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- INTRODUCTION-AND LITERATURE REVIEW

The Percidae are an important group of fresh-uater fishes in the _
Northern Hemlsphere. Berg (1947: 474) reported fossil perc1ds from Eocene
dep031ts in Europe and North America, but llttle is known of the evolu-
tionary history of the family. Various authors (Jordan and Elgenmann,
1890 330 Henry, 1962 430; Collette, 1963 620) have p01nted out
morphological and anatomical similarities between the Percidae and the
Serranldae, and it is to the anadromous and fresh-water members oflthls
group that the perches seem most closely related |

The Percldae were formerly con51dered as being dlvided into two

subfamilies, the Percinae,‘composed of Perca, Stizostedlon, and other
European genera,.and the Etheostomatinae, cOmposed of the various genera
of darters restricted to North America. However, Collette (1963), chlefly
on the size and development of the anteriormost interhaemal bone and anal

e

spines, div1ded the Percidae into the two subfamilies Percinae (Pezca,

related genera, and American darters) and Iuclopercinae (_tizostedion and
related genera) | | -

Bailey (in Bailey, Winn, and Smith 1954 139-141) recognlzed three
primary natural groups within the subfamily Etheostomatinae (tribe
Etheostomatini of Collette) He consldered as most speclalized those
species w1th modlfled midventral scales and placed elght such formet
genera into the single genus, Percina. The second group was characterlzed
by the naked midline of the belly and the single weak anal spine.. In

this group Bailey placed the genera Ammocrypta and Crystallaria, the sand

darters. -All the remaining darters were placed in the genus EtheostOma.



-12-

Bailey's reason for placing many groups formerly given generic rank into

"consists in evidence that the characters employed to

a single genus
define and delimit the groups are highly-ﬁariable both intraspecifically
and interspecifically, are subject to complete overlap from group to

group,.and are ccommonly: the product of converéent‘evolution."- Bailey (in
Bailey and.Gosline, 1955: fig. 1) recognized éssentially/the same generic

classification as he had in Balley, Winn, and Smith (1954). These were

Percina (20 specles), Ammocrypta, which included the former monotypic

genusVCrvstallaria’(S species), and Etheostoma (presently over 70 species).
He also recognized many.former generic names as subgenera; Etheostoma
being composed of 12 subgenera, the most generalized of which are

Boleosoma and Etheostoma. In Table I (p:? ), Bailey listed seven.

species within.Boleosoma: Etheostoma nigrum (3 subspecies),.E. perlongum,

E. chlorosomum, E. jessiae, E. stigmaeum, E. longimanum, and E. podostemone.

Cole (1957: 3-4) recognized 3 species groups of Boleosoma in the eastern
United States east of the Appalachian Mountains. These were: (1)

Etheostoma nigrum complex composed of five subspecies and characterized

by small size, typically 9 preoperculomandibular pores, and incomplete

1

infraorbital canal, . (2) Etheostoma,olmstedi complex composed of four
subspecies plus E. perlongum, an endemic form of Lake Waccamaw, North
Carolina, and characterized by larger size, typically 1l preoperculcmandi-

bular pores and complete infraorbital canal. (3) Etheostoma longimanum -

E. podostemone group, endemic -to the James and Roanoke River systems

respectively. - The three other species, E. jessiae, E. chlorosomum, and

E, étigmaeum,_occur in the Mississippi and Gulf Coast drainages.
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E. longimanum was first described by Jordan (1889a). 1In a later
paper published the same year (1889b), he gave the‘original description
of E, poaostemone as well as another description of E. longimanum from
better material. Jordan_statéd that E. podostemone was allied to E.

longimanum, and differed chiefly in the larger scales and smaller mouth,

Cockerell and Elder (1914:) studied the scales of E. nigrum, E. olmstedi

and E. podostemone and found characters to distinguish the three. Raney

and Lachner'(1943) reported on the age and growth of E. nigrum olmstedi
and E. longimanum. The? found both to be short lived species, with males
having a faster growth rate fhan females during the second year of growth.
Moore (1957: 184) separated E. podostemone from E. longimanum primarily
on differences in snout profile. E&dy (1957; 509-210) used the ratio of
snout length to eye diame;er as the majqr diffgrentiating chéractér
between the two; Coie (1957) stated that E. longimanum and E. Eodogtemone
were not closely related to either_g..olmstedi or E. ﬁi rum, and are
characterized bf a complete_inf;aofbital‘canal and two anal spines. lHe
presented. data on several charaéte;s ﬁhich serve to separate E. longimanum
from E. podostemone, but for many oflthgse characters he examined only 5
or 10 individuals. | -

The available information thus_apéég;s, and hés.proven to be,
inadequate for separating fhg:two speciés,_and casts doubt upon fhe

present taxonomic status of both, The objective of this paper is to study

the systematics of Etheostoma longimanum and Etheostoma podostemone, to

re-evaluate their taxonomic status, and to study their distribution and

relationships.



' "'14-

METHODS

The follow1ng counts were made follow1ng the standards of Hubbs and

Lagler (1947: 9- 12) |
Scales in lateral line..
Scale tdﬁs above lateral line to orlgin'of‘flrst dorsal fin.
Scale rows above lateral llne to originﬁof second dorsal fin;
Scele rows below latersl line to orlgin of ahal fln. |
Scale rows around caudel peduhcle. |
Spines in first dorsal.fih.
Rays in secohd dorsal fin.
Rays in anal fin,
Rays in rlght and left pectoral fin.

In addltion, the following two counts were made:

Lateral-scele reﬁs‘from erigihtofifirst dorsal-fihlto origln
of second ddrsdl fln. | |
.IThe suhmatloh of: -scales arouhdrcaudal peddhele; scales above
‘lateral line te origin ef second dorsel fin; scales below
lateral line to origln of anal fin. -

The following measurements were tahen torthe-heerest-tehth ef a
milllmeter‘withlthe use of dial ealipers and ﬁere nmade fdllowing the
standards of Hubbs and Lsglet'(l947' 15-15): standard lehgth, gteatest
body depth caudal peduncle depth head depth head length, snout length,
POStOrbltal length of head, length of longest pectoral ray, length of
longest pelv1c ray, 1ength of first dorsal fin base, 1ength of depressed
secand dorsal fin, eaudal peduncle length predorsal 1ength length of

orb1t, length of lower Jaw (to end of max1llary)
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Various workers (Hubbs and Cannon, 1935; Cole, 1957; Ccllette and
Yerger, 1962; Collette, 1962) have found the condition of the cephalic
canals to be of systematic .importance In the Etheostomatinae. These
canals were examined in E. longimanum and E. podostemomne, and their
arrangement and condition are given in the description of each species.
The -terminclogy used follows that of Hubbs and Cannon (1935: 10), with.
the exception that preoperculomandibular is used in place of the -
operculomandibular of Hubbs and Cannon., Counts were also made for the
‘number of pores' opening from the pfeopérculomandibular and infraorbital
canals,

QOnly individuals 30 mm or greater -in standard length were examined
in this study, with all bilateral counts and measurements being made on
the left side, For comparatiﬁe-purpoées,uall measurements except lower.
jaw.length and orbit length were converted to per cent of standard
length. Lower jaw length and'orbit.lehgth‘were converted to per cent of:
head . length. .Snout -length was :converted tO'ﬁer cent of head length as
well as per cent of standard -length.

- The sex of all individuals‘examined was determined by differences in
the genital papillae of males and females. - At the beginning of the study
these differences were verified by dissection and examination of the
gonads.,

- Frequency distributions of ‘all counts and proportional measufements
are presented in Tables 1-295 The ‘arithmetic mean.(x), standard deviation
(s), and standard error of the arithmetic mean'(sﬁ) were calculated for
eacﬁ-species by formulae given by Simpson and Roe (1939: 87, 115, 154).

Lo

- PSR [
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To check for sexual dimorphism, the arithmetic means of all proportional
measurements were calculated separately for males and females. No signifi-
cant differences were found to exist between sexes of the same species for
any measurement except the length of the depressed second dorsal fin,

This measurement shows definite sexual dimorphism, and is presented in
separate frequency distributions (Table 24 and Figs. 24 and 30) for each
sex. -All other frequency diétribﬁtions represent combined data for males
and females of the same species.

The two species were compared following Ginsberg's (1938: 260-261)
arithmetic definition of species, subspecies, and race. ‘In this, frequency
" distribution curves (Figs. 1-29 pp. 94«122) were constructed for each
character examined. For any‘given character, an average overlap of the
two curves of 10 per cent or less was considered to be a specific differ-
entiation for that particular character., An average overlap of 15 to 25
per cent was a subspecific difference; and from 30 to 40 per cent a racial
differenge. An average overlap of-more than 40 per cent indicated a
subracial difference, and the two populations were called varieties. 1In
contrast to Ginsbergfs use of the.single most divergent character as an
indication of degree of differentiation, as many seemingly important
morphological characters were examined as was possible.

Sampie comparison diagrams developed by Hubbs and Perlmutter (1942:
582-592) and Hubbs and Hubbs (1953: 49-56) are given in Figs. 31-34, pp. 124-127.
and serve as a graphical analysis of the significance of differences
between the two species. In these diagrams, the horizontal line represents
therrange, the vertical line at right angles to the range represents the

mean, the colorless rectangle represents one standard deviation on either



-17-

side of the mean, and the black rectangle two standard errors on each
side.qf“the mean. When the colorless rectangles neither touch or overlap,

a specific level of differentiatioﬁ”uspally exists between the fﬁo popula=-
tions for this partiéular character. When the églofless-rééténglés touéh
or.ofé;laﬁ;_ﬁut £h§ black rectanglgs-do.not touch,-a sﬁbépecific level of
qifferentiation ﬁéually exisﬁé; .An oﬁerlap ﬁf oﬂe-third orllesé between

the blacﬁrreé;anglés uéﬁaliy'inﬁicates a subrécial level bf differentiation,
or botﬁlsaméles may weli have comerfrom the same place. However, an overlap
.of greater than 33 per cent between these rectangles usually indicates that

no reliance can be placed on the significance of difference between the two

" populations.
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MATERTALS

Materials used in this study are listed under the name of the stream

in which they were collected on pp. 30-32 for E. longimanum and pp. 41-45
for E. Qodosfemone. Collection localities are plotted as solid black
circles on Figs., 35 and 36, pp. 128-129. All collections are deposited

in the Virginia Polytechnic Institute Fish Collection and are catalogued

under the collection numbers given.
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_ETHEOSTOMA LONGIMANUM
Synonymy

Etheostoma longimana ~ Jordan, 1889a: 179 (original description;

type ﬁCZ'24619; James River, Virginia; subgenus Imostoma).

' Etheostoma longimane - Jordan, 1889b: 361-362 (description from

better material; "A.I,8" probébly in error; locality records). Jordan,
1890: 112 (locality records; habitat notes). Jordanm, 1916: 126
(description; range). -

" Boleosoma longimanus - Jordan and Everﬁann; 1896a: 1054-5 (synonymy;

description; "A.I,8" probably copled from Jordan 1889b, in error).
Cockerell, 1914: 155 (locality record). ~Jordan, 1916: 356 (appendix

changes text name from Etheostdma longimane); Fowler, 1918: 18 -

(locality record).

