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ABSTRACT

Lachner, Ernest A., and Martin L. Wiley. Populations of the Polytypic Species
Nocomis leptocephalus (Girard) with a Description of a New Subspecies. Smith-
sonian Contributions to Zoology, number 92, 34 pages, 1971.—Three subspecies
of the bluehead chub, Nocomis leptocephalus (Girard), are recognized. Our
conclusions are based on the examination of more than 20,000 specimens housed
in American institutions. The typical form, N. I. leptocephalus, ranges from the
Potomac drainage southward on the Atlantic slope to and including the Santee
drainage, and across the Appalachian Divide into the New River. The new sub-
species, N. I. interocularis, occurs in the Savannah, Altamaha, and Chattahoochee
rivers and across the divide in a limited area of the Tennessee River in south-
east Tennessee. The nominal form, N. I. bellicus, extends from the Alabama
River westward to streams draining into the Mississippi River from the east in
Louisiana and Mississippi, and in a limited area of the Tennessee River across
the divide in northern Alabama.

The diagnostic characters differentiating these subspecies are the number and
distribution of head tubercles. These three populations have diverged almost to
the species level. Intergrades of N. 1. interocularis X N. I. leptocephalus are
recognized from the Edisto River, South Carolina. Two basic color forms are
described, a blue and a brassy reddish, the evolutionary significance of which is
not understood. The distribution of these two color forms does not correspond
entirely to the distribution of the described morphological forms. The whorled
intestine, a specific character of N. leptocephalus, is often straight in specimens
from the Chattahoochee River.

We postulate that in Nocomis, decrease in tubercle number and increase in
tubercle size may represent a specialized condition that is especially demonstrated
among the subspecies of N. leptocephalus.

Official publication date is handstampcd in a limited number of initial copies and is recorded
in the Institution's annual report, Smithsonian Year.

For sale by the Superintendent of Documents, U.S. Government Printing Office
Washington, D.C. 20402 - Price 45 cents (paper cover)
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Ernest A. Lachner

and Martin L. Wiley
Populations of
the Polytypic Species
Nocomis leptocephalus
(Girard) with a
Description of a
New Subspecies

Introduction

The status and relationships of the nominal species
Nocomis leptocephalus (Girard) and N. bellicus
Girard have received little study since they were
described (1856:213). They were included in the
synonymy of Hybopsis kentuckiensis (Rafinesque)
for many years until Hubbs (1926) resurrected N.
leptocephalus. Subsequent listings by Lachner
(1946), Moore (1968), and Bailey et al. (I960) have
recognized the two forms, but with little clarifica-
tion of their morphological differences.

Preliminary studies indicated the existence of an
abundant, wide-ranging Piedmont species complex
whose range extended from the Potomac River
drainage southward to the Savannah River drain-
age and westward to tributaries of the Mississippi
River. First inspection of the data suggested that
the several river populations might be interrelated
under one species, with characters which formed a
cline from the northeast to the south and south-
west portion of the range. Analysis of many
specimens, however, particularly the adult males,

Ernest A. Lachner, Division of Fishes, Department of Verte-
brate Zoology, National Mtistum of Natural History, Smith-
sonian Institution, Washington, D. C. 20560. Martin L.
Wiley, Chesapeake Biological Laboratory, Solomons, Mary-
land 20688.

revealed characteristic abrupt breaks in character
values between certain adjacent populations, and
that three highly diverged populations were actu-
ally involved. The objectives of this paper are to
describe the morphological components of the
species complex of N. leptocephalus, including a
new subspecies, to discuss the interrelationships of
the several populations and to discuss the distribu-
tion, zoogeography, and evolution of the species
complex.

Ack now ledgmen ts

Hundreds of individuals have contributed to this
study by their collecting efforts in amassing over
1,300 collections and over 20,000 specimens from
southeastern United States. To these individuals,
we offer our great appreciation. Other individuals
have provided field observations, museum records,
have loaned collections, or made available speci-
mens and facilities to the writers. We are especially
grateful for this cooperation, and we express our
thanks to the following individuals for their special
efforts; Joe Bailey, Duke University (DU); Reeve
M. Bailey and Robert Rush Miller, Museum of
Zoology, University of Michigan(UMMZ); Herbert
Boschung, University of Alabama (UAIC); J. H.
Elrod, Auburn University (API); Harry Freeman,
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College of Charleston; Robert E. Jenkins, Roanoke
College; John Ramsey, Cooperative Fisheries Re-
search Unit, Auburn University; Edward C. Raney,
Cornell University (CU); Robert D. Ross, Virginia
Polytechnic Institute; Frank J. Schwartz, Institute
of Marine Sciences, University of North Carolina;
Donald C. Scott, University of Georgia (UG);
William F. Smith-Vaniz, Institute of Marine and
Atmospheric Sciences, University of Miami; Royal
D. Suttkus, Tulane University (TU); Benjamin R.
Wall, Jr., University of Alabama; and Ralph Yer-
ger, Florida State University (FSU).

