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AN INVESTIGATION OF GENETIC AND NON-GENETTC VARTATION
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ABSTRACT

The prickly sculpin; Cottus asper, is a polytypic
species characteristically represented by very prickly,
fresh-water spawpniung "inland" forms. and less prickly,
brackish-water spawning ‘‘coastal" forms. Its wide-
spread geographic distribution, pronounced phenotvplc
variability, and the effects of the contrasting environ-
ments in which it occurs are the subject of this
investigation.. A complete nomenclatural history and
synouymy of the species for the period 1836-1936 is
presented. Morphological evidence is interpreted in the
light of field and laboratory studies of the mlgtatlon
and reproductive behaviour,

Differences found in distribution and intensity of
body prickles (modified scales), geographical distribu-
tion, and migratory behaviour, support the contention
that the polytypy of "coastal' and "inland" forms of
Cottus asper has a genetic basis,

Other morphological evidence is equivocal in
support of this interpretation. Differences in fin
ray counts, e.g. pectoral rays, between "coastal' and
"inland" forms are correlated positively with the
presence or absence of salinity in the environment.
However, it is not known whether such differences are
the result of individual modifications induced by the
local environment, or due to long term genetic fixation.

Evidence from studies of closely-related species
supports the interpretation that Cottus asper is poly-
typic species which has become, and is in the process
of becoming, modified into several characteristic geno-
types. Evolution within this "asper species group"
probably occurred in ‘three stages, each correlated with
past geologic history.

During the first stage, perhaps in the Pliocene or

Late Miocene, "'coastal' and "inland" forms were derived
from an ancestral marine cottid. The second stage,
during the Pleistocene, was characterized by fragmenta-
tion of the gene pool of the "inland" form into a series
of geographically isolated populations which have since
evolved into valid-species. The third stage, in Recent
Time since the retreat of the Cordilleran glaciers, has
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occurred primarily within the northern representatives
of the "coastal' form. At least two derivatives can
now be distinguished within the '"coastal' form.
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ABSTRACT

The prickly sculpin, Cottus asper, is a polytypic species characteristi-

~cally represented by very prickly, fresh-water spawning "inland" forms, and
less prickly, brackish-water spawning "coastal" forms. Its widespread geo-
graphic distribution, pronounced phenotypic variability, and the effects of
the contrasting environments in which it occurs are the subject of this in-
vestigation, A complete nomenclatural history and synonymy of the speéiesz
for the period 1836-1936 is presented. Morphological evidence is interpreted
in the light of field and laboratory studies of the migration and reproduc-
tive behavior,

Differences found in distribution and intensity of body prickles
(modified scales), geographical distribution, and migratory behavior, support
the contention that the polytypy of "coastal" and "inland" forms of Cottus
asper has a genetic basis. Other morphological evidence is equivocal in
subport of this interpretation. - Differences in fin ray counts, e.g.,
pectoral rays, between "coastal" and "inland" forms are correiated positively
with the presence or absence of salinity in the environment. However, it is
not known whether such differences are the result of individual modifications
induced by the local environment, or due to long term genetic fixation.

Evidence from studies of closely-related species supports the inter-.. -

pretation that Cottus asper is a-polytypic species which has become, and is

in the process of becoming, modified‘intq\§everal characteristic genotypes,
Bvolﬁtion within thi; ”EEEEEL§?§9i9§ng°“Pﬁ£Pr°bably occurred in three stages,
each correlated with past geologic history.

During the first stage, pgrhap; iﬁ the Pliocene or Late Miocene,
"coastal" and "inland" forms were derived from an ancestral maring cottid,
‘The second stage, during the Pleistocene, was characterized by fragmentation.

of the gene pool of the "inland" form into a series of geographically

isolated populations which have since evolved into valid species., The third
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stage, in Recent Time since the retreat of the Cordilleran glaciers, has
occurred primarily within the northern representatives of the "coastal" form.

At least two derivatives can now be distinguished within the "coastal" form.
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INTRODUCTION

‘The role of the environment versus the role of heredity in determining
the phenotypic variations found among and within natural populations has long
been a problem of central interest to students of evolution,

Because fishes apparently undergo modification by their envircnment,
they have proved to be useful in the study of phenotypic variatioen, For ..
example,rseveral authors have shown that non-genetic morphological or func-..
tional variation in fishes can be caused by maternal care and diet prior to
egg deposition, and t§ the effects of environment during fertilization and
development, and after hatching. In spite of suéh documentation many
systematic studies tacitly assume that differences discovered between inw-.
‘dividuals, or within and/or among series of specimens, are genetic,

In some species, breeding experiments have shown that, under controlled
conditions, the integrity of the parental phenotype is maintained in the Fy
generation, Such results have been interpreted as being genetically deter=-
mined, Except for a few notable examples, there have been no studies on
fishes which have attemptea to correlate the morphological and physiological
evidence and to relate both to the life history of the species concerned,
Such.an approach is attempted‘in;this}investigationo

The prickly sculpin ranges geographically over about 3000 miles of
Pacific North Temperate coastline and inland as far as 300 miles, Structural
modifications correlated with latitudinal changes in temperature Qn}salinity
should, if present, be revealed by morphological analysis. Like the stickle=

back Gasterosteus aculeatus, and the darter Etheostoma (Boleosoma) nigrum,

“the prickly sculpin exists in two modes of morphological variability: one,

a fresh-water spawner, has extensive squamation on certain regions of the . .
~ body; the‘éther, a brackish-water spawner,.has‘litfle or none. Since prickly
sculpin eggs are spawned naturally in environments which are known to vary in

at least one major factor, i.e.,, salinity, and since, under contrasting



environmental circumstances, it shows so many similarities with the stickle=-

back, the prickly sculpin is an excellent subject for variational studies.
Prior to the present study, regional systematic treatmenfs'of this

“widespread species resulted in a preliferation of generic and specific taxa,

-all referable to Cottus asper. A complete pe@eqelatural”hietory and synonymy

of the species for ﬁhe period 1836-1936 is p\resented° Morphological evidence
based on examination of lsbu_specimens from‘lgo coilections throughout the
range of the species is correlated with that from field and laboratory
studies of the migratory and reproductive behavior,

The thesis is presented in two sections corresponding to the morpho- - ..
logical and life history approaches followed in this investigation. A

general discussion considers the morphological and ecological variation with-

in the species and attempts to reconstruct the phylogeny of Cottus asper and
closely-related species,

Literature Review . -

‘Hubbs (lgﬁa)_has listed many reasons why fishee are particularly well-
suited for determination of genetic vs, environuentai responses. He has also
summarized (1926) much of the early work especially in regard to the struc-
tural consequences of.varying developnental rates? ‘Numerous workers have
found that different morphelogical.or~meristicneeries.in fishes are "plastic,"
i,e,, sensitive to environmental"influence hefere egg depoeition, duriné |
fertilization, during development, and afte;ﬁhatchihéo

Tgning (1944) ascribed at least one ihsfenee ef;ease vertebral de-e
formities and. low egg surv1val to an accident befalllng the female trout
.~ before the eggs were removed from her, Hubbs and Stavenhagen (1958) - have
shown that low survival of different egg lots was ceused by carotenoid
def1c1ency in the maternal dlet.; o

Kinne (1962) rev1ewed some of the recent llterature on structural and

functlonal propertles of flsh egg membranes and suggested that the spawnlng



. medium affects the physical properties of the immediate environment of the
embryo and that these induced properties "tend to persist in later different
salinities." On the basis of his own studies, of Cyprinodon macularius, he
interprets such conditioning by the spawning medium, leading to irreversible
functional or structural adjustment in the embryo, as a special case of
imprinting, or "irreversible non-genetic adaptation,"

© Battle (1929); Mottley (1934); Téning (1944); Gabriel (1944); Heuts .
(1949); Lindsey (1954);. and Seyﬁbﬁr (1959), have demonstrated the effects of '
environr;lental influences, especially temperature, during different develop=-
mental stages prior to hatching.

Strawn (1961) fdund that the diet of newly-hatched larvae can affect
the morphddégy, Lindsey (1954) found that certain meristic characters are. -
~ thermolabile up to .20 days after hatching,
iaglef and Bailey (1947) studied the inheritance of differentiél mor=

phological characters in two subspecies of Etheostoma (Boleosoma) nigrum, a

‘darter, The main differences between the subspecies lie in the extent of
the squamation on the nape, cheek,aand bygast, one being.typically naked or
with few scales, and the other being well, if not fully, scaled. Lagler and
Bailey found that the. F generéfi&ﬁ of each subspec1es, when reared and
hatched under uniform environmental. condltlons in the laboratory, maintained
the integrity of the parental phenotype. They concluded that these char- ..

acters were genetically fixed.

After a vast and careful examination of some 9000 individuals, Bertin

(1925) concluded that in populations of the stickleback, Gasterosteus
aculeatus, throughout Europe, most of-the variable characters, especially
the lateral body plates, are direct individual adaptations to environmental
influences, especially temperature,- He described four forms based primarily
on body plate numbefs.

Heuts (1947a), however, showed that, at least in Belgian sticklebacks, -



only two main modes of variability exist, each correlated with definite - -
ecological characteristics, each with differences in breeding habits and
‘distribution. He also showed (1947b) that certain physiological characters
are correlated with morphological ones and he attempted to demonstrate that
natural selection favors different complexes of geﬁes'in the different
ecological niches in which the species occurs. He considers the two types
of sticklebacks to be valid genetic races,

Robins and Miller (1957) have called attention to the fact that because
variation is so marked and haphazard in the sculpins of the genus Cottus,
interpretation of the species limits within the group is frequently difficult,
They consider Cottus to be one of the:.most perplexing groups of North American
freshwater fishes., In qoﬁsidering a character such as pricklesbon the body,
they state that so much variation occurs between populations that its geo-
graphic consistency in one or two forms is difficult to intgrpret. They also
consider that a character such as "armature, like body prickles, may greatly .

assist in the identification of a species at any one locality, but is often

unreliable for relating or distinguishing allopatric forms."

MORPHOLOGICAL ANALYSIS OF PRICKLY SCULPIN POPULATIONS

»HMaterials and Methods

~ Museum Collections. - Specimens examined include those in the following
institutional collections (abbreviations listed are used in the text):
AB  Bureau of Commercial Fisheries, Biological lLaboratory, Auke Bay, Alaska
BC University of British Columbia, Vancouver, Canada
CAS California Academy of Scighces,_San Francisco
NMC National Museum of Canada, Ottawa, Ontario
0SC Oregon State University, Corvallis

SNHM Natural History Museum, Stanford University, Palo Alto, California
(su)



UMMZ University of Michigan Museum of Zoolog&, Ann Arbor
USNM United States National Museum, Washington, D. C.
UwW University of Washington, Seattle
Additional non=-catalogued Brifish Columbia material used in this study
was made available through the personal field collecting of the following

individuals., Abbreviations used are those which preface field collection

numbers:

K- R. J, Krejsa: Little Campbell R,, and miscellaneous others

A- G. F. Hartman, D. W. Wilkie, and C. A. Gill: South Alouette R.
V- v w " "wown " w.onw w n . Vedder R,

SH- " v " R, J, Krejsa, " " " " : Sweltzer Cr.

S- Jo S. Nelson, and P. J. McCaft: Peaée R. drainage.

Material Examined. - A total of 1604 specimens from 190 collections was
utilized in this study. Data for 158 specimens, from 16 collections, was
culled from the published accounts of Snyder (1905, 1908b, and 1913), and
Rutter (1908). Counts and measurements for 63 specimens, from 6 collections,
were taken by Dr, D. E. McAllister of the National Museum of Canada. .The ..
.remaining 1383 specimens were examined byvthe author. |

A list of collectionms, togétﬁer with pertinent data, is presented in
Appendix Table 1.

Counts and Measurements, - Measurements were taken to within 0.1 mmlusing
break-arm dividers with one flat point and one needle point, in accordance
with the methods of Hubbs and_Lagler (1958),

Counts for median fins and pelvic fins follow the methods outlined by
Robins and Miller (1957)., Other counts were taken as follows.

Pectoral Fin Rays: Counts from both the right and left side were

summed by population and then divided.by the total number of fins, Pectoral

fin asymmetry in Cottus asper was investigated to ascertain the incidence of

occurrence, the direction, and the amount of asymmetry in this species, and
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to determine whether individual populations, population aggregates, or geo-
graphical regions could be characterized by these criteria.

Distribution of Prickles on the Body: The areal distribution of body

prickles is defined as the area of skin surface covered, or formerly covered,
by prickles. It was recorded as follows, A superficial median incision was

made through the dorsum and venter of a single adult specimgn of Cottus asper,

80 mm in standard length (S.L.). A transverse incision was made ventrolater-
‘ally from the median supratemporal pore to a point medial and posterior to
the pelvic fin base., The skin was then peeled off the left side of the body
as far posterior as the hypural fold where it was excised,

It was then placed flat on a sheet of papér and a tracing made around .-
the perimefer, The resulting.blank outline tracing was then subdivided into
14 lettered sections based on morpholegical landmarks. The subdivided out=-
line of the original skin hereinafter.referred to as the "skin map," was
stenciled onto sample work sheets on which all counts and measurements were
recorded (Fig. 1B). |

To estimate the areal distnibufigﬁ of pfickles. a specimen is examineg
under the binocular dissecting micrqscope and the perimeter of the Priék;y
area on the left side is outlined by scratching the mucous layer with a ...
sharp needle point, This "apparent" outline is copied onto the work sheet
skin map with colored ink. The mucus is then scraped from the entire left.
- side with the aid of a syringe-needle: jet of compressed air, exposing those
partially-resorbed §rickles which do not project through the mucous layer.

As will be discussed later, some prickles in Cottus asper are completely .-

resorbed during maturation. Therefore, further treatment is necessary to
expose the extent of the prickling in its-entirety, i.e,, the "virtual" . .
prickling. Vigorous rubbing or massaging of the skin with the air needle
will expose the areas formerly covered by prickles. This technique pre=-.

sumably causes the breakdown of the sub-epidermal chrowatophores. The
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Figure 1,--"Skin Map" Used for Recording Distribution and Intensity of
Prickling in Cottus asper, '
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melanin granules thus released begqmev _a‘gg‘r_egatved in the empty de_fma‘l priékie
pockets and the areas of resorptién bécome visible. Thus resgprectgdt the
~original or "virtual" areal distribution of prickling can beffégééaédiip}ihk |
of another color over -the "apparent" prickling distribution alreadj recorded
.on the skin map (Fig. 2).

- Since each of the 14 lettered sections of the skin map repreéehts a
fraction of the total body surface on thg left side of the animal, a polar
blanimeter was used to determine-the total area occupied By eacﬁ'éeétion:-ﬁ
Sectiqnal areas were then converted into a set of fracticnal conétants,Léachvf
representing a percentage of the total area of the skin hap. The?e;constanté
were used in calculations of the absolute prickling in each section, |

 For statistical treatment, the total areal distribﬁtion of prickles was
tabulated as follow#? A copy of the skin map was permanently printed onto a
piece of transparent élastic. On this overléy, each of the lettered sections
was further partitioned into subdivisions of 5, 10, aﬁd 25%, The plastic
overlay was matched with the completed skin map on the work sheet and the.
percentage éfe; covered by prickles in each numbered section was visually-
estimated to within 5%, The estimates for each section were thén transcribed
and summed for all specimens in the sample and a mean percentage “apparent"
and mean percentage "virtual" prickling was determined. Multiplication of
each of these sectional mean percentages.by the appropriafe fractional con=
stant (previously determined) resulted in a product which is an estimate of. -
the mean percentage absolute prickling ("virtual" and/or "appérent"} for each
seétion. " -

The sum of all 14 sectional products is an estimate of the mean per-.
centage areal prickling ("virtual" or-"apparent") for the population sample.

Subtraction of the populatibn mean percentage "apparent’ areal prickling

. .from the population mean percentage "virtual" areal prickling results in a

remainder which represents the population mean percentage absoluteﬂ%ﬁ§§tpti§h




— —— 03

APPARENT PRICKLING

VIRTUAL PRICKLING

Figure 2.--Areas of Prickling and Areas of Resorption: A, in Coastal Cottus asper; B. in Inland Cottus asper,




10

for any given sample,
The mean percentage relative resorption in any given population sample

is obtained by the formulas

Mean % relative resorption = 100% - 100(Mean %'"AQparent")
\Mean % "Virtual"

An examination of the condition of the gonads in more than 1000 speci-

mens indicated that Cottus asper usually becomes reproductively mature at a

size of 60 mm S.L. On this basis, treatment of all prickling data was
divided into groups of specimens smaller than, or equal to and larger than,

60 mm.

Prickling Intensity: The size of prickles in Cottus asper varies
directly with the size of the animal.. However, the intensity, i.e., the
number per unit area, does not appear to be a direct function of size. It
varies among individuals of all sizes and even on different sections of the
same individual; Beeeese of the impracticality of recording absolute prickle
numbers for large numbers of specimens, a reie;iveiindex of range 0 theough 5
was establishedau In.this index zero indiceted-eo ;rickling, and five;in-"=
dicated the mosrt-.ix.ltense(pricklingo |

When a.sinéle prickle was found in en'ofherwiee naked area, it ;as
given an arbitfery valueiof 0.5, For statistical purposes, a single isolate
was considered to have an areal distribution which was proportional to the-
lettered body section of the skin map in which lt was found, i.e., U% in
sections ‘'a' and 'b'; 10% in sections 'd', 'e', 'hi, 'k*', and 'n'; and 5.5%
in sections 'lfuand 'm'{i If more than 4 prickles were found in an isolated
patch, an index.value.ofi"l" was a831gned and the areal distribution.was
estimated to the nearestﬁunit percentage; o ”

To determihe the nature of differential mean intensity index values,>
semple counts of prickles were taken from sq. cm. sections of skin adjudged

to have index values of one and five, In rounded numbers, an index value of
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"1" is equivalent to 400 prickles per sq. cm., whereas a‘value 9f’"5" is
equivalent to an estimated 2500 prickles per sq. cm. Mean values were inter-
polated from these counts,

Lateral Line: Previous workers (Robins. and Mil;er, 1857) have con-

sidered the lateral line as incompleté if the number of pored-scales did not
reach the hypural fold. Thebnumber of completely pored lateral line scales. .
varies with size and among populations. Close examination of sculpins re=-
veals that although a specimen may have an "incomplete” lateral line (i,e.,
pored-scale count), unenclésed neuromast hillocks are present and readily
visible, Thus the most reliable measure of serial repetition along the
latgral line, for all size categories: other than young-of-the-year, is a-
count of the complete pored-scales plus the partially, or completely un=-
enclosed neur§mast hillocks which appear sequentially along the trunk and

out onto the caudal fin. .In practice, this count was made only to the
hypural fold and the mean number of-pored-scales plus hillocks was considered
to reﬁresent a "complete" lateral-line count, '"Complete" counts were made/f
for less than one half of the specimens examined in this study and, in mo#k
small specimens, the count was listed only as "incomplete." The number of
collections is few in which all size ranges from juvénile to adult are re=.
presented. The number in which "complete" lateral line counts have been- .
taken is even fewer,

Critique of the Methods of Determining Prickling Distribution and
Intensity. - The method of detebmining distribution proved unreliable on- .
extremely old and/or badly preserved specimens, In some the skin was so
desiccated that massage was impossible without damage to the specimen. 1In
others, .all the pigment had been bleached after years of preservation and no

amount of massaging would make the empty prickle pockets appear, In such

specimens only the "apparent” prickling distribution was determined and

recorded, Estimates of prickling distribution on badly preserved or
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desiccated specimens were not used in compiling popuiation'meané. 

Tiny prickles in periphera;_gpea; of immature sbecimens, and partially
resorbed prickles on heavily pigmented mature spgcihens were difficult to
see, eveﬁ with the aid of the microscope. Therefore the estimétes of
"apparent" prickling both in mature and imméture specimens are less than the
"virtual" prickling in immature specimens. The accuracy 6f.the visu#l_
estimate in peripheral areas was checked against aliiapihostéined épecimens,
and was found to be within -10% on specimens >‘60mﬁm,_andiwithin +5% in
specimens < 60 mm,

most Cottus asper ;Ftainvreppoductiveﬁmaturity,_not.a;; spawn at that size,

Some populations, e.g., from Queen Charlotte Is,, are known to have females
which spawn at a size of only 42 mm, S,L.; while in other populations, a few
females do not spawn until a size of 70 mm is attained. The discrepancy-in.
Table I between the mean percentage "virtual" prickling and the s;ightly;r
lower (from 2-7%) "apparent" prickling in fishes < 60 mm is attributed to.-:
this cause,

Another discrepanc& in the data reported in Table I is that mean dif-
ferences of from 4 to 10% occur between the "virtual® prickling percentages
in specimens < 60 mm, and those > 60 mm from the same pobulafion. These
differences are attributed to the inability to "resurrect" all the prickle
pockets completely.