Etheostoma longimanus - Fowler, 1923: 10-11 (locality record; disa-
greed with Jordan and Evermann on distinguishing features between E.

longimanuﬁ, E. podostemone, and E. nigrum. -

“*Ulocentra longimane - ‘Jordan, 1929: 158 (description; range). -

Imostoma lgngimane'Q Jordan, Evermanﬁ, and'Clérk, 1930: 286

(siﬂbnymy; range).

' Ulocentra longimana - Pratt, 1935: 121 (description; range).

" Boleosoma longimanum - Raney and Lachner, 1943: 229-238 (age and

growth étudies). " Burton and Odum, 19455 186, Table IV (locality records):
191, Table VI (Johns Creek); 192 (range). Raney and Lachner, 1946a: 675

(found frequently with Thoburnia rhothoeca). Raney, 1950, 176-177 (range;

questibned Fowler's (1945: 37) record of Cottogaster podostemone.from -
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Jaméskand [ longlmanus from Potomac); 188 (in.list of fishes common in
the mountain area) .Lachner, Westlake, and Handwerk, 1950: 99 (refers .
to age and growth studies by Raney and Lachner (1943).

Cottogaster longimanus - Fowler, 1945: 37 (range, Potomac in

error); 84 (synonymy; locality records); fig. 16.

Etheostoma longimanum - Fahy, 1954: 153, 188 (referred to age and -

growth studies by Raney and Lachner); 199 (growth comparison of male to
female). Balley and Gosline, 1955:. 15 (subgenus Boleosoma; vertebral -
counts); 38 (locality records). Cole, 1957: 210-212 (synonymy); 213 (range);
213-215 (diagnosis); 215-216 (locality records). .Eddy, 1957: 210 (brief
description; range). .Moore, 1957: 184 (key); 189-190 (brief description;
range). Speare, 1960: 241 (referred to Raney and Lachner, 1943). Gilbert,
1961: 445 (endemic of James);.456 (possible evolutionary history).

- In his original description, Jordan (1889: 179) designated as types
eight specimens ''taken by Professor Baird about 1855, in' a tributary of
the James River, Virginia," and catalogued as MCZ 24619, 'Cole (1957:
212-213). reported that three of these types were later transferred to the
U. S. Naticnal Museum and recatalogued as USNM 120258. He also stated
that tﬁese.three specimens were éxanined by Lachner in 1946 and identified
as two E. .on‘inannm, and ona gﬁécimén identified 5y Cole ale gig__ﬁ
jamesense. Cole reexamlned the types of E. longlmanum in 1956 and
designated as the lectotype of E longimanum "USNM 120258, an adult,
sex unknown, 44 mm in standard 1ength: The other spec1men of longimanum,

an adult, sex unknown, 42 mm in standard length." Cole also reported that
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the types were very soft and fragile. Due to the fragile condition of
" these individuals and their recent reexamination, they were not examined

by the writer during the course of this study,
Raﬁ e

Etheostoma -  longimanum is endemic to the James River system in Virginia

and'West_ﬁirginia. Its distribution within this system 1s shown on Fig.
36, p.129, from data found in the literature and the V, P. I. collection
recorde. ﬁaney {1950: 188) listed E. longimanum as common in the
mountain regilon, but (p. 189) did not list it as one of the specles found
in both the upper Piedmont and mountainous region. His use of the term
"mountainous region" refers only to fish distribution, and (p. 187) he
defined this region as extending from the Allegheny Mountains as far east
as Lynchburg -and Charlottesville, Virginia. From Fig. 36, it can be seen
that the present known distribution of E. longimanum within the James
River syetem appears to be limited to mountainous streams of the
Allegheny - Blue Ridge Mountain area and to mountainous tributaries. and
headwaters of Piedmont streams. -This general area coincides with Raney's

"mountain region."
Habitat
Jordan (1889b 361) reported that E. longimanum "abounded in focky,
swift waters, espec1a11y among river weeds," and in 1890 (112) he stated
that E. longimanum was "very abundant in the tributaries of the upper James

especially in weedy plaees where the current is ewift." In various collec=

tions taken by the writer, E. longimanum was fairly abundant in the small
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to mediqm sized tributaries-of the upper James, and was usually found in

" the deeper riffles of from 6.inches to -2 feet in depth with a moderate

to moderately fast current. It is especially abundant "in those riffles
which contain fairly large flat rocks lying rather -loosely on each other
and situated in such a manner as to provide space beneath theﬁ. It appears
that E. longimanum spends most of its time underneath such rocks, emerging

primarily to feed.

Description

The body of E. longimanum is moderately elongate and little compressed,

with greatest body depth 16.8-20,7% (x:: 18.6%) of standard ‘length and
caudal peduncle depth 8.8-11.2% (x: 10.3%) of standard length. The
largest male examined was 73.5 mm SL and the largest female 66.2 mm,
Head length is moderate, X: 24.5% in standard length. The snout is some-
what blunt, with the profile gently sloping from the eyes.and becoming
almost vertical anterior to the anterior nostrils; length most often is
greater than the diameter of the-orﬁit. The premaxillaries are protractile
and the maxillaries reach to or posterior tothe front of the eye. The
mouth 1s small, horiéontal, and slightly subterminal, with teeth being
present on the premaxillae, vomer, palatines, and dentary. ~The gill
membranes ére rather broadly connected and there are 6 branchiostegal rays.
The preopercle is entire.

In the lateral-line syétem of the head, the lateral canal opens in

five pores, as is typical of all darters (Raney and Hubbs, 1948:17; Hubbs

and Cannon, 1935:10). The supratemporal canal is complete and opens
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typically in a median and two lateral pores. Occasionally a .forth or

" fifth pore is present between the median and two -lateral pores, but this
does not represent a break in the canal, - The anterior nasal pore of the
supraorbital canal opens before and on line with the anaterior nostril,
The pbsterior‘nésal pore opens just anterior tb‘and above-thg posterior
nostril. The interorbital pore varies somewhat in position, but is always
anterior to the narrowest part of the interorbital region., The coronal
pore was present in all E. longimanum examined, and always opened

anterior to the ﬁosterior mafgin of the eye and anterior ‘to thé postorbiﬁal
pores. The postorbital pdre opens posterlor to the orbit and about mid-way
between the dorsal edge of the orbit and the junction of the suéraorbital
and infraorbital canals. The infraorbital canal is complete and opens ‘in
from-7 to 9, usually 8 pores. This canal runs along the ventral edge of .
the orbit and'terminateé iﬁ a pore located just ventral to the anterior
nostril and about mid-way between the anterior nostril and the orbit.
Posterior to this pore two rather long conspicuous tubes extend ventrally
and anteriorly from the infraorbital canal, each opening in a pore on the
fleshy edge of the upper lip; one just anterior to the terminal pore and
the other' on line wifh the postefior edge of the premaxillae, " The five
remaining pores are located postefiorly at fairly even intervals, and
connect witﬁ the canal by short tubes. The préoperculomandibulér canal

is complete -and opens in 9 to 11, usually 10 pores. This éanal, as is
true 1in most, 1f not?ail, darters (Hubbs and Cannon, 1935: 10), is not
comnected to the lateral canal. 'TIt originates in a pore just above the.
postériof dorsal edge of the préopercle; runs along its‘postefior edge
ventrally and anteriorly glving off 5 pores, and onto the lower jaw where

it usually opens in four pores.
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.The cheeks, nape, breast, and anterior half of the belly are naked.
v Lateral line complete, scales 40=49 (X:44.3), all scales pored. . Scales
above' lateral line to origin of first dorsal &4 or 5, to origin of second
dorsal 5 to.7, u;ually 6, below lateral line to origin.of anal 6 to 9,
usually 7 or 8, and from 15.to 18, usually 17 or ‘18 around the caudal
peduncle.
.Pectoral fin always longer :than head, rays 12 to 14, usually. 13.

. Pelvic rays I, 5; spine and first two rays of breeding and non-breeding
males and females with fleshy tips; that of spine especlally prominent.
First dorsal fin with 9 to 11, usually 10 spines, rather high and
usually extending -to bése-of second dérsal,'the posterior membrane often
attached to base of first'ray of the second dorsal. .Second dorsal large
and higher than'first dorsal, rays ll to l4, usually 12,. In adult males,
the. depressed second dorséi-extends.an appreciable distance posterior to
the posterior margin of the anal.fin,.often-reaching-the base of. the caudal
fin, In females, the posterior margin of this fin is over or only slightly
posterior to.the anal, In both sexes, the origin of the second dorsal is
slightly anterior ‘to the anal origin. :Anal smaller. than second dorsal,
rays II, 6 to 8, usually 7. .First anal spine shorter and somewhat thicker
than second, the second about half the length of the first ray. The
caudal fin;is almost always emarginate in adults, although it may grade
from emarginate to truncate in sub-adults,

.Cole - {1957: 30) sfated that_tﬁe shape of the genital papilla was
relatively constant throughout the éﬁbéénus Bolecsoma. .In E. longimanum,

the énal'opening in both sexes 1s.surrounded by a round, radially grooved
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mound of tissue. - In males, the genital papilla arises from the posterior
© base of this mound, and extends postefiorly to .the fleshy base of the
anal fin. It consists of a fleshy, flattened tube with a slight notch at
its blunt tip indicating the genital opening.. The papilla lies -in a
‘rather deep depression and is normally below thé level of the body scales
on,eithef side. - In females, the genital opening 1s located just
posterior to the anal mound.- Posterior to this opening, a fleshy, bilobed
structure extends posteriorly almost to the anal origin, This papilla
also lies in a deep depression, and surrounds the genital opening laterally
and posferiorly. In breeding males, both the mound of tissue surrounding
the anal opening and the genital papilla are swollen.. Both these
structures, while normally nonpigmented, become heavily pigmented dt this
time, .In breeding females, the anal mound and genital papilla .are also
swollen, as is thé-tissue lying between the papilla énd anal fin. "The
genital papiila‘of females was found to‘remaiﬁ unpigmented throughout the
year. - . s oo
Raney and Lachner (1943: 235-236) reported that males and females of
E. longimanum grew at ;bout the same .rate fof the first year, with males
averaging 37.6 mm and females 35.4 mm at the end of their first year. In
the second year, males grew at a faster rate, averaging 54.9 mm to 46.3 mm
for females: TFew members of elther sex were belleved to live much beyond
thelr second year.: |
Colorationl
' In females and non-breeding males, the spines of the first dorsal

fin are clear. On each interradial membrane there is a vertical row of
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from 2 to 5 or 6 brownish orange spots. That portion of the membrane

“ between and lateral to these spots is clear. In breeding males, the first
three intefradial membranes.are dusky black from their base almost fo
their margin.' The fourth, fifth, .and sixth membranes are a slight dusky
black, particularly along the margins of the spines. The spots mentioned
above are now brick red and very noticeable on all but the first.three
membranes. The interradial membranes which are not dusky black are light
tan in color.

The second dorsal fin in females and non-breeding males 1s similar in
appearance -to.the first dorsal. The rays and interradial membranes are
clear, with each membrane having a vertical row of from &4 to 8 brownish
orange spots.' In breeding ﬁales, the interradial membranes are-.tan and
the 'spots are brick red.: The entire fin has a thin black margin.