Some specimens were also received from, or ex-
amined at, the University of Kansas (K.U); Acad-
emy of Natural Sciences, Philadelphia (ANSP); the
University of Minnesota; Oklahoma State Uni-
versity Museum of Zoology (OAM); and the Mis-
sissippi Game and Fish Commission (MGFC).

The staff of the National Museum of Natural
History (USNM) contributed the following: Dor-
othy Hubbs made X-ray photographs, summarized
various numerical data, and constructed the distri-
bution map; Carolyn Bartlett Gast made a detailed
drawing of the new subspecies; A. M. Awl drew
the heads of three subspecies; and the Photo-
graphic Services Division made all of the photo-
graphs except the head view of N. I. leptocephalus
(Plate 6, upper) which was provided by Edward C.
Raney.

Robert E. Jenkins read the manuscript and of-
fered valuable suggestions.

The first writer was partially supported by
Smithsonian Research Awards 3316 and 3347; the
second writer was assisted by both awards.

Material Studied

Most of the collections are housed at Cornell
University, University of Alabama Ichthyological
Collection, University of Georgia, University of
Michigan Museum of Zoology, National Museum
of Natural History, and Tulane University. The
number of collections and specimens studied, segre-
gated by drainage, is summarized below. The total
number does not include many of the collections
containing only young specimens which were too
small to provide data on tubercle development, but
which were included on the distribution map.

Nocomis I. leptocephalus

Drainage
New
Potomac
Rappahannock
York
James
Chowan
Roanoke
T a r
Neuse
Cape Fear
Pee Dee
San tee

Savannah
Ogeechee
Altamaha
Chattahoochee

Collections
51

4
2
5

50
13

141
11
23
13
54

395

Subtotal 762

Nocomis I. interocularis
190

3
56
62

Subtotal 311

Specimens
783

69
2

159
1,471

334
4.746

230
211

70
1,133
5,343

14,551

2,275
8

1,011
789

4.083

Edisto

Nocomis leptocephalus intergrade
interocularis X leptocephalus

Nocomis I. bellicus
Mobile Bay
Pascagoula Bay
Pearl River
Mississippi River

tributaries
Tennessee River

Subtotal

TOTAL

Methods

147
12
48

33
4

244

1,322

153

1,111
185
248

433
23

2,000

20,789

The methods used in counting meristic characters
and measuring structures and body proportions
were similar to those discussed by Lachner and
Jenkins (1971). All references to body length are
to standard length (SL) in millimeters, unless
stated otherwise. The preliminary data of various
morphometric characters as well as meristic charac-
ters were segregated by size, sex, and river system.
The initial tabular data for each character were
taken from samples of from ten to twenty speci-
mens when available, and the samples were selected
over the range of a population within a river sys-
tem insofar as possible. When preliminary analysis
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of the data revealed no major divergence within or
among certain river populations, collation was by
river drainage or by subspecies.

The cephalic tubercle counts were easily made,
almost always without the use of any great magni-
fication, because the developed tubercles, spots,
buds, or scars are very large, comparatively few in
number, and are readily discernible. There is no
difficulty in obtaining accurate counts, unlike the
problem in counting the smaller, numerous tuber-
cles of members of the Nocomis micropogon group.
The areas of the head referred to in tubercle dis-
tribution and location are given designations simi-
lar to those presented by Lachner and Jenkins
(1971), such as: transverse anterior internasal line
(AIN); posterior internasal (PIN); anterior inter-
orbital (AIO); mid-interorbital (MIO); posterior
interorbital (PIO); anterior occipital (AOC);
mid-occipital (MOC); and posterior occipital
(POC). The posterior development of tubercles was
recorded as the line nearest the most posterior
tubercle (or tubercles). The supraorbital tubercles
were not considered in the above designations since
they have a comparatively similar development in
all three forms, and are independent of the pro-
gressive development of the principal head tuber-
cles with increase in body length.