Statistical Methods. - Most of  the raw data,hasAbeen convérted to means
or percentages. Obvious differences were not tested. When a comparison of
means was thought necessary; the -two most divergent values were examined: .
first. If no significant differences were revealed, the less divergent
means were not tested, Thé single=classification :):2 test, or the Student.

t-test, was used at the 5% critical level to determine accepta@ce or rejec-

tion of an hypothesis of equal means. Graphical presentation of cgrtain
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meristic characters is according to the format of Hubbs and Hubbs (1953).

ngonxmz

It has been almost 130 years since Cottus asper was first described by

Sip J9hg_Rieher¢eon. Early revisionary work by Girard in 1851 and 1852 was
incomplete because.of lack of epecimens. Recent regional works (quids and
Miller, 1957; McAllister, 19573 McAllister and Lindsey, 1959; and Bond, 1963)
have included the species as part of ebgepgraphical area or river drainage.-
system, but there has never been a comprehensive treatment of the_speciesmm
throughout its entire range. In- the period 1836-1936, 38 repe;ts of Cottus
asper were cited in the»literaturegv In the same period, 32 addifional.cite-a
. tions occurred which were either miSi&entifications or synonyms properlyi

feferable to Cottus-asper.v In none of the systematxc treatments publlshed

since the orlglnal descrlptlon in 1836 has there been a synonymy contalning
more than 7 c1tatlons. McAlllster (1957) llsted 15 cltatzons in his un-.. - -
publzshed M.A, the51s. |

The present synon&ﬁﬁz.consxstlng of 70 c1tatlons publlshed during the
period 1836 to 1936, is thought to be;complete.. Slnce 1936, the specxes has
been cited in numerous fishery journals andieuﬂllcatlons. Therefore, only_
.the major systemai_:ic, or otherwise noteworthy, citatiens occurring in the

past 29 years have been recorded°

Cottus asper R:.chardson° 1836

Cottus_asper, = Rlchardson, 18363295, pl. 95 Flg. l (original descrlptlon

and figure;'Columbla R.;kqollected by Dr,  Gairdner (probably neap
Fort,Vanceuverg Washington Territon)). Storer, 1846a:260, and -
1846b:8 (ﬁorfhwes{ern coast of N, America). :Girard, 1850:u09,iaee
1851a:189 (discusses propriety of present'nomehclature)o Eigenmahn;
_1895E118 (abundant in Fraser system from tidewater to 1900 feef;
Mission, Sicamous, Kamloops, end Griffin L.: Bri@ish.Columbie; and

Umatilla, Oregon). Seale, 1896:854 (Lake Washington)., Gilbert and

1
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Evermann, 1895:201 (description; comparison to Sacramento R. form;
Walla Walla R, at Wallula, and Lake Washingt;n,.Washipgton).
Gilbert, 1896:418 (description; stream entering Departure Bay,
Vancouver Island). Jordan and Evermann, 1896:439 (synonymy; streams
of the Cascade Range, from Vancouver Island to Oregon), Gilbert,
1898:1 (Coiumbia R.; notes absence in Klamath R,), Jordan and
Evermann, 1898:1944 (description; synonymy; Walla Walla; Departufq
Bay; about Port Townsend; streams of the Cascade Range, from
Vancouver Island to Oregon). mﬁvermann and Meek, 1898:83 (Lake
Washington). Meek, 1899:231 (Lake Southerland, Olympic Pen., Wash-

ington). Snyder, 1905:337 (description; affinities; habitat pre-

N ference; San Franciscito, Madera, San Antonio, Guadalupe, Coyote,

and Alameda Creeks, all flowing into San Francisco Bay). Evermann
and Goldsborongh; 1907a:306 - (characters; prickling descriptions;-
Deep Bay, Naha R.,, and Steelhead Cr.,, Loring, Alaskaj Hunter Bay,
Yes Bay, and McDonald L., Alaska). Evermann and Goldsborough,
1907b:110 (Fraser R. at Mission, Shuswap L. at Sicamous, Thompson. R,

at Kamloops, and Griffin. L.).; Rutter, 1908:145 (Cottopsis parvus

_.first placed in synonymy with.asper; synonymy, in part, except

Uranidea semiscaber (sic) centropleura Eigenmann and Eigenmann;

~ summary of 9 localities in Sacramento R. system). Sné@er, 1908a:269
(Russian R,, California). Snyder, 1908b:l8k (characters; prickliﬁé
description; summary of 41 localities: from Lake Washington, Columbia
and Sacramento R., and river basins in between). Nichols, 1909:172
(head of Chilkoot L., Alaska). Evermann and Latimer, 1910:138 (4
,loga}ities in Marin Co., and 2 localities in San Francisco Bay,
.’Califomia; 12 localities in Olympic Pen,, Washington). Snyder,

1913:72 (characters; Pajaro R.,, California). Snyder, 1916:381

(Papermill and Walker Creeks, Ccalifornia). Kermode, 1917:20
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(Hanceville, British Columbia (Chilcotin R. drainage)). Jordan,

1919:249 (designates Cottus asper Richardson, as the orthotype of

Cottopsis Girard). Bean and Weed, 1920376 (mouth of Fraser R.).
Hubbs, 1921:7 (re-identification of San Luis Cr., California, speci-
mens misidentified by Jordan as C. gulosus (1895:141); range ex-
tension to Ventura R., California), Crawford, 1927:177 (streams
flowing into Puget Sound). Schultz, 1929:48 (listing only).
Schultz, 1930314 (most streams and lakes of western Washington).
Jordan, Evermann, and Clark, 1930:383 (synonymy; streams of the Cas=
cade Range, southeastern Alaska to Oregon; south to Sacramento R, ).
Kermode, 1931:19 (Cowichan L., Vancouver Island). Evermann and
Clark, 1931:56 (summary of 32 recorded localities-in California),
Schultz and Delacy, 1936agl28 (synonymy; coastal streams from Alaska
to Ventura Co,, California; freshwater and brackish water; review of
most recofds from Puget Sound to Oregon, and addition of 26 more
localities). Schultz and Delacy, 1936b:213 (additional synonymy;

3 new localities), Schultz, 1936:179 (keys to species of Cottus;
coastal streams from Alaska to Ventura Co,, Californiaj freshwafer
and brackish), Dymond, 1936:71 (description; throughout south=
western British Columbia9 including southern Vancouver Island; 16
localities listed). Sumner, 1942:1-25 (common in tidewater areas
along the Oregon coast), Hubbs and Wallis, 19u8:141 (identification
of "Cottus sp." recorded by Dill, 1946:54), Bailey and Dimick,

1949:14 (comparison with Cottus hubbsi), Shapovalov and Dill,

1950:387 (listing only). Wilimovsky, 1954:285 (southeast Alaska to
California)s Robeck, et al, 1954:B-65 (Columbia R, , above Trinidad,
Washingfon; cited as "prickly sculpins Cottus sp.'', these may include

Cottus rhotheus in part.) Lindsey, 19563777 (Pacific Slope of

N. America from Alaska to Californiaj British Columbia mainland from
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Columbia, Fraser, and Skeena systems, Stikine R, headwaters, and
Peace R. (Summit L., Heart L., Angusmac Cr,, and Mcleod L.))%

Robins and Miller, 1957:229 (Cottopsis parvus again removed from

synonymy of C. gulosus ), Lindsey, 1957:657 (Br%tish Columbias
Columbia R.} Fra;e: R.; Skeena R} Coast drainages south of Skeena;
‘Nass R.; Stikine;R.; Peace R.), Wilimovsky.‘1958:62 (key to species
in Alaska; southeast Alaska to Califormia). " Shapevalov, Dill, and
Cordone, i959 (1isting only). Carl, Clemens, and Lindsey, 1959:158
(description; Pacific drainages from Chilkoot L., Alaska to Vénturg
Re, Califérnia° In British-Columbia: lakes and rivers of the
Columbia, Fraser, Dean, Skeena, Nass, and Stikine systems; coastal
rivers'of the mainiand and Vancouver Islénd; and Queen Charlotte:
Islands; headwaferé of Peace R, system froﬁ Summit L,.to McLeod L),
McAllister and Lindsey, -1959:70 (description; synonymy; intra-
specific variation; localities as iﬁ Carl,-Clemens, and Lindsey,‘
1959), McAlliéte;, 1960442:(cqllecfion in'éalt water, Pt, Atkinson,
British Columbia), Bond,-1961:36 (ke& to species in Oregon;
prickling variation; Columbia:R, drainage);"Bond, 1963:79 (synonymy;
life history obserQations; oxygen, temﬁerature, and salinity toief-
ance of adults; fiéh associates; habitat preference; lists 35 new'
collection localities in Coastal Oregon, 30 localities from Columbia
R, drainage in Oregon, and also some lakes in the southwest cormer ..
. of Rainer ﬁationai Park,«Washington).._Bailéy.and Bond, 1963:19 N
(recognition of seQeral species groﬁps‘within Cottus in westerh N,
_Amgrica;‘éharépters and list of}spééiés in tﬁe "asper species

- group").

Centridermichthys asper, - Richardson, 1844:76 (River Oregon = Columbia
"Re)e Giinther, 1860:170 (description; synonymy; fresh waters of the

. Oregon and Waspingfon Territories), Lord, 1866a:130 [life history ;
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spawning behavior, in part; Puget Sound; "streams flowisg through
the Sumass and Chilukweyuk prairies" (Sumas Ro'and Chilliﬁack R,
(?)), British Columbia; in part, all streamsjesst and‘west,of the :'
Cascades]. |

.Cottopsis asper. - Girard, 1851b:303 (introduction of Céttogsis'gena

nov, ; synonymy; limited to River Oregon (= Cblumbia Ro))o Girard,
1851c:185 (not seen)° Girard, 1852:61 (deflnltlon of COttOESlS geno

MoV, based on Richardson's descrlptlon of Cottus’ asper':synonymy,‘ '

~ Columbia R.). Girard, 1859:51 (description; synonymy, based on 8
specimens from Astorla and Fort Dallesa Oregon, and Fort Steilacoom,v
Puget Sound,'Washlpgton;Térrlﬁory), Suckley (in Cooper and Suckley,
1859) 1959:351 (description; synonymy; small fresh water streams.
emptylng into Puget Sound; Ft, Ste11acoom° and Columbza R° 200 miles
above mouth). Suckley, 1860:351 (descrlptlon, synonymy,'small fresh=
water streams emptying into-Puget Sound; Ft. Steilacoom; and'Columbis
R, 200 miles above mouth), Jordan and Jouy, lSéZ:SI(Puget Souna;
.Columbia R,}; Mare Island and Sacramento R., Californis)o

Uranidea aspera., - Jordan and Gilbert, 1883g694 (descriptiong synonymy ;

~streams west of the Sierra Nevada and_CascadevMouhtains)o. Jordan .. -

1885:L10_(subngenus,Cottogsis_and.a.list.of,speciesAtherein)o

-1-..-Tpachidermus»richardsoni,.=.Heckel,,18u03162,(synonymy;‘Cblﬁmbia.Ro). (not

.- -Cottus richardsoni .of Agassiz; 1850),

. ... .Cottopsis .parvus, .- .Girard, .1856b:144. (original .description;.Presidio (on -

-San .Francisco Bay),.California). .. Girard, 1857:11 (déscriptisn;

- Presidio, .and Monterey, California), vGirard,.lSSS;SH‘(deséription;
,,,,,, synonymy;»Monterey,,Presidiq,«Port.Reading,<and Psts:].uma;,California)°

,éqoper;.1868:u92.(listing.only)o .Jordan,.187725;(as.the young of

...... Cottopsis.aspér)o
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_Centridermichthys parvus. - Glinther, 1860:170 (description; synonymy;

_ fresh waters of California). Lord, 1866b:352 (listing; "frequenting

the same localities as..." Centridermichthys asperd.

Uranidea aspera var. parvus. - Jordan and Gilbert, 1883:694

(Sagram@gto R. forms),

- Cottus gulosus parvus, - Jordan and Evermann, 1898:1945, and Jordan,

_ Evermann, and Clark, 1930:383. (Cottopsis parvus: Monterey, Presidio,

Fort Reading, and Petaluma, California).

Uranidea gulosa, in part., - Jordan and Gilbert, 1883:695 (misidentifications:

‘all specimens from "Vancouver's Island" and probably those from
"about Port Townsend," cf. Jordan.and Evefmann. 1898:1944), Kermode,
1909:87 (listing only; probable misidentification: Shawnigan L.,
Vancouver Island),

Cottus gulosus, in part. - Jordan, 1895:14l (misidentification: San Luis Cr.,

~near Avila, California, - cf, Hubbs, 1921:7), Jordan and Evermann,- -

- 1898:1945 (misidentificatibﬂz}all specimens from San Franciscito Cr,,
Santa Clara Co,, Califorhié).‘ Jordan, Evermann, and Clark;, 1930:383
(probable misidentifications: specimens from Loring and Boca de
Quadra, Alaska), Evermann and Clark, 1931:57 (misidentifications:
Presidio, Monterey, Fort Reading, Petaluma, and San Luis Cr.,
California). Evermann and Clark, 1931:12, 13 (misidentificationms:
Monterey, Presidio, Fort Reading, and Petaluma). = Bean and Weed,
1920:76 (qﬁéstionagle identifiéatioﬁ: & specimens from Victorié;:
Vancouver Islaﬁd;Téritish;CQlumbia);bFWilimOQSky, 1954285 (doubts
validity ;f ébuéﬂ;;st Alaska record). o

Centridermichthys gplésus. --Llord, 1866b:352 (listing; "frequenting the

same localities as..." Centridermichthys asper).

_Cottus sp. - Dill, 1946:54:(San Joaquin R. near Friant, California: identi-

fication .as asper by Hubbs énd Wallis, 1948:141),
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Nomenclatural Hisfory

‘Thé‘speqific‘game asper is currently well founded in the genus Cottus,
to which it was originally designated by Richardson in 18360. But, as shown
in the preceding synonymy, the binomen was extremely unstable for the first
.. 100 years after.its intﬁbductiono After an initial period of uncertainty
regarding its affinity to marine or to freshwater Cottoids, three main no-

menclatural difficulties are encountered: the often=-repeated misidentification

as . Cottus gulosus (Girard); the failure to recognize that Cottopsis parvus

~and Cottus asper are conspecific; and the failure to recognize the specific
relationship of asper to other species in the genus Cottus,

~ The almost immediate placement  of asper into Trachidermus by Heckel

 (1840), and then into Centridermichthys by Richardson (1844), reflects the.

- early opinion that asper was more closely allied to the marine Cottoids.:
Gi?ardw(;SSlp;4;852)Hre¢ogni;¢d its.affinities with the freshwater genus
Cottus, but distinguished it from that genus by erecting the genus Cottogsis,
based on the presence of palatine teeth and the "skin beset with prickles,
lipstead"pf being smooth and scaleless," lLacking any specimens, Girard de-
fined Cottopsis on the basis of Richardson's original description but, on

P. 63, he misquoted Richardson eépeciélly in regard to the absence of scales.,
Girard's lack of specimens proved unfortunate since soon thereafter (1856b)

he named and described Cottopsis parvus, from the Presidio (in San Francisco),

California, comparing it not with:C. asper, but with Cottopsis gulosus

Girard, also newly described (1856a),-from the San Joaquin R., California,
In his later report (1859), Girard had 8 specimens of C. asper in his pos="
session, from the Columbia R. and Puget Sound. Obviously he again failed to.

recognize the conspecificity of asper-and parvus and he followed Richardson's

original description rather than compare them with specimens of parwvus,
which he seems to have reserved for comparison with gulosus,

Jordan (1877) referred, in passing, to Cottopsis parvus as the young of
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C. asper, Jordan and Jouy (1882) however, listed specimens of Cottopsis
asper from Mare Island and Sacramento R., California, and _froxﬁ Puget Sound
and the Columbia R, Less than a year later, Jordan and Gilbert (1883)
placed asper into the genus Uranidea DeKay, subgenus Cottopsis, based on the
presence of palatime teeth; and the gill membranes being broadly united to
the isthmus. In the same report,.they refer to the Sacramento R, form of.
U, aspera as "var. parvus, smaller in size, paler in color and with the inter-
orbital space concave, narrower than eye,"

Eigenmann (1895) used the valid name to describe specimens from the.
Fraser and Columbia R., as also did Gilbert and Evermann (1895), who sug-
gested that the nominal species was separable "at least subspecifically from
the Sacramento River form." Seale (1896), and Gilbert (1896), used the
valid name for northern specimens., -But obviously, Jordan (1895), and Jordan
and Evermann (1896), still thought in.terms of a distiﬁct Californiantspecies
(gulosus), and a distinct northern species (asper). Jordan misidentified .
a specimen of asper from San Luis-Cr.-near Avila, California, as gulosus.
Jordan and Evermann listedvthe range of the nominal sbecies from Vancouver--
Island to Oregon, and of éulosusbfffom California Coast Range streams and..

inland in the San Joaquin R, Gilbert (1896) referred to Cottus asper of the

‘Cplumpigwand Cottus gulosus_gfmyhgm§gqp§mentq_as ﬁtwp»;pecigg so extremely

similar that it is difficult to distinguish them." Jordan and Evermann .
-(1898) repeated the suggestion of Gilbert and Evermann that the nominal
species is separable, at least subspecifically, from the Sacramento R. form

"Cottus_éulosuso"

That Jordan: and Evermann perceived neither the conspecific relationship

of parvus to asper, nor thg.iimits of-the valid species Cottus gulosus, be-

comes more fully evident on the héxt page (po 1945) of the 1898 report.

Their description of Cottus gulosus (Girard) is taken from misidentified

.. .specimens of C. asper collected in San Franciscito Cr., Santa Clara Co.,
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California, These were large specimens "3 to 7 inches in length" and, moet
significantly, the count for anal rays is given as "A, 16 to 18," Both of
these characters separate asper from gulosus, Furthermore, they include:w

Cottopsis parvus Girard, from Monterey, the Presidio, Fort Reading, and

Petaluma, California, in the synonymy-of gulosus,

Snyder (1905) collected and correctly identified Cottus asper from the

same locality, San Franciscito Cr. He was probably the only one of his time

to understand and explain the true relationships of asper, parvus, and
gulosus. On p. 337; he states:

"Recent authors have identified the common Sacramento form which .

represents the Cottus asper of the Columbia River with the CottoEszs
~gulosus of Girard. They have sometimes considered the Sacramento
form as identical with C. asper and have placed the name gulosus in the
synonymy of the latter, At: other times they have considered the species
as a slightly differentiated form worthy of recognition in nomenclature,
and have used the name gulosus to designate it., The former view con-
cerning the species is EbeeBiy correct. The association of the name

. losus with it, however, is without warrant. The latter belongs to -

. a spec1es eas1ly dlstlngulshed from C asEers differing notably in

_ hav1ng a much shorter anal fin, There are usually fewer dorsal spines
and rays, a more limited distribution of prickles, and an almost uniform
absence of palatime teeth. In- C. asper the dorsal has 8 to 10 spines
and 19 to 22 articulated rays, the anal 16 to 18 rays, while in C.
gulosus the dorsal has 7 to 9 spines, 17 to 18 rays, the anal 12 “to 14

rays.'

Snyder then continues with a note.on habitat preference:

In its distribution C, aEEer appears to be largely confined to the :
lower courses of the streams, ing especially abundant near tide water,
while C. gulosus 1s found further up9 where the water is clear and the
curren;’rapld o

Rutter (1908) correctly placed Cottopsis parvus into the synanymy of

Cottus asper, presumably recognizing that the two were conspecific. However,

he incorrectly synonymized Uranidea semiscabra centropleura Eigenmann and .

~Eigenmann, which is properly referable to Cottus gulosus.

Snyder was the first to consider a series of specimens of the nominal
species throughout its entire range, as then known, and, in the same issue
of the Bull, Bur, Fisheriés in which Rutter had correctly synonymiied parvus,

he noted the extreme variation of prickling investment., While recognizing
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the variation between streams, he also noted that the prickling variation is
~common among individuals from the same stream,

Although explicitly aware of Snyder's comments on asper and gulosus,

Evermann and Goldsborough (1907d)identified 16 specimens of gulosus from..

Lgripg_and.BocaAde Quadra, Alaska.. :The reliability of these identifications *

is questionable. Kermode's listing (1909) of Uranidea gulosa qum_ghawnigan.
L., Vancouver Island, is probably a misidentification of C. asper.

Snyder (1913; 1916) again recorded the occurrence of C. asper and
gulosus in differing habitats of the same stream, Hubbs (1921) recognized
Jordan's earlier misidentification.of gulosus from Sam Luis Cr., California.