'The pectoral fins of females and non-breeding males have clear inter-
radial membfanes.‘.Melanophores‘afe concenfrated in groups upon the rays,
glving the entire fin a barred appearance. This barring 1is much more
Srominent‘on the proximal half of the fin.  -In males, as breeding season
approaches, -the-presence.of additional malanophores gives the entire fin
a dusky black appearance. At the height of breeding color, the inter-
radial membranes are dusky black and the rays are dark black. -

The pélvic‘fin is clear in females. and non-breeding males, or there
is only ‘a slight scattering of melanophores on the rays. In breeding
males, the pelvics are quiet similar to the pectorals, being dark black.
The fleshy knobs on the spine and tips of the first two.rays are white at:

this time.-
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The anal fin is clear in females and non-breeding males. In breed-
" ing males, the interradial membrames are jet black and the rays only
slightly less black.

In females and non-breeding males, the interradial membranes of the
caudal fin are clear. ©Small dark spots or elongate blotches are present
on the rays and give the fin a light barred appearance. In breeding males,
the caudal rays are dusky black and the interradial membranes are a
yellowish orange.

Six black dorsal saddles cross the dorsal midline of the body and.
extend ventrally two or three scale . rows.on either side. . The first saddle
is located on. the unscaled area just in front of the first dorsal; the
second is slightly anterior,to the middle of the'first dorsal; the third
is-at the -posterior fifth or sixth of .the first dorsal and extends to or
slightly posterior to the origin of the second dorsal; the:fourth is anterior
to the middle.ofwthe second dorsal. :;n femaies and sub-adult males, the
fifth saddle lies.under the posterior margin of the second dorsal fin. In
adult males, the.depressed second dorsal extends an appreciable distance
posterior to this saddle, The-sixth saddle lies on the caudal peduncle
near the base of the caudal fin.. From 8 to 12 (usually 8 or 9) separate
black blotches extend along the lateral line from just.posterior to the
pectoral baéefto,the posterior edge of the hypural. These blotches usually
extend one scale row above and below the lateral line. |

.The dorsal background is golden tan, and grades‘to a light tan two or:
three scale rows below the lateral line. Ventral to these scale rows, the

belly and breast are creamy white. Many of .the scales above the lateral
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line are dark edged and often overlie dark brown to black blotches
“almost as large as the scales themselves. These dark scales and blotches
are arranged in uneven broken lines. The first two or three scale rows
below the lateral line are ofteﬁ dark edged and arranged in X and Y
patterns. " A dark, median basi-caudal spot is.present,. and is usually
fuséd-or only slightly separate from the posterior lateral blotch.

-+ The top of the head from nape to tip of snout is a blotched golden
brown. .A preorbital black stripe runs from the eye :.onto the upper lip,
where it is usually narrowly. separate from theisihiiar stripe-on the other
side of the head. The cheeks are flecked with golden brown and possess-a
Subquital golden brown:spot., The opercle is.rather heavily covered with.
melanophores which are concentrated to give a solid black appearance:
directly behind the preopgrcle.‘ The lower jaw, chin, and branchiostegals
are creamy white. A golden brown blotch-lies on the fleshy area directly
;nterior to the pectoral fin base. This blotch often.extends to or slightly
underneath the:posterior margin of the subopercle.-.A golden brown spot or
vértical blotch is.usually present on.the anterior dorsal base of. the
pectoral.fin.

- In breeding males, .the. nape, cheeks, opercles,. lower jaw,. branchiostegal
membranes, breast, and anterior scaleless half of -the belly are a dark dusky
black. The.snout, interorbital region, and occlput are also dusky black,
but are splotched with greeﬁisﬁ.tdn.‘ Ai1 scales from the head to caudal
fin have a greenish blue margin. This margin is better developed and wider
above .the lateral line, becoming. thinner and less noticeable toward the

belly. The lateral blotches and dorsal saddles are less distinct and seem
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"to grade into -the general background color which ranges from tan to

" tannish orange.

Breeding Season

The breeding season of E. longimanum seems to fall sometime between
the last of May and the first two weeks of‘June, although it is known that
thié éan vafy from feér to‘year depéndiﬁéroh %ater temperéture. Examina-~
tion of two females coiiected-én June 1, 1952 f;om:Looney ﬁi;l Creek,
Botetourt Coﬁnfy, Virgiﬁia; showéd égés to Eé well developed within the
ovary. Femaies égileeted by thé writer on May 29 and 30, 1964 from Johns
Creek, . Craig County, Virginia, had well developed eggs and swollen genital
papillae, but'little distention of the belly. On.June 10,.1964 a large
collection of E, longimanum was taken from Catawba Creek,.Montgomery
~ County, Virginia. Almost‘all adult females were distended to almost twice
their normal width and their genital papiliae were very swollen. Several
males were in full breeding color, and several others were approaching full
breeding color. 1t is believed that.this collection was.taken very close
to actual spawning time. Several collections were examined which were |
taken on July 19 and July 20, 1963 from Jackson River, Highland County,

Virginia. .All adults In these collections had completed spawning.

Specimens'Examined

Back Creek

176 - Back Creek on route 600, 8 miles north of route 84

intersection,,Highland Co., Virginia, .August 16, 1962,

J. E. Carico, Glenn Clemmer, Ed McConnell, 7 specimens.
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Big Back Creck

s 175 - Big Back Creek along state 600, 2 air miles north of

Mountain Grove, Bath Co., Virginia,.August 16, 1962,

J.. E..Carico, Ed McConnell, Glenn Clemmer, 1 specimen.

.Catawba Creek

1604 -

‘Catawba Creek at route 31l crossing.l/2 road mile
from junction 311 and 277.east of Catawba, Roanoke
Co,, .June 10, 1964, R, L, Miles, C. Heartwell, T. J.

.Clayton, 20 specimens.

.Craig Creek

192 -

‘Craig Creek at Pinetop, 2.air miles northeast

. Newcastle, Craig Co., Virginia,,ﬁﬂy 11,‘1963,_R. E.

193 -

194 -

Jenkins,.F. W. Inge, l'speéimen.

‘Craig Creek 1.3 airrmiléé ﬁorthe;st of Newééstlé,’l.Q
air milé; éoufhweét.Vé. Minerai Springs, Craig Co.,
Virginia, May 15, 1963, R. E. Jeﬁkins,.F. W. Inge,

2 speéiééns. | | o -

-Cfaié b¥ee£ 0.25’ri§ei ;iles doﬁﬁstream.from Pinetop,

enter dirt road paralleling river by way of Whitelow's

- driveway,-Craig'Co;,.Virginia,,June 6, 1963, R, .E.

1006 -

Jenkins, J..E..Carico, R..L..Miles, 2 specimens,
Craig Creek at steel.bridge. 6.8 miles
Newcastle on route 311, Craig Co., Virginia, August

19, 1958, R, D, Ross, J. Wakeman, K, Cook, 2 specimens.
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1423 - Craig Creek 1.3 air miles northeast of Newcastle,
‘1.9 air miles southwest of Virginia Mineral Springs,
Craig Co., Virginia, October 12, 1960, V.N.H. class,

4 specimens.

Jackson River

196 -~ Jackson River 0.5 mi. north of Highland-Bath Co,
‘line at steel bridge on route to Bolar, Highland Co.,
Virginia, July 19, 1963, R. E. Jenkins, R, .D. Ross,
10 specimens.

‘léo - Jackson River 7 road miles south of Monterey on
| route 220 nghland Co., Virginia July 19 1963
R E. Jenklns, R. D Ross, 2 spec1mens
1575 - Jackson River at Hldden Valley Farm, 4,3 miles north
| of Mitcheltown, Bath Co., Vlrglnia, July 20, 1963 R.
Jenklns, R D Ross, 1 specnmen.

197 - Jackson River'along route 220, 1.5 road miles south

‘Pinckney, Highland Co., Virginia, July 19, 1963,

R. E. Jenkins, R. D. Ross, 1l specimene.

Johns Creek
l666 - Joﬂns Creek;Z road.miles northeast of Newcastle,
. second brioge crossing upstream from Newcastle, Craig
- Co., Virginia, May 30, 1964, R. E. Jenkins, R.-L.

Miles, C. Heartwell, 2 specimens.
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1668 - Johns Creek 1 road mile northeast of Maggie on
county road 632, 1 mile northeast junction of county
roads 632 and 656, Craig Co., Virginia, May 29, 1964,

R. L., Miles, R, E. Jenkins, 5 specimens.

Looney Mill Creek

- WSD15 = Looney Mill Creek-5 1/2 miles southeast Fincastle,
‘Botetourt Co., June 1; 1952, B. Stough, W. S. Davis,

2 specimens. .

Potts Creek

877 - Potts Creek 1 m11e below Paint Bank on Mr, Smith'
property, Craig Co., Virginia, August,21, 1957, R. Df
Ross, K Cook J Wakeman, l specimen. o
10097; Potts Creek 2.8 road miles. northeast of Paintbank,
- Cralg Co., Virglnia, August 19 1958, R. D. Ross,

J Wakeman, K Cook 1 spec1men.

Rockfish River

-JPT1 - Rockfish River 20 miles southwest of Charlottesville,
Nelson cb.; Virginia,  October 20, 1951, J.:.P.

Thompson, 20 speciﬁens.'

Woods Creek

1011 - Woods Creek at Lexington, trib. of Gauley (North)
River, Rockbrldge Co., Virginia, August 21, 1958, S

specimens.
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. ETHEQSTOMA PODOSTEMONE

Synonymy

Etheostoma podostemone - Jordan, 1889: 359-360 (original description;
subgenus Boleosoma; "allied to E. longimane'; locality records). Jordan,
1890: 98 (referred to original description; locality records); 121
(abundant‘in ﬁpttom Creek); 124 (raﬁge;‘habifat notes); Plate XV, fig. II,

Fowler, 1923: 10-11 (disagrees with Jordan and:Evermaﬁn‘on.distinguishing

fgatﬁres,between E; longimanum, E. podostemone, and E. nigrum). Bailey
aﬁd Gosiine, 1955: 15 (subgenus(Boleosdma; veftebfal counts); 38-39
(locality records). Cole, 1957: 217-218: (synonymy); 219 (typélméterial;
range; diagﬁoéis);-219—221 (material eiamined).' Moore, 1957: 184 (key'té
identification); 189 (brief description; range). Eddy, 1957: 209 (brief
description; faﬁge). VGilbéft,'19615?456'(c6mﬁénioﬁ foém of E.‘longimanum;

possiblé evolutionary history).

Boleosoma podostemone - Jordéﬁ éﬁd Evermann, 1896a: 361 (range;
referénce to'origiﬁal.deécriptioh);' jordaﬁ and Evermann, 1896b: 1005
(descfiption; synonjmy; range; habitat noteé); Cockerell, 1914: 155
(lécaliﬁy'feédfds). dockerell andJEldef; 1914: 157 (range; comparisoﬁ of
scales). Jordaﬁ,319l6:'356 (raﬁge).'chGauhey‘et al., 1942: 96 (locality
records). -Ranéy‘and Lachﬁér; 1946b£ 220'(endeﬁic of Roanoke River). Raney,
1950: 177 (probably limited to koanoke'River); 187 (in list of fishes
found only in Roanoke River). ‘

Ulocentra podostemone ~ Jordan, 1929: 158 (description; range;

abundant in Podostemon).

