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ABSTRACT

An analysils of proportional measurements and meristic

characters of Etheostoma nigrum and E. olmstedi identified five

populations within the James River drainage. Ltheostoma nigrum

inhabited the montane and piedmont areas through the Fall Line;

E. o. atromaculatum was distributed throughout the tidal river

and its lower tributaries; and E. o. olmstedl was restricted to
creeks on the upper coastal plain. Appomattox River and Falling
Creek contained introgressive hybrid populations with character
frequency distributions intermediate to those of E. nigrum and
E. 0. olmstedi. It is proposed that E. nigrum probably entered
these drainages through stream piracy on piedmont tributaries
of the James and interbred with an established population of |

E. 0. olmstedi.
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INTRODUCTION

The darter subgenus Boleosoma (Percidae) is represented in
the James River drainage system by the Johnny darter, Etheostoma
aigrum Rafinesque, the longfin darter, E. longimanum Jordan, and

two gubspecies of the tesselated darter, E. olmstedi olmstedi

Storer and E. 0. atromaculatum Girard (Jenkins, 1971; Cole, 1967

and 1971). Etheostoma longimanum, endemic to the upper James, differs

from the other two species by having two anal spines rather than one.
Tﬁe closely related species E. niprum, a piedmont and montane form,
and E. olmstedi, a coastal plain darter, can‘be distinguished from
each other by the number of rays in the dorsal and pectoral fins

and the number of infraorbital canal pores (Cole, 1965 and 1967).
Zorach (1971) questioned the sﬁbspecific status of E. 0. olmstedi

(which occurs in creek headwaters) and E. o. atromaculatum (which

occurs in lower creeks and rivers) after studying their distribution
in the lower James River and Roanoke River tributaries.

Etheostoma olmstedi and E. nigrum occur sympatrically only in

the Lake Ontario drainage. Stone (1947) found no evidence of
hybridization in this zone of overlap; however Cole (1958 and 1965)
reported hybrid swarms and possible massive intergradation between
these populations. Cole (1958 and 1965) concluded that the
direction of introgression was from E. nigrum into E. olmstedi.
McAllister (1972); the only other investigator to report
hybridization between the two species, found that hybrids constituted

7.6 per cent of the Ottawa River population with no clear evidence

s



for intergradation. As E. nigrum and E. olmstedl occur allopatrically
in the same river system in the Atlantic Coast drainages (Cole, 1971),
the possibility of their hybridization was not congsidered; however,
populations of E. nigrum in the Appomattox River drainage, a tributary
of the lower James River, have a high percentage of complete infra-
orbital canals, an E. olmstedi characteristic (Jenkins, 1973.

personal communication). The present study was initiated to determine
the distribution of E. nigrum and E. olmstedi in the James River drain-

age and to define the extent of introgression between the two speciles.
MATERIALS AND METHODS

Specimens Examined
Eight hundred and ninety four specimens from 70 field col-
lections were examined. The collections are listed in an upstream-
downstream seqﬁence of the James River and its tributaries.
Collections designated as RC are from the Roanoke College museum.
Other collections are in the University of Richmond fish collection
and are designated by catalog number, number of specimens (in

parenthesis), locality and date.

Upper James River: 3478 (3), Cowpasture R., Bath Co., 25 October

1975; 2990 (8), Craige Cr., Craige Co., 31 July 1968; 1888 (9),

Catawba Cr., Roanoke Co., 5 July 1963; 2951 (3), Partridge Cr.,

Amherst Co., 16 December 1966; 2557 (4), Partridge Cr., Amherst Co.,

9 April 1968; 2488 (1), Partridge Cr., Amherst Co., 6 April 1967;

2972 (2), Partridge Cr., Amherst Co., 5 May 1970; 3779 (1), James River

at Bremo Bluff, Buckingham-Fluvanna Co., 16 September 19713 3776 (1),



James River'at Bremo Bluff, Buckingham-Fluvanna Co., 18 October 1971;
3789 (1), James River at Bremo Bluff, Buckingham-Fluvanna Co., 29
August 1972; 3778 (1), James River at Bremo Bluff, Buckingham-Fluvanna
Co., 3 January 1972; 3786 (1), James River at Bremo Bluff, Buckingham-
Fluvanna Co., 26 September 1972; 3782 (3), James River at Bremo Bluff,
Buckingham-Fluvanna Co., 21 February 1974; 3781 (1), James River at
Bremo Bluff, Buckingham-Fluvanna Co., 2 March 19723 3784 (2),

James River at Bremo Bluff, Buckingham-Fluvanna Co., 11 September
1973; 3777 (1), James Rivervat Bremo Bluff, Buckingham-Fluvanna Co.,
20 September 1971; 3783 (1), James River at Bremo Bluff, Buckingham-
Fluvanna Co., 30 November 1973; 3785 (1), James River at Bremo Bluff,
Buckingham-Fluvanna Co., 17 August 1972; 1840 (88), Willis R.,
Buckingham Co.,, 25 Juné 1964; 2380 (8), Ohio Cr., Albemarle Co.,

15 April 1965; 2296 (17), Rock Castle and Tolier Cr., Albemarle Co.,
1 April 1965; 2010 (44), Rivanna R., Fluvanna Co., 16 October 1964;
2892 (6), Beavordam and Buffalo Cr., Goochland Co., 24 September

1969; 2908 (5), Beavordam and Buffalo Cr., Goochland Co., 17

October 1969; 3576 (2), Beavordam and Buffalo Cr., Goochland Co., 3
July 1976; 2898 (4), Beavordam and Buffalo Cr., Goochland, 17

October 1969; 1761 (28), Tuckahoe Cr., Goochland Co., 4 June 1964;
3522 (12), Tuckahoe Cr., Goochland Co., 6 June 1976; 2809 (33),
Tuckahoe Cr., Goochland Co., 1 October 1969; 3764 (8), James River

in City of Richmond, Chesterfield-Henrico Co., 18 August 1976.

Appomattox River: 2214 (45), Appomattox River, Appomattox Co.,
20 October 1964; RC (13), Bush R., Prince Edward Co., 7 March 1974;

RC (27), Rice Cr., Prince Edward Co., 23 May 1975; RC (17), Mountain



Cr., Prince Edward Co., 22 May 1975; RC (31), Nibbs Cr., Amelia Co.,
8 March 1974; 3598 (41), Smacks Cr., Amelia Co., 7 August 1976;

3770 (31), Beavorpond Cr., Amelia Co., 17 March 1977; 3725 (49),
Whipponock Cr., Dinwiddie Co., 17 March 1977; 3765 (3), Appomattox
River at Appomattox Dam, Chesterfield-Dinwiddie Co., 28 March 1977;
3749 (22), Creek 2 km below Appomattox Dam, Dinwiadie Co., 28

March 1977.