The distribution and number of head tubercles
are the two main characters involved in the sepa-
ration of the subspecies of N. leptocephalus. These
two characters were also of primary importance in
the differentiation of the species of the micropogon
group. A detailed discussion of tuberculation in
Nocomis is presented by Lachner and Jenkins
(1971). The total number of head tubercles for
N. I. leptocephalus in the northern part of its range
is summarized by size groups in Table I. Because
significant differentiation in the number of head
tubercles occurred in each of the two southern
river populations of N. I. leptocephalus (Pee Dee
and Santee), these are summarized separately by
size groups in Tables 2 and 3. No notable differ-
ences were observed in total number of head
tubercles for the new subspecies in the Savannah,
Altamaha, and Chattahoochee (Apalachicola) river
drainages, and the data in Table 4 were combined
and summarized by size groups; the same was done
in Table 5 for similar tubercle data for N. I. belli-
cus from the Alabama River westward to tribu-

taries of the Mississippi River. The allometric
relationship of increase in tubercle number with
increase in body size for these five diverged popu-
lations is shown in Figure 1. The curves were
drawn to best fit the means of the body-length
groups. The data for these curves are based on a
sample of 2,467 specimens, including 196 N. I. belli-
cus; 663 N. I. interocularis; and 843 Santee, 160
Pee Dee, and 605 northern specimens of N. I.
leptocephalus.

The total number of cephalic tubercles of speci-
mens ranging in size from juveniles to adults and
segregated by subspecies, intergrades, and major
river drainages is summarized in Table 6. This
summary shows the difficulty in identifying ju-
venile specimens, particularly those involving the
subspecies N. 1. leptocephalus and N. I. interocu-
laris. Because of the allometric growth relationship
of the number of tubercles with body length, spe-
cimens 90 mm SL and larger are compared by sub-
species, intergrades, and river drainages in Table 7.
Most specimens of the bluehead chub are mature
at about 90 to 100 mm, and at this size the full
complement of tubercles is present in all popula-
tions except for N. I. leptocephalus in the Santee-
Pee Dee drainages (see Figure 1). Figure 2 shows
the mean (Av.), range, standard deviation (SD),
and the mean ± two standard errors for the total
number of tubercles in the five populations. The
values are illustrated for two size groups, 70 to 79
mm SL and all specimens 90 mm SL or greater.
The statistical data for this graph are given in
Table 11. The differences are much less in the
smaller size group, and only the adult or subadult
specimens are of practical systematic importance in
this problem.

In order to demonstrate the sharp breaks in
tubercle numbers among the three subspecies, the
southern drainage populations of N. I. leptocepha-
lus are compared with N. I. interocularis and N. I.
bellicus in specimens greater than 65 mm, but ex-
cluding the supraorbital tubercles (Table 8). Supra-
orbital tubercles vary somewhat by subspecies,
averaging notably fewer in N. I. bellicus.

Frequency distributions comparing the occur-
rence of tubercles posteriorly on the head, segre-
gated by subspecies and river drainages, are given
in Table 9. The relationship between body length
and the extent of posterior development of head
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FIGURE 1.—The relationship between body length and number of head tubercles in three sub-
species of N. leptocephalus. Three populations of AT. /. Uptocephalus are also compared. The
curves were fitted to the mean values by inspection. Data for the sexes were combined. The
mean values were plotted from data in Tables 1 through 5.

tubercles is summarized by size groups for the
Santee River drainage in Table 10.

Vertebral numbers, pharyngeal dentition counts,
and circumferential and lateral-line scale numbers
are compared by subspecies and by various drain-
ages in Table 12, 13, and 14.

Because of the large number of specimens ex-
amined and identified, only the river drainage and
the museum catalog number are given in the "Ap-
pendix: Specimens Studied" (pages 34-35) for N. I.

leptocephalus and N. I. bellicus. "Appendix: Spe-
cimens Studied" (pages 30-34) for N. I. interocularis
includes the collections for each river system
grouped by state and county. Also given are mu-
seum catalog number, date of collection, number
of specimens (in parentheses), tributary, and lo-
cality. Type material is designated only from the
Savannah River drainage. Collection data pertain-
ing to the intergrades are listed separately on
page 35.
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SPECIMENS 7 0 - 7 9 m m S.L.