Ulocentra podostemona - Pratt, 1935: 121 {(description; range).
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Cottosaster podostemone - Fowler, 1945: 37 (range; James River in

P

error).
Types

In his original description, Jordan <1889: 359) designated as types
USNM 39863. Cole (1957: 219) reported that this collection was still

extant in the u. S. National Muiseum under the original number and consisted
of 5[speoimens, all valid podostemone. He designated as‘lectotype "a
sub-adult male, 39.5 mm in st. length mith lateral line'count of 39, anal
fin count, 2 spines, 6 soft rays, first dorsal 9 and_second dorsal soft
rays 12." Due to the recent reexamination of these specimens, and to the

fact that Cole reported them to be brlttle and badly shrunken, the types

were not examined by the erter during the course of this study.

Range
.

Etheostoma podostemone is endemic to the Roanoke River system in

Virginia anleorth Carolina. Flgure 36, Pe 128 shows most of the avall-
able collection records from both the 11terature and the V. P I, collec~-
tion records and gives some idea of,the known distribution of E:
podostemone withln the Roanoke River system. Like E.Vlonlimanum, it is
w1dely distr1buted in the upstream portion of 1ts respectlve stream |
system and 1s llmited to those streams or stream segments which flow
through the Blue Ridge Mountains and outlying mountalnous reg1ons of the

Piedmont.
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. Habitat -

Jordan (1889b 359 1890 126) reported that E podostemone 1nhab1tated
swift water, especially among rocks covered by river Weed From collectlons
taken by the writer, 1t appears that E podostemone prefers the smaller
tributary streams of the Roanoke. It is usually found in habitats almost
identical with those of E. longimanum, inhabiting the deeper riffles of
from 6 inches to 2 feet 1in depth with a moderate to moderately fast current,
and beingrespec1ally abundant in riffles containing flat rocks with |
openings‘underneath theml . | |

Description

VThe‘hody of'E.'podostemone is moderately elongate and littlercompressed
w1th greatest body depth 15.6-~20. l% (x 18. 2%) of standard length and caudal
peduncle depth 9 b= ll 9 (x 11. l%) of standard length The largest male
examined was 62 8 mm and the largest female 55 0 mm in standard length
Head length is moderate, X 24 6% 1in standard length | The snout is blunt
and rather w1de, profile rounded 1ength almost always less than diameter
of orbit. The premaxillaries are protractile and the maxillaries usually
reach to the front of the eye. The mouth is small horizontal and slightly
subterminal with teeth being present on the premaxillae, vomer, palatines,

and dentary. The gill membranes are rather broadly connected and there are

6 branchiostegal rays. The preopercle is entire.

The lateral line system of the head is very similar to that of E

longimanum. The lateral canal is complete and opens in five pores. The

N H [
[

supratemporal is complete and opens in a median and two lateral pores.

The anterior nasal pore of the supraorbital canal opens before and on line
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with the anterior nostril; the posterior nasal pore opens anterior to and

-“above the posterior mostril; the interorbital lies just anterior to the

- middle of the eye, and the postorbital pore opens just posterior to the

orbit.('The coronal pore was present in.all specimens examined, and while
often opening anterior to -the posterior margin of.the eye, it frequently
opened as far poatgriorly as the posterior margin of the orbit, lying.on
a line with the_postorbita} pores.. . This condition was never seen in E.
longimanum. The infraorbital canal is complete and opens in 8 pores,
almost .1dentical in location to those of E. longinamum. The preoperculo-
méndibular canal is also;compiete and 1is similar in location to that of
E. longimanum, It opens in from 7 to-ll, usually 9 pores, with a pore at
its origin above the preopercle, 5 pores. .opening along the edge-of the
preopercle, and usually only -3 pores opening on the lower jaw.

" The cheeks, nape, breast, and anterior half of the belly are naked,
while the opercles are scaled. Théllateral ine is complete, with 35-41
(x: 38.6) scales, all of which are pored. Scales above lateral lime to
originrof first dorsal 3 to 5, usually &4, to origin of second dorsal 4 to
6, usually 5, below‘latéral,line-to.origin'of anai,5 to 8, usually -6 or
7, and from 14 to 18, usually 16 scale rows around the narrowest part of
the caudal peduncle.’

_Pectorél fin always longer than head, rays 10 to 13, usually 12.
Pelvic rays 1,-5, spine and firét two rays of breeding and non-breeding
males and females with fleshy tips. First dorsal moderately high, with .
8 to 11; usually 9 or 10 spines, extending to or almost to origin of

second dorsal, -Second dorsal larger and higher than first dorsal, rays
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ld to 14; nsually 12 or 13. :As in E. iongimanum, the.depressed sec0nd
dorsal fin of adult males extends posterior to the posterior margin'of

the anal fin, almost reaching the caudal base, In females and sub-adult
males, this fin extends only slightly posterior to the anal margin. In both
sexes, the origin of the second dorsal fin is slightly anterior to the anal
fin origin. Anal fin smaller than soft dorsal, rays 1I, 5 to 8 usually |
6 or 7.l First anal spine shorter and somewhat thicker than second, the
second about 1/2 the lenéth of the first anal ray; The caudal rin‘ranges
from-truncate to rounded in sub-adults, While-in:aduits the posterior
margin is almost always rounded. | - |

| The description of the genital papilla of E longimanum (p. 25),

serves also for E. podostemone. No significant differences oould be |

distinguished between the papiliae of the two species.
. Coloration - - . s

in femaies.and nonfbreeding.maies,rthe spineslof the first dorsallfin
are essentially clear. Thefinterradial membraneslare ciear and each
membrane possesses'a vertical row of brownish orange spots or small
blotches. These spots vary greatly in number frOm individual to 1ndir1dua1;
the longest interradial membrane of one spec1men may have only a basal and
median spot, while the same‘membrane of anothar specimen possesses 50t 6
spots. No correlation was seen between the.number and arrangement of these
spots and the sex or-s12e of the individual. The entire'first dorsai fin
has a wide brownish orange maréin. In breeding maies, the first three

interradial membranes are quiet black almost to their margins. The
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remaining interradial membranes are tannish orange and possess a dusky
basal band. The vertical rows of spots and the marginal band are brick
red. | | |

The second dorsallfin in females and non;breedingrmales is similar
tosthe first dorsal in many respects. The rays have melanophores grouped
in small yertical blotches; giving them a slightly barred anpearanee.l
The interradial membranes are clear‘and each membrane has a vertical row
of from 2 to 8 brownish prange-spots. In breeding males, the interradial.
membranes are-light erange, and the spetS'are briek red. The entire.fin
has a thin black margin which was not.present in females or non-breeding
males. |

In females and non-breeding males, the interradial membranes eflthe
bectoral.fin arehelear; Melanephores are concentrated en the rays, giving
the fin a barredrappearance. These bars-are darker and more prominent en
the nronimal half of the fin, 1In breeding nales, the interradial nembranes
seem to remain clear. The rays are slightly dusky, but the elongate black
bars are still easily distinguishable. It may well be that the males
examined were not in full breeding color, and the pectorals would have
been much darker later in the year, as are the.pectorals of E. longimanum
and'thevnelyics and anal of E. podostemone,

The pelvie fins of.females and nonsbreeding males are elear or only
slightly marked by melanophcres scattered on the rays. In”breeding-males,
the rays are dusky black and the membranes jet black The fleshy knobs on
the spine and tips of the first two rays are white, |

Both the membranes and rays of the anal fin are clear in females and
nen-breeding males. In breeding males, the entire fin is dark to dusky

black.
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-The-caudal fin of females and non-breeding males has a series of

-elongate, separate brownish orange spots on the rays which extend laterally

onto the interradial membranes, giving the fin a barred appearance. In

breeding males, the interradial membranes, which were clear in females and

‘non-breeding males, are light orange.  The spots on the rays and membranes

are brick red, and the entire fin has a thin black margin. -
The body coloration of females and non-breeding males is quiet similar.

The dorsal background of yellowish tan extends two or three scale rows

‘below the lateral line. -Ventrally,-thé belly and breast are creamy white.

Six black dorsal saddles cross the back and extend ventrally two or three
scale rows oh either side. -Each of these saddles is located at approxi-
mately the same position as those of E. longimanum (p. 27). From 6 to 11,
usually 8 or-9 separate black blotches extend along the lateral line from
the pectoral base to £he posterior edge of the hypural. These blotcheér
are from two to four scale rows in width and extend approximately one

scale row on either side of the lateral line. Both the dorsal saddles and

‘lateral blotches are less compact and distinct in E. podostemone than in

E. longimanum. Many scales above fhe lateral line and from two to three
scale rows below the lateral line posterior to the anal fin origin are dark
edged and overlie da;k brown ‘to black blotches almost as large as a single
scale. In.females énd non-breeding males,rthese blotches are arranged in
irregular, broken rows above the lateral line, and appear as scattered
gspots below. A dark, median basi-caudal spot is present.

. The top of the head and snout are biotched with golden tan and dark
browﬁ in males and non-breeding females, A preorbital black stripe rums’

from the eye onto upper lip, where it may or may not fuse with the stripe
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from the other side. A dark brown suborbital bar extends from the.orbit

«~ to-the ventral surface of the chéek, and a 'small golden brown spot is
usually located just posterior to the eye. The scaled area of the opercle
is black, the ventral margin creamy white, and the posterior margin golden
brown. . The branchiostegals; lower jaw, and chin are creamy white. A
golden brown bar .is located before and ﬁehind the pectorals. In adults,
the prepectoral bar often extends ﬁépﬁrally to the lateral margin of the
breast, while in younger individuals it often consists of two golden .
brown spots between the pectoral fin and opercle; these two spots fusing
and elongating withrage.: The postpectoral bar .varies greatly from individual

" to individual. In some cases it may merely consist of a small brown spot

posterior to the ventfal mérgin=of the pectoral, while in others it con-
‘sists of a brown bar running the full width:of the pectoral fin, There:
seems: to be.little correlation between either sex or size:.and the develop-
ment of this bar.’

In breeding males, the nape is dusky brown and the breast, cheeks,
head, and scaleless half of the belly are dusky black, The dark, round
spots or blotches ﬁnderlying separate scales are now more distinct and
occur under each scale abové'the lateral line. Below the lateral line,
they occur posterior to the anal fin origin and completely encircle the
caudal pedﬁncle. These blotches are arrangedlin parallel rows, and their
appearance was adequately described by:Cole (1957: 215) ."as regularly
distributed dots placed.in a checkerboard pattern." This pattern, as well
as the blaék blotches on the first three interradial membranes of the

first dorsal fin was distinguishable in several fresh specimens collected
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as late as August 11, Preserved specimens which had been collected as
late as October -14 and ‘as early as April & had both characters well
developed. Although.it seems that these two characters are characteris~
tic of breeding coloration, both may be retained by adult males throughout

most of the year. .

