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INTRODUCTION

Historioal Résumd

The earliest recorded obssrvation on variation of vertebral num-
bers within a group of fishes was made by Ginther (1862), He noted that
in the Wrasse fishes of the family labridae twenty-four vertebrae were
typiocal for the tropical species, while the forms of the temperate seas
had a larger number with the inecrease being in the caudal regione In
1863 end 186, Gill stated that an inorease in the number of vertebrae
was a normal feature of Acanthopterygian and Malacopterygien families
in northern waters, Heincke (1%99), one of the pioneers in raoce inves-
tigations in fishes, reported vertebral variations in the herring,
Clupea harenguse

David Starr Jorden expressed great interest in this phenomenon from
1886 wntil his death in 1931 Hubbs (1922) correlated the numbser of
vertebrae with the temperature of the water during embryonioc development,
and the following year (1923) published his findings on seasonal varia=
tion in vertebral countse In 1926, Hubbs published again on the subjeoct
and conoludeds

"The structural consequences of differential rate of
development probably comprise a considerable proportion of
the characters differentiating local races of fishes,™"

Clark (1936) reported variation in vertebral numbers among popula=
tions of sardines along the Pacifioc coaste. Mottley (1936) discovered
that the European species of Salmo have fewer vertebrae than those from
western North Ameriea but suggested ocaution in the use of such a charace
ter for identifying trout populationse Hart (1937a) pointed out that the
female capelin, Mallotus villosus, averages 0¢50 vertebra more than
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the malee In experimental work with Fundulus hetercclitus, Gabriel
(194L) found the vertebral cowmt inversely proportional to the temper-
ture of the water during development and that the progeny of parents
with high cowmts averaged higher counts than the progeny of parents with
low countse BExtensive studies on vertebral variation in marine tele-
ostean fishes were conducted by Ford (1937, 1941, 1946). Hubbs and
Llegler (1947) used vertebral counts as a key charaocter in the identi-
fiocation of whitefishe

Probably one of the first to employ roentgenography in the study
of meristio characters in fish was Gosline (194,7)e In 1948, he pub-
lished a paper entitled, "Some Possible Uses of X-rays in Ichthyology
and Fishery Research™, There he stated that vertebral cownts might
prove veluable in texonomic work at the species and race level,

Snyder (1949) considered differences in the mean number of verte=
brae significant in separating four species of the family Catostomidae,
Tester (1949) did an intensive study of herring populations along the
west ocoast of Vencouver Island and also found significance in mean verte-—
bral countse Clothier (1950) utilized vertebral cownts in the construc=
tion of a key to some marine fishes of Southern Californiae Experimen=
tation on the influence of temperature on the number of vertebrae in
fishes was conducted by Tester, and in 1950 he stateds

"Our experiments have thus produced modifiocations
(comparable to the so-ocalled phenocopies) among offspring
of the same parents, which systematists of a generation
ago would presumably have taken for separate species, if
their origin had been unimown,"
Tester and Hiatt (1952) used variation in vertebral number to determine
groups or races of anchovies in Hawaiian waterse They also reported a
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lack of significant variation between sexes,

One of the more recent studies of note was made by Bailey and
Gosline (1955) on the family Peroidaes They concluded that average
vertebral counts would have taxonomic value for certain groups but
their use would be limited in the darters where extensive overlapping
of cownts occurse Moffett (1957) followed Clothier's example with the
incorporation of vertebral cownts into a key to some southern Florida
marine fishes,

No extensive work appears to have been done on the Cottidae from
the time Girard (1851) published his monograph until Robins (19%54) pre-
sented his dootoral dissertation on A Taxonomic Revision of the Cottus

bairdi and Cotbus carolinae Species Groups: in Eastern North Amerieca

(Pisces, Cottidae)®™. Robins dealt entirely with such external charac=
ters as fin ray counts, lateral line pores, operculomandibulaer pores,
body coloration patterns, and the anal papilla in the male, Except for
the kumlieni material and a few scattered stream collections of bairdi,
he ignored the Chio sculpin populations,
Purpose

This present study was undertaken to determine whether there is a
significant degree of difference between the average vertebral count
of the Central Redfin Soulpin, Cottus bairdi beirdi Girard, and the
Northern Redfin Sculpin, Cottus beirdi kumlieni (Hoy), as they ocour in
Ohio waterse Due to the small numbers of Cottus bairdi kumlieni avail-
able in the Ohio colleotion, the study was extended to include Michigen
collectionse Since the Cottus bairdi complex displays oconsiderable
variation in external morphology from population to population and often
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from individual to individual, it was hoped that this investigation

would contribute a useful taxonomic tool.