Itptocaphalus (Cap* Fear to Potomac)

l«ptoc«phalut

l«ptoc«phalut (Sant** )

inttrocularlt

44

16

104

99

31

btllicus

SPECIMENS 90mm S.L. and OVER

toptoctphalus (Cap* F*ar to Potomac)

242

17

ltptoc»phalu» (P«* D*t)

129

l*ptoc*phalu* (Santo*)

inttrocularis

219

43

beliicus

1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 16 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

NUMBER OF TUBERCLES

FIGURE 2.—A comparison of the number of cephalic tubercles in two size groups of five popula-
tions of N. leptocephalus. The graph is based on data presented in Table 11. The following
statistics are illustrated: the small vertical line, mean; horizontal line, range; clear bar, mean HK
one standard deviation; dark bar, mean ± two standard errors (After Hubbs and Perlmutter,
1942, American Naturalist, volume 76, pages 582-592). The magnitude of difference among the
populations is not nearly as great in the 70-79 mm size group as in the size groups 90 mm SL
and over.

Nocomis leptocephalus (Girard)

The description, ecology, distribution, dispersal,
and evolution of N. leptocephalus were treated by
Lachner and Jenkins (1971) and compared with the
micropogon group, because the several species are

sympatric in the central Appalachians. Only the
descriptive data which show some measure of di-
vergence and of possible intraspecific systematic
value or of evolutionary significance are presented
below.

In our preliminary analysis when we had but a
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few mature specimens of the N. I. interocularis-
bellicus forms and when we had not yet examined
all museum collections of N. leptocephalus, we
presumed that the morphological differences were
of a clinal nature. The two major characters, num-
ber of tubercles and the extent of the posterior
distribution on the head, appeared to have higher
values and to extend farther back on the head in
the northern river populations, while there were
progressively lower numbers and a reduction in
extent of posterior distribution toward the south
and southwestern portion of the range. This con-
cept was abandoned when collections from all the
major rivers became available and analysis of the
data was made. Two major breaks are discernible
in the data of Tables 6 through 9 and 11—one
between the Santee and Savannah drainages and
the second between the Chattahoochee and the
Alabama rivers systems. The three major popula-
tions separated by these drainages are within them-
selves homogeneous in respect to cephalic tubercle
numbers and distribution, especially the two south-
ern forms, N. I. interocularis and N. I. bellicus. The
northern form, N. I. leptocephalus, diverged signifi-
cantly in tubercle numbers in both the Pee Dee
and Santee drainages, when compared with drain-
ages farther northward and across the Appalachian
Divide into the New River system. This divergence
was also another factor for dropping the clinal
theory, because the higher tubercle values occurred
in drainages where lower values would be expected
for proper clinal relationships.

The comparatively small population of N. lepto-
cephalus in the Edisto River drainage shows inter-
mediacy in characters between N. I. leptocephalus
and N. I. interocularis. This small river, located
below the fall line, at one time may have pro-
vided a more abundant habitat for the bluehead
chub. The number of tubercles of mature Edisto
specimens is nearly intermediate between that of
specimens of the adjacent Savannah and Santee
populations, but the posterior distribution on the
head is fairly extensive, approaching that of N. I.
leptocephalus.

The taxonomic rank that we propose for these
populations is influenced by the magnitude of
the two major character breaks as well as the inter-
mediate nature of the Edisto population. We
recognize three highly diverged subspecies: N. I.

leptocephalus; N. I. interocularis, new subspecies;
and N. I. bellicus. The Edisto population is con-
sidered to be an intergrade of N. I. interocularis X
N. 1. leptocephalus. All nuptial males of N. I. belli-
cus are distinct from N. I. interocularis. Only a few
nuptial specimens of the latter form show overlap
with the typical form; however, since the distin-
guishing characters are so greatly influenced by
allometric growth, it is practically impossible to
demonstrate this divergence when attempting to
identify a few specimens. The "polytypic species"
concept associates evolution with differentiation of
these forms. The exact status of N. leptocephalus
will remain in doubt until we have experimental
data. The reproductive behavior involves elaborate
nest construction and requires a comparatively spa-
cious reproductive area, thus indoor breeding and
rearing studies may be impossible. Since we now
have a great amount of information on reproduc-
tion, reproductive ecology, breeding behavior, and
hybridization in N. leptocephalus (as well as most
of the other species of Nocomis), it would be more
feasible to conduct breeding experiments in se-
lected, small natural streams. It would be interest-
ing and easy to place together stocks of the two
most divergent forms, N. /. bellicus and N. I.
leptocephalus.