Breeding Season

The breeding season of E. podostemone seems to occur during the last
two weeks of May and'possibly.the first week of June. ‘A collection taken
May 23, 1964 from the South Fork of Roanoke River, Montgomery Co.,
Virginia,-contained sevefallmales in full breeding color and many females
with swollen gen1tal pap1llae and greatly dlstended bodies. A later
collection taken June 12, 1964 from Storys Creek, Franklln Co., Virginia,

had completed spawning, although the female genital paplllae were swollen

and the males retalned some breed1ng color.

. Specimens Examined

Back Creek
1464 = Baek Cseek et Bél'crossing*b 5 nlle from 220‘
1ntersection near Red Hill Church, 4 3 air miles NNE
of Boone s Mlll Roanoke County, Vlrglnla, July 3 o
1961, Glen Clemmer, Paul Fletcher, and R. D. Ross,

3 specimens.
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Big Otter Creek

992 -

1692 -

Big Otter Creek at Route 43 crossing 4.3 road miles
NNW of junction of 460 and 43 in Bedford at junction
of 43 and county road 682, Bedford Co., Virginia,
June 25, 1964, R. D. Ross, J. Wakeman, and Harry
Sowers, .2 specimens. -

Big Otter Creek on Route 460 crossing 6.9 road miles

east .of center of town of Bedford, Bedford Co., Virginia,

- June 25, 1964, Robert Miles, Paul Buhan, Ed.McConnell, and

Blackwater

R. D. Ross, 5 specimens.

River

1465 -

1466 -

1475 -

1477 -

Blackéater ﬁiver at Blaine;A3.2 arr milee NE by N of
Rocky Mount, low water hridée at rocket fuel pl;nt,
Franklih Cp.;VVirgihia, July 4;71961,7Gienn Clemmer,
Paul‘Fletcher, ahd R;”D. Rose, 8 specimecs;w' .
Gllls.Creek 3.2 river miles above mouth in Blackwater
hlrer, 5 air mlles SE Hales Fort Church 1 9 air miles
SW of Schruggs, Franklln Co., V1rg1n1a, July 6 1961
Glenn Clemmer, Paul Fletcher, and R D. Ross, 4 specrﬁens.
Blackwater River on county road 655 crOSslngrnear Crafts
Church, 7.8 air-miles W of Bedford-Franklin-Pittsylvania
Ce. line, franklin Co., Virginia,rJuiy é, 1961, Glenn
Ciemmer; éaul Fletcher, and R. D. Ross, 5 specimens.

Blackwater River at gaglng station 5.0 air mlles W of

Franklin-Bedford P1ttsy1van1a Co. line, 2 8 air miles SW



1478 -

950 -

1751 -

1753 ~

43w

by 8 of Schruggs, Franklin Co., Virginia, July 5,

1961, Glenn Clemmer, Paul Fletcher, and R. D. Ross,.

1 specimen.

Blackwater River low water bridge, 616 crossing 1.2

air miles SW by W of Franklin-Bedord-Pittsylvania Co.
line, 3.8 alr milles SE Schruggs, Franklin Co., Virginia,
Glenn Clemmer, Paul Fletcher, and R. D. Ross, 1
specimen,

Blackwater River at 670 crossing 2.7 river miles

above mouth of Gills Creek and 2.7 air miles N. Union
Hall, 7.2 miles S. Haleford, 10.1 air milés SSW Moneta,
Franklin-Co., Virginia, July 11, 1958, R. D, Ross,
J.”Wageﬁén,'én&-K;-Cdok,.l éﬁeaiﬁén;" l
Blaékwateg'Rivef af-iﬁtefseééion of 73%; 643‘aﬁd 732,
Franklin Co., Virginia, October 15,_1961,'G1enn Clemmer,
Bdg Jenkiné, Jin ﬁoth, and Charlie Heartwell, 1 spécimen.

Blackwater River 1 air mile east of Calloway on 740,

Franklin Co., Virginia, October 15, 1961, Glenn Clemmer,

1754 -

190 -

Bob Jenkins, Jim.Roth,rand Charlie Heartwell, 1 specimen.
Blackwater River .at ?40 cFossiﬁg 1.8 alr mlles east of
Calloway, Framklin Co., Virginia,;October 15, 1961, Glenn
Clemmer, Bob Jenkins,.Jim Roth, and Charlie Heartwell, 2
specimens. |

Blackwater River at Rocketfuel Plant, Papko Roanoke Labs,

 Franklin Co., Virginia, April 6, 1963, V.N.H. Class, 9

specimens,
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1562 - North Fork Blackwater River at 850 crossing, -1 air
mile NNW of Dillons Mill, Franklin Co., Virginia,
September 8, 1961, Glenn Clemmer, Paul Fletcher, and
Tom Perkins, 2 specimens.

1752 - North Fork of Blackwater Rlver 3 air miles NNE of
Calloway, Franklin Co., Vlrglnla, October 14, 1961,

' Glenn Clemmer and Bob Jenklns, 5 spec1mens.

1755 - North Fork of Blackweter Rlver on 641 2 air m11es

NE of Calloway, Franklin Co., Vlrglnla, October 14

1961 Glenn Clemmer and Bob Jenklns, 6 specimens.

Pigg River
1672 - Storys Creek, tributary of ‘Pigg Rirer,.1.3 air miles
south of Rocky Mount on county road 619,‘Franklin
Co., Virginia, June 12, 1964, R. L, Miles, Ed McConnell,

and R. D. Ross, 10 specimens.

North Fork Roanocke River

528 - North Fork Roanoke Rlver 7 miles SE Blacksburg, 0.7
miles SW Ironto, Montgomery Co., Vlrglnla, October 17,
1953, V. N H. Class, 3 spec1mens.

389 - North Fork Roanoke River at McDonald's Mill,

Montgomery Co., V1rg1n1a, October 10, 1951, 2 spec1mens.

Roancke River

- 195 - Roanoke River at county road 639 crossing, 1l air mile

west Bend Union Church, 1l air mile northeast Holiness
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Church, Roanoke Co., Virginia, June 28, 1963, D. Dudak,

F. S. Settle, and R. E. Jenkins, 7 specimens.

South Fork Roanoke River

1414 - South Fork Roanoke River about 100 yards below county
road 609 crossing south of Shawsville, Montgomery Co.,
Virginia, October -5, 1960, V.N.I. Class, 5 specimens.

393 - South Fork Roanoke River 7 3/4 miles east of
‘Christiansburg, 2 miles south of Shawsville, 3/4 mile
* . north of Allegﬁany Springs, Montgomery Co., Virginia,
October 16, 1951, N. Swink, W. Davis, and R. D. Ross,
-5 specimens,
1003 - South Fork of Roanoke River above mouth of Bony's Run,
. 0.7 miles SE Shawsville, Montgomery Co., Virginia, -
August 12, 1958, R. D. Ross, J. Wakeman, and K. Cook,
3 specimens.
- .. 1004 = South Fork Roanoke-River'l mile south Elliston near
BM 1282, Montgomery Co., Virginia, August 12, 1958,
R. D. Ross, J. Wakeman, and K. Cook, 5 specimens. .

1560 - South Fork Roanoke River 2.0 miles NNE Shawsville,

. Montgomery- Co., Virginia,-Octéber lo, 1961, V.N.H, Class,
3 specimens, |

401 ~ South Fork Rbanoke River from l/4 mile above Allegheﬁy
Springs to 1/2 mile below, Montgomery Co., Virginia,
October 27-28, .1955, Bill Keeton, Bill Iund, and R. D.

Ross, 24 specimens.
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COMPARATIVE DIAGNOSIS

Etheostoma longimanum and E. podostemone are separableAfrom each

other at Ginebnrg's speeific level in the following eharacters:

1. Lateral line écales (lable 1, Figs. 1 and Bla.j E. longimanum
ranges trom 40'tol49 :usually 42 t0146 mean 44,3, E. podostemone ranges
from 35 to 41, usually 37 to 41, mean 38.6. Average percentage of
overlap 4.8,

2, Number of primary scale rows above the lateral line from D1
origin to Dy origin (Table'6 Figs. 6 and 31f). E. longimanum ranges
from 14 to 18, usually 15 to 17, mean 16. 4. E. Eodostemone ranges from
11 to 15, usually 12 to 14, mean 13.5. Average percentage of overlap 4.4,

3. Number of pelvic f1n rays (Table 11 and 12, Flgs. 11-12 and 32d

and é). longimanum ranges from 12 to 14, usually 13, mean 13.2 for
both right and left pelv1c fins. Eodostemone ranges from lO to 13,

usually 12, mean 12.1 for both right and left pelv1c fins. Average
percentage of overlap r1ght pectoral rays 5 g8, left pectoral rays 8.0,

E. long1manum and E Eodostemone are separable from each other in
the following characters whose overlap is intermediate between the spec1f1c
andlsubspecific level of‘Ginsburg 8 criteria. |

1. Scale-rono above lateral line to origin of second dorsal fin
(Table‘3,‘Fige;.2 and 3lc).. E. longimanum ranges from 5 to 7, usually
b, mean 5.9. -i. Eodoetemone-ranges from 4 to 6, nsually 5, mean 5.1.
Average percentage of overlap 10.4. | | o

- 2, Caudal peduncle scales, plus scales above lateral line to origin

of D, plus scales below lateral line to origin of anal fin (Table 7, Figs. 7
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and 31lg). E. longimanum ranges from 27 to 33, usually 29-32, mean 30.6.
E. podostemone ranges from 24 to 31, usually 26-29, mean 27.6. Average
percentage of overlap 11.9. -

3. Number of preoperculomandibular pores (Table 14, Figs. 14 and
32g). E. longimanum ranges from'9 to 10, almost-always 10, mean 9.9. E.
podostemone ranges from 8 to 1ll, usually 9, mean 9.1l. Average percentage
of overlap 13,1.

4, Lower jaw length in head length (Table 29, Figs. 29 and 34f).

‘E. longimanum ranges from 21.3 to, 26.7%, mean 24.7%.. E. podostemone

ranges from 19,2-24,6%, usually 21.3 to 23.7%, mean 22,4%. Average per-
centage of overlap 13.0.

E. longimanum and E. Eodostémone are difféfentiated at Ginsburg's
subspecific level in. the following characters:

1. Rays in-anal fin (Tablé 10, Figs. 10 and 32¢). E. longimanum
raﬁges from & to 8, .usually 7 or 8, mean 7.2. 'E. podostemone ranges from
5 to 8, usually 6 or 7, mean 6.4.. Average éercentage of overlap 19.8.

2. 5Scale rows afound caudal peduncle (Table 5, Figs.. 5 and 3le).

E. 1ongimdnum ranges .from*15.to 19, usually '16 to-18, mean 17.1. E.
podostemone ranges from .14 to 18, usually 15.to l?, mean 16.0. :Average
percentage of overlap 15.8,.

3. Predorsal length in standard length (Table 26, Figs. 26 and 34g).
E. longimanum ranges from 30.1 to- 34.3%,:mean 32.4%. E. podostemone
ranges .from 28,7 to 33.5%, mean 30,8%Z, Average percentage of overlap

20130 N
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4. .Caudal peduncle depth in standard length (Table 16, Figs.:16
and 33b), -E.:longimanum ranges from 8.8 to 11.2%, mean 10.3%. E.
godostemﬁne ranges from 9.4 to 11.9%, meaqlll.lﬁ._-Average percentage of
overlap 22.1.