Lower James Rive;: 3769 (2), James River at bottom of Fall Line,
Chesterfield-Henrico Co., 8 September 1976; 3766 (1), James River

at Chesterfield Power Station, Chesterfield Co., 25 March 1977;

3767 (1), James River at Chesterfield Power Station, Chesterfield Co.,
21 April 1977; 3605 (15), Bailey Cr., Henrico Co., 5 October 1976;
3505 (38), Bailey Cr., Henrico Co., 12 June 1976; 3775 (19), Swift
Cr. at Rt. 1, Chesterfield Co., 11 May 1977; 3484 (46), Swift Cr.

at Rt. 631, Chesterfield Co., 22 May 1976; 3773 (3), First Branch.of
Swift Cr., Chesterfield Co., 7 May 1977; 3774 (2), Second Branch of
Swift Cr., Chesterfield Co., 7 May 1977; 3759 (11), Swift Cr. at
Rt. 653, Chesterfield Co., 21 March 1977; 1872 (8), Swift Cr. at

Rt. 667, Chesterfield Co., 11 July 1964; 3734 (23), East Run,
Charles City Co., 23 March 1977; 3627 (17), Herring Cr., Charles
City Co., 19 October 1976; 3763 (2), Herring Cr., Charles City Co.,
31 October 1975; 3536 (2), Grassy Swamp Cr., Hanover Co., 13 June
1976; 3572 (4), Beavor dam Cr., Hanover Co., 17 July 1976;:365 (2),
Beavor dam Cr., Hamover Co., 8 April 1958; 178 (3), Millpond Cr.,
Henrico Co., 8 December 1956; 3590 (34), Crumps Swamp Cr., New

Kent Co., 3 August 1976; 3770 (1), Jones Run, New Kent Co.,



4 August 1976; 3767 (10), Collin's Run, Charles City Co., 29
March 1977; 3768 (5), Barrows Cr., Charles City Co., 29 March
1977; 187 (5), Diascund Cr., New Kent-James City Co., 30 December

1956.

Falling Creek: 3494 (2), Falling Cr. at Rt. 1, Chesterfield Co.,

29 May 1976; 3514 (16), Falling Cr. at Rt. 638, Chesterfield Co.,

29 May 1976; 3776 (5), Falling Cr. at Rt. 638, Chesterfield éo.,

16 May 1977; 3768 (15),f}ocoahock Cr. at Rt., 650, Chesterfield

Co., 2 May 1977; 3771 (3), Falling Cr. at Rt. 651, Chesterfield Co.,
2 May 1977; 3772 (6), Falling Cr. at Rt. 653, Chesterfield Co.,

11 May 1977; 3762 (8), Falling Cr. at Rt. 667, Chesterfield Co.,

21 March 1977,

Methods

The methods of Hubbs and Lagler (1958) were followed to ascertain
counts and proportiqnal measurements from preserved specimens
larger than 30 mm. Where applicable, only left side counts were made.
Variations were examined on numbers of dorsal spines, dorsal soft
rays, anal soft rays, pectoral rays, pelvic rays, caudal rays,
lateral line scales, scales above lateral line, and scales below
lateral line. The infraorbital, supratemporal, and preoperculo-
mandibular canal pores were counted and the canals described as
complete or incomplete 1f interrupted. Squamation was quantified
by a modification of the squamation index of Cole (1967) which

was later used by Zorach (1971). The nape, cheek, breast, and belly



were initially described as either naked, partially scaled or fully
scaled. A composite index was constructed by assigning the values

0 (naked), 1 (partially scaled) or 2 (fully scaled) to the nape, cheek,
breast, and belly and summing the four values. Values range from

0 (no squamation) to 8 (complete squamation). The opercular shape,
1ip position relative to the snout, caudal fin shape, caudal fin
bars, lateral markings, genital papillae, and various internal
characteristics were examined. Body depth, depth of caudal peduncle,
length of caudal peduncle, predorsal length, forehead length,

length of anal base, length of depressed dorsal, length of depressed
anal, height of first dorsal spine, length of pectoral fin, head
length, depth of head, head width, snout length, suborbital width,
length of cheek, orbit length, length of upper jaw, and width of
gape were measured to the closest 0.lmm with dial caliper and expressed
as a proportion of the standard length., In addition, the following
proportions were calculated: pectoral fin length to head length,

head depth to head ;ength, snout length to length of upper jaw,
length of upper jaw to gape width, length of cheek to gape width,
anal fin length to anal fin base, anal fin length to caudal

peduncle length, snout length to head length, upper jaw length to
head length, gape width to head length, length of cheek to head
length, predorsal length to pectoral fin length, head depth to
pectoral fin length, anal fin length to caudal peduncle depth, anal
base to caudal peduncle depth, upper jaw length to snout length,
‘gape width to snout length, orbit length to snout length, gape width

to upper jaw length, orbit length to upper jaw length, orbit length to



gape width, and .predorsal length to forehead length. Fifteen
meristic characters had discriminatory value for separating
populations: dorsal spines, dorsal soft rays, anal soft rays,
pectoral rays, lateral line scales, scales above lateral line, scales
below lateral line, infraorbital canal pores, preoperculomandibular
canal pores; proportional measurements were length of dorsal fin,
length of anal fin, and length of anal base. 1In addition td the
squamation index, two character indices are presented. The first,
that of Cole (1965), is a sﬁmmation of the pectoral rays, infraorbital
canal pores, and second dorsal rays. The second index was devised
" by summing values assigned to nine meristic characters that showed
a difference of 70 per cent or greater between the populations
of E. nigrum and E. olmstedi. The characters and assigned values
are as follows: dorsal rays, 0 (10 or less), 1 (11), 2 (12), 3 (13),
and 4 (14.or more) ; pectoral rays, 0 (11 or less), 1 (12), 2 (13),
3 (14 or more); anal rays, 0 (7 or less), 1 (8 or more); lateral
line scales, 0 (39 ér less), 1 (40-43), 2 (44-47), 3 (48 or more);
scales above lateral line, 0 (3 or less), 1 (4), 2 (5), 3 (6 or
more); scales below lateral line, 0 (5 or less), 1 (6), 2 (7), 3
(8 or more); pores in the infraorbital canal, O (6 or less), 1 (7),
2 (8 or more); pores in the preoperculomandibular canal, 0 (10 or
less), 1 (11 or more); and the squamation index value.

Statistics were computed éh a Wang Model 600 Series, and,
unless stated otherwise, significant differences are at the 0.05
confidence level. Per cent of separation was determined by the method

proposed by Ginsburg (1938). Proportional measurements are presented



following the graphical design of Hubbs and Hubbs (1953). The
populations were graphically analyzed using the methods outlined

by Anderson (1949).

RESULTS

Five populations of E. nigrum and E. olmstedi in the James

— S— Sttt etre st — —

and two populations which show introgression, were distinguished
statistically. Characters 6f.§;.§;.21&£22’ which inhabits the

pledmont and montane region of the James River and its tributaries,

were analyzed and the results coincide with those of Cole (1967 and 1971).
No significant differences were found among populations; therefore

data were combined and the results used for comparison with |

populations of E. n. nigrum and E. olmstedi from other parts

of the James River drainage. Character analysis of specimens

from below the Fall Line support the conclusions of Cole (1967)

that two subspecies, E. o. olmstedi (an upper tributary form) and

E. o. atromaculatum (a lower tributary and river form) occupy the

coastal plain drainage of the James River (Tables 1-13). The

75 per cent level of separationmybetween populations is considered
significant for recognizing subspecies (Ginsburg, 1938). That
level was exceeded when a line was drawn between 47 and 48 lateral
line scales (82.3 2; Table!l), between the 12 and 13 sum of scales
above and below lateral line (75.1 Z; Table 2), and between 20 and
21 character indices (93.9 %; Table 13). Also, a significant
separation was attained when a line was drawn between partially

scaled and naked breast (87.6 Z; Table 10); between complete and



partially scaled cheek (86.3 %Z; Table 9), nape (89.8 %; Table 8),
and belly (92.8 Z; Table 11) and between 4 and 5 squamation indices
(92.2 %Z; Table 12).