MATERTALS AND MFTHODS
All Ohio speoimens examined were loaned by the Ohio State Musewm
and were from the collections of the Ohio State Museum and the Ohio
State Universitye Used in this study were 369 specimens of Cottus

bairdi bairdi and 17 specimens of Cottus bairdi kumlieni taken from

Ohio waterse

The University of Michigan Museum of Zoology supplied the Michigan
materiale From the Michigan collections, 5 spscimens of Cottus bairdi
bairdi and 274 specimens of Cottus bairdi kumlieni were used, making the
combined totels of 1,23 bairdi and 291 kumlieni.

A Keleket "Cadet™ Portable X=-ray Unit was employede Roentgeno=
graphs taken at 10 milliamperes and L0 kilovolts with a distance of 36
inches from the tube asperture to the film plate were satisfactorye The
time of the exposure was varied from 2,5 seconds to 8.0 seconds depend=
ing upon the size of the specimens, the largest specimens requiring the
longest exposuree

All of the roentgenographs were teken on individuslly wrapped & 1/2
x 11 inch sheets of Ansco Non=screen X=ray Filme This film was found
to be too ooarse=grained for successful use with very small specimenss
Therefore, no specimens wnder 30 millimeters in length were usede

A sheet of thin plastic was placed between the fish and the film
envelope to proteot the film from moisturee To eoconomize on both time
and film, the specimens were arranged in rows and nearly touching each
othere Strips ocut from lead foil were placed between fish from dif-
ferent collectionse These furnished clear areas on the developed film
where identification data were later writteme Careful records were kept
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giving the location of each colleotion on each f£ilm sheet, After being
developed and properly labeled, the films were ocut into strips between
specimen rowse

Cownting was accomplished by using a binocular dissection mioro-
scope and trensmitted light in examining the roentgenograph negatives,
All commts reported in this paper start with the most anterior vertebra
end end with the penultimate, the last vertebra anterior to the uro=
style (ofe Figure 1l)s Fach specimen was counted at least twicee Indi=-
viduals which exhibited abnormalities of the vertebral colum were in=
oluded in the tabulations only when there was no question about the
actual number of vertebrae present, In all ocases where there was any
doubt, the speoimens were discardede

In this study the specimens were treated as population wmitse No
attempt was made to separate groups according to sex or sizee The
vertebral counts were not divided into abdominal, precaudal and caudal
areaSe

All Ohio material used was identified by Dre Milton Trautman,
Curetor of Vertebrate Collections, the Chio State Museum, The Ohio
kumlieni specimens were also identified by Robins. Unless otherwise

indicated, Robins identified the Michigen collectionse



FIGURE 1y XeRAY POSITIVE WITH FIRST AND ILAST
VERTEBRAE IABELED, (COTTUS B, .BAIRDI, 0.S.U. 7113),



COTTUS BAIRDI BATRDI GIRARD, THE CENTRAL REDFIN SCULPIN,

Description

According to Robins the following characters are diagnostio for
bairdis incomplete lateral line with 20 = 2l pores and extending to a
point nearer the posterior end than the middle of the dorsal fin baseg
11 pores in the operculomandibular oanal; upper preopercle spine always
present and well developed, seocond spine reduced to a protuberance,
third spine often absent, all three spines present in lake formsi anal
papilla in male enlarged as a flat triangular process which reaches to
the origin of the anal finj three well marked dorsolateral bands are

regularly present on the bodye

Range
Robins gives the following range for the Central Redfin Soulping

"Ce be bairdi ocours from the inlet valley of Cayuga leke
and tribubaries of leke Frie in the Northeast westward
through southeastern Miohigan, Wisoonsin, and southern
Minnesota, southward to northern Illinois, central Indi=-
ans and the licking, Big Sandy and New Rivers of Kentucky,
West Virginia, Virginia and North Carolinae On the Ab=
lantic slope: it occurs from the Patapsco to the Roanoke
Riverse Isolated populations have been found in the
Sequatchie and Tennessee Rivers in Tennessee and Alabams,
the Niengue River in Missouri end the Upper Missouri River
in Montane and Wyoming.™

Trautmen (1957) reported populations of bairdi from Li6 of Ohio's
88 comtiese The distribution forms a broad, north-south diagonal band
across the center of the state with scattered populations in the north-

west cornmer in Williams, Fulton, and Defiance Cownties.