- He also commented on the variability of prickling in C. asper from several
streams.
It would seem that with the accession of Snyder's -insight into the
problem, the valid name was destined for stability. However, Jordan,
Evermann, and Clark (1930) repeatéd-the earlier error of Jordan and Evermann

(1898) by including Cottopsis parvus as a synonym of Cottus gulosus, In a

similar manner, they also incorporated the error of Evermann and Goldsborough
(190'15)‘;,_previdu‘sly cited; by including the misidentified specimens of asper
from Loring and Boca de Quadra, Alaska in the list of records for gulosus, -
In the same work, Jordan and Evermann-extended the range of asper (cited in
1898 as "streams of the Cascade‘Range; from Vancouver Island to Oregon") by ..

appending the phrase "south to Sacramento River," Evermann and Clark (1931)

also retained éottqpsis.ggpvus in the:synonymy of C. gulosus and perpetuated
 Jordan's misidentification of the-San Luis Cr. gulosus, which Hubbs had
correctly re-identified as asper ten years before (1921). s
‘Schultz and Delacy’s catalogue (1936) included a comprehensive listing-
of Washington and Oregon localities for C, asper. However, some of the ..

localities are doubtful since they frequently misidentified C. asper as

. gulosus_gpg/qg Eefglexus,mmTyey>a;sq incorrectly mgintained the presence of
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C. gulosus in Alaska.
Robins and Miller (1957) presumably overlooked the earlier citation of

Rutter (1908) and removed. Cottopsis parvus from the synonymy of gulosus, - -

placing it in synonymy with asper, supposedly for the first time,

McAllister and Lindsey (1959) first suggested the probable existence of

'coastal" and "non=-coastal" populations of Cottus asper on the basis of mor-

' phologlcal and, perhaps, behav1oral dlffevenceso

Bond (1961) hinted at the pos31b111ty of . polytypy in Cottus asper when

~he stated in his key that the body is '"well covered with prickles, especially
in inland waters and in young individuals from coastal waters, Bond (1963).

gives the most comprehensive treatment yet recorded for Cottus asper and 12

other species in the genus. His-stud&9 however, is more concerned with - -
intepspecific rather than intrasbeg_if_ic relationships within the genus,
Bailey and Bond (1963) have indicated their concern for the supraspecific: -
relationships within the genus Cottus:by their recognition of several species
groups, one of which is the "asper species group.”

Distribution

Range, - Pacific Slope Drainage of North America: Coastal streams from
Seward, Alaska, to Ventura Rog.California; lakes and streams of the Queen ..
Charlotte Islands and Vancouver Island; and all major Pacific drainages from
the headwaters of the Stikine R, in British Columbia, to the Kern R., San
Joaquin R. drainage, California,.:--The-following are exceptions: Fraser R..in
the area of‘the Rocky Mountain Trench, east of Prince George, British Columbia
(area not yet collected); Kootenay Lake drainage of the Columbia R, in British

Columbia; Upper Snake R. of the Columbia R. drainage in Washington and Oregon;

Middle Fork of the Willamette R, in'Oregon, above Oakridge; Klamath R, Basin
in Oregon; and Sacramento R, dralnages above Lake Shasta, California, Arctig'
Slope Drainage of North Amerlcaa Headwaters of the Peace R, in British

Columbia¢ from Summit L. to McLeod L., Crooked R, drainage; from Tacheeda L.,



s 24

Parsnip R, drainage; from Tchentlo L.; Nation R, drainage.

The present distributional range of Cottus asper is illustrated in

Fig. 3.

‘Results: Analysis of Geographic Variation

~ Prickling Distribution. - As previously defined (p. %), the "virtual"
prickling represents the sum of two.component percentages, i.e., thé “appa-
rent" prickling and the resorbeéd prickling. Fig. 4 illustrates graphically
that mature specimens from populations of C. asper from coastal localities
~are considerably less prickled, bothnappérently and virtually, than inland
localities. Howéver-D most inland-populations from the Peace, Nass, Stikine,
and parts of the Skeena R, drainage systems are coastal in their prickling.
affinities. Hereafter, these populations will be referred to as "coastal
derivative," Likewise, certain populations from lakes on Vancouver Id., and
‘the Queen Charlotte Islands (Q.C.I.) are also coastal in their prickling. .
affinities, Fig, 4 also indicates. that the population from Carquingz
Strait,/at the mouth of the Sacramento R, in San Pable Bay, California, has
a mean "virtual" prickling percentage- greater than that of any coastal popu-
lation, and lower than all but one of.the inland populations, For comparative
purposes, the Carquinez Strait population will hereafter be referred to as
- the "intergrade" population.

Table I summarizes the mean percentage areal prickling and resorption
for all populations grouped into aggregates according to locality and. ”
prickling affinity.

If the data for specimens under 60 mm S.L, are considered ;eparatelyD
there is a significant difference in mean percentage prickling, both
"apparent" and "virtual," between-the- coastal and inland populations, Ex-
pressed in terms of a ratio between coastal-inland populations, a ratio of
"apparent" prickling 1 : 1.8, and "virtual” prickling 1 : 1,5, is obtainé_do

The aggregate means for the "coastal derivative" populations are essentially



25

COTTUS ASPER

PRESENT
DISTRIBUTION

Figure 3.--Distributional Range of Cottus asper.,




26

POPULATION MEAN % PRICKLING

z
=]
s
a.
/4
[=]
(2]
w
[+ 4
ES

% APPARENT

% VIRTUAL
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TABLE I, Mean Percentage Prickling and Resorption Among Aggregate Populations of Cottus asper.
Aggregate Population Specimens <60 mm S.L. Specimens >60 mm S,L.
. ] % Resorption
Designation Virtual Apparent Virtual Apparent ([Relative [ Absolute
1 %
Coastal 43,5 (9) 36,0 (12) 35,0 (16) | 17.8 (19) 48,9 17.2
2
Coastal Derivative u4,8 (6) 41.8 ( 6) 34,7 ( 6) | 24,2 ( 6) 32.0 10.5
Intergrade’ 60,1 (1) 57,1 ( 1) 52,9 ( 1) | 35,6 ( 1)| 32.8 17,3
Inland® 67.2 (16) 65.3 (18) 63,2 (18) | 53,2 (19) 16,1 10,0

Le

* Brackets enclose numbers of population means in determination of aggregate mean percentages,
l Populatlons 1-31, listed in Appendlx Table 1 |

2 Populatxons 32-43, listed in Appendix Table 1 -

3 Population 73, listed in Appendix Table 1

4 Populations u4-72, listed in Appendix Table 1
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the same as those for the coastal, and they differ significantly from the
aggregate means for the inland populatic-m»s. The mean for' the intergrade
population liés closer to the inland aggregate.

When specimens larger than 60 mm S.L. are considered, fhe same magnitude
.of difference is noted between the coastal and inland "virtual" percentages,
i.es) a ratié'of 13 1.8, but the "appafent" prickling percentages are even
more divergent, having a ratio of 1 : 3. Since the "virtual" ratio remains
constant, the divergent "apparent" ratios indicate a differenfial percentage
resorption between mature speciﬁéns,ffom coastal and inland populations.

This differential is further suggested by the inverse relationship which
exists between the mean percentage "apparent" prickling and the mean per-
centage relative resorptiori° It indicates that in céastal populations a
greater percentage of the "virtual" prickling area is being reéorbed than in
inland populations. The reality of this differential resorption is shown iﬁ
the figures for mean percentage absolutg‘resorption which indicate that, in
coastai forms, resorption éccurs over almost twice as much area as in inland
forms. The differential can be expressed in terms of a codstal=-inland ratio,
il.eey 1.7 @ 1,

Prickling and resorption percentages on which Table I is based are given
for all populations in Appendix Table 2,

Population analysis of the non-weighted mean percentage "virtual"
prickling in each of the 14 body sections, of specimens >60 mm S.L., in-
dicates thatlin doastal ;nd "coastal derivative'populations, body sections ...
"a', 'k', '1', and 'n' are completely naked except for the rare occurrence of
an isolated prickle. Similarly, in coastal and "coastal derivative" popu-
lations, only small portions of-sectiéns,'b', 'd', 'e', 'h', and "'m' are
prickled, When compared to the mean percentage "virtual" prickling of inland

populations, all nine of these sections are significantly different. Further-

more, in the remaining five sections ('c', 'f', 'g', 'i', and 'j'), the mean
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percentage '"virtual" prickling is -always higher in the inland populations,
These results corroborate the suggestion, made for the aggregate population
mesns, that the areal distribution ofwgrickling in coastal and inland popu-
lations of C. asper is different,  Data for this analysis are presented in
Appendix Table 3,
Prickling Intensity. - In general, the intensity of prickling, i.e.,
. the number of prickles per unit area, is greater in inland fish than in ..
coastal fish. In coastal populations, where prickles are almost never pre=-
sent in sections ‘a', 'k', 'l', and 'n', no comparison of intensity can be
made. Rarely, however, when an isolated prickle or group of prickles occurs
in one of these'sections,.the intensity is always less than that of the
corresponding section in an inland-population, The same holds true for ...
sections 'b', 'd', ‘e’, 'h', ands’m':r The comparison of intensity must
therefore be made in one of the 'seoj:j.ons in which prickles are always present
on both inland and coastai specinens.« Section 'j' was chosen as represeota-
tive. Table II shows that the mean relative intensity is greater in the
inland populations than in coastai or "eoastal derivatives," Interpolafion
of mean iotensitytyslges given in.Table II‘intoféppioximate number of
prickles per sq.iomgn(cf,iﬁethodsj &ields coqhtS'of;ca, 1325 prickles per
8q. cm. in coastal forms (2.94), and ca. 1820 per sqs cm, in inland forsSASeSGL
. Expressed in termS'of‘differenceS-betWeen coastal<and inland intensities,ia
ratio of 1 &l iS”obteiﬁed. Comparison to.the ratio obtained for area:
prlckllng resorptlon, ; e., 1, 7-. 1, 1nd1cates that even though inland flSh
have more prlckles per unlt area, -more resorptlon (on a prickle for prickle
ba81s) occurs in coastal flSh. Mean relatlvemlntenszty values for 1nd1v1doai

populatlons of Cottus asger are given. in Appendlx Table 4,

Table II also shows that in mean- 1nten31ty of prlckllng, the "coastal
derlvatlve" populatlons aggregate is near the coastal mean whereas the -

"1ntergrade" populatlon is- closest to the lnland mean, If the mean 1ntensxty

i



1  Populations 1-31, listed in Appendix Table 1

- 2. Populations 32-43, .listed in Appendix Table 1
3. Population.73 only, -listed in Appendix Table 1

4 . Populations 44+72, listed.in . Appendix Table 1

TABLE II. Mean .Relative Prickling Intensity for Populations of Cottus asper
Aggregated by.locality.and Prickling Affinity. Skin Section 'j',

: Aggnégdtg Specimens . <60 mm S.L. Specimens 60 mm S,L.
Population Sample Intensity Sample ; Intensity
Désighéfion : Size Mean (Range) | size Mean (Range)

1 L% o %
Coastal 136 (13) - 2,9 (1=5) 235 (18): 2,64 (1-5)
: 2
Coastal .Derivative 103 (11) 2,74 (1-4) 43 ( 7) 2,95 (1-5)
Intergrade 8 (1) 3,75 (3-5) 20 (1) 3.45 (2-4)
Inland © 238 (21) 3.86 (2-5) 265 (19) 4,20. (3-5)
, _

*

Brackets enclose numbers of populations included in aggregate sample.

o€
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values of certain coastal lake forms, i.e., Horme L., Buttle L., Skidegate
L., and Chilkoot L., are considered (Appendix Table 4), they are found to be
slightly lower than the coastal means., These data corroborate the differ-v
ences already shown to exist in mean areal distribution of prickling between
coastal and inland populations. : .. |

Pectoral Fln Asymmetry. - Of 59 populatlons 1nvest;gated for pectoral.
fin asymmetry, 56 had some specimens with asymmetrlcal pectoral fin element
counts, Of 1163 paired counts, from 59 populations, 23.6% (275 pairs) were.
asymmetrical (Table III). ‘This percentage incidence of occurrence is similar
to the percentages reported‘for.§thervcottids by Hubbs and Hubbs (19u45), .

Of the 56 populations of Cottus asper exhibiting asymmetry, 39.(69.6%)

were sinistral, 11 (19,6%) were dextral, and 6 (10,7%) had equal numbers.of
right and left asymmetrical fins:  This apparent direction of asymmetry -

within populations is not statistically significant since the sample sizes

of asymmetrical fins within each population were very small, However, if: .
the asymmetrical fins are grouped according to locality and supposed de-
rivation (based on prickling), or pooled for all populations (Table III,

columns 5 & 6), the overall directionof aéymmetry in Cottus asper is signi-

- 2 .
ficantly sinistral ( X = 2l,56,°<;§~,05, 1 d.f., for the pooled sample), -

While Cottus asper is significantly sinistral in‘the overall direction

.of its asymmetry, the amount of-sinistrality witﬁip populations varies from
0 to 100%, When the populations are grouped according to locality and
supposed derivation (Table IIls col. 5), the amount of sinistrality for 24
coastal populations is 66,7%; for 12 coastal derivative populations, 69.2%;
and for 23 inland populations, 60,8%.- These differences among aggregate
populations are not significant. Additional analysis 'of data on a north-
south basis revealed no significant differences in direction or amount of

asymetry °

Total pectoral fin counts on which Table III is based are given for all



TABLE III. Incidence of Occurrence, Direction,.and Amount of Pectoral Fin Asymmetry

{

Within and Among Aggregated Populations of fbéitus'asper.

.Locality o No. Pairs | Symmetrical - "Asymmetrical | Sinistral | Dextral
”® *R

Coastal 460 367 (79.8). 93 (20.2) | 62 (66.7) | 31 (33.3)

Coastal Derivative| 152 . .| 113 (74.4). | .39 (25.6) .| 27 (69.2) | 12 (30.8)

Inland o 551 . | 408 (74.0). | 143 (26.0) | .87 (60.8) | 56 (39.2)

Pooled Total . 1163 888 (76.4) 275 (23.6) |[176 (64.0) | 99 (36.0)

%

Includes three. coastal island lake populations

%% :
Brackets enclose  aggregate mean .percentages

Ze
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populations in Appendix Table 5.. =
It has been shown for several species of fish that the lowermost

pectoral ray is shorter on the side which has the higher count (Hubbs and-

Hubbs. 19453 Hubbs. 1963). Cottus asper appears to follow this rule, Of

69 specimens, from 17 populatlons having asymmetrlcal pectoral fin counts,
66 had a shorter lowermost ray on the side wlth the higher count, and only

13 had the lowermost rays equal on each s1de.

While Cottus g_per demonstrates a szgnlfxcant sznistrality in the

airectlon of its pectoral £in asymmetry, the amount of this sinistrality
within and among populations cannot be used.to.separate individual popu=-
lations or geographically aggregated groups of populations,

Pectoral Fin Ray Count. - The mean number of pectoral fin rays in-
creases progressively from south to-north in the inland populations (Pigs, 5
& 11)., Coastal populatioss.showwa similarwinerease northward only to about
42-44° N, Latitude where the mean pectoral fin ray counts diverge from the
inland counts and-decrease toward-the-north. Mean counts for the "coastal
derivative" population are found to be equal to or less than inland popu;
lation means, but always higher than those of the coastal means, at the -
same latitudes. The means of certain:coastal island lake and coastal main=-
land lake populations (Buttle, Horne, Skidegate,and Owikeno L., cf.
Appendix Table 1) are almost a full count higher than the means of nearby
stream populations from which they probably were derived. Data from
Carquinez Strait "intergrade" population and two additional populations from
the San Francisco-San Pablo Bayrarea,‘thought to be intergrades, (cf.
Appendix Table 1, population numbers 74 & 76) were compared., At the low
latitudes in which they occur, their mean pectoral rey counts were indis-
tinguishable from either coastal- or-inland means.,

Spiny Dorsal Fin. - The average spine number is clustered about nine

for all coastal populations except:the southernmost Californie populations



60

34

o
58f
56f o ® ®
® &R (&8‘ ?
54t & A A
| O A
O (2]
52} ©) 8®
A A
sot
T Oo @ o M al’aa®
— 48}
ad A
O 46 QA A A
Z <1
o 44} A OO
42} . @@Q
40t (S A
| A _ [
39 A $ A © CoAsTAL
36 q A | © CoasTaL DERIVATIVE
O ® CoastaL LAKE
34} ©) © | A INLAND
| ‘ A INTERGRADE
! I N
16 17

PECTORAL RAYS

- Figure 5.--Mean Pectoral Fin Ray Count by Latitude.




35

~which are slightly lower (Fig. 6). The San Joaquin-Sacramento.R.. inland
. populations have a mean count of eight or slightly higher...This wide diver-
. gence.tends to accentuate a slight, but discernible,. geographic cline for the
inland populations as a whole, The mean counts are‘siightiy higher than nine
in the high latitudes, slightly lower in the mid-latitudes, and much lower in
the low latitudes (cf. Fig. 11). A comparison of the ranges. (Appendix Table
6) indicates high counts of nine to eleven in the north, and low counts of
seven to nine in the south of the distributional range of.the,speciee. : The
intermediate positions of the three "intergrade' populations within the San
Francisco~San Pablo Bay area should be noted. The means of. the "coastal de-
rivative! populations tend to be closer to those of the inland populations,
Soft. Dorsal Fin, = The mean soft=ray number varies considerably with
latitude. Counts are slightly higher than 20 in the high latitudes,-closer
to 21 in the mid-latitudes, and between 19 and 20 in the low latitudes, As
can be seen in Fig., 7, the inland Sacramento and, especially, the San Joaquin
R. populations have considerably lower mean counts than their coastal counter-
parts at the same latitudes., If the soft-ray counts for all inland popu-
lations are summed into aggregates of 2-degrees latitude and plotted according
to the Hubbs-Hubbs format (Fig. 8), the V-shaped geographic cline within the
means and the ranges becomes immediately apparent (cf; Pig, 11). A
Combined Dorsal Fin Elements, = Coﬁbining the spiny and soft do;sai
elements tends to minihize the variatioh in means at the middle of the range,

while accentuating the divergence between coastal and inland populations in

the high, and, espehlally, the low latxtudes (F:.g° 9). The divergence between
the San Joaquln-Sacramento populations and thelr coastal counterparts at the
same latitude is espec;ally enhanced (cf° Flg. ll). The lntermedzate posx-

tion of the 1ntergrade populatxon means and the position of the "coastal de-

rlvatlve" means will be dlscussed later.

Anal Fin. ~ The mean number of anal rays varies around 17 for all
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populations (Fig. 10). There is a tendency for the mean to be slightly -
lower in the northern and southern ends of the distributional range, whereas

in the mid-latitudes the means are clustered about 17. This pattern tends

4 segmented rays. Among more than 1000 specimens examined for this charac-
ter, there were only 20 deviants from-the usual left-right count of u=l, .-
In one specimen both fins, and another specimen, the left fin was missing.
In neither specimen was there any apparent injury, Of the remaining 18,.7 .
deviants (4 daméged) were on the. left-side, and 11 (4 damaged) on the right,
Thus even in the most stable meristic character, rare deviations occur.

A summary of meristic counts for-all populations is given in Appendix
. Table 6, g

Latitudinal Variation in Ranges of Mean Fin Ray Counts. - Figure 1ll.is
derived from each of the Figures:--5,-6, 7, 9, and 10, When the means of
the inland and the coastal populations are enclosed by sets of lines approxi=-
mating the range éf means, a family of curves representing all the meristic
data for all latitudes is generated, Several trends are apparent in
Figure 11:

vl) The curves for inland and coastal population- means, though over- .
lapping in some areas, are widely divergent in others;

2) All curves, except for the spiny dorsal and the inland pectoral
means, demonstrate a characteristic V-shaped pattern with an inflection
occurring at about 42-44° N, Latitude;

3) For pectoral fins, the greatest amount of divergence between
coastal and inland means exists in the higﬁ latitudes, The opposite is true

for the dorsal fin elements; and.

4) In areas where coastal and inland curves are divergent, the means
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for coastal lake and'coastal deniva;iQé'populations always approximate the
inland rather than the coastal curve,’
The interpretation of these curves ;hd.the similarity of their charéén
teristic V-shape to curves generated from laboratory rearipg experiments
under éontrolled temperatures will be considered in the disculss.ion on

meristic variation within Cottus asper (below).

Latéral Line. - The number of lateral liﬁe pored=-scales varies directly
with s ize up to about 60 mm SoLoy the average size at which most Cottus
asper first become reproductively mgture (Table IV). In most specimens
larger than 60 mm,, the pored-scale-count approaches, or equals, the "com=
plete" lateral line count. One obv?ops exception is in a spawning popu=.. ..
lation collected from the estuary of a small stream in Juskatla In%et,

Queen Charlotte Islands, in which ﬁan& of the small specimens 40-49 mm.

S.L. were in spawning condition, Their pored-scale counts approached or..
equalled the mean "complete" lateral line count (Table IV), Another ex-
ception to the generalization is that afforded by specimens from tpe coastal
lake populations found on the British Columbia or Alaska mainlagd. or on the
offshore islands,? Most mature qucimgns are characterized by tﬂeir iow
pored-scale counts (Table IV). ‘bf»#hg coastal lake populations, small
specimens were available only from Skidegate L. All of these were im=

mature and all had low pored-scale counts, but the "complete" counts of

this, and other coastal lake populations, were equivalent to the mean counts
for other coastal and inland populations,

Tentative analysis of mean "complete" latefal line counts indicates
. a tendency toward higher counts in the north. Paucity of counts throughout

the entire range of Cottus asper precludes any further comparisons at this: .

time.