Larger average character divergences values occured between

E. n. nigrum and E. o. atromaculatum than between E. n. nigrum and

E. o. olmstedi (Tables 14-24; 32-46). Values are presented first

for E. n. nigrum vs E, o. atromaculatum and then for E. n. nigrum

vs E. o. olmstedi for the following characters (line of best
separation and per cent of'separation in parenthesis): lateral line
scales {43-44, 97.7 %; 41-42, 88.8 %; Tables 14 and 32); scales
above lateral line (4-5, 94.3 %; 4-5, 90.2 %; Tables 15 and 33);
scales below lateral line (6-7, 92.5 Z; 6-7, 85.1 %; Table 34);

sum of scales above and below lateral line (11-12, 92.5 %; 10-11,
87.8 %; Table 35); dorsal soft rays (12-13, 96.5 %; 12-13, 94.0 %;
Tables 16 and 36); pectoral rays (11-12, 93.0 7%; 11-12, 75.3 Z;
Tables 17 and 37); anal soft rays (7-8, 89.8 %; 7-8, 72.5 7%; Tables
18 and 38); infraorbital canal pores (7-8, 95.0 Z%; 7-8, 92.5 %;
Tables 20-21 and 39;40); predperculomandibular canal pores (10-11,
79.0 %; 10-11, 71.4 Z; Table 22); cheek squamation (naked-partially
scaled, 96.5 %; naked-partially scaled, 95.8 %; Table 42); breast
squamation (naked-partially scaled, 96.8 %; naked-partially scaled,
59.2 %; Table 43); nape squamation (partially scaled-fully scaled,
96.0 %; naked-partially scaled, 86.3 Z; Table 41); belly squamation
(partially scaled-fully scaled, 93.8 7; naked-partially scaled,
58.3 %Z; Table 44); squamation index (4-5, 98.0 Z; 1-2, 86.3 7%;
Table 45); and the character index (12-13, 100 %Z; 10-11, 99.0 Z;

Tables 24 and 46).



There were no significant differences among the populations
from the Appomattox River and its tributaries, therefore these data
were combined and compared with those of E. n. nigrum from the
James River above the Fall Line and the two subspecies of E. olmstedi
from the coastal plain. The results indicate that the Appomattox
population is more lake E. nigrum than E. olmstedi even though means
of eight of nine meristic characters differ significantly. Counts
:of the lateral line scales, scales above lateral line, dorsal soft
rays, pectoral rays, dorsallspines, infraorbital canal pores, and
preoperculomandibular canal pores were significantly higher than
corresponding counts of the upper James River drainage population
and approached those of E. o. olmstedi (Tables 14-17 and 19-22).

The anal ray count was significantly lower than E. n. nigrum (Table 18).

Additional comparisons of quanitative characters showed that
the Appomattox River population differed from that of the upper James
at the racial (average divergence 60~75 %) or subspecific level when
a line was drawn between 6 and 7 infraorbital canal pores (77.2 %;
Table 20), between 10 and 11 preoperculomandibular pores (64.1 %;
Table 22), between 39 and 40 lateral line scales (64.6 %Z; Table 14)
and between 8 and 9 dorsal spines (63.3 %; Table 19). An average
divergence of 68;1 % separated the two populations when a line
was drawn between 5 and 6 character indices (Table 24).

Fifty-five specimens from six sampling sites in the Falling
Creek drainage were compared by an Analysis of Variance test for
single variable of classification (Tables 25-31). Significant
differences at the 0.01 confidence level were obtained between

sampling locations in five of the meristic characters; scales

10
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above lateral line (F = 3.76; Table 25), sum of scales above and

below lateral line (F = 4.48; Table 26), dorsal soft rays (F = 4.01;
Table 27), and anal soft rays (F = 6.48; Table 28). At the 0.05
confidence level pectoral rays (F = 2,93; Table 29) were significantly
different. The squamation index (F = 7.80; Table 30) and the
character index (F = 13.78; Table 31) showed significant differences
at the 0.01 level of confidence.

Small sample size and extreme variance precluded a definitive
analysis of the Falling Creek population. A cursory examination
indicated that an upstream~downstream introgression trend from
E. n. nigrum to E. o. olmstedi characters existed; therefore, for
further analysis, the populations were divided into upper Falling
Creek (14 specimens), middle Falling Creek (18 specimens) and
lower Falling Creek (21 specimens).

Meristic and proportional characters of the upper Falling Creek
population were not significantly different from those of the
James River (Tables 32~-46). Middle Falling Creek darters were
significantly diffe;ent from E. n. nigrum in lateral line scales
(Table 32), scales above lateral line (Table 33), scales below
lateral line (Table!34), sum of scales above and below lateral line
(Table 35), dorsal soft rays (Table 36), squamation index (Table 44)
and character index (Table 46). Lower Falling Creek specimens differed
significantly in lateral line scales (Table 32), scales above lateral
line (Table 33), scales below lateral line (Table 34), suﬁ of scales
above and below lateral 1line (Table 35), infraorbital canal pores
(Table 39), dorsal soft rays (Table 36), pectoral rays (Table 37),

anal soft rays (Table 38), squamation index (Table 44), and character

index (Table 46).
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Proportional measurements were of relatively little value in
distinguishing the Boleosoma populations because only two
proportional measurements, length of the depressed anal fin
to anal base and length of dorsal fin to body length, out of 20
examined showed significant differences among the five populations

of the James River drainage (Figs. 2-4).
DISCUSSION

Many hybrid combinations are known throughout Teleostomi
(Schwartz, 1972). Natural intrageneric and even intergeneric
hybrids have been described in the family Percidae by Hubbs (1955)
and in 1967 Hubbs demonstrated that virtually any hybrid combination
can be made between any two darter species under artificial conditions.
Most hybrid combinations have been sterile and introgression is
extremely rare; however, interspecific introgression in darters was

reported between Percina notogramma and P. peltata (Loos and Woolcott,

1969), Etheostoma spectabile and E. radiosum cyanorum (Branson

and Cambell, 1969),'and Etheostoma nigrum and E. olmstedi (Cole, 1965).

The Appomattox Riﬁer and Falling Creek populations of Boleosoma
exhibit many of the characteristics presented by Gilbert (1961) that
distinguish introgressive populations. Andlysis of the data reveals
that 7 of 9 meristic characters of darters from the Appomattox River,
8 of 9 in lower Falling Creek and 5 of 9 in middle Falling Creek
were significantly different from both E. n. nigrum and E. olmstedi
and lie between tﬁe parental extremes. Figures 5-8 graphically
depict the intermediacy of the two intergrade populations. The

Appomattox River and middle Falling Creek populations show introgression
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from_@;_g; nigrum; which would imply that it is the recurrent
parental specles.

Swift Creek, which lies between the Appomattox River drainage
basin and Falling Creek (Fig. 1), and flows from the Piedmont across
the~Fall Line to the coastal plain, contains Boleosoma populations
in i{ts headwaters that do not differ significantly from othef populations
of coastal plain E. o. olmstedi. This supports the conclusion that
the intermediate populations in the Appomattox River and Falling
Creek, which resemble E. n. nigrum, are not the product of
geographical variatlon but rather represent fishes that entered the
two systems by upstream stream piracy from the James River. The
location of Swift Creek precludes the'possibility of stream capture
of upstream James tributaries.

