method of assessing the value of these
omerka_ . 1.46 0.0 1. 46 0.7 .. . N
Crigticomer: meristic- characters (table 29) is to determine
s I-n.umuycu.sh ___________________ 6.60 | 6.60 6.6 hetl 1 Lo thi )
almo. ynether , Val F1t. Q.C o 3 i
o 000 | 0.00 no . W 1et. 1er the variation wit hin each gehus differs
peirdneri. .- 1.2 175 su Ls significantly from the variation between genera.
clarki__.____ 380 [0 330 3.3 . . I .
A —— e — 3.30 33 Because the number of species varies from genus
Salvelinus: o cale -1 9 T _
B — | egsl Y to_ genus, caleulation f)f thﬁc'a. variance must recog:
MAUME - .- . (U . 20. . . . N . <)
alma. ] el 0.0 %% nize ‘une(_tlual sample size ( Snedecor, 1956 : p. 268),
considering each species as one sample mean.
TABLE 28.—Adjusted rankings of meristic indices
Anal and Rakers on Vertebrae | Oblique and
Branch- Pyloric dorsal first gill and Jateral dorsal-to-
iostegals caeca fin rays arch line scales lateral-line
seale rows
Bpecles:
Oncorhynchus:
{8ROIPESCAA - — oot o 0.0 7.5 10.1 3.4 7.4 3.5
norbugcha.__. 3.4 6.0 9.8 7.1 10.6 6.6 .
kisufch _____. 5.7 27 7.9 2.8 1.8 1.9
keta______... 5.7 10.0 9.0 3.1 6.0 1.4
nerka_...___ 5.3 3.2 9.2 10.0 6.4 0.7
Cristivomer:
namaycush__ 42 5.6 1.5 1.8 3.0 6.6
Salmo:
salar..______ 2.8 L6 [ .- 15 0.2 0.0
gairdneri. e e | ———— 0.8 4.8 1.5 3.0 1.5
g. kamloops. 2.2 1.2 4.7 1.3 3.3 2.4
elarkl_ o o e as e mmmm e e amm e [ USRI P, 25 3.3
fradte_ . ________________.. - . - 0.9 0.7 |ooomammcmees 0.0 0.2 0.8
Salvelinus:
alpinus_... — v ————— 2.0 0.9 0.0 3.3 3.5 6.6
aureolns . ... 1.1 1.0 0.4 0.9 3.0 |
marstoni 0.0 0.6 1.0 1.8 - 25 U R,
melma_ . 2.1 0.0 0.4 0.6 3.5 10.0
fontinalis. .. - mm—em - — 1.1 0.4 2.3 0.2 0.9 8.8
Genus:
ONCOTRIMERUS - et 6. 02 5.88 0.20 5.28 6.84 2.82
Crigtivomer 4.20 5,60 L 1,80 3.00 6. 60
Salmo. . __.._ 1.67 0n.92 4.75 1.08 1.84 L&
SaIVEHNUS o oo oo e e 1.26 0,58 0.94 1.36 2.80 8,47
TABLE 29.—Logarithm of adjusted ranlkings of meristic indices
[Rankings: + 1 X 10]
Vertebrae | Oblique and
Branch- Pylorie Anal and Rakers on | and lateral dorsal to
jostegals caeca dorsal fin | first gill aveh | line scales | lateral-line
rays scale rows
Species: )
FBRAMYISCRA . . e em 2.04 1.93 2.05 1.64 1,02 1.65
gorbuscha _ 1.64 1.85 203 191 2.06 18
kisutch 1.83 1. 57 2.0 1. 60 1.78 1.48
1.83 2.4 2.00 1.61 1.85 1.38
1.80 1.62 2.01 2.04 1.81 1.23
172 182 1.40 1.45 1. 80 1.88
1. 58 Ll . 1.40 1.08 1.00
- 1. 1.40 1.60 1.40
1. 1.36 1.63 1.53
- 1. 154 1.63
______ 1. 00 1. 23 108 1.26
@EPINUS . e 1.48 1 1, 1.65 1.88
Qureolis . e 1.32 1.8 L L60 | el
MATSLOME - e - 1.00 1. 1. LBl |-l
MAIRG - o oo e e e e - 1.49 1 1. 1. 65 2.04
Jontinalle e 1.32 1 1. 1.28 1.99
Genus:
Oncorhynchus .. e 0.14 9.01 10.09 8. 80 9.40 7.60
Cristivomer. 172 1.82 1.40 ~ 145 1. 60 1.88
Salmo_ ___.. 4.0(3) 6.38 3.52(2) 5.16( 6.93 . 82 .
Salvelinus oo 6.61 5.93 6.23 5.64 . 7.79 5.91@)
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The analysis of variance of the logarithms of
the adjusted rankings of meristic characters
follows:

Mean square F
Character index value
Between | Within
genera | genera
Branchiostegals. ... ____._._____ 0. 2594 0.0438 | 5.92*
Pyloric caecd. - .oa oo - - . 4210 .0329 | 18.38**
Anal and dorsal fin rays_ . . 5255 .0203 | 25.89**
Rakers on first gillarch. ____.____ - 2171 L0421 | 5.16*
Vertebrae and lateral-line seales_ .. ... . 0430 . 0808 .53
Oblique and dorsal to lateral-line scale counts._ . 2657 L0510 | 5.21*

For five of the six meristic indices, the variance
within is significantly less than the variance be-
tween genera. This tends to confirm the validity
of the generic groupings asestablished even though
it does not yield much information concerning
affiliations of particular species.

To show the relationships between species, both
the maximum and the average differences in the
logarithms of the six meristic indices are given
for 16 species in table 30.

The interrelationships of the various species as
shown by these meristic indices are depicted in
figure 13. The genus Oncorhynchus is quite well
separated from the other genera except for a close
link between 0. kisutch and Salmo gairdneri.

Cristivomer shows a loose affinity with Salve-

FISH AND WILDLIFE SERVICE

linus alpinus and remote connections with several
other species.

Salvelinus is a rather closely knit group, with S.
marstoni the closest link between Salmo gairdneri
and the other Salvelinus.