A comparison of the major characters of the
three subspecies is given in Table 15.

Nocomis leptocephalus interocularis, new subspecies

PLATES 1, 2, 4, 5; FICURE 3

Ceratichthys biguttatus.—Jordan and Brayton, 1878: 38, 43.
Nocomis leptocephalus—Fowler, 1945: 26 [part], 168, 232

[parti.

ETYMOLOGY.—The subspecific name, interocu-
laris, refers to the characteristic occurrence of tub-
ercles posteriorly to the interorbital area of the
head.

HOLOTYPE— USNM 200757. North Carolina,
Transylvania Co., Toxaway R. just below Lake
Toxaway Dam. Caught on hook and line. 15 May
1966.

SPECIMENS STUDIED.—A total of 4,083 specimens
from 4 drainages, as shown in the tabulation on
page 2, were studied. For a listing by localities, see
Appendix, pages 30-34.
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DIAGNOSIS.—Tuberculation intermediate between
N. I. leptocephalus and N. I. bellicus; total number
of head tubercles averages 8, ranges from 7 to 9 in
95 percent of adults and subadults, and does not
exceed 14 in study material; tubercle distribution
on head not extending posteriorly beyond anterior
occipital area, almost always before mid-interor-
bital area.

DESCRIPTION AND COMPARISON.—Tuberculation.

Body length at first tubercle appearance. The
light tubercle spots are first visible in juvenile spe-
cimens of varying sizes. Young-of-year specimens do
not show visible spots. A few specimens of N. I.
interocularis develop one or two spots at 30 to
39 mm. At 40 to 49 mm, 30 of 56 specimens had
developed from one to five spots. A few females,
80 to 109 mm, had no visible spots. In the northern
population of N. I. leptocephalus (Cape Fear River
and northward), only a few specimens in the 30 to
39 mm size group had one or two spots, but in the
40 to 49 mm group 67 percent had one to seven
spots; almost all specimens above 50 mm had spots.
The spots first appear in the Santee and Pee Dee
populations at sizes similar to the northern N. I.
leptocephalus. The spots appear in N. I. bellicus at
somewhat larger sizes; none were observed in the
30 to 39 mm and 40 to 49 mm size groups. At 50
to 59 mm, only 14 percent had one or two spots; at
60 to 69 mm, 76 percent had one to five spots,
nearly the full compliment. All but one specimen
examined above 70 mm had spots.

Development of tubercles. The anterior orbital
spots usually develop first at about 40 mm in N. I.
interocularis, followed by the internasal to post-
internasal spots at about 50 to 60 mm; the two
postorbital spots appear last, at 70 to 80 mm. The
development is somewhat similar in the two other
subspecies, except that N. I. leptocephalus often
develops one or two more supraorbital tubercles on
each side, and N. I. bellicus may lack the posterior
supraorbital tubercle. A number of specimens in
the Pee Dee population at 70 to 80 mm lack supra-
orbital tubercles.

Time of budding. Small tubercles or buds may
appear in specimens captured in any month of the
year, as in the micropogon species group. Develop-
ment is associated with maturity, and the variable
and more rapid rate of growth of some of the males
enhances tubercle growth. A few males may have

nearly completely developed tubercles in the
months of October and November, and slight head
swellings may also appear. A 143 mm male from
the Santee River drainage had small tubercles
when captured in mid-August. No differences in
time of budding among the three subspecies was
observed, but we lack comparative monthly samples.

Crowding of tubercles at the IN and PJN areas.
The tubercles develop very uniformly in the inter-
nasal and posterior-internasal area of N. I. inter-
ocularis (Plate 5, middle, and Figure 3); in N. I.
bellicus the development is the same except that in
almost all specimens the PIN tubercles are absent,
leaving only a pair of tubercles in the IN area
(Plate 5, lower). There is slight crowding of tuber-
cles in the northern population of N. I. lepto-
cephalus (Plate 6, upper), but there is a character-
istic and considerable crowding in the Pee Dee and
Santee populations (Plate 5, upper, and Plate 6,

FIGURE 3.—Lateral and dorsal view of tuberculate head of
male X. I. interocularis, with small crest, 154 mm SL, cap-
tured 31 March 1949 from the Altamaha River drainage.
(USNM 161701. Drawn by A. M. Awl.)
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lower). The increased tuberculation of these popu-
lations is not spread uniformly over the head, but
occurs in the internasal-interocular area. The oc-
cipital tuberculation is less crowded, having only a
few tubercles more than the same area in specimens
of the northern population. Some tubercles occa-
sionally appear just anterior to the nares in the
Pee Dee River population.