Environmental disruption has been proposed as one of the factors
that lead to the formation of hybrid swarms (Anderson, 1949; Mayr, 1963).
Falling Creek meets this requirement with a series of
three dams and numerous conduits in the lower two-thirds of its
drainage which have altered the habitat extensively. It is
proposed that introduction of E. n. nigrum into the headwaters of
the Appomattox River united two previously allopatric species
with hybridization resulting. Because character distributions
of the Appomattox population resemble E. n, nigrum, perhaps the
piledmont quality\of this drainage system selectively favors E. n.

nigrum characters. No hybrids have been found between the two
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species in the James River proper which may be due to the

extensive Fall Line and because the E. o. atromaculatum 4n

the main stream have spawning habits that differ from those of

E. n. nigrum.

The problem of subspecific recognition of E. o. olmstedi and

E, o. atromaculatum was not considered an objective of this study,

however the 75 per cent or.greater average divergence in the frequency
distributions of six meristic characters of E. o. olmstedi and

E. o. atromaculatum indicates that the two populations are subspecies

and that the zone of intergradation between E. o. olmstedi and

E. o. atromaculatum is not as large as that described by Zorach (1971)

for the lower tidewater James.
Cole (1971) postulated that E. nigrum and E., olmstedi evolved
in isolation from common stock in geological times predating

Pleistocene glaciation. Etheostoma olmstedi then moved into the

James River basin within the early Pliestocene and utilized expanded
coastal plain drainages during periods of sea level decline. The
Fall Line probably limited E. olmstedi to the lower piedmont and
coastal streams. The E. nigrum population represents an intrusion
from the west as a result of stream capture between the James River
headwaters and the New River.

In summary; greater similarities in habitat preference and
morpholbgical counts between E. n. nigrum and the tributary form

from the lower Jdmes River, E. o. olmstedi, than those between

ll‘d

. n. nigrum and E. o. atromaculatum suggest that E. o. olmstedi

and E. n. pigrum form the parental populations of the hybrids in
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the Appomattox River and Falling Cregk. I postulated that the

E. n. nigrum of the Appomattox River and the headwaters of Falling
Creek entered these systems by stream piracy from piedmont tributaries
of the James River and the cohabitation of this species with

E. o. olmstedi was conducive to hybridization.
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Table 1. Frequency distribution of lateral line scales in Etheostoma olmstedi atromaculatum and Etheostoma clmstedi olmstedi.

Lateral Line Scales

Location No.
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 S56 S57 58 58 60 61 X

E. o. atromaculatun

" James R, 4 1l 1 2 52.5
Bailey Cr. 53 2 3 3 5 3 5 5 8 9 5 3 1 1 49.1
Lower Herring Cr. 19 2 2 2 1 4 1 2 3 1 1 51.9
Diascund Cr. 5 1 1 2 1l 51.2
Lower Swift Cr. 19 1 1 2 3 4 2 2 i 2 1 50.4

E. o. olmstedi
East Run 23 1 3 1 6 4 2 2 13 1 45.0
Grassy Swamp 2 1 1 47.5
Crumps Swamp 34 11 3 7 6 7 3 3 3 45.4
Beavordanm Cr. 6 1 1 2 1 1 . 46.3
Millpond Cr. 3 2 1 42.7
Jones Run 1 ' 1 47.0
Collins Run 10 1 2 1 1 1 1 1 1 1 45.7
Barrows Cr. 5 2 2 1 : 44,6
Upper Swift Cr. 70 1 3 6 4 16 10 16 7 2 2 1 1 1 43.0



Table 2. Frequency distribution of sum of scales above and below lateral line in Etheostoma olmstedi

atromaculatum and Etheostoma olmstedi olmstedi.

Sum of Scales Above and Below.Lateral Line

Location No.
9 10 11 12 13 14 15 16 X S.D.
E. o. atromaculatum
- James R. 4 2 1 1 14.2 1.5
Bailey Cr. 53 4 9 18 18 2 2 13.2 1.1
Lower Herring Cr. 19 1 9 7 2 13.5 0.8
Diascund Cr. 5 1 3 1 13.0 0.7
Lower Swift Cr. 19 2 2 10 2 -3 12.1 1.2
E. o. olmstedi
Fast Run 23 4 8 6 4 1 11.6 1.1
Grassy Swamp 2 2 12.0 -
Crumps Swamp 34 2 5 14 8 4 1 12.3 1.1
Beavordam Cr. 6 3 3 11.5 0.5
Millpond Cr. 3 2 1 12.7 1.2
Jones Run 1 1 12.0 -
Collins Run 10 1 1 4 4 12.1 1.0
Barrows Cr. 5 1 1 2 1 12.6 1.1
Upper Swift Cr. 70 1 12 29 22 4 1 1 11.3 1.0



Table 3. Frequency distribution of dorsal rays in Etheostoma olmstedi atromaculatum and

Etheostoma olmstedi olmstedi.

Dorsal Rays
Location No.
12 13 14 15 16 X S.D.
E. o. atromaculatum
" James R. 4 4 14.0 -
Bailey Cr. 53 18 29 6 13.8 0.64
‘Lower Herring Cr. 19 6 9 3 1 14.0 0.85
Diascund Cr. 5 2 3 13.6 0.55
Lower Swift Cr. 19 9 6 4 13.7 0.81
E. o. olmstedi f
East Run 23 1 13 8 1 13.4 0.66
Grassy Swamp 2 1 1 13.5 0.71
Crumps Swamp 34 16 17 1 13.6 0.56
Beavordam Cr. 6 1 4 1 13.0 0.63
Millpond Cr. 3 1 2 12.7 0.58
Jones Run 1 1 13.0 -
Collins Run 10 5 4 1 13.6 0.70
Barrows Cr. 5 3 2 13.4 0.55
Upper Swift Cr. 70 12 33 20 13.1 0.67



Table 4. Frequency distribution of pectoral rays in Etheostoma olmstedi atromaculatum and
Etheostoma olmstedi olmstedi.
Pectoral Rays
Location No.
11 12 13 14 X S.D.
E. o. atromaculatum »
James R. 4 4 13.0 -
Bailey Cr. 53 4 45 4 13.0 0.39
Lower Herring Cr. 19 3 9 7 13.2 0.71
Diascund Cr. 5 1 -3 1. 13.0 0.71
Lower Swift Cr. 19 1 3 13 2 12.8 0.69
E. o. olmstedi
East Run 23 12 10 1 12.5 0.59
Grassy Swamp 2 1 1 12.5 0.71
Crumps Swamp 34 9 - 25 12.7 0.45
Beavordam Cr. 6 3 3 12.5 0.55
Millpond Cr. 3 2 1 12.3 0.58
Jones Run 1 1 13.0 -
Collins Run 10 4 5 1 12.7 0.68
Barrows Cr. 5 3 2 12.4 0.55
Upper Swift Cr. 70 3 36 30 1 12.4 0.60
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Table 5. Frequency distribution of anal rays in Etheostoma olmstedi atromaculatum and Etheostoma
olmstedi olmstedi.
Anal Rays
Location No.
7 8 9 10 11 X 5.D.
E. o. atromaculatum
" James R. 4 2 1 1 9.0 1.4
Bailey Cr. 53 3 25 20 5 8.5 0.7
Lower Herring Cr. 19 8 10 1 8.6 0.6
Diascund Cr. 5 3 2 8.4 0.5
Lower Swift Cr. 19 2 6 11 8.5 0.7
E. o. olmstedi
East Run 23 8 10 7.2 0.8
Grassy Swamp 2 1 1 8.5 0.7
Crumps Swamp 34 19 12 1 7.4 0.7
Beavordam Cr. 6 2 2 2 8.0 0.9
Millpond Cr. 3 2 1 8.3 0.6
. Jbnes Run 1 1 8.0
Collins Run 10 3 6 7.5 0.7
Barrows Cr. 5 1 3 1 8.0 0.7
Upper Swift Cr. 70 18 46 4 7.7 0.6
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Table 6. Frequency distribution of infraorbital canal pores in Etheostoma olmstedi atromaculatum

and Etheostoma olmstedi olmstedi.