AVERAGE LOG. DIFFERENCE

EESg BELOW 0.6
——— Q.16 —0.20
—— 0.21-0.25
—— 0.26-0.30

I MAXIMUM LOG. DIFFERENCE
EXCEEDS 0.60

Fieure 13.—Relationships of species of Salmonidae, as
shown by meristic indices. (See table 30 for key to
.species’ numbers in circles.

TaBLE 80.—Differences between logarithms of six meristic indexes, average differences between species (lower left),
mazimum differences (upper right)

Specles ! No.| 1 2 3 4 5 6 7 8 9 ] 10 | 11§ 12| 18 14 ] 15 | 18
tshawylecha ol 1 40| .36 .27| .42| .65| .84 .67| .59 | .82} 1.041105} .00} 1,04} .93 .18
gorbuseha. . ..o 2! .19 42| .50 .65 .63 | .98 | .59| .55| .74 | .e8|1.03| .88 | .65 .83| .83
KEULOR . e 3| .26 .26 47| .44 .60 .68 .31 | .32| .46 .83{100| .85| .83 | .85 .53
keta oo s 4 .12 .24) .11 43| .60 | .77| .78} .70} .93 .83 1.00| .85 | .84 [ 1.04| .89
L 5| .25 .25| .14 .18 .65 .73] .64| .68 .52 {1.04| 101 .86| .80 | .86 | .96
MAMAYEUS_ . e e Ceeenes 6} .30 .28] .28} .31} .39 88( .66) .48) .70 ) .72 .84} .52| .72 .82 .67
salar (8) . e 7{ .54| .67| .35) .45 .40 .40 52| .55 .63 | .58 | .88 .52 .58 | 104 .09
goirdneri (5) - - oo 8| .35( .46 | .19| .30 .33 | .29 | .27 L1387 .28 52| .76 .61 .35| .64 | .59
9. kamloops. . ... 9| .35 .37( .20] .81 | .33 [ .25( .25| .00 | .28 .58 .76 .61 .51 ( .61 .46
L S 0] .41 .50 .28| .50 .30 .3¢| .45 .15| .14 48| .25| .19| .09 .41| .36
trutta (5) oo . 1mf .72) 75| .53 .e3| .60 .58| .20} .27| .36 | .31 .63 .52 .53( .718| .73
alpinus. .. 121 46| 41! .37 .47} 48] .24| .38| 31| .25| .18| .47 .35 48] .43] .55
aureolus'(5) 18 .59| .57 .42 .54 .53) .2v| .26 .19 .19| .22 .30| .15 .32 .30 | .37
marstoni (5) 14 .58 56| .40 .53 53 27 34 12 2 .08 25| .24 .17 .49 .37
MAIMA. oo e 15| .68 | .53 .48 .54 | .60| .20 .46| .85 .28 .21 .45| .17 .12| .25 .87
Jontinadia. oo 16| .60| .54| .49| .60 | .62| .33 | .41)] .32| .28| .22| .28] .31 .21 | .2¢| .20

1 Figures in parentheses show number of comparisons when less than 6.
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F1eUre 14. —Fecundity isopleths based on number of eggs
per kilo of total weight versus the average weight of
the adult fish.

The genus Salmo presents a very different
picture. Of the three species, salar, trutta, and
gairdmeri, S. trutta shows connections with Salve-
linus marstoni, only a remote affinity with Salmo
salar, and none with Salmo gairdneri. Salmo
salar shows equally remote associations with Salmo
trutta, Salvelinus aureolus, and Salmo gairdneri.
Salmo gairdner: is closely linked with Oncor-
hynchus (%isutch) on one hand and with Salve-
linus (marstont) on the other, and shows only a
remote affinity with Salmo salar and none with
Salmo trutta.

FECUNDITY

Although the term “fecundity” is normally used
to denote the numbers of ova produced, we must
also deal with the size of the ova. For each
species of Salmonidae there is a normal range for
both number and size of egg. For Oncorhynchus,
which mature and spawn only once, this range is
not too difficult to define. For species that live to
spawn two or more times, the number of eggs

varies widely, since the number is correlated with -

the weight of the fish (Rounsefell, 1957). Size of
the egg is more constant for each species than the
number, but tends to be larger in larger
individuals.

Most of the available data on fecundity in the
Salmonidae are given in some detail by Rounsefell
(1957). From these data the average fecundity
of the species for which data are available was
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plotted in figure 14. It will be noted at once that
the lowest number of eggs per kilo of fish weight
oceurs in the fluvial anadromous Oncorhynchus.
That this lower number of eggs per kilo of fish
weight is not caused by a lower total weight of
ova but rather to larger individual eggs is shown
by figures 15 and 16, which show for available
data the number of eggs per kilo of fish weight
plotted against egg diameter and weight of fry,
respectively.

Figures 15 and 16 show that the fluvial anadro-
mous Oncorhynchus differ markedly in egg size
from the other Salmonidae. The lacustrine ana-
dromous O. nerka appears to be only slightly
ahead of 8. salar in egg size.
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Froure 15.—Number of eggs per kilo of total weight
versus the egg diameter.
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FicURE 16—Number of eggs per kilo of total weight
versus the average weight of fry after absorption of
the yolk.
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Fioure 17.—Average weight of fry after absorption of the
yolk compared with the average total weight of the
species.

In considering egg size in relation to fish weight,
however, it is obvious that Oncorhynchus can be
distinguished even more clearly by this character.
Thus, in figure 17, in which the weight of fry with
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the yolk absorbed is plotted against the average
weight of the fish, S. salar has small fry for the
size of the parent fish. In fact all five species of
Oncorhynchus except gorbuscha fall in a straight
line. The larger size of the fry (and of course
the egg) of gorbuscha may be related to the ex-
treme degree of anadromy in this species, whereby
the fry emerge from the gravel as soon as the yolk
is absorbed and migrate seaward at once.

DISTRIBUTION IN RELATION TO TEMPERATURE

Species. may range over a wide area and yet
avoid extreme conditions by changing spawning
seasons .and by occupying different ecological
niches. A further complication is the tendency of
isolated populations to change genetically.
Despite these difficulties the overall picture shows
that some of the species are definitély arctic or
subarctic, whilst others range far to the south.
The approximate latitudes given in table 31 are
not too descriptive of the actual temperatures en-
countered because of the great differences in both
sea-water and fresh-water temperatures at com-
parable latitudes on different coasts and the com-
plicating factor of the lowering effect of altitude
on fresh-water temperature.