Discussion of Meristic Variation Within Cottus asper

Lindsey (1961; 1962) has revieweq literéture which demonstrates that
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TABLE IV, Lateral Line Pored-Scale Counts by Size Groups for Selected Representative  Populations of C. asper

Population Size ‘ 17 18 19°20°21 22 23 24 25 26 27 28" '29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

~—
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in fishes reared experimentally over a wide range of temperatures, a V=
shaped, or inverted V-shaped, curve is typical for meristic series, es-
pecially vertebrae. Generally, an intermediate temperature produces the
minimum count, but sometimes, a maximum count. Lindsey (1962) states that
the inflection in the curve might not.be discovered if a narrow range of
temperature were used and that demonstration of a V-shaped, rather than a
.simple direct or inverse, relationship between meristic counts and tempera=-
tures sometimes requires rearing at extremes close to the upper or lower
level of temperature tolerance of the species,

Such V-shéped curves have seldom:-been shown to exist in natural fish

. populations, That they exist in Cottus asper, a latitudinally wide-ranging

species, might be interpreted to indicate that, at the ends of its distri=-
butional range, the prickly scu%pin's eggs are subjected to developmental

. temperatures close to the upper 'and lower levels of tolerance. However, we
have elsewhere indicated (p. 53) that the usual spawning rangé for Cottus .-
asper is from 8 to 13° C, . It is\a;s;med,that in all populations spawning
is initiated within this 5° range of temperature which proceeds in somewhat
of a thermal "wave" from south to north in both inland and coastal locali-.
ties (Fig.,YS)° Tﬁis is not to say that they all spawn at the same tempera-
ture within that range. Furthermore, because the monthly rate of‘increase
of ambient temperature is greater in the north (Fig. 12, and Appendix Table
7), the dufation of exposure to any given temperature within the 5° tempera-

ture range may be shorter. Eggs subjected to these conditions would pre-
sumably have a faster development than eggs which developed under relatively

more thermostable conditions such as occur in the south, Low meristic

counts are generally (although not invariably) associated with faster rates
_of development. Based on the iﬁforﬁaiion given above, northern eggs should

produce offspring with low meristic counts, But when plotted against lati-

tude, the mean pectoral fin ray counts of inland Cottus asper populations
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produce a linear curve which is typically clinal, i.e., with more rays in
the high latitudes, fewer in the low latitudes, The coastal populatibn
means demonstrate a V-shaped curve with low counts in the high and low
latitudes, ahd higher counts in the mid latitudes. Such results are enig-

matic,
.Whether a temperature range of only 5° C. is enough to elicit a V-

shaped response has not been experimentally confirmed for Cottus asper, but

Lindsey (1962) obtained such a curve in the mean counts of pectoral fin rays

in the stickleback, Gasterosteus aculeatus, over a developmental range of 15
to 20° C,
It is apparent from Fig. 11 that~sthaped curves are characteristic . .

for the median soft fin ray counts of Cottus asper whereas for the paired

pectoral fins, only the coastal populationg show a V-shaped curve, The in-.
land means appear to be the only exception, at least in the high latitudes.
The.exiétence of such a divergence between coastal and inland means indicates
~that temperature alone is not the,determining factor.

Interpretation of the divergent results between coastal and inland
means is facilitated by an analysis of ﬁzén pectoral fin ray counts for ..
coastal lake and coastal derivative populations. In the former, the mean
.counts do not fall, as would be expected, on the curve for coastal popula-
tions but they are directly in line with, and indistinguishable from, the
higher means of inland populations, In the derivative populations, the
. means are found to be equal to, or slightly less than, the inland means but
always greater than the coastal means:at the same latitude (Fig. 5), This
further suggests that temperaturé alone cannot be the determining factor.

There is only one universal factor which, at any given latitude, varies
be£ween coastal populations and all others., This factor is salinity and/or

the lack of access to it in the spawning population, At least two of the
: - ]

four coastal lake populations are restricted to spawning in fresh water
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because of man-made or natural barriers, i.e., Horne L. and Buttle L. on-
Vancouver Island. Even though the mouth of Skidegate L. on Moresby Island,

QCI, is only about 10 miles from the sea, the population of Cottus asper

from which the meristic data were sampled, is known to spawn in fresh water
inlet streams. The spawning locality of the Owikeno: L., B. C,, population
is unknown., That of the Chilkoot L., Alaska, population is also unknown
but the fin ray counts are typically inland whereas the prickling pattern
is definitely coastal in its affinity. It may therefore be supposed that:-

spawning occurs in fresh water.

It may also be presumed that all the coastal derivative forms now
spawn in fresﬁ water. Therefore, in the high latitudes, increased+mean
pectoral fin ray counts in coastal lake of "coastal derivative" populations,
and in inland populations, is correlated with the lack of salinity in the
environment., |

Any discussion.of the nature of the differences between coastal and all
other populations is a matter of.conjecture with the evidence now at hand..

Two opposing hypothesis can be postulated§

1) The obserw)ed differences reflect environmentally induced changes
of the individual phenotypes within each population; or \

2) The differences have become genetically fixed in the populatiox.lg/
over a long period of time, -

Consideration of these alternatives rests on an interpretation of the
relationship of the coastal lake and'toastal derivative' populations to the
main coastal population. In the areal distribution and intensity of their
prickling, the coastal lake and "coastal derivative" forms show very close

affinity with the coastal populations. Furthermore, because of the glacial

history of the coastal islands on-which they are found, the near-naked forms

.from Buttle L., Horne L., and Skidegate L., can be assumed to have been de-

rived from coastal stream forms which colonized the island after the retreat
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of the Cordilleran ice sheet thch covered the area during the late
Wisconsin Glaciation. The pfobability that they were colonized by inland
forms is remote since the nearest inland forms would presumably have been
found in unglaciated areas of the lower Columbia R, basin (cf, Fig., 20),

In similar manner, the occurrence of the "coastal derivative" popula-
tions only in parts of northern:Britigh Columbia relatively recently ex=,
posed by the retreating glaciers argues that these popul&tions are probably
derived from coastal ancgstors which followed the retreat of the glaciers
northward and then inland. It can be.assumed that they are more recent than
their coastal lake counterparts, and perhaps even more recent than those in-
land forms which followed the retreat of the ice in the Fraser R, drainage .
(cf, final discussion, p. }902.

As was previéusly'stated, the increased mean pectoral fin ray counts:. .
in coastal lake and "coastal derivative" populations is correlated with a -
lack of salinity. One can explain: the phenotypic changes in pectoral fin
ray counts by postulating an environmental inhibition or alteration of the
metabolic pathway usually traversed by the gene which controls the pheno-
typic expression. . The lack of salinity in the envircnment might produce.
such an alteration. But, since not-all of the "coastal derivafivé" means
are equal to those of the inland popuiations, it ;an.also be argﬁed that, .
because of a selective pressure caused by the absenée of salinity in the

environment, the coastal lake populations have become, and the "coastal

.derivative" populations are becoming,;genotypically modified toward the .

means characteristic of .the inland forms of Cottus asper. Such modification

might be envisioned in terms of a mutation in one of the steps in the meta-
bolic pathway of the controlling gene,
. Whatever the cause of the differences, the evidence at hand is not now

sufficient to determine its nature. A definitive experiment regarding the .

nature of the differences would consist of taking the eggs of coastal lake
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or'toastal derivativd' forms and rearing them in brackish water using fresh

water reared eggs as a control. - If the mean fin ray counts of the F, gener-

1
ation were significantly lower than- the control means, the result could be
interpreted as being due tQienvirunmental induction rather than to long

term genetic fixation, Iﬂ either event, the mech;nisms involved in the ;»
actual modification of the'phenotype and/or genotype would still.remain a..-

matter for more refined genetic .experiment.

Summary of Morpholqg}cal Analysis. .

:,l. Cottus asper is found in all.major Pacific Slope drainages from .
Seward, Alaska, to Ventura, California., .On the Artic Slope drainage its.
distribution is limited to the Upper MackKenzie R, drainage only in the

headwaters of the Peace R. in British Columbia.

2. Some of the prickles found in the ékin of Cottus asper are re-
- sorbed during reproductive maturation which occurs at about 60 mm S.L.
.Because of this, all population means were calculated for groups of speci-
mens Jess than or greater than 60 .mm S.L,

3. Estimates. of the percentage of total body surface covered with
prickles are calculated from the formula:

% "virtual" prickling:= % "apparent" prickling + % aréa of

fT LT » resorbed prickiingo

4, Coastal populations of Cottus asper are, "apparently" and

“"vyirtually," less prickled than inland populations. Differences in "appar-

_ent" prickling betweeh coastal and inland:populations are more pronounced

in specimens > 60 mm S.L., i.e.,_a coastal-inland ratio of 1 : 3 exists,
5. Inland populations of C. asper from the headwaters of the Peace,

~ Ness, Stikine, and Skeena R. systems in northern British Columbia, are

coastal in their priékling affinities-and are referred to as "coastal de=

rivative" populations,

6. A population of C, asper from the mouth of the Sacramento R, in
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California is intermediate in its prickling affinities and it is designated
as an "intergrade" population.

7. Asymmetrical pectoral fin element counts were found in 56 of 59
pépulations of C, asper, Of 1163 paired counts, from 59 populations, 23.6%
.were asymmetrical. When the asymmetrical fins from all populations were
pooled, the overall direction of asymmetry was significantly sinistral(6u4%

sinistral, 36% dextral).

8, Differences in amount of sinistrality within and among aggregate.
populations are not significant. No clinal trends are evident.

9, Mean pectoral fin ray counts for all populations are similar in the
low and mid-latitudes. of the distributional range, but are widely divergent
between coastal and inland populations in.the high latitudes,

10, Means of 'coastal derivative'populations are equal to or less than
those of inland population means. but always higher than those of coastal

means at the same latitude.

1ll. Means of coastal lake forms are a full count higher than the means
of coastal stream populations from which they were probably derived. They.
.are indistinguishable.from inland means at thé same latitude,

12, When plotted against latitude, mean fin ray counts produce curves
- which are different for inland and coastal populations.

13, For pectoral fins, the. greatest amount of divergence between in=
land and coastal means exists in.the high latitudes, The opposite is true
for the dorsal fin elements,

14, Except.for the spiny d_orsal‘,and.? the inland pectoral means, all
meristic curves demonstrate a characteristic V-shaped pattern'with the in-
flection occurring at about 42 to 44°:N, Latitude,

15, The pelvic fin almost invariably consists of 1 spiny plus 4 seg-\
mented rays.

16, Counts of the lateral line pored-scales are extremely variable:-

Y
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with size up to about 60 mm S,L. In Céttus‘asper, a "complete" lateral

line count cannot be considered'réliable unless a count is made of the

number of pored-scales plus the number of unenclosed neurcmast hillocks,

STUDIES ON THE LIFE HISTORY OF THE PRICKLY SCULPIN

 Present Knowledge of Spawning Migyation in Cottus asper

... The existence of a seaward spawning migration of prickly sculpins in
coastal streams has beey'suggested?_op implied, for at least 30 years
(Taft, 19343 Pritchard, 1936;>Sqmner?}1953; Shapovalov and Taft, 1954;
Hunter, 1959; and McAllister and Lindsey, 1959). ALthough some of these

authors have observed the presence of reproductively mature Cottus asper

-in the intertidal areas.of coastal streams, none has demonstrated that
intertidal spawning actually occurs.

Populations of Cottus asper occurring in lakes and streams far enough

inlapd.to preclude the possibility of an annual seaward spawning migration
are presumed to spawn in fresh water.- The approximate or exact spawning
sites of some of thése populations have now been determined from the pre-
sence of larvae (Nicola L., B, C.), and egg clusters or gravid females
(Pothole L., near Merritt, B.C.), - Other loqa;ities are close enough to the
sea to imply the existence of a short seaward migration on the part of the

Cottus asper populations living therein, but access to the sea is prevented

by natural or manmade barriers; e.g.,-Buttle L, and Horne L., on Vancouver
Island, B.C. Spawning of prickly_sculpins in these areas is necessarily@”
restricted to fresh water,

still ptheé{localities. frgquegtfd,by.migratory salmonids, are close_

_enough to the sea to imply a seaward migration on the part of Cottus asper,

but it does not occur, For example, the spawning sites of the following,

prickly sculpin populations in the lower Fraser Valley ‘in British Columbia
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are known from capture of gravid‘fish and/or egg masses: South Alduette R.;
Kenworthy Cr. and Chilqua Slough (Soth are inlet streams to Hatzic L.);
Squakum L.; and Cultus L, In addition° spawning fish have been captured in
inlet streams of Skidegateil..; in the Queen Charlotte Islands, along with
migratory juyenile salmonids., The»outlét of Skiqégaveﬂu is only about 13

. miles from the sea. A newly-hatched larva of Cottus asper (?) has been

taken in a plankton net in the Second Narrows region of Owikeno L. (about --
30 miles from the sea), on the coast of central British Columbia. It is
presumed that the parents spawned- in fresh water.

Spawning Period and Temperature Relationships. = Egg clusters were
collected from several localities in-the lower Fraser valley and in the -
Little Campbell R, Gonads were examined in over 1100 of ¥he preserved speci-
mens from all latitudes, These-data indicate that egg deposition begins.in

. the south of the distribution range (low 1atitudé§) in February, and pro-
gresses northward until late July,  Males usually attain full reproductive
maturity about a month before, and.remain in spawning condition for almost. .
a month after, the period of oviposition in females, Gravid females have. .
been found over a 4-week period in Squakum L., and 6 weeks in the Little
Campbell R, Ripe males have been taken over an 8 to 12 week period, re=-

. spectively, in these same localities,

- The earliest date on which a ripe male, in nuptial dress and with flow-
ing sperm, was collected is February.6th, in San Francisco Bay., The earliest
collection of gravid females was}in Waddell Cr., California, on February 2uth,
In the north end of the range, gravid females were taken as late as June 20th

in Petersen Cr., near Juneau, Alaska, and on July 22nd in streams entering

Juskatla Inlet, Queen Charlotte Islands, Gravid females have also been
collected from Middle R., near Takla L., on June 28th, and from Meziadin L.,

Bo.Coy on July 25th.

Field records.and personal observation indicate that natural spawning
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temperature range from 8 to 13° C. Egg rearing experiments at various
temperatures resulted in complete mortality in 18° C,, and less than 50%
survival at 15° C,

The annual mean range of temperatures experienced by.inland populations

of Cottus asper is twice as great as that experienced by coastal populations

.at the same latitude (Appendix Table 7)., The monthly mean temperature range
between northern and southern localities is from 8.8 to 19.5° C, on the
coast, and from 8.6 to 29,6° C, inland (Appendix Table 7), A priori, one..
might expect that inland populations would experience a greater range of ...
developmental temperatures than do.coastal populations. Apparently, how=- ..
ever, they do not. When monthly mean temperatures, representing inland and

coastal localities encompassing the distributional range of Cottus asper,

are plotted against latitude, the mean teﬁperature differences between in=
land and coastal localities during the spawning period are almost negligible
(Fig, 12), In fact, the common. temperature range of 8 to 13° C, (shaded...
bar, Fig. 12) can be followed as-a thermal "wave" progressing from the south
in February, to the north in June.- Approximate spawning times, determined
from examinations of gonadal condition in over a thousand specimens in all .
latitudes, are in general agreement with this south-north progression al-
though the latitudinai range over-which spawning occurs in March, April,.and
May is remarkably consistent (Fig. 12),

Theoretically, inland forms-have a shorter period of exposure to spawn-
ing temperature of 8 to 13° C., than:do coastal forms (Fig., 12). This has
been born out by field data from-the:itwo most frequently collected spawning.
sites, i.e.,, Squakum L., and Little Campbell R,

According to Fig. 12, the inception of spawning in inland streams should
lag behind that of coastal streams-at similar latitudes. This is because-

upstream or inland areas remain; colder for a.longer period than coastal

areas. This is apparently true, in the lower Fraser valley, For example,
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“the following localities are all within 15' of 49° N. Latitude, and gravid
females and/or eggs have been collected from them during the following
dates: March 7th to May 10th in Little Campbell R. (122° 46' W, Long.);
March 25th to April 15th in S, Aléuette R, (122° 35' W, Long.); and April
30th to May 27th in Squakum L, (122° 00' W, long.).

Some of the implicatlons of,these temperature and spawning data have al-
ready been discussede(p° 45), | “

Materials and Methods

To document the supposed occurrence and to determine the success of
.intertidal spawnzng of - prlckly sculpzns in: the coastal streams, the thtle

v

Campbell R, was - chosen as:a study stream. .- In 1960-1961, a series of 18
permanent collectzng sztes (F1g° "14) was sampled atubi-weekly intervals for
a period of one year. and at monthly intervals for an additional six months.
The lower reaches of the r;ver, stations C-l to c-3. vwere also sampled
several times ln late Wlnter and early Sprlng of 1962 and 1963, to obtazn
.live specimens for experlmental studies, B C

A 3 mm mesh woven nylon seine, 3. neters wxde X 2 meters deep, was R
mounted on collapsxble telescoplng alumlnum poles and used for all fleld
collections, Sallnltles ‘were measured thh three sallnlty hydrometers;i~
‘densities: l.OOOsto laOll; l.QlOytOJ1002l;¥and*l;020 to 1,031 sp. gr;uofj
NaCl. - R L

Sampling Localltles and Studz»Streams

. The primary study area was the thtle Campbell R. (Campbell Cro).
which is approxlmately 15 mlles long and euptles 1nto Semiahmoo Bay betaeen
white Rock, Bmtlsh Columbla, and Blaine, Washlngton (inset of Fig, 13)0
The stream dra:nage conszsts of an-area. of approxlmately 28 square mlles.

Collectlon sites are shown in Flg. 14.1 Station;0-1 is located on a:-

" sand-mud flat outs1de the main river channel. Statlon C-0 is located at the

mouth, 1n_the ma:.n»channel--° Station C-l1 is located about 50 yds.1ns1de the
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Figure 13.--Collection lLocalities for Spawning Populations of Cottus asper Used in Life History Studies.
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mouth and Station C-1lA about 75 yds. inside the mouth, Station C=2 is locat-
ed 1/4 mile, and C-3 is 1/3 mile, from the mouth. Fig, 15 shows collection
sites in relation to salinity gradients and elevation,

Stations C-0 through C-9 are all subject to tidal fluctuations in
depth, whereas stations C=0 through C-3 are tidally inundated with mixo=
haline waters., Barnacles (Balanuslspe)_are found at stations C-0 through..
C-3; and permanent beds of the oyster, Crassostrea giggga_are located be-

_tween Stations C-1 and C-1A, and at C-2, Typical fish associates in areas

C-0 through C-3 are.leptocottus armatus and Platichthys stellatus; Oligo-

cottus maculosus and Clinocottus acuticeps are commonly found up to Station

C=2,

Additional live specimens for use in the experimental studies were
collected from the following localities (Fig. 13): Nile Cr. and Big
Qualicum R,, Vancouver Island; South Alduette R.; Kenworthy and Edwards Cr.
~ (Hatzic L;);quuakum L. (Lake Erroch); and Sweltzer Cr. (outlet of Cultus
L.)

Results of Field Studies

The prickly sculpin is distributed primarily in the lower four miles-of
the Little Campbell R. (Fig. 14). From late Pebrpary to early March, the
prickly sculpin undertakes a migration downstream to the estuary., The only
area in the lower four miles of stream in which a suitable spawning sub-
strate (large cdbbies, flat rocks):ogcurs is a stretch about 100 yards long
lying one quarter mile upstream from the mouth (Station C=2, Figs. 14 & 15).
The males, which come into spawning condition earlier in the season than-the
.females, seiec%.nesting sites under large cobbles or flat rocks in areas of
the stream bed with current velocities equal to or less than one cubic foot/
second (at’low tide). It is apparently important that the subsfrate surface
be relatively rough in texture .since the adhesive eggs adhere only tempo- -

rarily to a smooth surface, O0ld automobile exhaust pipes, or muffler tubes,
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are preferred nesting sites when available in the environment (as they are
in the Little Campbell R.). |

Females aggregate upstream (about Station C-3) above' the _main spawning
area and then move individually onto the spawning beds wixere they are
courted by the males both outside.and inside the nest, After fﬁe male
selects a female to occupy his nest, further courtship and pre-spawning
behavior occ;xrs within the nest, The adhesive eggs are laid in a jelly- ..
enclosed cluster on the ceiling of.the spawning chamber. Ovariotomy of
preserved gravid females from throughout the fange of C. asper yielded
counts of 336:ﬁature ova in a 49.5. mm S.L. female to 5,652 mature ova in a
female 119.5 mm S.L. The largest:female examined was 192 mm S,L., but she
was spent. A conservative estimate would be about '10,000 eggs for this
femai‘e. Egg numbers, in masses:collected in the field, varied from 700 to
. 4000, . However, one male may court and successfully mate with as many as 10
different females. As many as 10 egg masses, ’in varying stages of de§e10p9_
ment from newly-fertilized to near—ﬁatching, have been found in the nest of
a single brooding male. An _e'stim‘a_‘t‘egl 25,000-30,000 _e‘ggsl were present in. .
this one nest.