Infraorbital Canal Pores

Location No.
6 7 8 9 10 X S.D.
E. o. atromaculatum
’ James R. 4 1 3 8.8 0.50
Bailey Cr. 53 4 43 5 1 8.1 0.50
Lower Herring Cr. 19 2 13 4 8.1 0.57
Diascund Cr. 5 5 8.0 -
Lower Swift Cr. 19 1 1 17 7.8 0.50
E. o. olmstedi
East Run 23 3 19 1 7.9 0.42
Grassy Swamp 2 1 1 7.5 0.71
Crumps Swamp 34 2 32 7.9 0.24
Beavordam Cr. 6 6 8.0 -
Millpond Cr. 3 3 8.0 -
Jones Run 1 1 8.0 -
Collins Run 10 2 7 1 7.9 0.24
Barrosw Cr. 5 4 1 8.2 0.45
Upper Swift Cr. 70 3 9 56 2 7.8 0.55



Table 7. Frequency distribution of preoperculomandibular pores in Etheostoma olmstedi

atromaculatum and Etheostoma olmstedi olmstedi.

Preoperculomandibular Pores

Location No.
8 9 10 11 12 X S.D.
E. o. atromaculatum
© James R. 4 2 2 10.5 0.58
Bailey Cr. 53 3 12 37 1 10.7 0.61
Lower Herring Cr. 19 3 14 2 11.0 0.52
Diascund Cr. 5 1 3 1 11.0 0.71
Lower Swift Cr. 19 6 13 10.7 0.48
E. o. olmstedi
East Run 23 1 11 11 10.4 0.59
Grassy Swamp 2 1 1 10.5 0.71
Crumps Swamp 34 1 1 5 27 10.7 0.68
Beavordam Cr. 6 6 11.0 -
Millpond Cr. 3 3 10.0 -
Jones Run 1 1 11.0 -
Collins Run 10 6 4 10.4 0.52
Barrows Cr. 5 1 3 1 11.0 0.71
Upper Swift Cr. 70 5 30 33 2 10.5 0.67



Table 8.

and Etheostoma olmstedi olmstedi.

Frequency distribution of nape squamation in Etheostoma olmstedi atromaculatum

Nape Squamation

Location No.
Naked Partially Scaled Fully Scaled
E. o. atromaculatum
" James R. 4 1 3
Bailey Cr. 53 2 51
Lower Herring Cr. 19 2 17
Diascund Cr. 5 5
Lower Swift Cr. 19 3 16
E. o. olmstedi
East Run 23 7 16
Grassy Swamp 2 2
Crumps Swamp 34 25 9
Beavordam Cr. 6 1 5
Millpond Cr. 3 3
Jones Run 1 1
Collins Run 10 8 2
Barrows Cr. 5 5
Upper Swift Cr. 70 11 57 2
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Table 9. Frequency distribution of cheek squamation in Etheostoma olmstedi atromaculatum and

Etheostoma olmstedi olmstedi.

Cheek Squamation

Location No.
Naked Partjally Scaled Fully Scaled
Eh.gh_atromaculatum
" James R. 4 4
Bailey Cr. 53 10 43
Lower Herring Cr. 19 3 16
Diascund Cr. 5 5
Lower Swift Cr. 19 2 17
E. o. olmstedi
East Run 23 2 21
Grassy Swamp 2 2
Crumps Swamp 34 29 5
Beavordam Cr. 6 5 1
Millpond Cr. 3 3
Jones Run 1 1
Collins Run 10 5 5
Barrows Cr. 5 5
Upper Swift Cr. 70 68 2
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Table 10. Frequency distribution of breast squamation in Etheostoma olmstedi atromaculatum

and Etheostoma olmstedi olmstedi.

Breast Squamation

Location No.
Naked Partially Scaled Fully Scaled

E. o. atromaculatum

James R. 4 2 2

Bailey Cr. 53 1 13 39

Lower Herring Cr. 19 2 9 8

Diascund Cr. 5 ‘ 5

Lower Swift Cr. 19 1 3 15
E. o. olmstedi

East Run 23 21 2

Grassy Swamp 2 2

Crumps Swamp 34 27 7

Beavordam Cr. 6 6

Millpond Cr. 3 2 1

Jones Run 1 1

Collins Run 10 8 1 1

Barrows Cr. 5 2 3

Upper Swift Cr. 70 56 12 2



Table 11. Frequency distribution of belly squamation in Etheostoma olmstedi atromaculatum and

Etheostoma olmstedi olmstedi,

Belly Squamation

Location No.
Naked Partially Scaled Fully Scaled

E. o. atromaculatun

James R. 4 1 3

Bailey Cr. 53 1 52

Lower Herring Cr. 19 2 1 16

Diascund Cr. 5 ' 5

Lower Swift Cr. 19 19
E. o. olmstedi

East Run 23 7 16

Grassy Swamp 2 2

Crumps Swamp 34 4 24 6

Beavordam Cr. 6 2 4

Millpond Cr. 3 3

Jones Run 1l 1

Coliins Run 10 4 6

Barrows Cr, 5 2 3

Upper Swift Cr. 70 44 22 4



Table 12. Frequency distribution of squamation index in Etheostoma olmstedi atromaculatum and

Etheostoma olmstedi olmstedi.

- Squamation Index

Location No.
1 2 3 4 5 6 7 8 X S.D.
E. o. atromaculatum }
James R. 4 2 2 6.5 1.7
Bailey Cr. 53 ' 1 1 4 13 34 7.5 0.9
Lower Herring Cr. 19 1 1 1 1 7 8 6.8 1.7
Diascund Cr. 5 5 8.0 -
Lower Swift Cr. 19 1 1 2 3 12 7.2 1.5
E. o. olmstedi
East Run 23 3 9 10 1 2.4 0.8
. Grassy Swamp 2 2 3.0 -
Crumps Swamp . 34 3 17 8 2 1 3 3.7 1.3
Beavordam Cr, 6 1 1 4 2.5 0.8
Millpond Cr. 3 2 1 2,3 0.6
Jones Run 1 1 3.0 -
Collins Run 10 2 5 2 1 4.6 1.6
Barrows Cr. 5 1 2 2 6.2 0.8
Upper Swift Cr. 70 11 26 19 10 2 1 1 2.6 1.3



Table 13. Frequency distribution of the character index in Etheostoma olmstedi atromaculatum and Etheostoma olmstedi olmstedi.

Character Index

Location No.
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 X S.D.
E. o. atromaculatum
James R. 4 1 1 2 24.8 1.5
Bailey Cr. 53 2 3 4 10 10 11 8 3 2 24.2 1.9
Lower Herring Cr. 19 11 2 1 3 7 4 24.7 2.2
Diascund Cr. 5 ) 1 2 2 25.4 1.7
Lower Swift Cr. 19 1 1 2 3 2 6 3 1 22.2 3.3
E. o. olmstedi ,
East Run 23 1 5 3 2 3 4 1 3 1 ' 15.6 2.4
Grassy Swamp 2 1 1 ‘ 17.5 2.1
Crumps Swamp 34 i1 1 1 7 3 5 7 6 2 1 18.1 2.3
Beavordam Cr. 6 1 1 2 1 1 16.7 2.1
Millpond Cr. 3 1 1 1 15.0 2.0
Jones Run 1 1 18.0 -
Collins Run 10 11 2 3 1 1 1 18.7 2.1
Barrows Cr. 5 1 1 1 1 1 21.0 2.7
6 4 1 14.9 2.2

Upper Swift Cr. 70 1 3 4 14 7 15 10 5



Table 14. Frequency distribution of the lateral line scales in Etheostoma nigrum, Etheostoma olmstedi olmstedi, Etheostoma olmstedi

atromaculatum and the Appomattox River population.