Ohio Colleotions

Material from 29 counties was available (of, Figure 2), Vertebral

counts were made from 369 specimens representing leke, river and creek
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populationse No consistent differences in number of vertebrae were
noted emong these three ecological groupingse

Table I shows the frequency distribution and means of the Ohilo
bairdi populations studiede The actual number of vertebrae in indi=-
viduals ranged from 25 in a single specimen from Erie County %o 32 in
specimens from Champaign, logan, Ottawa and Portage Counties. The
arithmetical mean for the entire Chio group was 30.40 vertebrae and the
sample variance was 0,485, By counties, the lowest mean count was 28,75
based upon Ly specimens from Carroll County in the east-central part of
the state, Vinton County in southern OChio had the highest mean for the
state with 31,00 vertebrae, also based upon four specimens. Adams,
Butler and Jefferson Cowmties had mean counts of 31400, but only one
specimen was aveilable from each.
Mighigan Collections

Three collections of Michigan bairdi from three counties and repre=
senting oreek and lake habitats were used (cfe Figure 2), Collection
UMMZ 116840 carried a label marked kumlieni, but Robins identified the
lot as bairdi in his dissertatione It was, therefore, inoluded with
the bairdi material in this studye. The other two collections were from

southern Michigan and well within the range assigned to bairdi.

The results of the vertebral counts for these 5 specimens are
given in Table II, A mean of 30,66 and a variance of 06339 were calou=
lotede The lowest count recorded was 29 vertebrae for one soulpin from
lenawee Countye The high count of 32 vertebrae was found in two of the

three populationse
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TABLE I
FREQUENCY DISTRIBUTION OF VERTEBRAL COUNTS
IN OHIO SEECIMENS OF CJOTYUS BAIRDI BAIRDI GIRARD

NUMBER OF VERTEBRAE

COUNTY NO. | MEAN
26 |27 |28 29 |0 |1 | 3
ADAMS 1 1| 31,00
ASHLAND ? . 11 | 30,36
AUGLAYZE 2 2| 30,00
BUTLER 1 1 31,00
CARROLL 2 1 b 4| 208,75
CHAMPATGN s |2 |2 1 sS4 | 30,97
COLIRMBIARA 5 5 | 30,00
DARKE 3 1 4| 30,25
IRIE 1 1 7 2 11 | 29,72
FRARKLIN 3 1 4| 30,28
FULTON 3 2 S | 30,40
GREDM 3 1 4! 30,25
HOCKING 1 7 2 10 | 30,10
HOLMES 4 3 7] 30.42
JEFPERSON 1 1| 81,00
R0 2 2| 30,00
LOGAN 3 [ 28 |28 2 61 | 30,33
LORAIN 1 7 ' 13 | s0.%
MORROW 6 6 12 | 30,50
OTTANA 18 |33 7 S8 | 30,81
PIKE 3 1 4] 30,28
PORTAGE 2 |12 1 15 | 30,93
PREBLE 7 8 15 | 30,53
RICHLAND 2 |18 9 29 | 30,24
SEMACA 1 6 ¢ 13 | 30,88
STARK s |13 16 | 29,81
TUSCARANAS 2 2 { 29,00
VINTON 4 4| 31.00
WILLIAMS 1 1 30,00
TOTALS 1 - 2 |18 j15s [152 | 11 - 359 | 30,40
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TABLE 11

FREQUENCY DISTRIBUTION OF VERTEBRAL COUNTS

IN MICHIGAK SPECTMENS OF COTTUS BAIRDI BAIRDI GIRARD

NUMBER OF VERTEBRAE

COMmNTY . MEAN
26 o 28 29 0 31 33
LENAWER 1 3 1n 16 0,78
5T. CLAIR 2 1 3 30.33
VASHTDUN 13 ¢} » 30,65
" TOTALS - - - 1 i1s b 2 ) - 4 30,66