TaBLe 81.—Limils of ranges of North American Salmonidae, ranked according to temperature of water frequenied

Coldest water ‘Warmest water
Average | Final
Species cold |rank
Locality Latitude | Cold Locality Latitude | Cold| rank
north rank north |rank
alpinus. ... Ellesmere Island ! 82° 1 { Kodiak Island lakes__.__.___....._ 57: 4 2.5 1
nemaycush ... _...______ Banks Island 3. ... _____.._.. 73° 2 ke Erfe. _________________ 41° 3 2.5 1
q - -- =--.| Quebee lakes.. .- e mm——— 50° 2 | Lakes, northern Malne.._._ 45 3 2.5 1
Ima.... -- ..| Herschel Island 3 _.___.__._.__.___ 71° 2 | High streams, California.__ 39° 4 3.0 2
. Cape Lisburne 4
Ma.l::eKenzle River 5. - 70° 2 | Klamath Rivereo __.___._ 41° 5 3.5 3
MacKenzie River 5. - 70° 2 | Russian R,, California 7__ 38| - 5 3.5 3
Yukon Rivers. . ._._.___ - 66° 3 | Wallowa lakes, Oregon..____ 45° 4 3.5 3
Koksoak R Ungava ¥._ - 80° 2 Housat.omc R., Connectlcut 41° [] 4.0 4
Hudson Bay__..._. - 59° 2 fh streams, Georg'la- 35° 8 4.0 4
Southeast Alaska - 60° 4 River, California... 39° 5 4.5 5
Yukon River_... - 66° 3 San oaquin River.... 36: 7 5.0 []
-| Norton Sound 0.._ - 64° 3 | Salinas R., California.__. 36° 7 5.0 [}
Kuskokwim R .- 61° 3 | Rio Presldlo, Durango ... 24 8 5.5 7
1 Fisherles Research Board (1959, p. 112). 7 Taft (1038).

2 Fisheries Research Board (1959, p. 12).
3 Scofleld (1899).
‘ Bea.n (1882),
ymond (1940).
' Snyder (1931).

In order to obtain a picture of:the effect of
temperature on distribution, I have dlsregarded
latitude in favor of generalized temperature iso-
therms. The mean surface ocean temperatures
(see Davidson and Hutchinson, 1938) differ con-
siderably at comparable latitudes on the eastern
and western shores of the continent. In table 31,

8 Evermann and Goldsborough (1907)
9 Dunbar and Hildebrand (1952

10 Nelson (1887),

i Needham and Gard (1050).

the water temperatures at the extreme ranges of
the distribution have been ranked subjectively by
species. This empirical method shows definite
trends when the species are grouped according to
their temperature distribution (averaging both ex-
tremes of the range).
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The final rankings, by species and genus, accord-
ing to distribution in cold waters, are as follows:

Rank and species Cristivomer | Salvelinus | Oncorhynchus| Salmo
Rank 1:
namaycush___________ . SR VUSSP (SRR R
alpinue_ .| ... Xl
ogUASSB. - e D, G I, S
Rank 2:
TMEIMB oo | b N PSR UI S,
Rank 3:

Cristivomer and Salvelinus are arctic and sub-
arctic genera, except that S. fontinalis, which dif-
fers most widely from the other species of
Salvelinus in respect to other characteristics is
more southerly. All Oncorhynchus species range
far to the north, but tshawytscha and kisutch are
movre tolerant than the others of warmer water.
Salmo saler lives in colder water than either of
the Pacific species of Salmo. The range of clarki
is peculiar in that it extends neither far to the
north nor far to the south, but inhabits the tem-
perate waters between. While it extends to
Bristol Bay, gairdneri avoids the colder streams
and extends into much warmer waters than any of
the other species.

COMPARISON OF NORTH AMERICAN AND
ASIATIC GENERA

Some authors classify the salmons and trouts,
together with the graylings and whitefishes, in a
single family, which they call Salmonidae. We
prefer to consider them as three families, the Thy-
mallidae, Coregonidae, and Salmonidae. The last
is the group discussed below.

In addition to the genera of Salmonidae that
occur in North America two fresh-water genera
occur only in Asia (Dymond and Vladykov, 1934).
Brachymystas occurs across Siberia and south to
the rivers of Japan and the Okhotsk Sea. Hucho
consists of three species, one on the Danube, one in
the rivers of Siberia, and a third in Sakhalin and
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the rivers entering the Okhotsk Sea (Dymond and
Vladykov, 1934).

Some notion of the relationship between these
two purely Asiatic genera and the other four gen-
era is obtained by comparing their osteology since
other characteristics are not sufficiently well-docu-
mented for the Asiatic genera. Furthermore,
morphological material is chiefly available for only
one or two species of each genus. The available
osteological data are well summarized by Norden
(1958). As Norden classed ('ristivomer under
Salvelinus and used Cristivomer namaycush as his
chief representative of Salvelinus, we are forced to
combine these two genera for the purpose of this
comparison (table32).

TABLE 32, —O’ompanson of certain generic chtmwterwtwa
. in S’almomdae :

[Osteological characters adapted from Norden, _1958]

Salve-

Character Brachy-| Hucho | linus- | Salmo | Oncor-
mystar Cristi- hynchus
vomer
Mouth:
Small_______ ..
Large . .o aiamaene-
Jaw hinge:
Below orbit......
Behihd orbit. oo D D D D

Pslatine and vomerine teeth:
In continuous T-shaped
band. .o meaeaaes E E
Narrowly separated. . .o ]acccoceatoroaaoa- F F

Widely separated oo oco]amococac]ommciii e ae [¢]

Shaft of vomer:
Short, toothless. .
Long, toothless___
Long; toothed _._...._.______
Postorbltals contact preopercle:

Dorsal fontane!
Persistent._.
Covered inadult__...icoooo|acrececc]ammaaasa]ommmcaanfemmanas T

Supraethmoid: .
Long and narrow with pos-

tenor projections. ... u U U

N Sh(;)rt notched 1f)ost,enor11yla i RSN (SN [ v v
scending process of premaxi

Intermediate in s‘i):e _________ w W g W

Well-developed. - -.