5. Snout length in standard .length .(Table 19, Figs. 19 and 33e).
E. .longimanum ranges from 5.3 to 7.4%, mean 6.3%. E. podostemone ranges
from 4.7 to .6.4%, mean 5.4%. - Average percentage of overlap 22.1,

6. Snout length in head 'length (Table 27, Figs. 27 .and 34d). E.
longimanum ranges from 21.5 to 26.6%, mean 24.1%. E. podostemone ranges
from 19.4 to 23.9%, mean 22.2%. Average percentage of overlap 20.0.

7.. Leﬁgth of longest pelvic fin ray in standard length (Table 22,
Figs.. 22 and 33h). E. léngimanum'ranges,from 19.9 to 27.4%, usually 22.4
to 24.9%, mean 23.9%. K podostemone.ranges from 18.9 to 27.4%, usually
19.9 to 23.4%, mean 21,8%. —Avefage percéntage of overlap 22.7.

Tﬁe=following characters show an overlap which is intermediate
between Ginsburg's subspecific and racial levels:

1. Spines in first dorsal fin (Table 8, Figs. 8 and 32a). .E.
longimanum ranges from 9 to 11, usually 9 or-10, mean 9.8.i¢§. podostemone
ranges from 8 fo-ll, usually 9 or 10, mean 9.2. Average percentage of
overlap 29.8,

2. Scale rows below lateral line to origin of anal fin:(Table 4,
Figs.: 4 and 31d). E. longiménum‘ranges from 6 to 9, usually 7 or 8,
mean 7.5. E. podostemone ranges from.5 to 8, usually 6 or 7, mean 6.6

Average percentage of overlap 28.7.
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_E. longimanum and E. podostemone are differentiated at Ginsburg's
racial level in the following two characters:

1. Head length: in standard length (Table 18, Figs. 18 and 33d).

E. longimanum ranges from 23.4 to 28.2%, mean 25.4%. E. podostemone
ranges from 22.8 to 27.3%, mean 24.6%. Average percentage of overlap
“32.7.

2. Longest pectoral fin ray length in standard length (Table 21,
Figs. 21 and 33g). -E. longimanum ranges from 25.7 to 39.0%, mean 32.9%.
E. podostemone ranges from 25.0 to 34.8%, mean:30.8%, Average percentage
of overlap 35.0. .- ‘ B C o ' i

. The following characters show complete or almost complete overlap.
and are of no significant ﬁalue.in separatioﬁ of the two species:

- 1. -Rays 1in second dorsal fin (Table 9, Figs. 9 and 32b). E.
longimanum ranges from.1ll.to 14, usually 1l or 12, mean 11.9. .E. podostemone
ranges :from 10 to 14, usually 12 or 13, mean:12.4. -Average percentage of
overlap 86.4,

" .. 2,. Number of .infraorbital pores (Table 13, Figs. 13 and.32f). -E.
longimanum ranges from 7 to 9, usually 8, mean 8.0. . .E, podostemone ranges
“from 7.to 9, usually 8, mean 8.0. .Average percentage of overlap 100.

3. Postorbital head length in standard length (Table 20, Figs. 20
and 33f). E. longimanum ranges from 12.4 to 15.1%, mean 13.6%Z. E.
‘podostemone ranges from 12.4 to 15.4%, mean 13.6%. rAverage percentage of
overlap 94.9.

4. Length of orbit in head length.(Table 28, Figs. 28 and 34e). E.
longimanum ranges from 23.8 to 28,6% mean 25.9%. E. podostemone ranges

from 22.3 to 28.3%, mean 25.0%. Average percentage of overlap 100.
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5. < Head depth in standard 1eﬁgth (Table 17, Figs. 17 and 33c). E.
<" longimanum ranges from 14.5 to 18.4%, mean 16.3%. E. podostemone ranges
from 14.8 to 16.9%, mean 15.8%. Average percentage of overlap 100.

6.. Caudal peduncle length in standard length (Table 25, Figs. 25 and
34c). E. longimanum ranges from 25.2 to 29.7%, mean 27.4%. E. podostemone
ranges from 24,6 to 29.7%, mean 27.3%. Average percentage of overlap 100,

7. Body depth in standard length (Table 15, Figs. 15 and 33a). . E.
longimanﬁm ranges from 16.8 to 20.?%, mean 18,6%. E. podostemone ranges
from 15.6 to 20.1%, mean . 18.2%. Average percentage of overlap 89.2,

8. Length of first dorsal fin base in standard length (Table 23,
Flgs. 23 and 34a). - E. longimanum ranges from 24.7 to 30,7%,:mean 27.7%.
E. podostemone ranges from 24.4 to:30.4%, mean 27.2%. Average percentage
"of overlap 98.5. .

. In the process of meésuring the length of the depressed second dorsal
fin of males, it was noticed that this fin varied greatly in length with
respect to the standard length of the individual. By plotting the length
of this fin in standard length against the standard length (Fig. 30), it
was shown that in both 'specles the percent of standard length increased
with increased standard length.. If this graph is divided horizontally at
53,0 mm standard length, 87.2 percent of all males greater than 53.0 mm
in standard.length have a depressed second dorsal fin length of 36,0 percent
or more of standard length. In individuals 53.0 mm or less in standard
length, 90.0 percent of 2ll males have a depressed second dorsal fin
length of less than 36 -percent of standard length.. The mean for this

character appears significantly different between the two groups, being



-51-

39.0 percent for males of ‘both species greatef,than'SB mm in standard
‘length and 32.8 percent for males less than'33 mm in standard length,

This allometric growth was not reported by Cole :(1957),-and it is evident
that proportional measurements of this characfer wbuld be unreliable for
comparative purposes unless allometric growth was taken:into consideratiom.
This character was not compared for the two species in this study.,

- E. longimanum is a finer scaled species than.E..podostemone, and both
speciés can be separated .on the species or intermediate species level in
seven characters. They also differ on the subspecific level.in seven of
the éharacters studied. -While,thgse'subspecific differences do not
indicate thezdifferent@ation'that'the specific differences do, they are-
useful in separating the two,gpecieS'and‘servg to indicate genetic differen-
ces between them. Of the nine characters found to lie on the racial and
subracial levels of différentiation‘and ﬁhich‘show*little or no difference-
in either species, seven wére morphometric characters, In geminate species,
such as E. longimanum and E. podostemone, occupying such seemingly similar
niches, we might expect.1ess,differentiation in morphometrics than in-
other.characters. Hubbs and Cannon (1935) found morphometric characters
to be.of little value in separation of.the nine species within the genera
Hololepis and Villora, and Collette (1962). did not include proportional
measuremenfs'in his reevaluation of Hololepis. |

In.addition to the quantitatife_differences, several qualitative
characters serve .to-separate E. longimanum from-g. podostemone. .One of
the mos£'distinct differences is the presence of a suborbital bar in E.

podostemone extending from-the ventral margin of the orbit te or onto the
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ventral surface of the cheek. In E. longimanum, this bar is replaced by
a less distinct round suborbital blotch which is located on the middle of
the cheek extending neither dorsally to the orbit orxventrally to the
ventral surface of the cheek., This difference‘holds true for ail specimens
eﬁamined, and proved to Bé'oﬁe of the easiest to‘use characters in
identification of specimens.” Eodostemone also possesses a postpectoral
spot or bar which was never seen in E. longimanum. The presenceiin males,
especiaily during the breedinghseason, of a checkerboard pattern of round
hlotches.above the lateral line and below the lateral line posterior to‘
the anal fin origin, is‘another distinct character of E. podostemone.

This ‘coloration pattern was never seen in.E longimanum, and Cole (1957
215) stated that it waslnot present in any other member of the subgenus
Boleosoma which he studied The lateral blotches and dorsal saddles Seem
more distinct inig..longimanum, while the spots on the membranes on the
first and second dorsal, pectorals, ‘and caudal fins are darker and more
distinct in E podostemone, giving the caudal and pectoral fins a more
noticeable harred appearance, The snout of E. podostemone is somewhat
shorter‘than that ot E. lon.imanum, and the profile forms a gently rounded
slope.w In E longimanum, the profile is steep ‘and more nearly vertical |
This character does not hold true for all specimens, especlally in
individuals less than'35 mm in standard length. Finally, the shape of the
caudal fin seems to set the two apart.- Iﬁrs longimanum, the caudal fin

is -almost alwaylemarginate, especially in adults. In E. Eodostemone, the

‘caudal fin ranges-from truncate to rounded in subeaduits, but in most cases,

particniarly in large adults,'the caudal fin margin is distinctly rounded.
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"CONCLUSIONS AND RELATIONSHIPS

E. lqngimanum and E. éo&ostemone are pﬁnsiﬁéred‘by the writer to
represent valid species. The many morphological similarities between the
two, as Well_as.thgir :estrictiqn to adjaceﬁt &rainage systems, seems to
indicate a common ancgstral stock. Cole (1957: 213; 228)'reported that E.

- longimanum and E. podostemone, while distinctly sgpara;ed:from“the E. nigrum
and Ef olmstedil complexes of the eastern United States,_sggmed to be most
closely rglated to E, olmstedi, ‘He based this primarily_on_;hg complete
infrao;bital canals of these three species. He also stated that E.
1ongimanum and E. Eddostémone probably diverged from ear}y olmstedi-;ike
forms which were adapted to a mountain habitat. This separation was
enhanced by the intfoduction of E, nigrum into both the James and Roanoke
Rivefs from the New River system byrstregm captures. _Gilberﬁ (1961; 456)
also postulated a common ancestral stock fo; the two species. He sqggested
tha; this stock prqbably reached the Roanoke and James from the preglacial
Teays system, whqse upéer ﬁart occqpied virtuglly_the‘same channel as that
Qfﬁthe present day Newugiver._

.The fact that E. ﬁodostemone and E. longimanum seem to be more closely
related to E. olmstedi than to E. nigrum, plus the present distribution
of boleosomines in the eastern United States seems to favor Cole's theory
of origin. E. nigrum is a widely Qistributgd‘species west_of_the‘
Appalachian Mountéins in Fhe Mississippi_and Ohio River systems and the
Great Lakes reglon. East of the Appalachiap Mouﬁéaips;it is”;eprgsen;ed

by headwater forms in the James, Roanoke, Tar, Neuse, Yadkin, and Catawba

Rivers. GCole (1957) designated as subspecies E. nigrum roanckense in the
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Roanoke and E. nigrum jamesense in the James. These two forms occur

sympatrically with E. podostemone and E. longimanum respectively, and the
range of both species overlaps almost completely in the two separate

river systems. -Cole’s (1957) theory that E. nigrum was introduced into

the James and Roanoke Rivers from New River by stream piracies seems to
best explain the preéence of this western form in the upland portions of
these Atlantic coast streams. Wright (1931: 20?-208; 1934: 50-69; 1936:
98) reported that an area of approximately 200 square miles of New River
drainage has been abstracted by the Roanoke River through stream piracy.
This included piracies by both the North and South Forks of- the Roanoke
River. He also reported possible piracles of New River tributariles in
high-lying valleys by headwater streams of the James River system. How-
ever, E. nigrum is presently limited in its distribution within New River.
Ross and Perkins (1957) did not record any Boleosoma in over 150 collections
faken from the New River system of Virginia., They found the fauna of this
area to be quiet depauperate and gave loss of water to subsurface drainages
and high concentration of dissolved sulfates as possible causes of this
reduction. .Addair (1944) reported oniy two collections of E. nigrum from
the New River system of West Virginia above Kanawha.Falls, although he
found it to be a common species below the falls. He also noted the rather
depauperate fauna of this river system and gave high water velocity, steep
gradient, scarcity of aquatic plant life, narrow flood plains, and pollution
as possible limiting facfors. Transfer of E. nigrum to the Roanoke and
James Rivers must have occured at a time when écological conditions were
less severe and E. nigrum was widely distributed in upper reaches of New