After spawning, the spent fgmalgs leave, or are chased fro_m,} the nels_;%t‘g'
and they again aggregate above the. sPawning areas ahd begin feeding. The.:
males remain in the nests, fanﬂing.; and protecting the eggs, and do not eat
until hatching is completed., Much of the courtship and ,pre-spawning be=-
havior, as well as most of the paternal brooding behavior, has been docu=-..
mented but will.not be reported. here,

Fig. 16 illustrates numbers.and.distribution of Cottus asper young-of=-

. the-year, 12-25 mm S.L., taken in a total of 700 seine hauls. In late
Spring and throughout the Summer, the young-of-the-year are found in great
- numbers around and below the spawning site. The concentration is greatest

around Station C-1A where there is.a bed of fine, pea-size gravel adjacent
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to a large oyster bed,

In mid-Summer, there is a definite upstream migration of the youpg-§f=
the year, In both 1960 and 1961, the increasing abundance of young-of=-the-
year at Stations C-4 and C-5 was .correlated with the decreasing abundance
of specimens in the estuarine areas of the river (Fig. 16).

Fig. 17 illustrates the disjunct distribution of yéarlings, sub=adult,

and adult prickly sculpins in the Little Campbell R, Especially in Spring,

1961, an increased number of Cottus asper were present in the lower reaches
of the river, around the spawning site. Over the 18-month sampling period,

no Cottus asper were captured in. stations upstream of C-22, with three

. exceptions, none was taken in the fast flowing, high gradient area of the.
stream below C-20 and above C-11 (Fig, 15). This area is densely populated

with the coastrange sculpin, Cottus aleuticus,

Newly metamorphosed. young-of-the-year are found in abundance around and

especially below the main spawning beds. Laboratory studies on the behavior

of Cottus asper larvae, dbne in extension of the experimental salinity
tolerance experiments, indicatelthat, at 12° C,, the larvae 5 to 7 mm in
total length begin swimming immediately upon hatching., They remain pelagic,
as lightly—pigmented,.trénsparent,lapvae. for a period of 30 to 35 days.
-before metamorphosing and settling.to the bottom,

Salinity Tolerance in Prickly Sculpin Eggs

Attempts to rear artificially fertilized eggs beyond the critical yolk-
sac resorptiqn stage were unsuccessful. Although a few sculpins were reared
to a point where meristic series and prickling patterns were fixed, sample

sizes were too small to determine whether the salinity of the fertilization

and incubation medium was correlated.with fin ray numbers, or the intensity
and distribution of prickles.

Alternate criteria, based on the percentage hatching success of "ine.
land" and "coastal" eggs in brackish and fresh water, indicated a phenomenon

v
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of non-genetic adaptation on the part of the "inland'eggs. The low hatching
success of "inland" eggs which had been fertilized and incubated in brackish
water could be significantly increased by first fertilizing them in. brackish
water, It was als§ found that acclimation of "inland" parents to brackish
water at least three days prior to fertilization significantly increased the
percentage hatching success of their.eggs over those eggs from[parents which
had been maintained in fresh water.prior to fertilization. Data for these.
egg salinity tolerance éxperiments-is on file in the>Institﬁte of'Fishgries.
Department of Zoology, University oanritiéh Columbia. .
Discussion

This study confirms the existence of a downstreaﬁ spgwning migration. of
the prickly sculpins in.the Little Campbell R, It not only documents the

occurrence of intertidal spawning in Cottus asper, but indicates that this

gpawning is successful,

 Figure 16 shows a lag of abcuf two months in the appearance of young-.
ofetheuyéar C. asper, 12 tov25 mm S.L., after the first recorded spawningfin
~ March, Water temperatures in March are norﬁally from 8 to 10° C, vEggs .
spawned early in March probably have én incubation period several days
longer than the 15-16 day period found to be typical at 12° C. iﬁ the labo-
ratory. The lag shown in Figure 16 is probabiy due to an incubation period-
of three weeks followed by a pelagic.larval stage of 4 to § weeks, Plankton
tows taken during late April in the shallow back-eddies of the stream have

captured a few larvae 9 to 10 mm S.L. (not recorded in Fig, 16).

An upstream migration of adults precedes that of the young=-of-the=year
in late Summer., This isfprobably related to the food habits of the two

.groups and also. to the fact that a later return of the young=of=the=-year

coincides with lower water levels in the stream, when reduced velocity

facilitates easier access upstream.



65

Summary of Life History Studies

1. The study stream, the Little Campbell R., is a small coastal
stream, the lower one half mile of which is subject to tidal inundation of
mixohaline waters,

2. In late Winter and early Spring, the adults and juvenile prickly
sculpins migrate downstream to the.estuarine region of the Little Campbell
R., the only region in the lower four miles in which suitable spawning sub-

strate is available,

3. Males set up nesting sites under large cobbles and rocks and
courtship occurs both outside and within the nest., |

4, Spawning occurs from March throughout early May.

‘5, Newly-hatched larvae begin swimming immediately and remain pelagic
for a period of 30 to 35 days before metamorphosing and settling to the
bottom,

6. In May, metamorphosed young-of-the=-year (approximately 12 mm S,L.)
begin appearing only in those collections taken in the estuarine portion of
the river. They occur in great abundance until September when the numbers
decrease in the estuary and increase in upstream, non-estuarine waters,

7. During the non-migratory phase of its life history, the Cottus -
~ asper population in the Little Campbell R, is distributed disjunctly in the

low gradient, low véiocity, portions of the stream,

DISCUSSION
The purpose of this investiga%ién was to determine which characters

in Cottus asper were genetically determined and which were due to non=

genetic modification. Properly answered, these questions could help the
systematist to a better underst’én'diné of the selective forces that produce

variations within a species. This'::kr{xowledge would, in turn, facilitate a
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more stable classification of taxa.

Morphological Variation Within Cottus asper

... The interpretation of the morphological variation will be considered
in the light of experimental and life history data obtained in this investi-
gation, Table V summarizes several of the variable characteristics for

.aggregate populations of Cottus asper.

Coastal vs. Inland Populations, - The data presented in Tables I and
V, and in Figure 4, reveal consistent differences in prickling patterns
which coincide exactly with the geographic locality of collections, Coastal
fish have less area of the body covered by prickles (ratio l : 1.8), and
less prickles per unit area (ratio 1 : 1l.4) than inland fish, The'existence
and maintenance of such a remarkable discontinuity of characters between
closely related but geographically distinct populations, distributed over a
wide range of latitudes, must b; iﬁt;rpreted as being genetically deter-
mined, Furthermore, these pop;latioﬁs, which can be separated on the basis.
of prickling patterns and geographic distribution, can also be separated by
other characters., For example, consider the migratory behavior.

Weakly-prickled Cottus asper living in coastal streams having open

- access to the sea undertake a downstream migration to the estuarine regions

where they spawn, Densely-prickled Cottus asper living in distant inland ...

streams, where access to the sea is almost impossible, undertake only loga;
migratory movements. But denseiy-ﬁrickled forms living in some inland lakes
andistreams relatively close to the sea, where access to the sea is opén,and
relatively easy, do not migrate seaward, They also undertake only local
movements and spawn within the fresh-water system in which they are found.
These primary differences in behavior patterns correlated with distinct .
prickling patterns further corroborate the contention that coastal and in-.:

land forms of Cottus asper are geneticallY»distincto

The evidence based on meristic counts is equivocals When plotted



TABLE V. Summary of Variable Characteristics .for.Selected.Phenotypes of Cottus aspers

lat Low Latitudes

Phenotype Northern Nerthern . Southern '
Description: COASTAL " | “COASTAL ‘COASTAL ™ | INTERGRADE INLAND
| '| DERIVATIVE LAKE
A - |Streams of | River drainages | Island and Mouth of Sac- All major inland
Distribution: Pacific Coast | north of Fraser | mainland lakes - ramento R, in drainage sys-
) ’ from Alaska "R. drainage in. close to sea in San Pablo and tems on Pacific
to California | British Columbia| British Columbia | San Francisco Slope except
h ' ... | and Alaska Bays drainages north
of Fraser River,
Prickling
Virtual Area: Low Low Lowest neHigher - Highest
|Intensity: Low Low Ilowest ”Higher Hiéhest
% Resorption: High Lower Lower ~ High Lowest
Meristics 0
|Pectoral Ray ‘o Highest —— Highest
High Latitude
Combined Dorsals Highes t — ——— Higl_‘e’- Low

L9



TABLE V (contt®d).

Summary of Variable Characteristics for Selected Phenotypes of Cottus asper.:

Phenotype o _ Northern Northern Southern :

| Description: COASTAL - ..COASTAL, ~ COASTAL INTERGRADE INLAND

' -  DERIVATIVE . LAKE e

Migratory Seaward Local Migra-
Behavior: Migration ? - ? ? tory movement
Natural
Spawning Brackish Presumably Presumably Presumably Fresh
Environment: - - Fresh _Fresh Brackish
Egg Survival "Excellent; Poor; signifi-
in other than' | . as in natural ? ? ? cantly less ex-
natural media: |  medium- - cept if parents

or-eggs pre-
acclimated

89
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against latitude, the means for inland and coastal populations form V-shaped
curves which, though overlapping in certain areas, are widely divergent in
others (Fig. il). For example, the pectoral rays of inland and coastal
populations are similar in the low latitudes but at a point abbut §2-4y°

N. Lat., the coastal means begin to decrease, whereas the inland means con--
tinue to increase, in fin ray numbers, Such divergence in mean counts be-
tween coastal and inland populations can not be explained on the basis of
temperature alone. Salinity in the-spawning environment is the only factor
which, at any given latitude, can be shown to vary directly between inland
and coastal populationms.

Th? nature of the differences between coastal forms and all the popula-
tions probably derived from them,-or between coastal and inlaﬂd forms, is a
matter of conjecture. Phenotypic modifications now shown to exist can, on
the basis of present evidence, be interpreted either as being individual
changes induced by the local environment, or, as having become genetically.
fixed in the populations over long-periods of time. Theoretical arguments
for each interpretation have been presented (ip,ue ), but the final deter-
mination of the underlying nature of existing differences in fin ray counts
awaits the test of successful rearing, under controlled conditions, to a -
stage where fin ray numbers are fixed.

Derivative and Intergrade Populations., - Certain sub-groups of prickly
sculpins have been found which are morphologically distinétive but which - -
have close affinity to either the coastal or inland forms, An analysis of

these populations corroborates the contention that, at least in prickling

pattern and migratory behavidr,upbastal and inland forms of Cottus asper are
genetically discrete. |

Even though the coastal lake aﬁd_"coastal derivative" populations have
prickling patterns similar or.identical to coastal forms, the absolute per-

centage resorption is more like that of the inland forms (Tables I and V),
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This might be expected since presumably they no longer spawn in brackish
water and the osmotic stresses experienced while spawning in fresh water
must be different;  o . .

The pricklingﬂﬁattebn of the southern "infergrade" population (Carquinez
str,,Calif,) is similar to that of the densely prickled inland population
forms from which it may have been derived. The amount of prickling resorp-
tion, however, appnoaches.that of the coasfai percentage, If we assume, as
‘we have above, tﬁat'the pércent;ée fésorption is greater in brackish water .
this would indicate fhat they séawﬂ i; estuarine‘conditions. In their mean
fin ray counts, other popu;atioﬂ;.froh the San Pablo-San Francisco Bay afga
are intermediate between the co&étéi And inland populations, With the in-.
formation now available, it would be difficult to determine whether these.
are true inland derivatives which have colonized the streams of the Bay

region or whether they are intergrades between inland and coastal forms, . -

The Phylogeny of Cottus asper and. Closely-Related Species

~ The prickly sculpin, Cottus asper, is a polytypic species, Figure 18

shows the known‘rangeAof‘vapiousﬁphenotypes‘of Cottus asper, determined in
Fthis»stgdy,»plqtﬁed against the.distribufional ranges of closely-related
species which comprise the "asper species group" proposed by Bailey and Bond
(1963), From a taxonomic viewpéintvséveral interpretations of this polytypy
can be made: : o

1) Cottus asper is a phenotypically variable species within which

can be recognized 4 or 5 races; or

2) Cottus asper represents a species complex comprised of at least

two sibling species, each with one or more derivative subspecies
(or races if the phenotypic differences can be shown to be en-
vironmentally induced).

- 3) Cottus asper represents a polytypic species complex in which a

spectrum of evolutionary grades, from incipient subspecies through



Figure 18,--Known Ranges of Various Phenotypes of Cottus asper Plotted Against the Distributional Ranges of
Closely-Related Species in the "asper species group",

1L
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full species, can be traced.
Evidence presented in this study favors the latter interpretation,
The genus Egzsgg_is_a fresh water derivative of the predominantly
marine family Cottidae. The genus Cottus is most closely related to the

Asiatic marine genus Trachidermus, represented on the Pacific Coast of N,

America by Leptocottus, a c;oselyiéllied genus, Although their interpreta=-
tions of relationships within the genus Cottus were not always accurate, I
concur with the earlier opinion of Jordah and Evermann (1898, p. 1942) that,

of the species of Cottus occupying the Pacific Slope, Cottus asper appears

to. be more closely allied to Trachidermus.

It has been concluded that .differences in prickling patterns and
migratory behavior between the geographically separated coastal and inland'.

populations of Cottus asper‘arefggnetic (p.66 )o The discontinuity in such

conservative characteristics_indicateé that the isolation of the inland
populations from the coastal gene pool has been of longsstanding, perhaps
since the Pliocene or late Miocene. - Evidence to support this speculation:is

based on the geologic history of. the area now occupied by Cottus asper and.

closely-related species. in the "asper.species group" discussed below,
y pe asper; sp

Stage I. - It must be assumed that at sometime in the distant past,

i.e., perhaps Pliocene or earlier, the ancestral form of Cottus asper was

derived from a marine ancestor similar to Trachidermus., After this initial

separation, some of the ancestral Cottus asper penetrated inland and, through

~geological agencies and/or biological-processes, became isolated from the
coastal gene pool. Such an isolation:is represented schematically as Stage I

-in the evolution of Cottus asper- (Fig. 19), The dashed arrows indicate

probable routes of invasion of coastal types inland via either the Columbia -
R, or the Sacramento R. system. -During the Pleistocene, access to the north
was blocked by the Cordilleran ice sheet, lobes of which advanced and re=-

treated several times, The limits shown in Fig. 18 indicates the maximum
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southward extent of ice cover during the late Pleistocene; earlier ad-
vances were somewhat further southward,
Zoogeographically, the disjunct populations of Cottus asper and "asper

)

species group” represented in Fig, 18 are members of one of three great

Pacific Slope fresh water ichthyofaunae, i.e., the Columbia; the Klamath;
and the Sacramento, It is here proposed that at some time or times before
the basins, especially the Klamath, became completely isolated from one
another by alternate periods of floods and desiccation, lava flows, and
mountain building, a continuous exchange of fauna was possible. The geo-
logical evidence of contemporaneous-connections between the (Pleistocene)-
pluvial lake basins is wanting, but the ichthyological evidence calls for
such a connection some time in the past (Hubbs and Miller, 1948). For ex-

ample, the cyprinid genus Ptychocheilus is absent from the Klamath system

_but closely related species are present in the Columbia system to the north,

and in the Sacramento system to the south, The sucker, Catostomus snyderi,

and local representatives of the dace Rhinichthys oqcuﬁbing in the Klamath
basin may be related to the formsain the Columbia and the Sacramento (Hubbs
and Miller, 1948),

Stage II. - The fluctuating regimen of the pluvial lakes in the Great
Basin has been correlated. approximately with the advances and retreats of
the Cordilleran glaciers (Flint, 1957; Hubbs and Miller, 1948), It is here
suggested that during this period of extensive flooding and desiccation, the

‘gene pool of the previously continuous inland population of Cottus asper was

divided up into a series of geographically isolated populations, some in
the Klamath basin, some in the upper Sacramento, and some in the Deschutes

R. drainage of the Columbia. To-the south of Klamath, Cottus gulosus

evolved as a fast water, upstream derivative of inland Cottus asper and

spread southward and out to the Pacific Coast. Among other differences, the

fecundity of gulosus is intermediate between the high egg complement of
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asper and the low complements of non-related species of Cottus (Bond,
1963). Perhaps one of the most intensive selective factors impinging on
the incipient gulosus was that favoring a large egg which would produce a

non-pelagic larva in the fast water environment (Cottus asper has pelagic

larvae).

Cottus pitensis, a disjunct relict form from the upper Sacramento R.

above lake Shasta, and from the upper Pit R, and Goose L. drainage, is
thought to be derived from gulosus (Bailey and Bond, 1963; Bond, 1963).

To the north of Klamath, Cottus perplexus was probably derived from

inland asper as the northern ecotypicacouqterpart of gulosus, in so far as
it also prefers upstream areas and has an intermediate egg complement. By
an unknown connection, perhaps tbrough fhe outlet of Pluvial Fort Rock L.
which contains fossils of possible. faunal relationship with the Klamath
Lakes, Lake Lahontan, Lake Bonneville, and the Columbia River (Hubbs and -
Miller,.1948), Eérglexus_wppkedQitsfway_into the Deschutes R, and down to-
the Columbia R, where it spreadrbofh upstream and downstream (Fig. 20),

Cottus marginatus is probably a relict form of a formerly more widespread

distribution of perplexus (Bond, 1963).

Ecologically variable, and closely related to perplexus, is Cottus

klamathensis, a disjunct relict found in Klamath L., Oregon and Pit R.

California (Gilbert, 1898; Bailey and-Dimick, 1949; Robins and Miller, 1957;
Bailey and Bond, 1963; and Bond, 1963), A Pleistocene connection between
the Klamath, Goose L., and Pit R, :basins has been suggested by Hubbs and

Miller (1948), and Robins and Miller (1957), The fecundity of klamathensis

is as high as in asper, and other characters suggest a close relationship. .

with, and an early derivation from,: the ancestral asper or perplexus, For
example, Gilbert (1898, p. 11) commented on the resorption of body prickles

occurring in klamathensis: '"These. [the prickles of the young] become grad=-

ually absorbed with age, adults being nearly or quite naked." This is the
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first recorded observation on prickling resorption and it had been com-
pletely overlooked by later authors,

The suggestion of Robins and Miller (1957) that Cottus princeps is a

long-standing derivative of asper is probably correct, The relationship is
probably closest to the ancestral.inland asper.
Meristic evidence that the "asper species group" could have been de-

rived from an ancestral inland form of Cottus asper is presented in Table VI,

‘With few exceptions, the ranges of counts for all fin rays for all of the
species fall within the range of counts typical of the present populations

of inland Cottus asper. Such a‘correlation may be interpreted to indicate

that the genotype of the inland asper:has a wide reaction range,
A schematic representii”ig the proposed second stage of the phylogeny of

Cottus asper is presented in Fig. 20,

Additional consideration of. Cottus perplexus and C. gulosus will now:

be given. In its coastal distribution, Cottus perplexus is widespread in-

drainages of Washington and Oregon but does not cross the California border

(Fig. 18). On the other hand, Cottus gulosus is found somewhat north and--

south of San Francisco, but only disjunctly in northern California and parts
.of the Oregon coast., When they occur: in the same stream, perplexus is
generally, though not always, found:in faster water, whereas gulosus occurs

somewhat downstream in slightly ‘slower velocity waters (Bond, 1963), Bond

(personal commnication) has stated that in areas where asper, gulosus, and

perplexus occur in the éa@e stream; :a very ;hiﬁygliéé of allopatry is cut!
However, where upstream migration to the upper portion of streams ha; been
blocked by impassable falls, perplexus is often found above the falls where-
as gulosus is always found below (Bond, 1963). This indicates, perhaps, ..
that in streams where both specié$ aré present, gulosus is the most recent

arrival. Both species have been found to be salt tolerant of at least

24 /00 S, (Bond, 1963), Cottus asper is»tolerant of long periods of



Summary of Meristic Data for Cottus asper

TABLE VI, and Other Species in the "asper species group."
Species D D D +D A P P
P 1 2 1 2 1 2
asper (coastal) 8-10 (11) 19-22 (23) (26) 27-=32 15-18 l4-18 (3) 4
. 4 4 3
marginatus 17=19 -——— 14=16 3 (4)
2 2 2 1 2
EerElexus 7-8 18-20 - 13-16 (13) 1u=15 (16) 4
- 14-16
2 2 2 2
klamathansis . (6) 7-8 18-20 -—— 13=15 l4-16 N
| asper (inland) 7-10 (16) 18=-22 (23) 26=32 15-18 (20)} (13) 14-19 (19) (3) 4
o 2 2 2 ' 2 o 2 2
princeps 6-8 19-23 26-30 15=18 l14-16 4.
1 7-9>°° 16-19° 14-16° (14) 15-16 (17)l
ulosus - - ——- - - -
17-19 13-15 U 1u=16
1 1 12-14° = 1 1
'EitenSis (6) 8-9 1(10) (16) 17-18 (19) ——- klZ) 13-151 (12) 13=15 (16) (3) 4

Superscript Nota
5) Snyder, 1905;

tion:

1) Bailey and Bond, 1963;
6) Snyder, 1913, .All data on asper from this study.

2) Robins and-Miller, 1957;

3) Bond; 1961;- 4) Schultz, 1936,

LL
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immersion in higher salinities, i.e., greater than 31 °/oo S. (personal
observation; and Bond, 1963), The salt tolerance of other "asper complex"
species is unknown. |
Stage III. - By late Pleistocene, most of the speciation within the

inland Cottus asper complex probably had occurred. But another surge of

evolutionary activity was yet to occur, primarily within the coastal popu=-
lation (Fig. 21).