Absent in’ u]ts __________________________________________ | Y

The number of differences between genera in
ten characters (from table 32) are summarized
in table 33.

The relationships between genera based only
on the 10 characters of table 32 are depicted in
figure 18, in which the distances between genera
are roughly proportional to the number of differ-
ences in characters (from table 33).
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BRACNYMYSTAX

ONCORNYNCHUS
® 4400

\'\ yZ

SALVELINUS —CRISTIVOMNER

FIGURE 18.—Diagrammatic comparison of genera based
on certain characters.

It appears that Brachymystax is the most primi-
tive and generalized of the genera, Hucho repre-
sents an intermediate stage, whilst Oncorhynchus
is the most specialized. :

TABLE 33.—Number of certain characters differing between
genera of Salmonidae

[Characters from table 32]
Brachymy- Salpelinus- Oncor-
stax Hucho Cristi- | Salmo | hynchus
romer
............ 4 7 7 10
L T P 3 4 7
7 : 20 [RO— 4 7
7 4 [ %) — 5
10 7 7 L 7 PO —

- SUMMARY OF RELATIONSHIPS

The foregoing material on hybridization, colora-
tion, anadromy, fecundity, morphological charac-
ters, et cetera, show the relationships between the
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gairdnerl
clarki

trutte

namaycush

oquassa
marstoni

CRISTIVOMER
SALVELINUS

fontinalis

Ficure 19.—Suggested relationships among North

American Salmonidae,

North American species of Salmonidae. In figure
19 the degrees of relationship have been indicated
by the relative distances between spécies. Since
many of the differences and similarities are difficult
to weigh with the information presently available
concerning the relative value of different criteria,
I have not attempted to be more precise.

ANNOTATED KEY TO NORTH AMERICAN SALMONIDAE

This annotated key is given in place of the more
conventional strictly dichotomous key. Keys are
used chiefly to determine the identity of a speci-
men, and each subdivision should not be inter-
preted as denoting relationships.

The amount of information available varies
widely from species to species, but where avail-

able, certain items (such as chromosome number)
have been included. Thus, although this section
has been arranged as a key, it is also a summarized
description of the North American Salmonidae.
It should be kept in mind that this paper is based
wholly on published data and that no attempt was
made to verify points that await further study.

KEY TO GENERA

A. Skeleton cartilaginous, very slight calcification; dorsal fontanelles closed in adults ; postorbitals contact preopercle ;
ascending process of premaxilla absent in adults; branchiostegal rays (left side) 10-19; gill rakers (first arch,
left side) 19-39; lateral-line scales 121-198; anal fin rays 15-22; pyloric caeca 55-249; dorsal fin rays 12-18;
vertebrae 62-75; only black spots or speckling at all ages (exdept breeding colors); ova and fry very large in
relation to adult size; anadromy obligatory or adaptive; mouth lining dark to black; all adults die after spawning.

Genus ONCORHYNCHUSR, Pacific salmons.

AA. Skeleton fairly well calcified; dorsal fontanelles persistent; postorbitals do not contact preopercle; ascending
process of premaxilla persistent; branchiostegal rays (left side) 8-14; gill rakers (first arch, left side) 14-27;
lateral-line scales 105-138; anal fin rays 8-16; pyloric caeca 20-170; dorsal fin rays 9-15; vertebrae 57-69; light
spots, speckling, or colored areas present at some stage; ova and fry medium to small in relation to adult size;
anadromy not adaptive or obligatory; mouth lining white to black; some adults may die after spawning.
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B. Teeth on both head and shaft of vomer; supraethmoid short, width medium to broad, notched posteriorly;
lateral-line scales 105-138; anal fin rays 9-16; all have black body spots or speckling but may also have light
spots or areas at some stages; fing without conspicuous white leading edge.

Genus SALMO, Atlantic salmons and trouts.

BB. Teeth on head (anterior end) of vomer only; supraethmoid long, narrow, with posterior projections; lateral-
line scales 109-131; anal fin rays 8-12; body spots yellow to red or gray, never black; no lateral body stripe;
white leading edge on paired fins.

C. Basibranchial (hyoid) teeth numerous and strong: supralingual (tongue) teeth in parallel rows; pyloric
caeca 95-179 (average about 127-138) ; caudal fin deeply forked; pearl organs in adults; no bright colors, but
spotted with gray: egg diameter less than 5.0 mm.; lacustrine; diploid chromosome number §%.
Genus CRISTIVOMER, lake trouts.
C(C. Basibranchial (hyoid) teeth few or missing, weak; supralingual (tongue) teeth form equal sides of an
isoceles triangle; pyloric caeca 2064 (average about 28-46, 3099 in §. euwrenlus) ; caudal fin very little to
deeply forked; no pearl organs; brightly colored in fresh water, spotted with yellow, pink, or red, lower fins
usually brightly colored; egg diameter usually more than 5.0 mm.; adfluvial, fluvial, or optionally anadromous.
Genus SALVELINUS, charrs.

KEY TO SPECIES
Salvelinus. Charrs

A. Basibranchial (hyoid) teeth absent or rare; back with dark wavy “wormlike” vermiculations extending onto
dorsal fin; lower fins with white front edge followed by a black stripe; tip of lower jaw black: some of lateral
spots may be pink or red with a blue halo: roof of mouth black: end of caudal fin almost square in adults; anal fin
faleate; diploid chromosome number 84; optionally anadromous, fluvial, or adfluvial: very short migrations in
the sea =, Salvelinus fontinaliz, Speckled charr or eastern charr (eastern brook trout).

AA. Basibranchial (hyoid) teeth usually present. weak to moderate: vermiculations on back absent or faint: no
black stripe on lower fins; tip of lower jaw white to reddish; lateral spots without blue borders: caudal fin
slightly to well-forked in adults: optionally anadromous, adfluvial, or lacustrine.

B. Pyloric caeca 2039 (average about 28-29) ; numerous red dots on sides (450) smaller than diameter of pupil:
pectoral fins very seldom if ever with white anterior margin; caudal fin almost square in adults; optionally
anadromous or fluvial; short migrations in the sea__ —— Salvelinus malma, dolly varden charr.