Lateral Line Scales

Population No.
35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 X S.D.
E. nigrum 299 4 10 41 51 76 52 30 19 8 7 1 39.2 1.9
Appomattox River 286 313 33 41 61 4539 3015 4 1 1 40.5 2.0
E. o. olmstedi 154 1 3 6 7241732201411 9 5 3 1 1 44,3 2.6
E. o. atromaculatum 100 2 3 4 9 51112111310 4 7 6 1 1 50.1 3.7
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Table 15. Frequency distribution of the scales above lateral line in Etheostoma nigrum, Etheostoma

olmstedi olmstedi, Etheostoma olmstedi atromaculatum and the Appomattox River population.

Scales Above Lateral Line

Population No.
’ 3 4 5 6 7 by S.D
E. nigrum 299 53 236 9 1 3.86 0.45
Appomattox R. 286 13 260 13 4,00 . 0.30

E. 0. olmstedi 154 25 103 26 5.01 0.58

E. o. atromaculatum 100 8 72 18 2 5.14 0.57




Table 16. Frequency distribution of the dorsal soft rays in Etheostoma nigrum,

Etheostoma olmstedi

olmstedi, Etheostoma olmstedi atromaculatum and the Appomattox River population.
Dorsal Soft Rays.
Population’ No.

10 11 12 13 14 15 16 b4 S.D.

E. nigrum 299 17 162 113 7 11.4 0.63
Appomattox R. 286 4 110 153 19 11.6 0.62
E. o. olmstedi 154 15 83 53 3 13.3 0.66
E. o. atromaculatum 100 35 51 i3 1 13.8 0.70
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Table 17. Frequency distribution of the pectoral rays in Etheostoma nigrum, Etheostoma olmstedi

olmstedi, Etheostoma olmstedi atromaculatum and the Appomattox River population.

Pectoral Rays

Population No.
10 11 12 13 14 X S.D
E. nigrum 299 5 i22 166 6 11.6 0.56
Appomattox R. . 286 2 88 193 3 11.7 0.50
E. o. olmstedi 154 3 70 78 3 12.5 | 0.57

E. 0. atromaculatum 100 1 11 74 14 13.0 0.54




Table 18. Frequency distribution of the anal soft rays in Etheostoma nigrum, Etheostoma olmstedi

olmstedi, Etheostoma olmstedi atromacualtum and the Appomattox River population.

Anal Rays
Population No.
' 3 4 5 6 7 8 9 10 11 X S.D
E. nigrum 299 1 4 67 181 42 4 6.9 0.72
Appomattox R. - 286 2 98 163 23 6.7 0.61
E. o. olmstedi 154 10 51 83 10 7.6 0.71
E. o. atromaculatum 100 5 44 44 6 1 8.5 0.73




Table 19. Frequency distribution of the dorsal spines in Etheostoma nigrum, Etheostoma olmstedi

olmstedi, Etheostoma olmstedi atromaculatum and the Appomattox River population.

Dorsal Spines

Population No. »

7 8 9 10 11 3 S.D.
E. nigrum 299 13 121 151 14 8.6 0.66
Appomattox R. 286 3 49 207 27 8.9 0.55
o. olmstedi 154 1 11 117 25 9.1 0.50

E.
E. o, atromaculatum 100 19 69 11 1 8.9 0.58




Table 20. Frequency distribution of the infraorbital canal pores in Etheostoma nigrum, Etheostoma

olmstedi olmstedi, Etheostoma olmstedi atromaculatum and the Appomattox River population.

Infraorbital Canal Pores

Population No. _
’ 5 6 7 8 9 10 X S.D
E. nigrum 299 37 180 76 6 6.2 0.66
Appomattox R. - 286 4 48 128 93 13 7.2 0.83
E. o. olmstedi 154 3 17 129 5 7.9 0.46

E. o. atromaculatum 100 1 7 79 12 1 8.1 0.52




Table 21. Frequency distribution of the completeness of the infraorbital canals in Etheostoma

nigrum, Etheostoma olmstedi olmstedi, Etheostoma olmstedi atromaculatum and the

Appomattox River population.

Infraorbital Canal

Population No.
Incomplete Complete Percentage Complete
_E. nigrum 299 297 2 | 0.7%
Appomattox R, 286 193 93 32.5%
E. o. olmstedi 154 15 : 139 90.0%
E. o. atromaculatum 100 4 96 96.07%
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Table 22. Frequency distribution of the preoperculomandibular canal pores in Etheostoma nigrum,

Etheostoma olmstedi olmstedi, Etheostoma olmstedi atromaculatum and the

Appomattox River population.

Preoperculomandibular Canal Pores

Population No. _
8 9 10 11 12 X S.D.
E. nigrum : 299 14 105 135 43 2 9.7 0.79
Appomattox R, 286 19 143 122 2 10.4 0.62
E. o. olmstedi 154 1 7 57 86 3 10.5 0.65

E. o. atromaculatum 100 3 24 69 4 10.7 0.58




Table 23. Frequency distribution of the sum of the pectoral rays, dorsal soft rays, and infraorbital

canal pores in Etheostoma nigrum, Etheostoma olmstedi olmstedi, Etheostoma olmstedi atromaculatum

and the Appomattox River population.

Sum of Pectoral Rays, Dorsal Soft Rays and Infraorbital Canal Pores

Population No.
26 27 28 29 30 31 32 33 34 35 36 37 38 39 X S.D.
E. nigrum 299 2 18 62101 91 22 2 1 29.1 1.1
Appomattox R. 286 2 8 45 84 83 49 15 30.6 1.3
E. o. olmstedi 154 4 18 39 53 37 3 33.7 1.1
E. o. atromaculatum 100 1 1 5 33 34 19 6 34.9 1.2
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Table 24, Frequency distribution of the character index in Etheostoma nigrum, Btheostoma olmstedi olmstedi, Etheostoma olmstedi atromaculatum

and the Appomattox River population.

Character Index

Population No. )
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 X S.D.
E. nigrum 299 3 11 41 53 67 51 31 28 8 2 4 5.28 1.9
Appomattox R. 286 312 18 31 49 48 59 34 17 10 4 1 7.06 2.1
E. o. olmstedi 154 1 3 5221120231517 20 9 2 4 11 16.31 2.8
E. o. atromaculatum 100 11 5> 7 813 2016 17 10 2 23.99 2.4
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Table 25. Frequency distribution of scales above lateral line in Falling Creek by sampling site.

Scales Above Lateral Line

Location No.
3 4 5 6 X S.D
Rt. 1 ' 2 2 4.0 -
Rt. 638 21 9 11 1 4.6 0.59
Pocoshock Cr. 15 11 4 4.3 0.46.
Rt. 651 3 2 1 4.3 0.58
Rt. 653 6 1 5 3.8 0.41

Rt. 667 8 8 4.0 -



Table 26. Frequency distribution of sum of scales above and below lateral line in Falling Creek

by sampling site.

Sum of Scales Above and Below Lateral Line

Location No. ‘
9 10 11 12 13 X S.D.
Rt. 1 2 1 1 | 11.0 1.4
Rt. 638 21 2 7 8 4 11.7 0.9
Pocoshock Cr. 15 2 2 8 1 2 10.9 1.2
Rt. 651 3 ' 3 12.0 -
Rt. 653 6 2 3 1 9.8 0.8

Rt. 667 8 1 4 1 2 10.5 1.1



Table 27.

Frequency distribution of dorsal soft rays in Falling Creek by sampling site.

Dorsal Soft Rays

Location No. _

10 11 12 13 X S.D.
Rt. 1 2 1 1 12. 0.71
Rt. 638 21 5 7 9 12. 0.81
Pocoshock Cr. 15 3 8 4 12. 0.70
Rt. 651 3 1 2 11. 0.58
Rt. 653 6 2 1 3 11. 0.98
Rt. 667 8 7 1 11. 0.35
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Table 28. Frequency distribution of anal soft rays in Falling Creek by sampling site.