Supernumerary nape tubercles. Small spots and,
rarely, small buds occur on the nape just before the
scaled area; usually a pair is present (Figure 3,
bottom), but sometimes there is only one. They
occur most often in N. I. interocularis (Savannah
River, 5 specimens; Altamaha, 1 specimen) and the
Santee population (6 specimens) of N. I. lepto-
cephalus. Only one specimen in over 9,000 of the
northern population of N. I. leptocephalus ex-
amined had such spots; none were observed in N. I.
bellicus. These spots may be the remnants of a
once fuller and more extensive tuberculation in
the precursors of the present N. leptocephalus. We
have not seen similar spots in other species of
Nocomis where they could be easily observed, as in
the micropogon group.

Rate of increase of tubercles. The general in-
crease in tubercle numbers with increase in body
length for five populations of N. leptocephalus is
illustrated graphically in Figure 1. The slopes of
the curves level off at about 100 mm for N. I. belli-
cus, N. I. interocularis, and the northern popula-
tion of N. I. leptocephalus. The curves for the
Santee-Pee Dee populations level off at about
120 mm. Neither maximum body size nor growth
rate is a factor in tubercle growth rate. The largest
bluehead chubs that have been collected are seven
male N. I. interocularis from the Savannah River
drainage (Toxaway River above Lake Toxaway),
all of which exceed 200 mm SL and have the nor-
mal number of tubercles for that subspecies. At
about 50 mm, when N. I. bellicus commences to
have 1 visible tubercle spot, N. I. interocularis
averages about 2, and the Pee Dee population of
N. I. leptocephalus averages about 6. At the 100-
mm size group, N. I. bellicus averages about 5
tubercles, N. I. interocularis about 8, the northern
population of N. I. leptocephalus about 17, the
Santee about 18, and the Pee Dee over 20. The rate
of tubercle increase with increase in body length is
given for N. 1. interocularis in Table 4; N. I. belli-

cus, Table 5; the northern race of N. I. lepto-
cephalus in Table 1; and the Pee Dee-Santee race
in Tables 2 and 3.

Number of tubercles. The total number of
cephalic tubercles is a primary character in the
separation of the three subspecies. N. I. interocu-
laris is the intermediate form, averaging about 8 in
the adult-subadult specimens, ranging from about
7 to 9 in 95 percent of the study material and never
exceeding 14; N. I. bellicus averages about 5, with
4 to 6 in 95 percent of the study sample, and the
maximum number does not exceed 7; N. I. lepto-
cephalus averages 17 or more in the races, ranging
from 16 to 25, and the maximum number was 33.
The comparative uniformity in the total number
of tubercles present in N. I. interocularis and N. I.
bellicus by river drainages is shown in Tables 6, 7,
and 8. The higher maximum numbers in the Pee
Dee-Santee race compared to the northern race of
N. I. leptocephalus is also shown in these Tables.
The three subspecies show a significant differen-
tiation in the total tubercle count at the 70 to
79 mm size group and more so at 90 mm and over
(see Figure 2 and Table 11). The differences in the
means of the Pee Dee and Santee populations may
be due to the small Pee Dee sample and, also, that
the lower values of the Congaree and Saluda rivers,
Santee drainage, were lumped with the Catawba-
Broad rivers specimens (Table 6). The data in
Table 8 show the high number of tubercles in the
internasal-posterior internasal area for the Santee
and Pee Dee drainages compared with the lower
values for N. 1. interocularis and N. I. bellicus. The
crowding is somewhat greater in the Catawba
River, Santee drainage, than in the Pee Dee drain-
age, and more so in the Catawba than the Broad-
Congaree-Saluda rivers.

The largest N. I. interocularis females were in
the 140 to 149 mm and 150 to 159 mm size groups
and these three specimens had an average tubercle
complement of eight. Some specimens, much
smaller than these, in the 70 to 79 mm and 80 to
89 mm groups had more tubercle spots (Table 4).
There is considerable variation in tubercle num-
bers within size groups, the greatest occurring
among the juvenile sizes (Tables 1 to 5). Both sexes
showed this variation. There were only small tub-
ercle differences between the sexes in most size
groups among the three subspecies, the males aver-