BB. Pyloric caeca 20-99 (average about 38-46) : spots on sides orange: all lower fing with white anterior margin;
caudal fin well-forked; optionally anadromous, adfluvial, or lacustrine.

C. Maxillary extending about to posterior margin of eye; lateral spots (orange or yellowish) very small and
numerous; roof of mouth white; white margin of lower fins narrow; adfluvial.

: Salvelinus oquasse, blueback charr.

Salvelinus o. marstoni, red Quebec charr.

CC. Maxillary extending well beyond posterior margin of eye: orange or yellowish lateral spots small to large;

broad white anterior edge on lower fins, roof of mouth white to blackish: optionally anadromous or adfuvial;

short migrations in the sea (aelpinus) e e Salvelinus alpinus, Arctic charr.

Salvelinus a. aureolus, golden charr or Sunapee charr.

Salmo. Salmons and trouts

A. Parr with small orange biotches or spots on sides adjacent to lateral line; black spots on caudal fin absent or
few; adults may have pink or blue halo surrounding black spots on body; adult 8. seler sebago may have some
colored spots ; caudal peduncle stout or slender, anal fin rays 9-11 (complete count).

B. Teeth on head and shaft of vomer strong and well-developed; branchiostegal rays average 10.0: oblique scale
rows 116-136; end of maxillary usually not far behind posterior margin of eye; large black spots on body with
some often surrounded by pink or red hale; few smaller reddish spots adjacent to lateral line: orange blotch
on adipose usually present even in sea-run individuals, no colored lateral band: tail never deeply forked, squave
to fan-shaped in older fish; tail unspotted; caudal peduncle stout; diploid chromesome number S0; optionally
anadromons, fluvial, or adfluvial: short migrations in the sea________________________ Salmo trutta, brown trout.

BB. Teeth on vomer all short, weak; branchiostegal rays average 11.9; oblique scale rows 111-118; maxillary
extending to or slightly behind posterior mairgin of eye; small black spots, often x-shaped, numerous on upper
body, sometimes extending slightly onto dorsal. adipose. and anal fins; landlocked varieties may have some
lighter spots on body; caudal peduncle slender: no colored lateral band; caudal usually without spots, caudal
slightly "to well-forked in adults; some adults die after spawning: diploid chromosome number 60; optionally
anadromous or adfluvial ; long migrations in the sea ; not abundant far offshore____ Salmo salar, Atlantic salmon.

Salmo 3. sebago, landlocked salmon.
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AA. Parr with bright lateral band, usunally reddish or iridescent: black spots on back, and on dorsal, adipose, and
caudal fins: adults without colored spots; caudal.peduncle stout, and anal fin rays 11-16 (complete count).

C. Usually with red streak on underside of lower jaw which may be concealed by mandible; maxillary extends
well beyond posterior margin of eye; oblique scale rows 122-208; pyloric caeca 27—40; in breeding color, belly
suffused with red, lower fins reddish; adults seldom with a red lateral band; mouth lining white; optionally
anadromous, fluvial, or adfluvial; very short migrations in the sea.

Salmo clarki, steelhead cutthroat trout or cutthroat trout.

CC. No red streak under jaw, maxillary extends to or slightly beyond posterior margin of eye; oblique scale
rows 115-164; pyloric caeca 25-81 (average about 47); wide pink or red lateral band, especially bright in
spawning males; mouth lining white; some sea-run adults die after spawning; optionally anadromous, fluvial,

. or adfluvial ; chiefly coastwise migrations at sea__.. Salmo gairdneri, steelhead rainbow trout or rainbow trout.
Salmo g. kamloops, Kamloops trout.

Oncorhynchus. Pacific salmons

A. Lateral-line scales 160-198 (average about 184) : branchiostegals 9-15; pyloric caeca 95-224 (average about 136) ;
anal rays 16-20 (complete count) ; gill rakers 24-31 (average about 29.7) with minute teeth; large black spots
tending to oval on back and on entire caudal fin; young without parr marks; mouth lining dark: very pronounced
bump on breeding males: mature at 2 years of age: obligatory anadromous: long sea migrations; abundant far
offshore; usually less than 2000 ova_ . ______ ___ . . o Oncorhynchus gorbuscha, pink salmon.

AA, Lateral-line scales 124-165; branchiostegals 10-19: pyloric caeca 45-254; anal rays 15-22 (complete count) ; gill
rakers 19-39; no black spots on lower lobe of caudal fin, may be black speckling on dorsal edge of upper lobe;
young with distinet parr marks; mature normally at ages 3-8, usually more than 2,500 ova.

B. Pyloric caeca 85-25%; lateral-line scales 130-165; branchiostegals 10-19; anal rays 16-22 (complete count) ;

gill rakers 19-28.

C. Lateral-line scales 130-147 (average about 139) : branchiostegals 10-16; pyloric caecca 140-254 (average about
205) ; anal rays 16-20 (complete count) ; gill rakers 1926 (average about 22), rakers wide apart and without
teeth; caudal peduncle slender; parr marks short, elliptical or oval, extending little, if any, below lateral line;
no black speckling on back or fins; breeding color anterior two-thirds of sides with bold jagged reddish line,
posterior third of sides with jagged black line; mouth lining dark; obligatory anadromous, long sea migrations,
abundant far offshore______ _____________ . Oncorhynchus keta, chum salmon.

CC. Lateral-line scales 130-165 (average about 148) ; branchiostegals 13-19: pyloric caeca 85-244 (average about
158) ; anal rays 16-22 (complete count)’; gill rakers 20-28 (average about 24), rakers wide apart with large
teeth; caudal peduncle stout; parr marks large vertical bars almost bisected by lateral line; small black
speckling on back, dorsal fin. and upper lobe of caudal fin. sometimes extending onto adipose fin and lower
lobe of caudal and faintly onto anal fin; breeding adults without red on sides; mouth lining black; obligatory
anadromous; long sea migrations; not abundant far offshore_._.__ Oncorhynchus tshawytscha, king salmon.

BB. Pyloric caeca 45-114; lateral-line scales 124-150; branchiostegals 11-16; anal rays 15-21 (complete count) ;

gill rakers 19-89.