COTTUS BAIRDI KUMLIENI (HOY), THE NORTHERN REDFIN SCULPIN

Desoription

Diagnostic characters are listed by Robins for this subspecies as
the followings incomplete lateral line with 13 to 18 pores; 10 pores
in the operculomandibular canal; upper preopercular spine well developed,
second and third spines not noticeable externally; anal papille in male
enlarged as a flat, triangular process tapering to a rounded, terminal
filament which often exceeds the length of the first anal rays dark
anterior saddle marking never present; strongly contrasting ventro=-
lateral mottling which is best developed as an irregular series of

small dark blotches on the sides above the anal fin,

Range
According to Robins, the Northern Redfin Soulpin occupies the

following ranges

"Ce be kumlieni oocours from labrador and tributaries of the
Sts lawrence River in the Northeast westward through the
tributaries of Hudson Bay to at least the lake Winnipeg
Regione To the south it ranges as far as the Finger Lakes
in New York, leke Erie, to the approximate latitude of
Green Bay and Big Sable Point in lake Michigan and through
the tributaries of lake Superior in the weste Specimens
from central and southern lake Michigan are designated as
in‘tergrades ooo—n

In Ohio, kumlieni has been taken only along the lLake Erie shore of
Ashtabula Countye

Ohio Collections

Only 17 speoimens of Cottus bairdi kumlieni from Ohio waters were

available for studye These were taken in three collections made during
the winter months from the shore of lake Erie, Ashtabula County (ofe
Figure 2)e The frequency distribution of vertebral counts for these
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speoimens is given in Table III, The mean count is 31.8% and the sam-
ple varianse is 04360

Michigen Collections
The Michigan specimens of Cottus bairdi kwhlieni numbered 27L indi-

viduale collected from eight countiess Populations from Leke Huron,
Iake Superior and inland streams were represented (of. Figure 2).

A1l oollections except two, UMMZ 70492 and UMMZ 14,2)&, had been
identified as kumlieni by Robinse The museum jar labels for UMMZ
70492 and UMMZ 16,248 listed those collections as bairdi. However,
the vertebral ocounts were found to run exceptionally high (mean 32,07
and mean 32,4;5) when compared to the counts made from other bairdi
materiale A check on the external morphology favored kumlieni, but
this was not as oconolusive as desirede Since colleotion UMMZ 70492 was:
taken from the Au Sable River from which Robins lists another collection
(UMMZ 65733) as kumlieni, it was oconsidered reasonable to include .the
vertebral counts of collection UMMZ 70492 with the kumlieni deatae Col=
lection UMMZ 14,28 from the Pine River, Chippewa County, was obtained
well within the range Robins assigned to kumlieni, and, on that basis,
was also included with kumlieni in this investigation.

As is shown in Table IV, the vertebral counts for the Michigan
kumlieni ranged from 30 to 3l with a mean value of 31,86, A variance

of 0,176 was caloulated.
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TABLE 111
FREQUENCY DISTRIBUTION OF VERTEERAL COUNTS
IN OHIO SPECIMENS OF COTTUS BAIRDI KIMLIENI (HOY)

NUMBER OF VERTEBRAL
2 n 20 29 %0 k2 » 3 M

ASHTABULA - - - - - 4 un 2 - 17 81,88

TARLE IV
FREQUENCY DISTRIBUTION OF VERTEBRAL COUNTS
IN MICHIGAN SPECIMENS OF COTTUS BAIRDI KIMLIENI (HOY)

COmeTY NUMBER OF VERTEERAR . —_—
26 n 20 29 0 n 2 3 M

CHEBOYGAN 2 1 3 1,3
CHIPPBNA 2 8 12 22 32,48
10800 2 -] L 4 2,0
KOIERXAN 2 25 2 7 1 64 .68
LAKE [ ] % 2 L1 31,05
MARGUETTS n a 4 87 31,50
oscba 4 4 12 63 32,11
STJARYS RIVIR 3 1 4 31,25

TOTALS - - - - 2 79 |48 44 1 214 31.08




STATISTICAL ANALYSIS OF DATA COLLECTED

The "Students t-Test™ for the comparison of mean values was used
(ostle, 1994398;451)s Three hypotheses were tested,