River.
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Cole (1957) also raised E. olmstedi, formerly considered a subspecies

of E. nigrum, to full species rank. He found E. olmstedi to be represented

by two subspecies in the Roanoke and James Rivers. E. olmstedi olmstedi

inhabits smaller tributary streams of the Piedmont and Coastal Plain in

both systems, and E. olmstedi atromaculatum is widely distributed in both

rivers below the fall line. Both subspecies have a wide distribution in

the eastern United States, with olmstedi olmstedi ranging from the

Merrimack River of Massachusetts to the New River drainage in North

Carolina, and olmstedi atromaculatum ranging from the lower Hudson to the

lower Roanoke River, Cole reported infergradation cccuring sporadically
betweén these two subspecles in most of the river systems which they
occupy. He alsc noted that although E. o. olmstedi is an inhabitant of
upland streams from_the Potomac River north, it is limited to downstream
areas in rivers south of the Potomac. He suggested that the introduction
of E. nigrum forms iﬁto these streams might have restricted its range.
While E. o. olmstedi is presently limited tothe downstream regions of

the Roanocke and James Rivers and apparently does not overlap the range of

E. longimanum and E. podostemone, it seems possible that this form may

have at one time been an inhabitant of the montane regions of both rivers
as it is in the streams of the northern part of its range. This species
could have begun to differentiate into an upstream and a downstream stock
in both river systems. A later introduction'qf E. nigrum from the New
River could have further enhanced separation and led to speciation of E.

longimanum in the James and E. podostemone in the Roanocke. The original
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stock, presently recognized as E. o. olmstedi was restricted to the lower
reaches of both river systems.

This theory of origin necessitates speciétion of the two forms studied
from olmstedi stock. The tendency of E, olmstedi to differentiate under
different ecologlcal conditions is shown by the fact that E. olmstedi

olmstedi and E. o. atromaculatum occur in the same streams or river systems

throughout much of their range. Cole (1957) stated that the differentia-
tion of these forms seems to be the result of differences In ecological
preferences. He also Feported a situation which seems to closely parallel
part of the possibie evolutionary history of E, loﬁgimanum and E.

podostemone. In the Rappahannock River, in addition to E. o. atromaculatum

and E. 0. olmstedi, Cole found an upstream population which was subspecifi-

cally differentiated from E. o. olmstedi and E. o. atromaculatum. This

subspecies, E. g._vexillare,rstill retained genetic contact with E. go.
olmstedi through a zone of intergradation. This could have possibly been
the situation in the James and Roanoke Rivers before tﬁe introduction of
E. nigrum stock, which provided the competitional force necessary to halt

gene flow between the adjacent populations.
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- SUMMARY

Etheostoma longimanum, the Longfin Darter, an endemic species of

the James River system of Virginia and West Virginia, is compared to E.
podostemone, the Riverweed Darter? an endemic species of the Roanoke River
system in Virginia and North Carolina. The marked similarity of these two
forms has led to some doubt as to whether they were specifically distinct
from each other. .

A_-Thgseltwo forms have differenﬁiated from each other on the specific-
or intermediate specific level in seven morphological characters. Sub-
specific differences were found to occur in seven other characters. These
differences,‘as well as additional qualitative differences, show a_distinct
separation between the two forms, and are interpreted by the writer as evi=-
dence ;that E. longimanum and E. podostemone represent valid species,

The origins'of thesé two sﬁecies‘seems best explained by speciation

in the two separate river systems from E. olmstedi stock, populations that

are presently recognized as E, olmstedi olmstedi, This differentiation
probably began as separation into upstream and downstreanm stocks, with
subsequent divergence being enhanced by introduction of E. nigrum into both

river systems by stream captures from.the New River.
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Table 1.  Scales in lateral line -
Number of E. longimanum _ E. podostemone
scales
as 0 1
36 0 4
37 0 21
38" 0 35
39 0 31
40 3 19
41 .5 14
42 9 0
43 8 0
44 14 R
45 21 0
46 16 0
47 6 0
48 0 0
49 1 0
N 83 125
X 44,3 38.6
s 1.9 1.4
sz 0.21 0.12



Table 2. Scale rows above lateral line to origin of second dorsal fin

Number of 'E. longimanum E. podostemone
scale rows - -
4 0 1.
.5 8 111
6 72 14
7 3 0
N 83 126
X 3.9 5.1
s 0.4 0.3
0.04 0.03
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Table 3. Scale rows above lateral line to origin of first dorsal

fin

Number of E. longimanum E. podostemone
scale rows :

3 -0 -1

4 43 108

5 40 17

N 83 126

X 4.5 4.1

s 0.5 0.4

sy 0.05 0.03
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Table 4, Scale rows below lateral line to origin of anal fin

Number of E. longimanum E. podostemone
scale rows

5 0 5

6 2 52

7 39 58

8 37 10

9 5 0

N 83 125

pe 7.5 6.6

s 0.6 0.7

0.07 0.06

W
"
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Table 5. Scale rows around caudal peduncle

Number of - E. longimanum = = = E. podostemone
scale rows . S
14 | 0 2
15 3 14
l6. 14 96
17 ‘ 39 12
18- 26 2
19 1 0
N 83 126
= 17.1 " 16.0
ng 0.8 ' - 0.6

0,09 0,05
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Table 6. lateral scale rows from arlgm of flrst dorsal f:m to arigm
of second dorsai fin- :

Number of ~E. longimanum E. podostemone
scale Tows L :
11 g 1
12 - 0 12
13 4] 37
14 1 25

.15 15 6
16 7 26 “ 0
17 29 0
18 = .9 0
N 80 80
x 16.4 13.5
8 1.0 0.9
. 0.10 0.10
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Table 7. Scale rows around caudal peduncle plus scales above lateral
line to origin of second dorsal fin plus scales below lateral
line to origin of anal fin

Number of E. longimanum E. podostemone
scale rows
24 0 1
25 : 0 ' 2
26 e : L I 13
27 1 39
28 5 49
29 9.. 14
30 19 4
31 31.- 3
32 11 0
33 6 0
N 82 125
X 30.6 27.6
s 1.3 1.2
0.14 0.10

4]
Wi
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Table 8., Spines in first dorsal fin

Number of E. longimanum E. podostemone
spines
8 0 10
9 25 ' 80
10 51 36
11 6 1
N 82 127
X 9.8 9.2
s 0,6 0.6
0.06 0.05



73

Table 9. Rays in second dorsal fin

Number of E. longimanum ' E. podostemone
. rays ) ‘

10 0 1

11 19 4

12 57 71

13 . 5 48

14 1 3

N 82 127

R 11.9 12.4

¥ 0.6 0.6

= 0.06 0.06

]
"
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Table 10. Rays in anal fin-:
Number of E. longimanum E. podostemone
rays
5 0 1
6" 3 8l
7 57 45
8 22 1
N 82 128
X 7.2 6.4
5 0.5 0.5
0.06 0.04

o
L)
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.Table 11. Rays in left pectoral.fin

Number of E. longimanum ‘ E. podostemone

rays

10 0 1

11 0 5

12 4 106

13 60 14

14 17 0
N 81 126
X 13.2 12.1
s 0.5 0.4
S 0.05. 0.04
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Table 12. Rays.in right pectoral fin

Number of E. longimanum E. podostemone
rays

10 0 1

11 -0 4

12 ‘ ‘1 108

13 y . 63 13

14 17 0

N 81. 126

X ‘13,2 12.1

s 0.4 0.41
0.04 - 0.03
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Table 13. Pores in infraorbital canal

1]
)

Number of E. longimanum E. podostemone
pores
7 6 6
8 86 84
S 11 10
N 103 100
X 8.0 - 8.0
5 | 0.4 0.4
0.04 0.04
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Table 14, Pofes in ﬁreoPefculomandibﬁlar canal
Number of E. longimanum E. podostemone
pores
8 0 4
9 9 81
<10 923 17
11 0] 1
N 102 103-
g 9.9 2.1
s 0.3 0.5
sg 0.0 0.05
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Table 15. Body depth in standard length

Proportion of +~ . . . . E. longimanum o . E. podostemone
measurement
15.5-15.7 0 1
15.8-16.0 0 0
16,1-16,3 0 0
16.4-16.6 0 2
16,7-16.9 3 1
17.0-17.2 1 7
17.3-17.5 5 6
17.6-17.8 5 11
17.9-18.1 7 14
18.2-18.4 11 16
18.5-18.7 9 10
18.8-19.0 9 11
19,1-19.3 6 8
19.4-19.6 6 4
19.7-19.9 6 0
20.0-20.2 2 . 1
20.3-20.5 1 0
20.6-20.8 1 0
N 72 92
b 18.6 18.2
s 0.9 0.8
5% 0.10 0.08
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Table 16. Caudal peduncle depth in standard length

Proportion of E. longimanum E. podostemone
measurement
8.8-9.0 2 0
9.1-9.3 1 0
9.4-9.6 5 0
9.7-9.9 10 1
10,0-10.2 13 5
10,3-10.5 20 7
10.6-10.8 13 15
10.9-11.1 7 20
11.2-11.4 1 24
11.5-11.7 0 13
11.8-12.0 0 7
N 72 93
X 10.3 11.1
s 0.5 0.5
% 0.06 0.05
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Table 17. Head depth in standard length

Proportion of E. longimanum E. podostemone
measurement

14.4-14.6 2 0
14.7-14.9 1 1
15,0-15,2 5 7
15.3-15.5 5 19
15,6-15.8 3 27
15,9-16.1 13 14
16.2-16.4 8 17
16.5-16.7 10 7
16.8-17.0 6 1
17.1-17.3 12 0
17.4-14.6 1 0
17.7-17.9 3 a
18.0-18,2 0 0
18.3-18.5 1 0

N 72 93

z 16.3 15.8

] 0.8 0.4

sx% 0.10 0.04
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Head length in standard length

Table 18.

odostemone

EI

long imanum

E.