D. Pyloric caeca 45-114 (average about 75) : lateral-line scales 130-144 (average about 185) ; branchiostegals
11-15; anal rays 15-19 (complete count) ; gill rakers 19-25 (average about 21), rakers wide apart with large
teeth, none on back of second and fourth gill arches; caudal peduncle stout; parr marks large vertical bars
almost bisected by lateral line; anal fin of parr falcate with first ray whitish; other lower fins of parr orange-
tinged and white-tipped; in adults black speckling on back, often extending along upper edge of caudal fin
and base of dorsal fin: sides of breeding adults may be suffused with light pink, but no definite markings;
mouth lining dark; adaptively anadromous; long sea migrations; not abundant far offshore.

Oncorhynchus kisutch, silver salmon.

DD. Pyloric caeca 45-114 (average about 88) ; lateral-iine scales 124-150 (average about 185) ; branchiostegals
11-16; anal rays 15-21 (complete count) ; gill rakers 28-89 (average about 35), rakers close together with
minute teeth and present onr back of second and fourth gill arches; caudal peduncle slender; parr marks
short, elliptical or oval, extending little, if any, below lateral line: black speckling, when present, is faint,
fins without speckling. excent faint speckling on margin of caudal in breeding fish: in breeding adults, body -
(except lower belly) and all fins except pectorals and caudal lobes a deep crimson to brick red, head a dull
green on dorsal half, creamy white below ; mouth lining dark; adaptively anadromous: long sea migrations;
abundant far offshore. . o Oncorhynchus -nerka, sockeye salmon.

Oncorhynchus n. kennerlyi, kokanee.



NORTH AMERICAN SALMONIDAE

267

REFERENCES
ALM, GUNNAR. hynchus). Bulletin of the U.S. Bureau of Fish-
1955. Artificial hybridization between different eries, no. 26, vol. 48, p. 667-692.

species of the salmon family. Fishery Board of
Sweden, Institute of Freshwater Research, Drott-
ningholm, Report No. 36, p. 13-56.

Bacox, Epwazrp H.

1954. Field characters of prolarvae and aleving of
brook, brown, and rainbow _trout in Michigan.
Copeia, 1954, no. 3, p. 232,

BEAN, TARLETON, H,

1882. A preliminary catalogue of the fishes of
Alagkan and adjacent waters. Proceedings of the
U.S. National Museum, vol. 4 (1881), p. 237-272.

1889. Hybrids in Salmonidae. Transactions of the
American Fisheries Society, vol. 18, p. 12-20.

BELDING, DaviD L,

1940. The number of eggs and pyloric appendages
as criteria of river varieties of the Atlantic salmon.
Transactions of the American Fisheries Society,
vol. 69, p. 285-289.

BrLACK, Epear C.

1953. Upper lethal temperatures of some British
Columbia freshwater fishes. Journal of the
Fisheries Research Board of Canada, vol. 10, no. 4,
p. 196-210.

BoNHAM, K., and A. H. SEYMOUR.

1949. Hybrid of chinook and silver salmon from

Puget Sound. Copeia, 1949, no. 1, p. 69.
BrETT, J.-R.

1952, Temperature tolerance in young Pacific
_salmon, genus Oncorhynchus. Journal of the
Fisheries Research Board of Canada, vol. 9, no. 6,
p. 265-823.

BUNGENEERG DEJONG, C. M.

1935. Cytological studies on Salmo irideus.

etiea, vol. 27, no. 5-6, p. 472—4883.
Buss, KEEN, and JAMES E. WRIGHT, JR,

1956. Results of species hybridization within the
family Salmonidae. U.S. Fish and Wildlife Serv-
ice, Progressive Fish-Culturist, vol. 18, no. 4, p.
149.158.

CHAMBERLAIN, F. M.

1907. Some observations on salmon and trout in
Alaska. Report of the U.S. Commissioner of
Fisheries for 1906, Document 627, p. 1-112.

CLEMENS, WILBERT A.

1935. The Pacific salmon in British Columbia
waters. Report of the Commissioner of Fisheries,
Province of British Columbla (1934), p. 103-105.

CLEMENS, WILBERT A., and G. V. WiLBY.

1946. Fishes of the Paclfic coast of Canada.
Fisheries Research Board of Canada, Bulletin No.
88, 368 p.

CrAWFORD, DoNALD R.

1925. Field characters identifying young salmonoid
fishes in fresh waters of Washington. College of
Fisheries, University of Washington Publications,
vol. 1, no. 2, p. 84-76, 18 figs. 1 pl.

DavinsoN, FReDERICK A., and SAMUEL J. HUTCHINSON.

1938. The geographic distribution and environmental
limitations of the Pacific salmon (Genus Onco:-

Gen-

DELAcy, ALLEN C., and W. MARKHAM MORTON.
1943. Taxonomy and habits of the charrs, Salvelinus

malma and Salvelinus alpinus, of the Karluk drain- .

age system. Transactions of the American Fish-
eries Society, vol. 72, p. 79-91.
DeWiITT, JouN W., JR,

1954, A survey of the coast cutthroat trout, Salmo
clarki eclarki, Richardson, in California. Cali-
fornia Fish and Game, vol. 40, no. 8, p. 829-335.

DUNBAR, M. J., and H. H. HILDEBRAND.

1952, Contribution to the study of the fishes of
Ungava Bay. Journal of the Fisheries Research
Board of Canada, vol. 9, no. 2, p. 83-128.

DyMOND, J. R., and V, D. VLADYXOV.

1934. The distribution and relationship of the
salmonoid fishes of North America and North Asia.
Proceedings of the Fifth Pacific Science Congress,
vol. 5, p. 3741-3750.

DyyonND, JOHN R{ICHARDSON].

1940, Pacific salmon in the Arctic Ocean. Proceed-
ings of the Sixth Pacific Science Congress, vol, 3.
p. 435.

EVERMANN, BARTON W., and EDMUND L. GOLDSBOEOUGH.

1907. The fishes of Alaska. Bulletin of the U.S8.
Bureau of Fisheries (1908), Document No. 624, vol.
26, p. 219-360.

FisHERIES RESEARCH BOARD OF CANADA,

1959. Annual Report for the fiscal year ended

March 31, 1959, 185 p.
FOERSTER, R. EARLE,

1935. Inter-specific cross-breeding of Pacific salmon.
Transactions of the Royal Society of Canada, sec.
5, vol. 29, p. 21-33.