Hypothesis Is +the mean of the Chio bairdi sample equals the mean
of the Michigen bairdi sample (3040 = 30,66)s Result of t=Tests
t = 2,98; therefore, if the means are equal, the means of the two
groups could be expected to vary by 0.26 about 23 per cent of the time.
The hypothesis was accepted,

Table V shows the frequency distribution of the combined vertebral
counts for the Ohio and Michigan bairdie A variance of 0473 and a
mean of 3043 were calculated,

Hypothesis IIs +the mean of the Chio kumlieni sample equals the
mean of the Michigan kumlieni sample (31.88 = 31.86)s Result of t-Tests
t = 0,155 thérefore, if the means are equal, the means of the two
groups ocould be expected to vary by 0,02 at least fifty per cemt of the
time. The hypothesis was accepted.

The frequency distribution of the combined vertebral coumts for
the Ohio and Michigan kumlieni is given in Table VI, For these com=-
bined data a mean of 31,86 and a wvariance of 0360 were calculated.

Hypothesis IIIs +the mean of the combined bairdi data equals the
mesn of the combined kumlieni dats (30.443 = 31.,86)s Result of t=Tests
t = 28,033 therefore, if the means are equal, the means of the two groups
oould be expected to vary by 1,13 less than five per cent of the time.

The hypothesis was rejecteds
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TABLE V
FREQUENCY DISTRIBUTION OF VERTEBRAL COUNTS
IN ALL SPECIMENS OF COTTUS 1 1 GIRARD

star WREIR OF VERTEERAR w, | max
26 4 20 29 30 N k 7 4 33
HIO 1l - 2 18 185 | 182 1n - %9 30,40
MICHIGAN - - - 1 18 33 2 - 54 30,66
T0TALS 1 - 2 19 203 | 188 13 - 423 30,43
TABLE VI
PREQUINCY DISTRIBUTION OF VERTEBRAL COUMNYS
IN ALL SPECDNNS OF COPFUS BAIADY KRGIONT (HOT)
STATE NUMBER OF VERTEKBRAE w0, MEAN
26 b4} 28 29 30 3 2 33
OHIO - - - - - 4 2 17 31,88
MICHIGAN - - - - 2 79 44 74 31,88
TOTALS - - - - 2 83 1%9 46 91 31.06




re.2 APPROXIMATE COLLECTION SITES

® COTTUS BAIRDI BAIRDI GIRARD
A COTTUS BAIRDI KUMLIEN| (HOY)
.




DISCUSSION
The data gathered from this study reveal a difference in the mean

vertebral counts of the subspecies Cottus bairdi bairdi Girard and

Cottus bairdi kumlieni (Hoy)e The significance of this difference and
the faotor or feoctors responsible are open to speculation.
In his introduction Robins warneds

™ariation within a species oftten exceeds or masks the
differences between species when meristic counts alone are
oonsidereds Particularly this is true, if the species are
wide-ranging and show geographic differentiatione In this
respect, it is unwise to place little known nominal forms
in synonymies or to treat them as conspecifioc on the basis
of similar meristic counts.®

Llater, he continueds

M™hen considered in terms of hundreds of years it
seems likely that populations of Cobttus are periodically
decimated by environmental eatastrophes. Populations
are then reestablished by relatively few individuals
whioh exhibit only a portion of the variability of the
subspecies or species, The populational differences
which ensue are not due to new mutations but to segmen-
tation and random fixation of the existing variability
e o o Moreover, characters which do seem to be environ=-
mentally influenced, such as priockling, show consistant
or recognizable differences from area to area on a
local basis. Intensive study of Cottus be bairdi at a
populational level would lead to the recognition of
almost all populations as racially or subspecifically
distinet if such differences were emphasized., To do
so would hopelessly burden the nomenclature snd con=-
fuse the picture of evolution and differentiation within
the form,™

The mean vertebral counts of the Ohio bairdi populations (cfe

Table I) support the above concepts. If one were to compare only the
Vinton County date (mean 31.00; L specimens) with the Carroll County
data (mean 28.75; Li specimens), an entirely different conclusion would

likely be reached then when populations covering the total state range
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are studieds If material were available from more areas, presumedly the
same could be said about the Michigan bairdi,

The Ohio kumlieni colleotion is much too small to undergo a de=
tailed analysise However, the mean does vary considerably from the
mesns of the Ohio and Michigan bairdi end compares favorably with the
mean of the Michigan kumlieni,.