With the final retreat of the-Puget and Juan de Fuca lobes of the
Cordilleran ice sheet (late Vashon Stade) about 13,500 years before present

(Armstrong, et al, 1965), coastal- Cottus asper began to move northward

along the newly exposed coastline of British Columbia., With the more or
less contemporaneous retreat of the Okanagan and Spokane lobes from the:

Columbia R, basin, inland Cottus asper from the lower Columbia advanced

northward into Canada and, perhaps at'that time, colonized the interior

Fraser R. system through meltwater channels then in existence.

Coastal Cottus asper now exists in three phenotypic forms in areas of

the Pacific Slope formerly covered by the Cordilleran ice sheet!
1) The typically prickled;;és;uérine spawning , coastal form with
lower pectoral fin ray éoﬁhfé;
2) a typically prickled, fresh water spawning derivative form with
high pectoral fin ray counts, found far inland in the Stikine,
Nass, Peaée, and §arts of the Skeeﬂ;ﬁﬁ. é£ainages; and
3) a very weakly-prickled, fresh water spawning derivative form with
high pectoral fin ray counts, found in certain mainland and is-
land lakes.
These "coastal derivative" forms.probably followed the recent retreat
of glacial lobes up narrow valleys in:fiorthern British Columbia, These
forms are necessarily the most recent>invaders, arriving, perhaps, even

later than the upper Fraser R; forms of the inland Cottus asper from which
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they are distinct,
Lindsey (1956) presented distributional evidence that the following

primary fresh water species: Catostomus macrocheilus; Mylocheilus caurinum;

Ptychocheilus oregonense; and Richardsonius balteatus; plus Cottus asper, a

_euryhaline species, had penetrated into the Peace R. system from the Skeena

or Fraser R, system. "All are present in the Columbia, Fraser, and Skeena

systems, all are absent from the: Yukon, and all ha;e been taken in the

Mackenzie system only from the upper portion_of the Peace drainage." The

restricted range of these species-in the Peace R. system indicates their .

relatively recent ar?ival, ooy .
The present study indicates that- the Peace R, representatives of

Cottus asper are coastal derivatives which must have penetrated inland via

the Stikine, Nass, or upper Skeena R.,: The inland form of Cottus asper has

apparently failed to penetrate northward beyond the limits of the upper
Fraser R. drainage. The exchange-probably occurred and the connectiocn be-

came closed before the inland Cottus asper arrived on the scene, Evidence

from the distribution of other primary freshwater fishes bears this out.
Several species got only as far north-as the inland asper. For example, the

leopard dace, Rhinichthys falcatus, is a Columbia R, form which has pene-.

trated northward (presumably following the same routes as inland asEer) as
far as Middle River near Takla L.;-about 120 miles northwest of Prince

George, E:C. The bridgelip sucker, Catostomus columbianus, another Columbia

R, form, has been taken in the Salmon-R. system just north of Prince George.
Extensive collecting in the areas north of Prince George indicates that both
species have failed to penetrate into-the Peace or the Skeena R, systems.

The prickly sculpin, Cottus.asper,vié interpreted as being a polytypic

species which has become, and is in. the process of becoming, modified into

several characteristic genotypes, The dichotomy between "inland" and

"coastal" forms is basically-; subspecific in nature. Classification of the
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"asper species group" is beyond the l§mit§of a system of binomial nomen=-
clature. Modifications in some of the earlier derivatives of the inland
form have presumably become genetically fixed, and various authorities have

assigned them full specific rank. More recently derived forms of the

coastal Cottus asper , such as occur in the coastal lakes of British Columbia
and Alaska, or in the British Columbia river drainage systems north of the
Fraser R., are modified sufficiently to pefh;ps warrant classification as -
subspecies, but the genetic natﬁre,of¢the modification has not been deter-
mined. It is not known whether the miarked differences in phenotype of the

. "coastal derivative" &rycoastal lake forms are results of a phenomenon which
occurs in one generation, or over.a.long périod of time, If the changes are
not environmentally induced, then genetic fixdtion can be assumed to have

occurred within the past 10,000 years or less.
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‘Appendix Table 1.,

List

of Collections, Localities, and Other Pertinent Information.

General Locale | Specific
Pop. No, | Collection No, Locality 60 mm S.L, =60 mm S,L., N.Lat, W.Long
COASTAL POPULATIONS
Alaska
1, Seward area: 60°07° 149024°
BC 64=311 "ditch at airport" 1(56,0)
NMC 61-133 "lagoon at north edge of Seward" 9(28,2=38.6)
2, Haines area: S 59923% 135°35°F
USNM 76408 "head of Chllkoot L." 8( 62,9-125.0)
3. Juneau area, Lynn Canal;-Favorite Channelj o s 589227 134°36°
AB-61-100 Petersen- Creek l2 mi, N, of Juneau 2(53,9=59,5) 8( 73,2<119,2)
-AB-61-489 " e . S ' 2(-70,1=.77.8)
: AB 61-490 Mo 8( 78, 0=1u2 1)
4, Lorlng area, ReVLllaglgedo Id°° 55°35' 131°0°
» ~USNM 64130-49 Loring- : l“(ll2 8=166 2)
USNM 60801 Deep: Bay- - 2( 87.5=294,0)
USNM 60371 Mouth of: Rlver 3(115,4=135,0)
USNM 60316 Naha: River - -t 2( 68 9- 76 0)
S, Kasaan Bay, Prince of ‘Wales Id.: 55°00' 132°00°
SU 23989 "Stream-of. Karta Bay 2(111 6= 116 7) 35° 35°
- AB-62-76 Saltery-Cr.; Paul's Blght, Skowl Arm . 11( 83,9-139,0) 25°¢ 30¢
AB:62-77 Saltery Cr., - 2(149,5=154,5)
AB 63-167 Saltery Cro, 100 yds. up from mouth 3( 94,3-112,1)
British Columbia Ce
6. 'Queen Charlotte Is,, Graham Id09 Juskatla Inlet ST el 53°00° 132°00¢
-BC: 60-437 Small“stream about 2 mi, W, of Juskatla 10(28,5-56.6) - 9( 60,2-.90.2) 377 237
BC 60-439 Mouth of stream 3 mi, W, of Juskatla 59(26,4~59,6) 11( 62,2=136,2) 367 25°¢
-BC 60-440 Moy oW 20 om won " : .38(3297-5905) 6( 61,5= 83,3)
7. Queen Charlotte Is., Moresby Ido° : C 53°06° 132°00°
BC 60-420 Creek:-entering Skidegate L, 23(25,0=5%.4) 20( 61,0=132,2)
BC:60~-424 . Shore of Skldegate L, 12(25,3-59,1) 6( 62,3~ 98.5)
8. Princess Royal Id.: . : - 52°57¢% 128°50°
. 'BC:- 53-214 Bloomfield L., N.E, side, Laredo Inlet 2(122,0-123,5)
9, King Id., Ocean Falls:area:: % Lo 52°06° 127°45°
BC 5u-43u™® Port John L. 4(63,1-70,85" 16( 72,4~ 85.77* .
10, Rivers Inlet area: : i B 51°40° 126°40°
BC 56-629 Owikeno L., 2nd Narrows® 10 (none listed)

#Counts taken by D.E. McAllister; #*%Lengths given are Total Lengths.
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Appendix Table 1.

List of Collections, etc, (cont'd),

11.

12;
13,
b,
15.

16,

17.

Oregon
18,

19,
20.

21,

Vancouver Id., Campbell R, area:

BC Su4-114 Buttle L.
BC 64-312 Buttle L.
BC 64-313 Buttle L.
BC 6u4~-314 Upper Campbell L.

Vancouver Id., Qualicum area:
..BC 54-39 Horne L.
Vancouver Id., Qualicum area:

K61-13 Nile Cr,, 100 - paces from mouth
Vancouver Id., South end: '

BC 63-1462 Nitinat L.
Gambier Id., Howe Sound:

BC-58-410 OCutlet Cr., 100 ft, from mouth
White Rock area, Little Campbell R,

K 60-52 Stn, C-22-

K. 60-40 " "

K'60-7l " 1"

K 60-88 " "

K 60-128 " "

K 60-169 . " "

K 60-27 " C-2

K 60_12 1 L1 I

K 63_6 1" "

K 60-80 " c-3

K 60-101 wooom

K 60-116 " N

K 60-139 " "

Saturna Id., Strait of Georgia:
BC 56-81 Lyell Harbor Cr.

o
»

Clatsop Co., Cannon Beach area:
UMMZ- 93427 Mouth of Elk Cr.
Coos Co, , Lakeside, Ten Mile Lake
BC 63-1089 Ten Mile L. outlet wier
Curry Co., Sixes area:
SU 9270 _ Flores R,
Curry Co., Winchuck Area, Winchuck R.:
0SC 198

2 mi, upstream from U.S. Hwy 101

1(42,5)

5(49,4-59,6)
14(39,9-59.5)

17(23,0-59,9)

- 1( 39,5)

33(13.0-58,5)
5(55.,0=58,6)
5(51,6=59,5)
2(57,5-58,5)

10(28,4-39,8)%*

10(21.7-59,4)

3(“442“5503)

6(3603-5009)

1( 106.5)
2( 71.0- 76,0)
2( ca75-117.5)
1( 132.7)

11(108,1-132,0)
17( 61,5- 91,0)
11( 63,0~ 89,2)

16( 60.5-129,3)

2( 8907- 9002)

10( 77.5-107.7)

2( 92.,8-127.5)
3( 93.0-102.4)
2( 80,7-111,0)
2( 80.0- 89,5)
9( 60,6~ 71.8)
3( 64,0~ 88.5)
6( 81.5-118.5)
2( 70.1- 71.6)

9( 60,5~ 97,3)

7( 60,4= 73.3)
9( 63.5- 83,2)

5( 68,4-100,2)

33( 60,3-114,1)

g( 7700‘15“00)

4goy 7!
4go55"
49°20"
49025°"
48ou40"
4g025"

499--
" 049

1" OOV

" 019

ugoug’

45054 ¢
43°35°
42055¢

42°00°

125040"
1250°40"
1240 40"
124040°"
124050
123023

1220--
" uo'

" usl

" 46'

123°10°

123058°
123°10'
124°30°

1249]15°

16



Appendix Table 1,

List of Collections, etc, (cont'd),

California

22, ¥ Del Norte Co,, Crescent City .area:

SU 23598 Point St. Georgs
CAS 18026 Wilson Cr., at bridge 1-05, U,S, 10l
CAS 18028 Smith R., at bridge on U,S., 199

23, Del Norte Co,:
SU- 9272 Mouth of Klamath R.,, at Requa

2i4a, Mendocino Co, ; Navarro area, Navarro R.:
-:CAS 19066 Indian Cr;; bridge on Hwy. 128, Philo
SU 35131-3- N. fork, 0,2 mi. E. of Flynn Cr,
~8U..38016 Albion:Re; 2 mi, below Comptche

25a, Marin Co., Tomales Bay-drain,;-Lagunitas (Papermill) Crs:

. CAS- 18616#4 S.P, Taylor St, Park, at Camp Taylor
- SU: 408u9 Near Point Reyes Station
26, Santa:Cruz Co,, Waddell«Crs3 ' =

CAS 20857 3 mi, S,Ws of Ano Nuevo Point
CAS20862 11 " .,»J‘l‘_. - wo o1 " "

27, Santa Cruz Co.; Soquel area:

: CAS* 19086 Soquel-Cr.,.at  Soquel

-SU--4816 Soquel Cr,

28, San- Luis Obispo Co.; San Simeon area:
Su-15183 San Simeon Cr,

29, Santa Barbara Co., Lompoc &rea:
SU 40323 Santa Ynez R,

30, Santa Barbara Co., Gaviota:
. ‘UMMZ 131728 Gaviota Cr.,:at mouth
31. Ventura Co, . Ventura:. Ry:-
UMMZ 131734 6.4 mi. N.E. of Ventura
UMMZ 132881 1/2 mi, from Foster Park, towards Ventura

1( 62,3)
1( 84,7)
3(31,7-397)
14(33,3-59,8) 16( 62,0-115,0)
1( 63007"- -)
3( 71,6<=106,5)
1(49,6) -
’ 1( 93.0)
.6(22,7=U4,4)
2“( 960 0=lu302)
14( 95,8<143.1)
“1(54,7)
4( 64,9-105,2)
4(22,9-42,5) 2(124,9=127,2)
2( 76,8= 86,3)
15(21.7=47.4)
1(113.5 )
2(119,0=151,1)

41°50°
" 11]

” 5 5 ?
41°34°

39°049°

38°00°

37°06°

369577

$35035°
3uouy’
3402y 7

‘34°10°

124°15"

12y°10°f

123°34°

‘

122°45°¢

122°17°¢

F210s5°

121°12°
120935°

120°15°

119°20°%

(43



_Appendix Table 1,

List of Collections, etc. (cont‘d),

COASTAL DERIVATIVE

POPULATIONS
 British Columbia
.32, Stikine R, drainage:
BC 54-485 Cold Fish Lake
BC 54-485 Cold Fish Lake®
33, Nass R, drainage, Meziadin Lake:
BC 55-221 At outlet
BC 55=221-A At outlet : .-
BC 56-536 Off Mcleod Creek
34, Skeena R. drainage, Babine Lake:
- BC 55-=452 Wright Bay
BC 55453 Opposite Donald‘s Landing
BC 56-=455 At Topley Landing
35, Fraser R, drainage, Takla Lake outlet:
' BC 54-249 Middle R, -
36, Mackenzie R, drainage; Nation-Lakes area:
s - -BCr64=102 TchentlorL;:inlet stream mouth
- BC. 64=101 Tchentlo L. inlet end
37, Mackenzie R, drainage; Manson' Creek area:
BC=564458 Outlet of: Wolverine L,
38, Mackenzie R, drainage, Parsnip R, watershed:
BC=61-=U464 Tacheeda Lake -
39, Mackenzie R,, Crooked: R, watershed:
. BC 54=477 Mcleod:Lake: - =
40, Mackenzie R,, Crooked:R,. watershed: _
S-98 Bear L, N. of Summit L.
41, Mackenzie R.,, Crooked R. watershed:
: BC 61-463 Hart L. off Hart Highway
42, Mackenzie R, , Crooked R. watershed:
BC 56-362 Summit L., N, of Prince George
BC 54459 Summit L., N. of Prince George
43, Dean R. drainage, Chilcotin area:

BC 56-483 Nimpo. L.

o
W

3("‘806“660 7)“— ’rr ‘-

9(15,8=34,4)
6(3“32“5403)

12(27.,4-35,2)

3(41.2=54,7)
3(33,1-47,0)

13(31.0-58,0)

13(34,0-58,5)

15(13,8-23.0)

3(48,5=59,9)

1(25.9 )
11(10,7-50,8)

15(l2°5=3u04)

2(77OT;§2.5)
1(8107 ;éﬂg >

8(81,0-109,1)
5(66,2=8270)
ll(7302= 8702)
1(60,6 )
S(Glole 9609)

u(6505= 8305)

11(65,0-133.3)

2(65.5 -666,2)

4(61,5-142,0)

2(79,5= 80.,1)

56°40°

55°93“

54°50°

540557

55°012°

55°37°
s5u042°

55°00°

540281

54°15°

52020

128°40°

129°10°

126°0-05°

125°05°

+125°00°

1240°25°
122°30°

123°00°

122°47°

122°40°"

125°10°

€6



Appendix Table 1,

List of Collections, etc,

(cont‘d):L

INLAND POPULATIONS

British Columbia

Skeena R. Drainage:

. bh, BC 56-=u411 Lakelse R, , at Terirace 14(40,8=55,9)
L 45, BC 56-#53 Bulkley R., 1 mi. below Bulkley 3(34,4=50,4)
Fraser R., Nechako R, drainage:
46, BC 55-10 Fraser L., 2 mi. from West end 15(16,8=55,6)
47, BC 54<162 Eulatazella L;; Deep Cr, 6(43,5=57, 9)
48, BC 54-367 Nadsilnich Loa St. Joseph's Cr.® 9(53,6=67,0)"
Fraser R,,; Thompson R, drainage: * o
. 49, BC 54-242 Kamlcops L. 10(14,6=25,7)
50, BC 55=139 Pothole L. outlet (Quilchena Cr.) 12(25,3=58,Q)
Fraser R.,, Fraser Valley drainage:
51, K.misc, Squakum La outlet stream 11(35 0=59,0)
" X LA LN 11
.. _" " <R " : " 1(47 6 )
K 62=19 " L L RN (S "
BC 54-197 Squakum- L, '2(33,5-43,0)
BC 54-196 oo ' '
BC:54=195 woooan
52, V=100 Vedder R, Stno V-6, at end of Ford Rd. 15(37 6=58,6)
v_also 1" 1" " . " " " L1} . " .
V=203 woowow v-u Vedder R, Canal"
BC-59-612 Vedder Canal, above highway bridge -
BC 54=43 VedderﬁRc : ' :
BC.54-427 "
BC 59-504 " o -
53. BC 62-70 Cultus L.
K- misc, Cultus L,, outlet wier in Sweltzer CPc
K 63_16 " _ " A | ] . " " " 1
K 63=17 " p". o n}; ES T " " 1"
SW=1 Sweltzer Cr., 1/4 mi, below Cultus L. 13(17,6-51,0)
54, BC 56-56u4 Hatzic L., Hatzic Siough
BC 54-212 " ' Syan Point 6(24,2+32,2)
BC 54-209 noom 1(20.9 ),
BC 56-120 " " Edwards Cr, 13(32,2-50,5)
BC 55-313 " " : " mouth

K misc,

" " ou " 1]

15( 60,5=153,6)
g( 57ol=130¢ 7)

1(56851 )
15( 62,2=105,.5)

10( 60, 0= 88, 7)

7( 73,8=104, 8)
9( 68,4=111,9)
1( 68,8 )
7( 73,9-119,0)

5(103,0-118,5)
3(113.0=143,8)

£13( 61,0=100,1)

1( 97.2 )
2(116,7-129,0)
3(113.,1-148,2)
3(309,5-128,1)
2(106,6=140,0)
1(104,3 )
5( 62,8<105.7)
5( T4,6= 96,5)
3( 72,0= 77,0)
2( T4,2= 94,.3)
2( 70,8=116,0)
4( 64,5=- 70,1)
g( 750“‘=ll2og)
3(104.5-130,2)

1(138.2 )
2( 66,7~ 68,0)

54021°
54028°

54°05°
530427

. 530u5°¢

50045¢
490955

4901y ?

49°06°

ugeoy’?

%49°10°7

128°35°¢
1269307
1249°50°
123%u40°
122°50°

120°40°
120°30°

122°Q0°

122°00°

12105g%

122°147

h6



Appendix Table 1. List of Collections, etc., (cont'd).

55, A-51 S, Alouette R,, Stn, A-8, luth Ave,
A-122 " "mom " A.g, 5th Ave,
A_lsa " 1" n " " " "
A_220 " " " <1 1" L] 1"
K 63-12 " noooom " A-7, 8th Ave.
Columbia R. drainage, Revelstoke area:
56, BC 54-369 Williamson L.
BC-59-424 " "o off diving float
Columbia R, drainage, Grand Forks area:
57, BC 5u4-124 Christina L.
. BC 56-534 " ", 1lmi, from S, end
" Columbia R, , Okanagan R, drainage:-
58, - BC 53-187 Osoyoos L.

‘Washinggon-Oregon
Columbia R. drainage:

59, USNM 104608 Moses L., Grant Co., Wash,
UW 14614 McNary Dam9 Benton Co. g, Washo
Uw 14747 " " "
0SC - misc, Umatilla R, mouth, Umatllla Coao Orea
OSC "n " " "
OS C " 1 " - 1" " "

CAS (I.U.M,u4huy) " " 1"
Columbia R. dramage9 Portland and Vicinity:
61, 0SC misc,

1" 1"

creon Coweman R., at’ mouth wen

nwoon " ", 100 yds., upstream " "
" 1"

n. ou 1"

" , below UsS, 99 bridge "
Washougal R., 1 mi. above mouth "

" 1" 1 "

Sandy R, below old Hwy 30 bridge "
Sandy R.

Abernathy Cr. , at mouth, Cowlitz Co;
Kalama R., 1/4 mi, above mouth " '

lewis R,y E.. fork at U.S, 99, Clark Co,

, below old Hwy 30 bridge "
Vista Slough, Big Rock, Multnomah Co,

Clackamas R,, near mouth, Clackamas Co.

3(30,0-54,2)
13(15,0-59.6)

14(27,8-39.8)

3(3‘46““4256)
11(18,8-34,4)

23(36,3-59,9)
20(18,8~26,6)

1(59,5 )
1(58,9 )

3( 73.5- 82.6)
2( 95.4-103,4)
3(100,4-123,0)
5( 64,5=107.7)
8( 65,5~ 97.0)

13( 86«0‘“12306)

1( 73,3 )

6( 6005“ 790 8)

3( 70.4=161,5)
4( 76,8+100,3)
2(125,4-169.2)

1(149,5 )
3( 93,8-186,0)
1( 62,2 )
2(118,8-119,5)
1(113,5 )
1(105.6 )

3( 88,0-172,0)

4(112,5-164,5)

1(121,7 )
3( 94.6-106,0)
1(1u46,5 )
1( 97,2 )
2(110.9-121,5)
1( 91.4 )
1(175.0 )

4go1y4t 122°35'

50°59° 118°11'

49°09' 118°11°

48°11' 119°30°

47°06°% 119°19°
450557 119°20'

45020%-122°10"~

46°02°% 1220527

S6



Appendix Table 1., List of Collections, etc., (cont‘d).