TFoersTER, R. EARLE, and ANDREW L. PRITCHARD.

1935a. A study of the variation in certain meristic
characters in the genus Oncorhynchus in British
Columbia. Transactions of the Royal Society of
Canada, sec. 5, vol. 29, p. 85-95. .

1935b. The identification of the young of the five
species of Pacific salmon, with notes on the fresh-
water phase of their life history. Report of the
Commissioner of Fisheries, Province of British
Columbia (1934), p. 106-116.

ForLsoM, THEODORE R., and JoEN H. HARLEY.

1957. Comparison of some natural radiatfons re-
ceived by selected organisms. In The effects of
atomic radiation on oceamnography and fisheries.
National Academy of Sciences—National Research
Council, Publication No. 551, p. 28-33.

Fry, F. B, J.

1947. Temperature relations of salmonoids. Pro-
ceedings of the National Committee on Fish Culture,
10th Meeting, Appendix D.

Georer, E, P,

1952, Observation of cosmic rays underground and
their interpretation. In Progress in cosmie rays.
J. C. Wilson, ed. '52 Interscience, North-H_olland
Publishing Co., xviii+4557 p.



268

GBEEN, N.

1881. Hybridizing fish. Transactions of the Ameri-

can Fish Cultural Association, vol. 10, p. 5-9.
HENSHALL, JAMES ALEXANDER.

1907. Culture of the Montana grayling. Report of
the U.S. Commissioner of Fisheries for 1906, Docu-
ment 628, 7 p.

HUNTER, J. G.

19049, Occurrence of hybrid salmwon in the British
Columbia commercial fishery. Fisheries Research
Board of Canada, Pacific Coast Station Progress
Report No. 81, p. 91-92.

KENDALL, WILLIAM CONVERSE,

1914. The fishes of New England. The salmon fam-
ily. Part 1: The trout or charrs. Memoirs, Boston
Society of Natural History. vol. 8 no. 1, p. 1-103.
pls. 1-7.

1919. Concerning the generic name, Cristivomer vs.
Salvelinus, for the Great Lakes trout or naniaycush.
Copeia, No. 74, p. T8-S1.

1935. The fishes of New England. The salmon fam-
ily. Part 2: The salmons. Memoirs, Boston So-
ciety of Natural History. vol. 9, no. 1, 186 p.. pls.
1-11.

LisBY, W. F.

1955. Dosages from natural radioactivity and cosmic

rays. Science, vol. 112, nu. 3138, p. 57-58.
McCriMMoON, HueH R.

1949. Identification of Atlantic salmon and brown
trout based on a comparative morphological study.
Canadian Fish Culturist, vol. 4, no. 5, p. 11-14.

McGREGOR, . A, .

1923. A posgible separation of the river races of
king salmon in ocean-caught fish by means of an-
atomical characters. California Fish and Game,
vol. 9, no. 4, p. 138-150.

MILLER, RICHARD B,

1950. Recognition of trout in Alberta.

Fish Culturist (Mareh), no. 6. p. 23-25.
MiLxe, D. J.

19048. The growth, morphology and relationship of
the species of Pacific salmon and the steelhead
trout. Ph. D. Thesig, McGill University, Depart-
ment of Zoology, Montreal, Canada, 101 p.

MorTON, W. MARKHAM, and ROBERT RUSH MILLER.

1954. Systematic position of the lake trout, Salve-

linus namaycush. Copeia, 1954, no. 2, p. 116-124.
MorTLEY, CHARLES McC.

1934a. The effect of temperature during develop-
ment on the number of scales in the Kamloops trout,
Salmo Eamloops Jordan. Contributions to Canadian
Biology and Fisheries, (n.s.), vol. 8, no. 20, p. 253~
263.

1934b. The origin and relations of the rainbow trout.
Transactions of the American Fisheries Society,
vol. 64, p. 323-327.

1936. A biometrical study of the Kamloops trout of
Kootenay Lake, Salmo kamioops Jordan. Journal
of the Biological Board of Canada, vol. 2, no. 4, p.
359-377.

FISHERY BULLETIN OF THE

Canadian

FISH AND WILDLIFE SERVICE

1937. The number of vertebrae in trout (Salmo).
Journal of the Biological Board of Canada, vol. 3,
no. 2, p. 169-176.

NATIONAL ACADEMY OF
CoOUNCIL.

1956. The bhiological effects of atomic radiation,

Summary Reports, Washington, p. 16.
NraAve, FERRIs. )

1943. Scale pattern and scale counting methods in
relation to certain trout and other salmonids.
Transactions of the Royal Society of Canada, Series
III, sec. §, vol. 37, p. 79-91, figs. 1-2.

1944. Racial characteristies and migratory habits in
Salmo gairdneri. Journal of the Fisheries Research
Board of Canada, vol. 6, no. 3, p. 245-251.

1958. The origin and speciation of Oncorhynchus.
Transactions of the Royal Society of Canada, Series
III, sec. 5, vol. 52, p. 25-39.

NeeEpHAM, PAUL R., and RICHARD GARD.

1959. Rainbow trout in Mexico and California with
notes on the cutthroat series. University of Cali-
fornia, Publications in Zoology, vol. 67, no. 1, p.
1-124,

NeLsoN, EDWARD W,

1887. Field notes on Alaskan fishes. With addi-
tional notes by Tarleton H, Bean. In Report upon
Natural History Collections made in Alaska be-
tween the years 1877 and 1881, by Edward W.
Nelson, edited by Henry W. Henshaw (1887), p.
205322,

NORDEN, CARROLL RAYMOND.

1958. Comparative morphology of certain salmonid
fishes, with particular reference to the grayling
(Thymallus arcticus) and its phylogeny. Ph. D.
Thesis, University of Michigan, University Micro-
films, Inc.,, Ann Arbor,, 214 p,, 17 pl.

PARKER, LEwis P.

1943. Notes on the pyloric caeca of chinook salmon.

Copeia, 1943, no. 3, p. 190-191.
PRITCHARD, ANDREW L.

1945. Counts of gill rakers and pyloric caeca in pink
salmon. Journal of the Fisheries Research Board
of Canada, vol. 6, no. 5, p. 392-398.