When the high mean and low mean populations of the Michigan
kumlieni are compared (cf. Table IV), the conclusion drawn is likely
to be quite different from that of a more extensive study., With this
and the Ohio bairdi data in mind, it is suggested that mean vertebral

counts may be of taxonomio value in the Cottus bairdi bairdi - Cottus

bairdi kumlieni ocomplex only in reasonably large-scale investigations
where data from many areas throughout the ranges of the subspecies are
availablee

Through the years, several factors have been suggested as possible
causes for the variation of vertebral coumts found in many teleostean
fishese The concept of a south to north increase has been found to
apply in certain marine forms but does not appear to be an important
factor within either subspecies in this studye Closely allied with
changes in latitude are changes in temperature. Several investigators
have unocovered positive evidence that the influence of water temperature
during embryonic development is expressed in the mean vertebral count of
a fish populatione Just how great a role mioroclimate has played in the
bairdi and kumlieni populations studied is open to conjecture. MoHugh
(1954), experimenting with the grunion, reported an inverse relationship
between the mean vertebral count and the amount of light during develop=

19



ment of the embryose No data on the effects of light intensity on

quantitative vertebral development in the Cottus bairdi groups are

available at this times. In the absence of experimentel evidence, it
seems best to agree with Tester (1949) who wrotes
"e o o each group of young representing the progeny
of a spawning taking place at a certain time and place
must be considered to have a unique mean count, of which
the general numerical value is set by hereditary factors
and the exaot numeriocal value is largely determined by
environmental conditions pertaining at that time and
"
places

Robins reported "obvious intergradation™ of the bairdi and kumlieni
subspecies in southern leke Michigane Trautman (1957) suggested that
intergradation might be taking place in leke Erie, No supporting evi-
denoce for intergradation has resulted from the X-ray examination of the
South Bass Island shore populationse The mean count for this area was
30481 vertebrase Several inlend stream collsctions had higher mean
countse An examination of deep water specimens might give more oon~
clusive datas In discussing the intergradation problem, Robins staeted,

"It has been difficult to evaluate single specimens « « e
which appear in many samples throughout the southern Great
lakes Regione Are they extremes of the sample or do they
indicate that occasional strays of the one form enter the
range of the other without interbreeding? It seems that
bairdi and kumlieni may interbreed in one area and act as
different species in a neighboring locality,"

The only known specimens of Ohio kumlieni were colleoted along the
leke Erie shore of Ashtabula County in wintere This suggests that the
lake Erie form is a deep water fish which enters shallow waters only
during the winter monthse True bairdi speoimens are relatively abundant
in the shallow shore waters of Ottawae and Eris Counties and the Bass
Islandse No wnguestionable hybrids have been identifiede Perhaps in
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lake Erie, bairdi and kumlieni are separated by a difference in spawning
sites and are behaving as distinet species.

Before any definite taxonomic value can be assigned to vertebral
counts in the bairdi = kumlieni complex, there must be an wnderstanding
of the environmental plasticity and hereditary limits of this oharacter

as it is expressed in this groupe
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SUMMARY
An investigation was conducted of variation in vertebral cownts in

L23 specimens of Cottus bairdi bairdi Girard and 291 specimens of

Cottus bairdi kumlieni (Hoy) from Ohio and Michigan waterse

The vertebral counts were made from roentgenograph negatives.

The 369 Ohio bairdi speoimens had a mean vertebral comt of 30.140,
The 5 Michigen bairdi specimens had a mean vertebral count of

30 6660

The combined 423 bairdi specimens had a mean vertebral count of

304430

The 17 Ohio kumlieni specimens had a mean vertebral count of 31,88,
The 27 Michigan kumlieni specimens had a mean vertebral cowmt of
314866

The combined 291 kumlieni speocimens had a mean vertebral count of
314866

The data gathered from this study reveal a difference im the mean

vertebral counts of the subspecies Cottus bairdi basirdi Girard and

Cottus bairdi kumlieni (Hoy)e

The significance of this difference and the factor or factors
causing it are open to speculatione