Proportion of
measurement

ST ONAROLTITAN T T NS OO NOOO
: : — —

CoNONaNANVOANFTNINHAIOOH

NN O TN MO AN O N M
* * e 8 ® 8 & & 2 2 4 * e ®» » 8 v s @

NN TN NN WO WO~
R B A N N,
[

2333344455566667778

v W o
MO0
o N

1
Z e on sx



-83-

Table 19, Snout length in standard length

Proportion of E. longimanum E. podostemone
measurement _
4.7-4.9 0 6
5.0-5.2 0 18
5.3-5.5 3 32
5.6-5.8 8 20
5.9-6.1 11 13
6.2-6.4 21 4
6.5-6.7 18 0
6.8-7.0 7 0
7.1-7.3 2 0
7.4-7.6 1 0
N 71 93
& 6.3 5.4
s 0.4 0.4
0.05 0.04

T
"
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Table 20. Postorbital head length in standard length

Proportion of E. longimanum E. podostemone
measurement '
12.3-12.5 1 3
12.6-12.8 5 4
12.9-13.1 10 : 11
13.2-13.4 13 15
13.5-13.7 12 26
13.8-14.0 18 17
14.1-14,3 '3 g
14.4-14.6 4 5
14.7-14.9 2 1
15.0-15.2 1 0
15.3-15.5 0 1
N 71 92
P 13.6 13.6
s 0.5 0.5
Z 0.07 0.05
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Table-21., Length of longest pectoral fin ray in standard length
Proportion of E. longimanum E. podostemone
measurement
24,725, 0 1
25.4-26. 1 0
26,1-26, 0 1
26.8-27. 0 1
27.5-28, 2 2
28,2-28, 3 5
28.9-29. 3 15
29,6-30. 6 24
30.3-30. 11 19
31.0-31. 13 31
31.7-32. 7 20
32.4-33. 7 9
33.1-33, 13 3
33.8=-34. 11 2
34.5-35. 11 2
35.2~35. 6 0
35.9-36. 8 0
36.6-37. 5 0
37.3-37. 1 o
38.0-38. 0 o
38.7-39. 1 0
N 109 135
X 32.9 30.8
s 2.4 1.5

0.23 0.13
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Table 22, Length of longest pelvic fin ray in standard length

Proportion of E. longimanum - E. podostemone
measurement

18,7-19.1 0 1
19.2-19.6 0 1
19.7-20.1 1 5
20.2-20,6 0 8
20,7-21.1 0 9
21.2-21.6 0 15
21.7-22.1 2 16
22,2-22.6 8 17
22,7-23.1 10 11
23,2-23.6 10 7
23.7-24,1 . 12 2
24,2=24.6 ‘ 11 - 1
24.,7-25.1 9 0
25.2=25.6 2 0
25,7-26.1 1 0
26,2-26,6 3 0
26.7-27.1 2 0
27.2-27.6 1 0

N 72 93

X 23.9 21.8

5 1.3 1.1

0.15 0.11
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Table 23. Length of first dorsal fin base in standard length

Proportion of E. longimanum E. podostemone

measurement ' : .
24,2-24.5 0 6
24.6-24.9 4 1
25.0-25.3 4 6
25.4-25.7 2 10
25.8-26.1 2 7
26,2-26.5 8 16
26,6-26.9 11 14
27.0-27.3 15 15
27.4=27.7 - 13 19
27.8-28.1 13 7
28.2-28.5 9 14
28,6-28.9 9 7
29.0-29.3 8 S
29.4-29.7 4 1
29.8-30.1 6 4
30,2-30.5 1 3
30.6-30.9 1 0
N 110 135

b4 ’ 27.7 27.2

= 1.3 1.4

5% 0.13 0.12



Table 24,

-88-

Length of depressed second dorsal fin of females in standard

length

Proportion of

measurement
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Table 25. Caudal peduncle length in standard length

Proportion of E. longimanum E. podostemone
measurement : : : S
24.5-24,7 0 1
24.8-25.0 0 0
25.1-25.3 1 2
25.4-25.6 1 2
25,7-25,9 4 3
26,0-26.2 4 7
26,3-26.5 7 8
26.6-26.8 7 6
26.9-27.1 9 13
27.2-27.4 10 7
27.5=27.7 7 19
27.8-28.0 4 7
28,1-28.3 6 3
28.4-28.6 6 1
28.7-28.9 4 6
29.0-29.2 0 2
29.3-29.5 1 2
29.6-29.8 1 1
N 72 . 92
X 27.4 27.3
8 1.0 1.0
s 0,11 0.11
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Table 26. Predorsal léngth in standard length

Proportioh of E. longimanum E. podéstemone

measurement

28.6-23.8 0 2
28.9=-29,1 0 1
29.2~29.4 0 6
29.5-29.7 0 5
29.8-30.0 2 8
30.1-30.3 1 11
30.4~-30.6 1 8
30.7-30,9 5 10
31.0-31.2 3 12
31.3-31.5 4 8
31.6-31.8 6 9
31.9-32.1 10 7
32.2-32.4 9 1
32,5-32.7 7 3
32.8-33.0 10 1
33.1-33.3 7 0
33.4-33.6 4 1
33.7-33.9 0 0
34,0-34,2 3 0

N 72 93

2 32.4 30.8

s 1.0 1.0

8% 0.11 0.10



Table 27, Snout length in head length

Proportion E. longimanum' E. podostemone

measurement
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Length of orbit in head length

Table 28.

odostemone

E.

longzimanum

E.

Proportion of
measurement
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Table 29. Lower jaw length in head length

Proportion of E. longimanum E. podostemone
measurement
19.1-19.6 0 1
19,7-20.2 0 1
20,3-20.8 0 0
20,9-21.4 . 1 5
21,5-22.0 0 8
22,1-22,6 1 12
22,7-23,2 3 14
23.3-23.8 7 8
23,9=24.,4 8 1
24.5=25.0 11 0
25.1-25.6 8 0
25,7-26,2 6 0
26,3-26.8 4 0
N 49 50
X 24.7 22.4
s 1.1 0.9
= 0.16 0.13

4]
»
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Figure 13. Pores in infraorbital canal



-107-

120F
— E. podostemone
-- E. longimanum
90 'P\
,\
! 1
=) "
9 '
= |

g ;o
o \
o 60 ! \
B ] \
\

\

1

\

30 ‘\

\

\

\

||

[

7 8 9 10 11 12 13
Pores
Figure 14.

Pores Iin preoperculomandibular canal



Frequency

~108

4ok
— E. podostemone
-- E. 1ongimanum
clo] &
20k
10
1 M 1 A 1 5 i A 1 ¥ |
15.2 16,2 17.2 18,2 19,2 20,2 21.2
' Proportion

Figure 15. Body depth in standard length



-109-

400
— E. podostemone
-- E. longimanum
30F
o
[#]
o
[H]
b= ]
o
e 20k
=
10k
l” 2 » [ 2 [ ' | ‘n""h.l A
8.6 9.2 9.87 10,4 11,0 11,6 12,2
Proportion

Figure 16.l

Caudal peduncle depth in standard. length



-110-

Frequency

60
— E. podostemone
-- E, longimanum
40P
20
ll/ 1 " [} 3 \“‘-— [}
14,1 "15.1 16,1 17,1 18,1 19.1

Proportion
Figure 17, Head depth in standard length

L]



Frequency

-111~

LOp

30

10F

E. podostemone
E. longimanum

!
25.8

22.8 23,8 24.8

: , Proportion
Fipure 18, Head lehgth in standard length

26.8 27.8 28.8 29.8



-112-

— E. podostemone
40K

-~ E. longimanum

3G

™
(3]
=
o
&
9 20
e
L}
\
i
\
\
1
10 \
i 1
\
i
A\
\
\
\
\'h
| I Rl PR
6.9 7.5 8.1
, Proportion
Figure 19,

Snout length In standard length



Frequency

-113~ .

40 F .
- E. podostemone
-- E. longimanum
0r
20 -
10
v ] i [] L ] i t Y 1 _"vay 3 L
12,0 12,6 13.2 13.8 14.4 15.0 15.6 16.2

, Proportion
Figure 20. Postorbital head length in standard length



Frequency

-114-

451 E.
E.

podostemone
longimanum

] o 1 1 L 1 | B i

2.1 26.3 28.5 30.7 32.9 35.1 37.3 39.5

. Proportion .
Figure 21. Length of longest pectoral fin ray length in standard
length



Frequency

-115-

401
— E, podostemone
-- E, longimanum
30
20F
10+
”'\
) \ \\\
el N T B R TV
18.5 20.3 22,1 23,9 25,7 27.5 29.3

Figure 22,

Proportion
Length of longest pelvic fin ray in standard length



-116-

.

— E, podostemone

30F
-- E, 1ongimanum
o 20k
]
@
a
o
[}
o
Fy
10k

]
/
A
{
]
/
!

,/

M 1 i 1 i 1 i 1 i
23.7 24,7 25,7 26,7 27.7 28,7 29,7 30.7 31.7
Proportion
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Figure 31. Sample comparison diagrams of E. longimanum (A) and E.

podostemone (B).

a. Scales in lateral line,

b. Scale rows above lateral line to origin of second dorsal fin,

c. Scale rows above lateral line to origin of first dorsal fin.

d. Scale rows below lateral line to origin of anal fin.

e, Scale rows around caudal peduncle,.

f. Lateral scale rows from origin of first dorsal fin to
origin or second dorsal fin.

g. Scale rows around caudal peduncle plus scales above lateral
line to origin of second dorsal fin plus scales below

lateral line to origin of anal fin.
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Sample comparison diagrams of E. longimapum (A) and E.
podostemone (B).

Spines in first dorsal fin,

Rays in second dorsal fin,

Rays In amal fin.

Rays in left pectoral fin,

Rays in right pectoral fin.

Pores in infraorbital canal.

Pores in precperculomandibular canal,
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Figure 33. Sample comparison diagrams of E. longimanum (A) and E,
podostemone (B).
a. Body depth in standard length.
b. Caudal peduncle depth in standard length,
¢. Head depth in stan&ard length,
d. Head length in standard length.
e. Snout length in standard length.
f. Postorbital head length in standard length.
g. Length of longest pectoral fin ray in standard length.

h, Length of longest pelvic.fin ray in standard length.
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Figure 34.
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-Sample comparison diagrams of E. longimanum (A) and E.

podostemone (B)

Length of first dorsal fin base in standard lengthf
Length of depressed second dorsal fin of females in
standard length.

Caudal peduncle length in standard length.

Snout length in head length.

Length of orbit in head length,

Lower jaw length in head length.

Predorsal length in standard length.

-
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Abstract of Master of Science Degree Thesis

by

Robert L. Miles

A Systematic Study of Etheostoma lougimanum and
Etheostoma podostemone (Pisces,. Percidae)

The purpose of this study was to clarify the systematic relationships

between Etheostoma longimapum, an endemic of the James River system, and

Etheostoma podostemone, an endemic of the Roanoke River system. Twenty-

nine‘morphological characters were compared between the two specles, using
Ginsberg's criteria and sample comparison diagrams as indicators of
divergencs.

These two forms were shown to be separable on Ginsberg's apecific or
intermediate specific level in seven morphological characters; Subspecific
d;fferences were found to occur in seven other characters. These differen~
ces, as well as additional qualitative differences, are interpreted by the
writer as evidence that E. longimanum and E. podostemone represent valid

species. Allopatric speciation from E. olmstedi stock is postulated.
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