REGAN, C. TATE.

1914. Systematic arrangement of the fishes of the
family Salmonidae. Annals and Magazine of
Natural History, vol. 13. no. 8, p. 405108,

Rooseverr, R. B.

1880. Hybrids. Transactions of the American Fish

Cultural Association, no. 9, p. 8-13.
ROUNSEFELL, GEORGE A,

19537. Fecundity of North American Salmonidae.
U.8. Fish and Wildlife Service, Fishery Bulletin
No. 122, vol. 57, p. 451168,

1958. Anadromy in Neorth American Salmonidae.
U.S. Fish and Wildlife Service, Fishery Bulletin
No. 131, vol, 58, p. 171185,

ScorieLD, NORMAN BisHoOP.

1899. List of fizhes obtained in the waters of Arctic
Alaska. In Report on Fur-Seal Investigations
189697, part 3 (1809), p. 493-509.

SCIENCES —NATIONAL RESEARCH



NORTH AMERICAN SALMONIDAE . - 269

SEYMOUR, ALLYN.

1959. FEffects of temperature upon the formation of

_vertebrae and fin rays in young chinock salmon.
Transactions of the American Fisheries Society,
vol. 88, no. 1, p. 58-69.

SHAPOVALOV, LEO,

1947. Distinctive characters of the species of ana-
dromous trout and salmon found in California.
California Fish and Game, vol. 33, no. 3, p. 185-190.

S1mioN, JAMES R.

1946, Wyoming fishes. Wyoming Game and Fish

Department Bulletin No. 4, p. 1-129.
S NEDECOR, GEORGE W.

1956. Statistical methods. Iowa State College Press,

Ames, 534 p.
SNYDER, JoBN O.
1931. Salmon of the Klamath River, California.

California Department of Fish and Game, Fishery

Bulletin No. 34, p. 1-130.

1940. The trouts of California. California Fish and

Game, vol. 26, no. 2, p. 96-138.
STENTON, J. E.

1950. Artificial hybridization of eastern brook trout
and lake trout. Canadian Fish Culturist, no. 6, p.
20-22,

1952. Additional information on eastern brook trout
X lake trout hybrids. Canadian Fish Culturist, no.

|13, p. 15-21.
SroxEeLL, G. .

1949. The numerical characters of five hybrid trout.
Records of the Canterbury Museum (N.Z.), vol. 5,
p. 200-212.

SVARDSON, GUNNAR.

1945. Chromosome studies on Salmonidae. Fishery
Board of Sweden, Institute of Freshwater Re-
search, Drottningholm, Report No. 23, p. 1-151.

TaAFT, ALAN C.

1938. Pink Salmon in California. California Fish

and Game, vol. 24, no. 2, p. 197-198,
TANING, A, VEDEL. '

1952. Experimental study of meristic characters in
fishes. Biological reviews, Cambridge Philosophi-
cal Soclety, vol. 27, no. 2, p. 169-198.

TCHERNAVIN, V., V.

1939. The origin of salmon. Is its ancestry marine
or freshwater. Salmon and Trout Magazine, vol.
95, p. 120-140.

TowNSEND, LAWRENCE D.

194t Variation in the number of pyloric caeca and
other numerical characters in chinook salmon and
in trout. Copeia, 1944, no. 1, p. 52-54,

VLADYKOV, VApIaf D. .

1954. Taxonomic characters’ of the eastern North
American charrs (Salvelinus and Cristivomer).
Journal of the Fisheries Research Board of Can-
ada, vol. 11, no. 6, p. 904932, :

WILDER, D. G.

1952. A comparative study of anadromous and fresh-
water populations of brook trout (Salvelinus fonti-
nalis (Mitchell)). Journal of the Fisheries Re-
search Board of Canada, vol. 9, no. 4, p. 169-203.

WriGHT, J. E.

©  1955. Chromosome numbers in trout. U.S. Fish and
Wildlife Service, Progressive Fish-Culturist, vol. 17,
no. 4, p. 172-176. '



APPENDIX

The scientific names mentioned in text, tables, or footnotes with their English equivalents are
listed below. The preferred common name is marked with an asterisk.

SALMONIDAE. SALMONS, TROUTS, and CHARRS

Salvelinus, CHARRS

AUPINUS e e o Arctic charr*, alpine charr, red lake charr
aureolug (or alpinug qurcolus) . _____ Golden charr*, Sunapee charr
fontinalis . Eastern charr?*, speckled charr, eastern brook trout
maelme__ . _ . ____ Dolly varden*, dolly varden charr
marstoni (or oquassa marstoni) ________ Red Quebec charr
OqUasSsa . _ o __ PP Blueback charr
Crigtivomer, LAKE TROUTS or LAKE CHARRS
nemaycush___ . ____________________ Lake trout*, lake charr, togue. namaycush
Salmo, SaLMonNs and TroUTS
clarki_o__________ . Cutthroat trout*, entthroat steethead®
clarkilewisio Black-gpotted trout®, Yellowstone trout
clarki plewriticus..__ o __ . _____ Cutthroeat trout*, Colorado River trout
clarkiseleniria.——____________________ Piute trout .
gairdneri_____ . _____ . Rainbow trout*, rainbow steelhead*
guirdneri agna-bonwita________________ Golden trout
gairdneri kamloops__ . _____________. Kamloops trout
gairdners whitehousei_________ . ______ Mountain rainbow
selar—_ __ . __ _ .. Atlantic salmon
salar 8ebago oo oo Landlocked salmon*, ouanichsz, Sebago salinon
trutia. — —-—. Brown trout, sea trout
trutte trutte________________________. Sea trout*, Loch Leven trout

trutte fario_. - i Brown trout

Oncorhynchus, PACIFIC SALMONS

gorbusch@ . Pink salmon¥*, humpback salmmon
keta Chum salmon*, dog salmon
kisuteh e — e o ____ Silver salmon, coho (Alaska), silverside (Columbia River)
Ty 2 Suckeye salmon, red salmon ( Alaska). blueback (Columbia River)
nerka kenmerlyi . _ .. Kokanee*, silver trout ( \Washington), little redfish
tshawytsehe oo ___. King salmon, spring salmon (British Columbia), chinook (Northwest),
tyee
MASON o Masu salmon
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