It is suggested that bairdi and kumlieni are behaving as distinot

speocies in leke Eriee
Experimental evidence about the hereditary limits and environmental
plasticity of verbtebral counts in the bairdi - kumlieni complex is

needede
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APPENDIX

Museum numbers and loocality data are given here for all specimens
used in this studye. Those indicated as OSU gre in the Ohio State Uhi=-
versity collection, and those marked OSM are in the oollection of the
Ohio State Museum, UMMZ designates collections from the University of
Michigan Museum of Zoologye
Cobtus bairdi beirdi Girards
Ohios
Adems Co. = OSM FL42lis Near Prebeles, 1928,

Ashland Co. = OSU 5,03 Clear Fork, Hanover Twp., Septe 9, 1939; 0SU
L=138s Katatowa Cre, Montgomery Twpe., June 20, 1939; OSM F176¢
Clear Fork, Hanover Twp., Sept. 22, 1928; OSU /;~183s Orange Cr.,
Orange Twp., July 26, 1939,

Auglaize Coe = OSU 4$13s Willow Cre, Sees 10, Clay Twp., July 2, 1941,

Butler Co, = OSM F&O-13 Paddy's Run, Morgan Twp., July 26, 1927,

Carroll Co, = OSM F185; Big Sandy Cr. at Minerva, Septe 23, 1928,

Champaign Coe = 0SU 5997:¢ Cedar Run, Cedar Swamp, May 15, 193&; OSU
L,787s Buck Cr., Sec. 30, Union Twpe., April 18, 19L42; OSU ;780
little Darby Cr., Goshen Twp., April 17, 19423 OSU ? (Nat. Rese Coll,
T=-39-6A)s Maocochee Cr., Salem Twp., July 10, 1939,

Columbiana Coe = OSU ;9533 Bull Cr., Sece 29, Unity Twp., May 11, 1942;
08U 5331y ILittls Bull Cre, Sece 5, Middleton Twpe., May 12, 1942;
0SU 6513 W. Fke Lit, Beaver Cr. at mouth, Sec. 2, Ste Clair Twp.,
Septe 28, 19393 OSU 7063 Mide Fke, lite Beaver Cre at MoKinley
Crossing, Center Twp., Sept. 28, 19393 OSU 2068s Big Bull Run,
Middleton Twpe., May 22, 1940,
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Darke Coe - OSM F573s; Small trib. Whitewater R., Harrison Twp., July
20, 1930,

Erie Coe = OSU 3063s Cold Cr., Margaretta Twp., Sept. 21, 1925; OSU
20262 L. Erie at mouth Vermillion R., Vermi llion Twp., Apr. 19,
19L0g OSU 2853 Cold Cr,, Margaretta Twpe., July 28, 19,0,

Franklin Cos = OSM F1;7-13 Plum Run, Jackson Twp., Sept. 6, 1927; Brodd
Ste Dam, Blacklick, Sept. 18, 1945,

Fulton Coe — OSU 3188; Mill Cr,, Sece 36, Gorham Twp., May 16, 19,1,

Greene Cos = OSU 6020s Beaver Cre., Secte 21, Nove 7, 1938,

Hooking Coe = OSM F191g Salt Cre Tribe, Benton Twpe, Octe 11, 1928;

OSM F195s Clear Cre at mouth, Good Hope Twp., Octe 1, 19283 OSU
7217s Salt Cre, Salt Cr. Twpe, April 9, 1947; OSU 2051s Queer
Cre, Eo Benton Twp., May 3, 1940,

Holmes Coe = OSM F371s Killbuck Cre trib., Richland Twp., August &,
1929; 0SU 2211z Killbuok Cr,, Octe L, 1940,

Jefferson Cos = OSU 63503 Brush Cr., Sece 36, Saline Twp., May 8, 19LL,

Knox Coe = OSM F1753 Little Jelloway Cr., Septe 22, 1928,

Logan Coe = OSU };770¢ Mac-o-chee Cr. at Mac-o-chee Castle, S. W. Monroe
Twpe, Apre 6, 1942; OSU 74,y Mad Re, No Monroe Twpe, “ipr. 6, 1942;
0SU 5777s Mad Re., Ne lonroe Twpe, 4pre 26, 1943; OSU 65358 Mad R.,
Southernmost Twp., March 28, 19L,5; OSU 6037s Mad R., 1 1/2 miles
Ne of West Liberty, Iiberty Twpe., May 6, 19393 OSU 2104z Mad R.,
SE liberty Twp., May 30, 1940; OSU 47535 Mad R. at falls, Jeffer-
son Twpe, Apre 6, 1942,