Anal Soft Rays

Location No.

7 8 g S.D.
Rt. 1 2 2 7.0 -
Rt. 638 21 7 13 7.6 0.60
Pocoshock Cr. 15 5 1 6.3 0.82
Rt. 651 3 1 1 7.0 1.00
Rt. 653 6 2 2 7.0 0.89
Rt. 667 8 5 6.5 0.76
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Table 29. Frequency distribution of pectoral rays in Falling Creek by sampling site.

Pectoral Rays

Location No.
11 12 13 X S.D.
Rt. 1 ' 2 : 2 12.0 -
Rt. 638 21 5 13 3 11.9 0.63
Pocoshock Cr. 15 4 10 1 : 11.8 0.56
Rt. 651 3 1 2 11.7 0.58
Rt. 653 6 5 1 11.2 0.41

Rt. 667 8 6 2 11.2 0.46



Table 30. Frequency distribution of the squamation index in Falling Creek by sampling site.

No.

Squamation Index

i

Location
Rt. 1
Rt. 638

Pocoshock Cr.

Rt. 651
Rt. 653
Rt. 667

21

15

5 6 17

1
3 1
1
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Table 31. Frequency distribtuion of the character index in Falling Creek by sampling site.

Location

Character Index

wi

8 9 1011 12 13 14 1516 17 18 19

S5.D.

Rt. 1

Rt. 638

Pocoshock Cr.-

Rt. 651
Rt. 653

Rt. 667

2.8

3.5

2.2

2.9

1.6

1.2



Table 32. Frequency distribution of lateral line scales in Etheostoma nigrum, Etheostoma olmstedi olmstedi, Etheostoma olmstedi atromaculatum

and _.the populations of Falling Creek.

Lateral Line Scales

50

Population No. ' .

35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 ¥ S.D.
E. nigrum 299 4 10 41 51 76 52 30 19 8 7 1 39.2 1.9
Upper Falling Cr. 14 1 1 4 3 3 2 40.4 1.9
Middle Falling Cr. 18 1 3 7 2 1 1 11 1 41.2 2.7
Lower Falling Cr. 23 2 2 5 6 1 5 11 42.2 2.0
E. o. olmstedi 154 1 3 6 7 264 17 32 20 14 11 9 5 3 1 1 4.3 2.6
E. o. atromaculatum 100 2 3 4 9 5 11 12 11 13 10 4 50.1 3.7



Table 33. Frequency distribution of scales above lateral line in Etheostoma nigrum, Etheostoma

olmstedi olmstedi, Etheostoma olmstedi atromaculatum and the populations of Falling Creek.

Scales Above Lateral Line

Population No.

3 4 5 6 X S.D.
E. nigrum 299 53 236 9 1 3.9 0.45
Upper Falling Cr. 14 1 13 3.9 0.27
Middle Falling Cr. 18 13 5 4.3 0.46
Lower Falling Cr. 23 11 11 1 4.6 0.59
E. o. olmstedi 154 25 103 26 5.0 0.58
E. o. atromaculatum 100 8 72 18 5.1 0.57
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Table 34. Frequency distribution of scales below lateral line in Etheostoma nigrum, Etheostoma

olmstedi olmstedi, Etheostoma olmstedi atromaculatum and the populations of Falling Creek.

Scales Below Lateral Line

Population No.

5 6 7 8 9 10 X S.D
E. nigrum 299 131 131 30 3 5.7 0.72
Upper Falling Cr. 14 2 8 2 2 6.3 0.91
Middle Falling Cr. 18 2 3 9 4 6.8 0.92
Lower Falling Cr. 23 7 8 8 7.0 0.82
E. o. olmstedi 154 1 28 77 40 6 2 7.2 0.84
E. o. atromaculatum 100 4 25 45 24 2 8.0 0.86
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Table 35. Frequency distribution of sum of scales above and below lateral line in Etheostoma nigrum,

Etheostoma olmstedi olmstedi, Etheostoma olmstedi atromaculatum and the populations of

Falling Creek.

Sum of Scales Above and Below Lateral Line

Population No.
7 8 9 10 11 12 13 14 15 16 X S.D.
E. nigrum ’ 299 5 41 100 119 29 4 1 9.5 1.0
Upper Falling Cr. 14 3 7 2 2 10.2 0.9
. Middle Falling Cr. 18 2 2 8 4 2 11.1 1.1
Lower Falling Cr. 23 3 7 9 4 11.6 0.9
E. o. olmstedi 154 1 19 47 55 22 8 2 11.7 1.1

E. o. atromaculatum 100 2 6 21 34 29 ) 3 13.1 1.2




Table 36. Frequency distribution of dorsal soft rays in Etheostoma nigrum, Etheostoma olmstedi olmstedi,

Etheostoma olmstedi atromaculatum and the populations of Falling Creek.

Dorsal Soft Rays

Population No. : , _
10 11 12 13 14 15 16 X S.D.
E. nigrum 299 17 162 113 7 11.4 0.63
Upper Falling Cr. 14 2 8 4 11.1 0.66
Middle Falling Cr. 18 4 10 4 12.0 0.69
Lower Falling Cr. 23 5 8 10 12.2 0.80
E. o. olmstedi 154 15 83 53 3 13.3 0.66

E. o. atromaculatum 100 35 51 13 1 13.8 0.70




Table 37. Frequency distribution of pectoral rays in Etheostoma nigrum, Etheostoma olmstedi olmstedi,

Etheostoma olmstedi atromaculatum and the populations of Falling Creek.

Pectoral Rays

Population No. _
10 11 12 13 14 X S.D.
E. nigrum 299 5 122 166 6 11.6 0.56
Upper Falling Cr. 14 11 3 11.2 0.43
Middle Falling Cr. 18 5 lé 1 11.8 0.55
- Lower Falling Cr. 23 5 15 3 11.9 0.60
E. o. olmstedi 154 3 70 78 3 12.5 0.57

E. o. atromaculatum 100 1 11 74 14 13.0 0.54




Table 38.

Frequency distribution of anal rays in Etheostoma nigrum, Etheostoma olmstedi olmstedi,

Etheostoma olmstedi atromaculatum and the populations of Falling Creek.

Anal Rays
Population " No. : _

6 7 8 9 10 11 X S.D.
E. nigrum 299 67 181 42 4 6.9 0.72
Upper Falling Cr. 14 4 7 2 6.7 0.83
Middle Falling Cr. 18 8 6 2 6.4 0.86
~ Lower Falling Cr. 23 1 9 13 7.5 0.59
E. o. olmstedi 154 10 51 83 10 7.6 0.71
E. o. atromaculatum 100 5 44 44 6 1 8.5 0.73
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Table 39. Frequency distribution of infraorbital canal pores in Etheostoma nigrum, Etheostoma

olmstedi olmstedi, Etheostoma olmstedi atromaculatum and the populations of Falling Creek.

Infraorbital Canal Pores

Population No. _
5 6 7 8 9 10 X S.D
E. nigrum 299 37 180 76 6 6.2 0.66
Upper Falling Cr. 14 8 6 6.4 0.51
Middle Falling Cr. 18 13 3 2 6.4 0.70
Lower Falling Cr. 23 10 11 2 6.7 0.65
E. o. olmstedi » 154 3 17 129 5 7.8 0.46

=

. ‘0. atromaculatum 100 1 7 79 12 1 8.1 0.52



Table 40. Frequency distribution of the completeness of the infraorbital canal in Etheostoma nigrum,

Etheostoma olmstedi olmstedi, Etheostoma olmstedi atromaculatum and the population of

Falling Creek.