Columbia R. mouth, Washington Shore, Pacific Co.: 46°17° 123°57°¢
62. UMMZ 93425 Columbia R. at end of Chinook Pier 6( 97.5=150,6)
0SC misc, Chinook R, - ' 2(116,5=118,0)
0SC misc, Chinook R,, above tide gate 2( 86,5<128,2)
v SU 38019 Columbia Roy 1/2 mi, W, of Megler Ferry "1(24,6) 2( 60,1-112,7)
Columbia R. mouth, Oregon Shore, Clatsop Co,: : - 46°11" 123°50°
63, SU 38018 Columbia R. at Astoria 7(127,5=154,0)
SU 38017 v 11(100,8-131,5)
0sSC 762 Wal luski Rc,’G mi, S.E, of Astoria. 2( 87.8- 89,8)
0SC misc. Big Creek;. at.mouth - 4(119,3=134,5)
Willamette R. drainage, Corvallis area: , 44°15=- 123°10=
64, 0sC 189 Overflow slough at Corvallis ’ o 2(150,3=150,7) 30° 15°
: 0SC fisc. Corvallis Sand & Gravel Pits, along Re = 2(123,5-133,5)
0SC 402 Pothole, Willamette R. at Corvallls 1(53.4) :
0SC F02 Stn. 5, above Corvallis : 1(34,5) -
0SC misc, Stn, 6, Harrisburg : i 1( 73.3 - )
, 0SC misc, Stn. - 79 Peoria 2( 66,8= 7u4,6) ;
Willamette R. drainage, S.E. of: Bugene, Lane Co.: . S 43°457% 122°40°
65, = 0OSC 7uu4 Lookout -‘Point Reservoir, landax . - 11(17.5-56,1) 10( 65.0= 84,9)
California - : . ” h
Sacramento R, drainage, Shasta Cout ‘
66as CAS 18081 0'Brien: Cr.,-emptying in Shasta L. 2(28,5-31.0) - 4oougt 122°16°
UMMZ 93428  Clear Cri; a. few mi. S. of Redding ' 1( 78.4 ) wogor wow
66bs ©©  USNM 295 Fort Reading’ (on Cow Cr.) , 3( 86,7-105.2) n ggv w13
Sacramento R, drainage, Tehama'and Glenn Co,: o ’
67. UMMZ 93429 Sacramento Ry, atlittle below Red Bluff s 1( 69.7- ) 40°09" 122013°
o - UMMZ 93430  Thomas' Cr., at Richfield ' . . 1( 99,0 ) 399567 122°13°
UMMZ 93431  Stony:Crs, near Orland : . 1( 71,8 T agoust 122013°
Sacramento R: dralnage, Sacramento-area: :
68, - 0SC misc. Sacramento-Brickyard Pond. S. of city 2( 5505’l°°°7) 38°30° 121°30°
San Joaquin '‘R. drainage, San Joaquin Co,: - , ' '
69. CAS 20887 San .Joaquin R, (exact locality unknown) 10(31,5-56,5) 4( 61.0- 84,0) 5370457 121020°
San Joaquin R. drainage, Stanislaus Co,:
70, - CAS 17966 Irrigation ditch on Hwy 132, 1 mi, E, 4(27,5-44,9) 37°35% 120°55°¢
CAS 19098 of Empire, --:" " " " LU L 3(25,0-50,5)
San Joaquin R, drainage, Madera'and Fresno Co.:
71. CAS 20252 Madera Canal, presumably from Millerton 1(120.9 )ca37°00' 119°50°

0SC misc. ~ San Joaquin R, at Mendota 1(30.0 )y 1( 72,1 . ) 37°40° 120°20°

96



Appendix Table 1. List of Collections, etc., (cont'd).

San Joaquin R. drainage, Fresno and Tulare Co.: LY .
72, CAS 25541 Kings R., at Dutch John Cut 1(46,5 ) ? ki
_ CAS 20804 Kaweah R.,, near Visalia - 3(34,5=58,3) 36915° 119°16°
INTERGRADB POPULATIONS - '
Sacramento R. drainage, Contra Costa Co,, Carquinez Stra1t° 38900° 122°10°
73, UMMZ 142373 ca 1/2 mi.E. of Eckley, S. of Dillon Pt, 8(35,0-57.5) 20(60,0-183.4)
San Pablo Bay area, Sonoma Co.,, California: 38°11°' 122°40°
T4, USNM 296 Petaluma 2(30,9-39,5) 2(71,8=109,5)

Additional Material From the therature, Used Separately, or in Combination, with Populations Listed Above.
Sacramento R. drainage:

75. " Rutter, 1908 145 Sacramento R, at Redding 2 specimens 40°30° 122°10°
. " "o .o.omo. " mouth of Battle Cr. 1 " 40°21° 122°08°
" n o . .w. . " o+ Red Bluff o1 " L.+ H40°097 122°13°F
” ” n .,_4_-" . 1" at Jacinto l "
" " noooaum " " Apcade Cr., at Arcade 9 " S e
" " n Feather Rc at Marysville : 1 " = .-+ 39705' 121°35°

San Franc1sco Bay, San Mateo Co.:

76, Snyder, 1905:338 San- Franclsqulto Cr. 34 specimens \ 37°2u°% 1229097
Santa Cruz Co,, Watsonville areas: _ c T

77, Snyder, 1913:72 Pajaro R; - - 25 specimens ‘ 36950+ 1219807
Marin Co,, Tomales Bay area: - : B C o

25b, Snyder, 1908b:185 Papermlll ér. 10 specimens ‘ 38°00Y 122945’
Mendocino Co;, Point Arena area; . ] . S

78.- - - -Snyder, 1908b:185" Garcia Ro 6 specimens 38955¢ 123945°
Mendocino Co,, Navarro area: . .- o '

24b, - Snyder, 1908b:185° Navarro R° - 11 specimens 39°09' 123°3y°¢
Humboldt Co.,, Arcata area: Fawetea s ' :

79, Snyder, 1908b:185 Mad: Ro ' : ' 6 specimens 40Q°55°% 124°08°
Curry Co, Oregon, Gold Beach area:-:..: t '

80, - Snyder, 1908b:185 Rogue-R,; near mouth - -8 specimens §2026°% 124923¢
Douglas Co.,, Reedsport area: .

81, Snyder, 1908b:185 Takenitch R. 16 specimens 43°45°% 1240077
Tillamook Co., Nestucca Bay area: C

82, Snyder, 1908b:185 Nestucca R, ' 10 specimens 45°10% 1230577
King Co., Washington, Seattle area:

83, Snyder, 1908b:185 Lake Washington 17 specimens 47030% 122015°

Additional Material: UMMZ 131771, Kern R., California 1 specimen (not used) 35%=- 1190a..-

L6



Appendix Table 2.

Weighted Mean Percentage Prickling and Resorption for Individual Populations of
" 'Cottus asper Used in Compiling Table I and Figure U,

Population No. Specimens <60 mm S.L. Specimens =60 mm S, L.,
% Resorption
Coastal n Virtual Apparent n Virtual Apparent Relative Absolute
1 1% 37.9 34,2 .- - - - -
2 L = - 8 3401 1.701 Q9e9 1700
3 2 34,6 17.8 18. 33,6 14,0 58,2 19,6
y . - - 9 34,3 20,2 k1,1 14,1
5 - - - 16 40,8 24,7 39,5 16.1
6 11 42,0 40,3 9 40,5 21,1 48.0 19,4
7 12 32.1 20.5 18 26,2 11,7 55.3 14,5
11 . - Hwe 5 13.7 <365 74,6 10.2
12 _ - by 11 27:1 10,3 62.1 16.8
13 5 41,1 24,4 17 Ly ,5 21,8 51.1 22,7
14 14 49,3 42,9 11 43.4 27,3 37.0 16.1
15 17 Sy,0. 51.0 16. 43,0 24,8 42,3 18.2
16 16 4,2 L4 29 40,3 27,5 31,8 12.8
18 10 49,7 Kl1.6 5 31,0 15.4 50,1 15.6
19 _ - - 33 47,0 34,0 27,7 13,0
20-21 9 - 30.6 9 .=t 16.5 - e
25a 6 - 41,7 1% - 24,2 - -
26 — - e 24 30.4 12.9 57.5 17.5
28 6 - 35,4 2 e 14,4 -- --
29 — - . 2 - (7.6 - --
30 15 44,8 43,8 - -t i - --
31 _ - - Ve 3 29,5 13,0 55.8 16.5
X -— 43,5 36.0 - 35.0 17,8 48,9 17,2
Coastal Derivative s i
32 - - e 2 15,0 8,9 40,3 6.1
33 - -- - 19, 37.8 25,4 32,9 12.4
34 5 49,5 48,6 1 35.4 22,3 37.0 13.1
35 12 49,0 46,2 4 43.8 38,6 11,8 5,2
36 6 42,4 38.4 - -- - -- -
37 13 42,9 40,5 11 34,8 23,4 32,8 11.4
38 13 34,5 29,1 2, 36,1 17,2 52,4 18,9
40 6 50,8 48,3 1 49,3 27,7 43,8 21,6
41 - -- -- 2 40,5 31.6 21.8 8,9
X - Wy, 8 - 24,2 32,0 10,5

41,8

34,7

86



Appendix Table 2 (cont'd),

Weighted Mean Percentage Prickling and Resorption for Individual
Populations of Cottus asper Used in Compiling Table I and Figure 4.,

Population No,

Specimens << 60 mm S, L.

Specimens =60 mm S.L.

% Resorption
Inland n Virtual Apparent n Virtual Apparent Relative  Absolute
Ly . 15 67.7 Bl.8 14 64,1 53,9 16.0 10,2
45 3 69.3 65.8 9, 65,0 hy,2 32,0 20.8
46 Y 65,1 61.6 1” 62,6 60,4 3.6 2.2
47 6 65.4 60.7 15 59,9 54,3 S.4 5.2
S50 12 6l.4 56,4 -10 59,6 49,9 16,3 9.7
51 11 65.4 60.6 31 55.3 46,1 16.6 9,2
52 15 56.4 53,5 25 59.9 52.6 12,1 7.3
53 13 63,1 61,0 15 58.3 49,7 14,7 8.6
Sk 20 77:6 73.3 21 73.5 68,0 7.5 5.5
55 12 69,8 67,0 20 67.4 53.5 20,7 13.9
56 lu 52,3 51.1 13 51.0 45,0 11.8 6.0
57 8 66,9 66,3 1% 61.3 . 60,3 1.7 1.0
58 24 66,5 65,1 6 67.1 60.3 10,1 6.8
60 1% 84,2 81.2 7 69.5 57.8 16.9 n.7
6l == = -= 15 67,3 55,8 17.1 1.5
62 - 2 el 67,0 6 58.8 42,1 28. 4 16,7
63 -e e == 11 60,7 56,4 7.1 4.3
64 2 == T7.4 7 e 57.0 =a- --
65 11 81.9 80,6 10 76,7 65.8 14,2 10.9
66-68 2 74,5 74,5 6 63,3 46,2 26,9 17,1
69-72 23 71.5 68,0 7 63.3 52,6 12,7 7
X - 67,2 65.3 - 63,2 53.2 16,1 10,0
Intergrade
73 8 60,1 57,1 20 52.9 35,6 32.8 17.3

%

Single specimens not included in means (X)

66



Appendix Table 3,

Non-weighted Mean® % Virtual Prickling in Each of 14 Body Sectioms
(Specimens = 60 mm S.L,) '

41

62,5

Population ?Saxpple ' Lettered Body Sections (from Skin Map, Fig, 1)
.. No. Size a b e d e f ' g h i j k 1 n n
Coastal :
2 8 -- == 70,6 - - 35,6 72,5 == 32,5 55,6 == - -- --
3 18 -- Lot 65.9 lol 2,8  3lsl 60,8 =r’ 42,8 53,6 == @ w= ==  --
y 8 -- == 656 -- -- 25,6 72,8 == 41,1 51,1 == -~ == --
5 16 - 0.9 78,8 3.1 7.8 41,2 75,9 == W4,7 7 66,6 == - 2,2 -=
6 9 - 0.9 86,7 10,6 3,3 28,3 85,6 &= 41,1 66,1 == == 1,1 ==
7 18 -- == 56,9 == 4,7 26,1 48,9 == 32,2 37,5 == e
11 3 - -= 2.4 R 18,0 25,0 %= 25,0 17,0 == _— e -
12 11 -- == 32,7 . Ee 4.1 47,77 == 30,9 41,4 = - == -
13 17 =~ o 6.9 90,9 20,6 1240 53,2 88,8 11,8 43,5 69,7 1s2° ae o= -
14 11 0.7 8.9 90,0 9,1 9,5 56,8 84,5 2,3 42,3 67,3 == = == --
15 16 -= 4,7 90.3 2050 14,7 50,3 86.6 2.1 UB.4 Bl 4 == = 1.9 ==
16 6 - == 85,8  .e=. 5,8 40,8  80.0 == 38,3 67,5 == == 5,8 ==
18 S -= 4,0 26,0 —= 4,0 46,0 50,0 == 41,0 47,0 -- -= 10,0 ==
19 33 3.0 16.5 92,3 , 859 27.4 65,9 87,0 3.5 43,2 T4l = - 543 -
20-21 g -- -=  (6.7) == (10:0) (39.%) (21,1) == (35.6) (11,1) == - == -=
23a 1 -- - == pmm lee 15,0 50,0 ‘==. 35,0 50,0 == - —- -
26 24 .- 1.9 50,4 -- .- 20,6 57,9 == 3652 52,3 == . -
28 2 - - - e - - 17.5 == 35,0 20,0 -- -— - --
29 2 - - - - - 5,0 - -- 30,0 - - -— o= -
31 3 - -= 53,3 -- - 5,00 56,7 == 43,3 6l.7 == . Eel aa
Coastal ~
Derivative } _
32 2 - -- 32,5 -- - 15,0 25,0 == 25,0 15,0 == - - --
33 19 -- 2,6 87,9 2,6 6,8 46,1 83,4 -- 32,6 57,6 - == == ==
34 1 - -= 80,0 - - 65,0 65.0 - 35.0 50,0 - == .= -
35 4 1.0 2,2 97,5 23,8 18.8 . 56,2 93,8 15,0 38,8 62,5 2,5 - 5.0 --
37 11 - 5.4 83,6 -- Ol 44,5 76,8 == 32,3 48,2 == - &= =
a8 2 -- -- 90,0 - 20,0 37,5 80,0 =-- 30,0 55,0 -~ - 2,5 ==
2 - 7.0 90,0 - -- 52,5 82,5 == 37.5 -- == -

00T



Appendix Table .3 (cont‘d).

Non-weighted Mean % Virtual Prickling in Each of 14 Body Sections
(Specimens . =60 .mm S.L.). o

1

Pépulation.ISample : Lettered -Body Sections (from Skin Map, Fig. 1)

- NO. Size |- a b c d - e f g h i j k 1 - m n

Inland.

ol 14 33.3 68,9 99.6 56,8 100.0 98,6 98,9 37.5 57,5 9l.8 10,7 - == - 21.8 3,6
45 9 31,6 52,8 100.0 68.3 60,6 86,1 100,0 60:6 56,7 97,2 22,8 1.2 32,2 19.4
46 1 75.0 70,0 100.0 65.0 00,0 100.0 100.0 25,0 55,0 85,0 == - 10,0 =--
47 15 23,7 51.0 99,0 59,3 57,3 89,0 99,0 53,0 50,3 90,7 25,3 == 17,3 ==
50 10. | 40,0 65.0 100.0 46,5 .99.,0 92,5 100.0 35,5 47,0 88,0 6,0 == 33,0 ==
51 31 |26.3 28,0 97,7 31.6 -82,3 84,0 95,5 12,6 53,5 83,1 == == 15,2 ==
52 25 45.8 65.6. 99.0 44,0 91,4 91.8 97,2 29,8 55,0 87,2 6,6 == ], 4 -
53 15 11.3 43,5 98,7 29,3 74,3 85,7 95,3 13,7 55,7 87,0 1.0 == 15,7 ==

54 21 82,6 93.8 100.0 65.0 100,0 99,5 99,5 61,7 69s5 96,4 3l.4 2,8 42,9 5,0
55 20 75,7 91.8 100.0 64,5 95,2 99,2 100,0 57.0 S57.0 95,2 20,2 == 21,8 5,5
56 13 | 6,3 15.3 98,8 38,8 '62.3 72,7 91.9 69.6 45.8 80.0 0,8 =r=:i 2,8 ==
57 l 60,0 75.0 100,0 70,6 100.0 100,0 100.0 35,0 50,0 85,0 10,0 == 10,0 .-=
58 3 77.5 94,2 100.0 72,5 100,0 100.0 99,2 53,3 54,2 93,3 20,8 == 27,2 5,0
60 7 68,3 92,1 99,3 50,7 - "97.1: 100,0 98.6 35,0 60,7 9l.4 20,0 == 47,1 15,7
61 15 87.0 95.3 98,7 37,3 93,3 100,0 96,0 33,0 60,3 88,7 10,0 0.7 30,3 4,7
62 .6 26.7 43.3 100,0 “45,0 75,0 89.2 98,3 26,7 52,5 83,3 1.7 == 20,8 ==
63 1 51.8 , 89.5 94,1 27,7 95.4 96,8 90,9 22,7 60.0 78,6 1.4 L.4 11,8 --
64 7 Ku4.3) (78,6) (93.6) (25.7) (97,9) (95,0) (79.3) (7.1) (60,0) (73.6) (2.8) (0.7) (9,3) --
65 10 |945 100.0 100.0 69,5 100,0 100,0 100,0 49,5 72,0 96,0.:30.5 7.0 59,0 8,0
66-68 6 64,0 94,2 100,0 57,5 :97.5 100,0 100,0 49,2 50,8 89,2 U.7 == 11,7 --
69-72 7 17,1 82.8 95,0 31,4 80,0 98,6 93,3 33,6 571 90,0 1ll.4 == 3,6 ==

Intergrade Ll : ' - . . i
73 20 |2s.2 s0.0 9.5 380 55.2; 842 93,5 17.5 46,5 77,8 2.0 -- 8.8 --

Represents only 1 or 2 prickles in this body section,
A One specimen .in this sample was in all respects typically "inland" in its prickling,
+ Data enclosed by brackets.indicate mean % "apparent" prickling only, N
1 These mean.percentages.have not been. weighted by multiplication of fractional constants appropriate to each
body section.

TOT
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Mean Relative Prickling Intensity Index Values For
All Populations of Cottus asper.

‘Population Standard Length <60 mm - Standard Length =60 mm
No. ' : .
Sample Intensity Sample Intensity
Size Mean Range Size Mean Range
Coastal
1l 2 1.0 o0 ovpo - - ————
2 - - m———— 8 2.9 (2-3)
3 2 230‘ 06800 18 263 (l"s)
4 - c=m eemes 10 2,4 (1-3)
5 - o= N 16 3.1 (2-4)
6 10 2,7 (2-3) 9 2,9 (2-4)
7 12 156 (1-2) 18 1,2 (1-2)
8 - =% ecce= ) 2 . 3¢0 o006 00
11l e == eese- 52 1.0 000060 -
i2 - == e 11 1.5 (1-3)
13 5 3,0 (2-4) 17 2,6 (1=-5)
14 14 2.8 (2-4) 11 2,6 (1=4)
15 17 3.8 (3=5) 16 3.8 (2-5)
16 28 3.6 (1-5) 26 3.2 (2-5)
18 10 2.7 (1-4) 5 1.6 (1-3)
19 - cme =meee- 33 3.4 (1=5)
20-21 9 1.9 (1-5) '6 3.2 (2~4)
25a 6 3.8 (3-5) 1 4 o000
26 -= =™ cose= 24, 2.0 (1-3)
28 6 ’ 2.8 (2“3) <X 3 eocoo0
30 .15 2.9 (2=3) - - ———Te
31 - = ———— 3 2,3 (2-3)
Range (1.0-3.8) o (1.,0-3,8) - .
Coastal
Derivative
32 -- c== seeee 2 1,5 (1-2)
33 -- eo= B 19 3.0 (2-3)
34 lS 3.3 (2“'4) w3 3,0 IXEEY]
35 12 3,0 00050 4 4,0 (3.5)
36 .6 3, 0 coo6o00 -= ot = mes -
37 13 3.2 (2-4) 11 2,9 (2-3)
as 13 2,1 (1=3) 2 2,5 (2-3)
39 14 1.8 (1=2) _— == ———ew
4o 6 300 00000 1 3 0000y
41 == == e emon - 2 3.0 00000
u2 11 2,9 (2-4) - - ——me=
43 13 2,6 . €1-4) - d=a s
Range s (1.9-3, 3) © (2,5=4,0)




Appendix Table 4 (cont'd).
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Mean Relative Prickling Intensity Index
Valggs_fop All Populations of Cottus asper.