Torain Coe - OSM F163s Black Re, Brighton Twp., Septe. 1, 1928,

Yorrow Coe = OSM F255¢ Alum Cr. tribe., Lincoln Twp., May 12, 1929;
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OSM F257; Kokosing Re at Chesterville, May 12, 1929y OSU 458gs
Ee Bre Whetstone Cre, Washington Congress Twp., Aug. 23, 1945,

Ottewa Co, = OSU 88213 lake Erie, Hatchery Bay, South Bass Is., Novem=
ber 15, 1948; OSU 7126; 1leke Erie, Hatchery Intake, South Bass Is,,
Januvary 15, 194,7; OSU 71685 Iake Erie, Squaw Harbor, South Bass
Ise, March 25, 1947; OSU 7736s leke Erie, South Bass Is., January
2, 1948; OSU 6737s Fox's Dock, Put-in-Bay Harbor, South Bass Is.,
February 12, 1946; OSU 7113; 1lake Erie, Hatchery Bay, South Bass
Is., March 7, 1947; OSU 7107s¢ 1lake Erie, Peach Point, Gibralter
Ise, March 25, 1947,

Pike Co. = OSU 28225 Barn Hollow, Benton Twp., July 18, 1939; OSM
F2,9-113 Camp Cr., Camp Creek Twp., Apre 21, 1929; 0SU 2100%
Chenoweth's Fork, Sunfish Twpe., May 29, 1940,

Portage Coe = Hj223 1928; OSM F1%0s Sand Cre, Windham Twp., Septs 28,
1928,

Preble Coe = OSU L;81lys E, Fk. Whitewater R., Sec. 30, Jefferson Twp.,
Apr. 20, 19,2; OSU ;8015 E, Fk, Whitewater R. at New Paris, E.
Jefferson Twp., Apre. 20, 19,2,

Richland Coe - OSM F261s Clear Fork at Bellville, May 19, 1929; OSU
2055: Opossum Run, No Worthington Twp., May 5, 1940; OSU 31l4g
Opossum Run, Washington Twp., June 9, 1936,

Seneca Co, = 08U 79723 Suger Cr., July 19, 1948.

Stark Co. = OSU 9253 W. Bre Nimishillen Cr., Auge 17, l9L9; OSU L259¢
Pigeon Run Cr., Tuscarawas Twp., Auge 2, 19Ll,

Tuscarawas Coe = OSM F3095; Sugar Cr., Franklin Twp., Sept. 8, 1929,

Vinton Coe - OSM F309s Middle Branch, Pigeon Cr., Allensville, Jume
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30, 1929,

Williams Co. = OSU 1069s W, Bre, St. Joe River, Bridgewater Twp., Oct,
2y, 1939

i chigzans

UMMZ 815593 Mallet Cre, Washtenaw Co., August 10, 1927,

UMMZ 895743 Clear Springs Cr., lenawee Coe., April 5, 1927,

UMMZ 116803 Ne of lakeport, Ste Clair Cos., August 7, 1937,

Cottus bairdi kumlieni (Hoy)s

Ohios

0SU 59623 Conneaut, in harbor, Ashtabula Coe., November 11, 1943,

OSU 621035 Conneaut Hbre, Ne. E., Connesut Twp., Ashtabula Co., March 256,
1946,

OSU 62083 Mouth Cowles Cr., N. Goneva Twpe., Ashtabula Coe., March 25,
19464

Michigans

UMMZ 65563¢ Near Mouth of Big Cr., Oscoda Co., July 22, 192,

UMMZ 704,92s Au Sable R., Iosco Co., September L, 192,

UMMZ &1628s Rush lake, Marquette Co., June 30, 1927,

UMMZ 1176133 Ste Mary Re, oppe Sugar Island, Onterio, August 21, 1930,

UMMZ 1240563 Green's Cre., Cheboygzan Co., July 17, 1939

UMMZ 133369 Bliza Cre, Keweenaw Co., August 3, 1926

UMMZ 14,1303 Pine Re above linooln Bridge, T20N, R 12W, Sec. 13, lake
Coe, Septe L, 1952

UMMZ 1&4.2)4.83 Pine R., ThSN.’ R BWQ, Seo. 53, Cn'lippewa Coe, July 16, 1952,