Infraorbital Canal

Population No.
Incomplete Complete Percentage complete
E. nigrum 299 297 2 0.7%
Upper Falling Cr. 14 14 0 0.0%
Middle Falling Cr. 18 16 2 11.17%
’Lower Falling Cr. 23 21 2 8.7%
E. o. olmstedi 154 15 139 90.0%
E. o. atromaculatum 100 4 96 96.0%
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Table 41. Frequency distribution of the nape squamation in Etheostoma nigrum, Etheostoma olmstedi

olmstedi, Etheostoma olmstedi atromaculatum and the population of Falling Creek.

No.

Nape Squamation

Population
Naked Partially Scaled Fully Scaled
E. nigrum 299 254 45 0
Upper Falling Cr. 14 11 3 0
Middle Falling Cr. 18 6 11 1
- Lower Falling Cr. 23 6 15 2
E. o. olmstedi 154 19 116 19
E. o. atromaculatum 100 0 8 92
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Table 42. Frequency distribution of the cheek squamation in Etheostoma nigrum, Etheostoma olmstedi

olmstedi, Etheostoma olmstedi atromaculatum and the population of Falling Creek.

Cheek Squamation

Population No.
Naked Partially Scaled Fully Scaled
E. nigrum 299 278 21 0
Upper Falling Cr. 14 14 0 0
Middle Falling Cr. 18 4 13 1
Lower Falling Cr. 23 4 12 7
E. o. olmstedi 154 2 133 19
E. o. atromaculatum 100 0 15 85
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Table 43, Frequency distribution of the breast squamation in Etheostoma nigrum, Etheostoma olmstedi

olmstedi, Etheostoma olmstedi atromaculatum and the population of Falling Creek.

Breast Squamation

Population No.
Naked Partially Scaled Fully Scaled
" E. nigrum | 299 298 1 0
Upper Falling Cr. 14 14 0 0
Middle Falling Cr. 18 17 1 0
Lower Falling Cr. 23 18 4 1
E. o. olmstedi 154 125 26 3

E. o. atromaculatum 100 6 25 69




Table 44. Frequency distribution of the belly squamation in Etheostoma nigrum, Etheostoma olmstedi

olmstedi, Etheostoma olmstedi atromaculatum and the population of Falling Creek.

Belly Squamation

Population l No. ‘
Naked Partially Scaled Fully Scaled

- E. nigrum 299 168 109 22

Upper Falling Cr. 14 13 1 0

Middle Falling Cr. 18 13 3 2

Lower Falling Cr. 23 12 3 8

o. olmstedi 154 61 74 19

E.
E.

0. atromaculatum 100 2 3 95




Table 45. Frequency distribution of the squamation index in Etheostoma nigrum, Etheostoma olmstedi

olmstedi, Etheostoma olmstedi atromaculatum and the Falling Creek populations.

Squamation Index

Population No. _
6 1 2 3 4 5 6 7 8 X S.D.
E. nigrum 299 151 95 35 15 3 0.74 0.92
Upper Falling Cr. 14 11 3 0.21 0.43
Middle Falling Cr. 8 1 7 6 2 1 1 1.89 1.23
- Lower Falling Cr. 23 3 2 7 4 2 3 2 2.83 1.99
E. o. olmstedi 154 15 41 56 24 5 6 5 2 3.07 1.46

E. o. atromaculatum 100 2 1 1 5 7 23 61 7.27 1.25




Table 46. Frequency distribution of the character index in Etheostoma nigrum, Etheostoma olmstedi olmstedi, Etheostoma olmstedi atromaculatum

and the Falling Creek populations.

Character Index

Population No.

1 2 3 4 5 6 7 8 91011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 X S.D.
E. nigrum 299 3 11 41 53 67 51 31 28 8 2 4 5.3 1.9
Upper Falling Cr. 14 1 4 5 2 2 4.9 1.3
Middle Falling Cr. 18 1 1 4 3 5 1 i 2 9.6 2.3
Lower Falling Cr. 23 1 6 3 2 2 2 2 1 2 1 1 12.2 3.4
E. o. olmstedi 154 1 3 522 11 20 23 15 17 20 9 2 4 1 1 16.3 2.8
E. o. atromaculatum 100 11 5 7 8132016 17 10 2 24.0 2.4
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Figure 1.

Map of the James River drainage showing the Falling

Creek, Swift Creek, and Appomattox River drainages.
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Figure 2.

A comparison of the proportion of length of depressed
dorsal fin to body length of male Boleosoma populations
in the James River drainage.

A. Etheostoma nigrum nigrum

B. Appomattox River population

C. Upper Falling Creek population
D. Middle Falling Creek population
E. Lower Falling Creek population

F. Etheostoma olmstedi olmstedi

G. Etheostoma olmstedi atromaculatum
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Figure 3. A comparison of the proportion of length of depressed
dorsal fin to body length of female Boleosoma populations
in the James River drainage.

A. Etheostoma nigrum nigrum

B. Appomattox River population

C. Upper Falling Creek population
D. Middle Falling Creek population
E. Lower Falling Creek population

F. Etheostoma olmstedi olmstedi

G. Etheostoma olmstedi atromaculatum
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Figure 4. A comparison of the proportion of length of depressed anal
‘fin length to anal fin base in Boleosoma populations in the
James River drainage.

A. Etheostoma nigrum nigrum

B. Appomattox River population
C. Upper Falling Creek population
D. Middle Falling Creek population

E. Lower Falling Creek population

F. Etheostoma olmstedi olmstedi

G. Etheostoma olmstedi atromaculatum
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Figure 5.
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Squamation index plotted against sum of pectoral rays,
second dorsal rays and infraorbital canal pores for

populations of Etheostoma nigrum nigrum (&), Etheostoma

olmstedi olmstedi (0Q), Etheostoma olmstedi atromaculatum (@),

and the Appomattox River population (A). Each point
represents the cocordinant of the mean of the squamation
index and the mean of the sum of the pectoral rays;
second dorsal rays and infraorbital canal pores of

specimens from a sampled population.
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Figure 6.
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Squamation index plotted against sum of pectoral rays,
second dorsal rays and infraorbital canal pores for

populations of Etheostoma nigrum nigrum (m), Etheostoma

olmstedi olmstedi (O), Etheostoma olmstedi atromaculatum (@),

and the populations of Falling Creek (4). Each point
represents the coordinant of the mean of the squamation
index and the mean of the sum of the pectoral rays,
second’ dorsal rays and infraorbital canal pores of

specimens from a sampled population.
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Figure 7.
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Laterél line scales plotted against sum of pectoral
rays, second dorsal rays and infraorbital canal pores for

populations of Etheostoma nigrum nigrum (M), Etheostoma

olmstedi olmstedi (0), Etheostoma olmstedi atromaculatum (@),

and the Appomattox River population (4). Each point
represents the coordinant of the mean of the lateral
line scales and the mean of the sum of the pectoral rays,
second'dorgal rays and infraorbital canal pores of

specimens from a sampled population,
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Figure 8.
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Lateral line scales plotted against sum of pectoral
rays, Second dorsal rays and infraorbital canal pores for

populations of Etheostoma nigrum nigrum (®), Etheostoma

olmstedi olmstedi (Q), Etheostoma olmstedi atromaculatum (@),

and the populations of Falling Creek (4). Each point
represents the coordinant of the mean of the lateral line
scales and the mean of the sum of the pectoral rays,
second dorsal rays and infraorbital canal pores of

specimens from a sampled population.
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