]
Population Standard Length <<60 mm Standard Length =60 mm
No.
Sample Intensity Sample Intensity
Size Mean Range Size Mean Range
Inland ‘ .
m 15 3.7 (3-u) 1y 3.9 (3-5)
45 3 3.7 (3-4) 9, 4,0 soous
46 15 3,0 7 (2-4) 1 4 siesd
47 6 3.7 (3-4) 15 3.7 (3-4)
50 12 3.3 (2-4) 10" 3.4 (3-4)
Sl ll 500 goooo 31‘ uos (4‘5)
52 15 3.1 (3-4) 25 4,2 (3-5)
53 13 3.8 (2-4) 15 4,3 (4=5)
54 20 4,3 (4=5) 21 4,9 (4=5)
55 16 3.9 (2-5) 20 3.9 (3=4)
56 14 3.2 (2-4) 13, 3.3 (3=1)
5 14 3.6 (2-5) x N & 0800
58 24 4,5 (3-5) 6 4,7 (4=5)
59 20, 3.6 (3-4) == s=@  eee=-
60 1 5 PN 07 4,3 (4=5)
61 o -—- S e 21 4,3 (3-5)
62 B 4,5 - (4=5) 9 4,0 (3-5)
63 - - e 18 4,5 (4=5)
64 2 4,5 . (4=5) 7 4,9 (4=5)
65 11 4,2 (4<5) 10 4,2 (4=5)
66-68 2 4,5 (4=5) e 4,0 (3=5)
69-72 ] 23 4,2 (4=5) 6 3.6 (3=-4)
' Range (3.0-5,0) : ' (3,3-4,9)
Intergrade _ 3 _ _
73 8 3.8 (3-5) 20 3.4 (2-4)

Single specimens not used in computing means



Appendix Table 5. Pectoral Fin Asymmetry.in Cottus dasper, by Population.

Population Sample Symmetrical Asymmetrical Total Ray Count Direction of Asymmetry
.. No. _"Size No. $ - No, % °  Greater Greater Within Population
. (Pairs) Pairs - Pairs A on Left on Right Sinistral Dextral Equal
Coastal
1 10 9 90.0 1 10.0 1 - T4 - -
2 8 7 87.5 1 12.5 - 1 - + -
3 20 % . 70,0 6 30.0 5 1 + - -
" 21 18 85.7 3 14,3 3 - + - -
5 18 16 88.9 2 11.1 1 1 - - +
6 19 15 78.9 i 21,1 2 2 - - +
7 30 20 66,7 10 33.3 9 1 + - -
8 2 .2 100,0 0 -- - - - - -
11 5 3 60,0 2 40,0 - 2 - + .-
12 11 9 81,8 2 18,2 1 1 - - +
13 22 15 68,2 7 31.8 5 2 + = -
iy 24 17 70,8 q 29,2 5 2 + - -
15 33 29 87.8 4 12,2 3 1 + = -
16 72 60 83.3 12 16.7 7 5 + - -
18 15 13 86,7 2 13.3 - 2 - + -
19 33 30 90,9 3 9,1 2 1 + - -
20 , 12 8 67.7 " 33,3 3 1 he - -
21 45 N 80.0 - 1 20,0 1 - + -
23 30 26 86,7 n 13.3 3 1 + - -
25a 7 n 57.1 3 42,9 1 2 - + -
26 35 28 80,0 7 20,0 5 2 + - -
28. 8 N 50,0 4 50,0 3 1 + - -
29,31 5 2 40,0 3 60.0 2 1 + - -
30 15 14 93,3 1 6,7 - 1 - + -
Totals 460 367 79,8 20,2 62 3l 15(65.2) 5(21.7) 3(13.1)

w

10T




Appendix Table 5 (cont'd). Pectoral Fin Asymmetry in: Cottus asper, by Population

Population . Sample Symmetrical Asymmetrical Total Ray Count Direction of Asymmetry
No. . - Size : ‘No. $ ~ No. % Greater Greater Within Populations
, (Pairs) Pairs Pairs on Left —on Right Sinistral Dextral Equal
- |Inland
Ly 26 26 89.6 3 10,4 2 1 + - -
45 12 9 75,0 3 25,0 3 - + - -
46 16 10 62,5 6 37,5 N 2 + - -
47 21 17 81,0 N 18.0 - i - + -
50 . 22 3  40.9 13 59,1 5 8 - + -
51 42 32 6.2 10 23.8 6 2 + - -
82 40 34  g5,0 6 15,0 5 1 + - -
53 27 20 74,1 7 25,1 6 1 T - -
54 41 30 73.2 1 26.8 6 5 FY - -
55 37 29 78,4 8 21,6 6 2 + - -
56 27 17 63,0 10 37,0 Y ‘6 - + -
57 15 7 46,7 8 53,3 5 3 + - -
58 30 22 73,3 8 26,7 3 5 - + _
59 18 9 50,0 S 50,0 6 3 + - -
60 16 11 68,8 5 21.2 '3 2 + - -
61 21 15 71,4 6 28,6 6 - + - -
62 19 19 100.0 0 -- = - - - -
63 19 73,7 5 26,3 3 ‘2 + - -
64 -8 7  87.5 1 12,5 1 - + - -
65 22 17 77.3 5 22,7 2 3 - + -
66-68 11 W1 63.6 4 36.4 2 2 - - +
69-72 30 26 86.6 n 13,4 u - + - -
3 28 21 75,0 7 25,0 5 2 + - -
Totals g5y 408 74,0 143 26,0 87 56

16(72,7) 5(22.7) 1(4.6)

S0t




Appendix Table 5 (cont'd)° Pectoral Fin Asymmetry in: Cottus aSper. by Populatxon.

Population Sample S Symmetrical S Asymmetrlcal Total Ray Count Direction of Asymmetry
No. . Size" No. % . No. % Greater Greater - Within Populationy
' (Pairs) - Pairs Pairs on Left on Right Sinistral Dextral Equal
Coastal
Derivative
32 2 N 2 100,0 2 - + s -
Kk| 22 18 8l.8 4 18,2 4 - + - -
3"* ' lg A l'+ ”7307 5 260 3 2 3 - + -
35 ° 16 11 68,8 5. 21,2 3 2 + - -
36 -6 y 66,7 -2 33,0 1 1 - - +
37 23 - 16 69.6 7 30.4 ) 3 + - -
3s 15 1L 73.3 4 26,7 3 1 + - -
39 15 12 80.:0 3 20,0 3 - + - -
40 7 5  Tl.4 2 28.6 2 - + - -
Ll 2 2 lOO 0 0 - - - - - -
42 11 i0o 90,9 1 9.1 1 - + - -
43, 14 10 . T4 4 28.6 2 - - +
Totals 152 113 4.4 39 25,6 27 12 - 8(72,7) 1( 9.1) 2(18.2)

o~
P

Grand Totals 1163 888  T6.4 275 23.6 176 99 39(69.6)  11(19.6) 6(10.7

90T




Appendix Table 6,

Summary of Meristic Counts (Means and Ranges) for all Populations of Cottus asper.

A

D

D

Pop. No. No.Specs, Dy Dy P1 left P; right 1 + D,
Lo 10 8.80 (8=9.) 20,70 (20-22) 16,70 (16=18) 15,30 (15-16) 15,20 (15-16) 29,50 (29-31)
2. 8 9,88 (9-11) 20,50 (20-21) 16,88 (16=17) 15,75 (15-16) 15,88 (15-16) 30,38 (29-32)
3, 20 8,95 (9-10) 19,85 (19-21) 16,35 (16-17) 15,50 (15-16) 15,30 (15-16) 28,80 (28-30)
4, 21 8.95 (8-10) 20,38 (20-21) 16.67 (15-18) 15,95 (15-17) 15.81 (15-16) 29,33 (28-30)
5. 18 9,06 (9-10) 20,50 (20-21) 17,11 (16-18) 15.22 (15=16) 15,22 (15-16) 29,56 (29-30)
6. 19 8,79 (8-9 ) 19,.8% (19-21) 16,37 (16=17) 15,63 (15-16) 15,63 (15-16) 28,63 (28-30)
7s 30 9,13 (9-10) 20,60 (20-21) 16,40 (15-17) 16,63 (16=17) 16,37 (16=17) 29,73 (29-31)
8. 2 9,00 (9 ) 20.50 (20-21) 17.00 (17. :) 16,00 (16 ) 16,00 (16 ) 29,50 (29-30)
g, 20 9,10 (9-10) 20,70 (20-22) 17,00 (16-18) 15,84 (15=17) === === . 29,80 (29-32)
10, 10 9,00 (9 ) 21,00 (20-22) 17,00 (16-18) 16,60 (16=18) e== === 30,00 (29,31)
11, 6 9,00 (3 ) 20,83 (20-21) 16,50 (16=17) 16,50 (16=17) 16,83 (16=17) 29,83 (29-30)
12, 11 8,82 (8-3 ) 20,27 (20-21) 16.64 (16-17) 17,00 (16-18) 17,00 (17 ) 29,09 (28=30)
13, 22 8,95 (8-9 ) 20,73 (20-22) 17.18 (16=18) 15,95 (15-17) 15,82 (lu=16) 29,68 (29-31)
1, 25 9,08 (8=10) 20,32 (19-21) 16,44 (15-18) 15,38 (15=16) 15,24 (15=16) 29,40 (28.31)
15, 33 9,06 (8-10) 20,76 (20-21) 16,88 (16-18) 15,55 (15=16) 15,48 (15-16) 29,82 (29-31)
16, 72 8,99 (8-10) 20,53 (19-21) 16,80 (16-18) 15,89 (15-17) 15,86 (15-17) 29,52 (28-31)
17, 10 8,90 (8-9 ) 20,80 (20-21) 17,00 (16-18) 16,20 (16=17) —== ce= 29,70 (29-=30)
18, 15 9,00 (9 ) 20,67 (20-21) 16,87 (16-18). 15,93 (15-16) 16.07 (16=17) 29,67 (29-30)
19, 33 8.82 (8-10) 20,27 (18-21) 16,76 (16=18) 16,45 (16-17)  16.42 (16=17) 29,09 (26-30)
20, 12 9.00 (9 ) 20,42 (20-21) 16,75 (16=18) 16,75 (16-18) 16,58 (16=18) 29,42 (29-=30)
21, 6 9,00 (3 ) 20,83 (20-21) 17,00 (16-18) 16,20 (16-17) 16,00 (16 ) 29,83 (29-30)
22, 30 9,00 (9 ) 20,47 (20-21) 16,87 (16-18) 16,10 (15=17) 16,00 (14=17) 29,85 (29-30)
23, 5 9,00 (9 )" 20,60 (20-21) 17,20 (17=18) 16,40 (16-17) 16,20 (16=17) 29,60 (29-30)
24a, 5 9,00 (9 ) 20,80 (20-22) 16,80 (16-18) 15,60 (15-16) 15,60 (15=%6) 29.80 (29-31)
25a § b. 17 9,00 (9 ) 20,14 (20-21) 16,00 (15=17)% 16,14 (15-17) 16.29 (16=17) 29,14 (29-30)
26. 35 9,03 (8-10) 20,23 (19-21) 16,49 (15-18) 16.46 (16-17) 16,37 (15-17) 29,26 (28-30)
27, -5 8,60 (8-9 ) 20,00 (20 ) 16,60 (16-17) 16,20 (16=17) 16,00 (15=17) 28,60 (28-29)
28. 8 8,75 (8=9 ) 19,50 (19-20) 16,50 (16=17) 16,38 (15=17) 16,12 (15=17) 28,25 (27-29)
29,31, 5 8,80 (8-10) 20,00 (20 ) 16,80 (16-17) 15,60 (15-16) 15,40 (15-16) 28,67 (28=30)
30. 15 8,67 (8=9.) 19,73 (19=20) 16,47 (15=17) 16,00 (15=17) 16,07 (15=17) 28,40 (27-29)
32. 6 9,00 (8-10) 22,17 (22-23) 17.67 (17-18) 16,67 (16-17) ——— ——- 31,17 (30-32)
33, 24 9,46 (9-11) 20,70 (20-21) 16,75 (16-18) 16,09 (16=17) 15,91 (15-17) 30,17 (29-31)
34, 19 9,05 (9-10) 20,21 (20-21) 16,42 (15-17) 16,53 (16-17) 16,58 (16-18) 29,26 (29-31)
35. 16 9,19 (9-10) 20,25 (20-21) 17,00 (16-18) 16,25 (16=17) 16,19 (16=17) 29,44 (29-31)
36, 6 - - N -— e 16,50 (16=17) 16,50 (16-17) - ——-
37, 24 9,42 (9-10) 20,54 16,96 (16-18) 16,39 (15-17) 16,38 29,96 (29-32)

(20-22)

(15-17)

LOT



Appendix Table 6., Summary of Meristic Counts (Means and Ranges) for all Populations of Cottus asper;{cont‘d).

Pop. No, No, Specs., Dy D, A P] left Py right D + D,

38, 15 9,13 (9-10) 20,47 (20-21) 16,93 (16-18)  16,73¢{(16=17) 16,67 (16-18) 29.60 (23-31)
39, 15 9,27 (9=10) 20,40 (20-21) 16,80 (16-18) 16,27 (15-17) 16,07 (15-17) 29.67 (29-31)

40, 7 - - ——— ——- -——- ——— 17,43 (17-18) 17,14 (17-18) —-——- ——-
ul, 2 9,50 (9-10) 20,00 (20 ) 16,50 (16=17) 17,50 (17-18) 17,50 (17-18) 29,50 (29-30)
42, 12 9,17 (9-10) 20,17 (20=-21) 16,42 (15-18) 16,17 (16=17) 16,00 (16 ) 29,34 (29-31)
43, 15 9,61 (8-10) 20,31 (20-21) 16,27 (16-18) 16.67 (16-17) 16,64 (16-17) 29592 (29-31)
uy, 29 9,03 (9-10) 20.27 (19-21) 16,59 (15-17) 16.86 (16-18) 16,83 (16=17) 29.31 (28-30)
45, 12 9,00 (9 ) 20,17 (20-=21) 16,83 (16-18) 16,75 (15-18) 16,50 (15-18) 29.18 (29-30)
u6, 16 9,25 (9-10) 20,31 (20-21) 16,25 (15-17) 16,50 (15-18) 16,38 (15-18) 29,56 (29-31)
, 47, 2r 9,10 (8-10) 20.71 (20-22) 16.52 (15-17) 16,29 (15=17) 16.45 (15-17) 29,81 (28-31)
48, .9 9,22 (9-10) 20,00 (19-21) 16,12 (16-17) oo -—— -—- - 29,22 (29-=30)
ug, 105 8,80 (8-9)) 20,70 (20-22) 17,10 (16-18) 16,90 (16=-17) e === : 29,50 (29-30)
50, 22 8,52 (7-10) 20.64 (16-23) 16,67 (15-17) 17.1l4 (13-18) 17,50 (17-18) 29.14 (28-32)
51, 42 8,98 (8-10) 20.76 (20-21) 17.3) (16-20) 16,93 (l4=18) 16,86 (14-19) 29.74 (29-32)
52, 40 9,00 (3 ) 20,82 (20-22) 17.62 (16-18) 16.60 (16-18) 16,50 (16=17) 29,83 (29-31)
53, 28 9,00 (8=10)° 20,82 (20-21) 16.83 (16-18) 16,93 (16-18) 16,74 (16-18) 29,82 (28-31)
54, 41 8,98 (8-9 ) 20,90 (19-22) 16,98 (15=18)8 16,44 (15-18) 16,39 (15-17) 29.88 (28-31)
55, 37 8,95 (8=9 ) 20,70 (19-22) 16,89 (16-18) 16,43 (16=17) 16,32 (15-17) 29,65 (28-31)
56. 27 8.89 (8=9 ) 20,89 (20-22) 17.18 (16-18) 16,30 (15-17) 16,41 (16-17) 29,78 (28-31)
57 15 8,80 (8-9 ) 20,93 (20-22) 17,00 (16-18) 16,67 (1lu-18) 16,53 (14=17) 29,73 (29-31)
58, 30 8,87 (8-9 ) 20,13 (19-22) 16,27 (15-17) 16,73 (16-18) 16.80 (16=18) 29.00 (27-31)
59, 20 9,06 (8-10) 20,31 (19-21) 16,81 (16-18) 16,67 (1l4-18) 16,16 (14-18) 29:85 (28-31)
60, 16 8.69 (8-9 ) 20,87 (20£22) 16,81 (15-18) 16,44 (16-17) - 16.38 (15-17) 29,53 (28-31)
61, 21 8.8l (8-10) 20.6Q (19-22) 17,24 (16-19) 16,29 (15-18) 15,86 (15-17) 29.50 (28-31)
62, 13 9,08 (9-10)% 20%69)(20-22) 17,15 (16-18) 16,00 (15-17) 16,00 (15=17) 29.77 (29-31)
63, 24 9,00 (8-10) 20,29 (19-21) 16,58 (15-18) 16.25 (16-17) ~16,21 (15-17) 29,29 (28-31)
64, 9 8.89 (8-9 ) 20,56 (20-21) 17,00 (16-18) 16,00 (15-17) 15,89 (15-16) 29,45 (28-30)
65, 22 8.68 (8-9 ) 20,23 (19-21) 17.18 (16-18) 16,14 (15-17) 16.18 (16=17) 28,91 (28-30)
66a, 3 8,00 (8 ) 19,67 (19-20) 16,67 (16-17) 16,00 (15-17) 15,67 (15=16) 27,67 (27-28)
66b. 3 8,00 (8 ) 20,00 (20 ) 17,00 (17 =) 16,00 (16 ) 16.33 (16-17) 28,00 (28 )
6773 0 3 8,00 (8 ) 19,67 (18-21) 16.33 (16=17) 15,67 (14-17) 16,00 (15-17) 27.67 (26-28)
68%¢ 52 8,00 (8 ) 20,00 (20 ) 17,50 (17-18) 16,00 (16 ) 15,00 (14-16) 28,00 (28 )
697¢ 14 8,21 (7-9 ) 18.00 (19 ) 16.64 (16-18) 15.64 (15-16) 15,50 (l4=-16) 27.21 (26-28)
70% 8 8,00 (8 ) 19,12 (18-20) 17,00 (16-18) 16.50 (16-17) 16,25 (16-17) 27.12 (26-28)
T 3 8,00 (8 ) 19,33 (19-20) 16,67 (16=17) 16,33 (16-17) 16,33 (16-17) 27,33 (27-28)
4 8.00 (8 +) 18,75 (18-20) 16,50 (16=17) 16,00 (15-17) 16,00 (15-17) 26,75 (26-28)
28 8.82 (8-10) 19,93 (19-21) 16,54 (15-18) 16.21 (15=17) 16,11 28,75 (27-31)

(15-17)

80T



Appendix Table 7.

Monthly Mean Temperature in °C for Selected Coastal and Inland lLocalities,

13

Locality Latitude J F M A M J J A 5 0 N D 222;:1
Coastal

Valdez 61° 07' No| = 7ol = 5.8 = 2.6 + L4 6,3 10,2 11,3 10,9 7.8 3.0 = 3.9 - 7.5 18.8
Prince Rupert| 54° 170 No| 1.7 245 o2 6,3 9.8 12,0 13,4 13,9 12,0 8.7 5.1 2.7 1242
Victoria . - | 48° 25' No| 3.6 5.7 7.2 9.6 12,4 14.3 15,8 15,7 LhH 10,9 7.3 55:2 12,3
san Francisco| 379 47% No| 10,0 11,0 11.9 12,5 13,3 4.4 14,3 14e7 15,9 15,3 13,6 10,9 5.9
Santa. Barbara 11.8 - -- -= - -- 19,1 - == -- == -- 7.3
San Diegp:. 320 44t N, | 12,3 13,4 14,8 16,2 17.8 19,0 21,0 21,7 20,9 18,6 15,6 13,2 9,4
N-S Range 19.4  19.3 17,4 14,8 11,5 8.8 9,7 11,8 13,1 15,6 18,5 20,7 -
Inland ‘

Watson L. 60° 07° 22,0 18,4 = 8.9 =- 0.4 8,0 13,6 14,8 12.8 9,0 1.l -13.7 22,1 36.8
Prince George | 53° su° - 9.8 6.6 - 1,4 + 4.6 9.9 13.4 14,9 13,7 9,9 468 - 2,7 = 7,5 24,8
Spokane: 70 37° - 44 40,4 3,8 8,7 13,1 16,3 20,9 20,0 15,4 9.2 2.7 - 1.1 25.3
Red Bluff 140° 09" 6,9 9.2 1l.4 14,6 19,8 23:0 27,1 25,4 23,5 17:4 1ioa 7.7 20,2
Sacramento 380 35" 7.6 10,0 12,2 16,3 18,0 21,3 23,9 23,2 22,3 17,6 12,2 8,3 16,3
Fresno - 705 me. == == me am 27,4 e == ae o oem e 18,0
N-S Range 29,6 28,4 21,1 15,9 11,8 9.6 12,6 12,6 14,5 16,5 25,9 30,4  o-

*10 year-averages, 1941-1950 (Worlid Weather Fecords, U.S. Weather Bur., Wash., D.C, 1959:1-1361)
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