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ABSTRACT

Analysis of character variation among populations of Percina peltata (shield
darter) throughout its range indicates species-level differentiation between
northern and southern populations. Populations in and south of the Chowan-
Roanoke River drainage represent Percina nevisense (Neuse River darter).
Populations in and north of the James River drainage represent P. peltata.
These conclusions are supported by multivariate analyses of nine meristic
(eight significant discriminators) and eight morphometric (seven significant
discriminators) characters. Presence of cheek scales, the most prominent
external discriminator in P. nevisense, scales above and below lateral line,
scales around caudal peduncle, dorsal fin ray spines, dorsal fin pterygiophore
position, and caudal peduncle depth can be used to distinguish P. nevisense
from P. peltata.

INTRODUCTION

Since first described by Stauffer (1864), Percina peltata (shield darter) of eastern
North America has experienced an active taxonomic history. When Cope (1870)
described Percina nevisense (Neuse River darter) he thought it so different from pelrata
that he considered assigning it to a different genus. In their description of Percina
crassa, Jordan and Brayton (1878) referred nevisense to the genus Alvordius (with
crassa) and did not include P. peltata in their summary of fish distributions. Jordan
and Gilbert (1882) likewise did not include P. peltata in their study. but lumped
P. nevisense with Hadropterus maculatus Girard as Alvordius nevisensis. Jordan and
Evermann (1896) considered the following fishes to be Hadropterus peltatus:
P. nevisense, 4. crassus. and 4. variatus. Jordan et al. (1930) incorporated P. peltata,
P. nevisense, H. maculatus, and A. crassus as Alvordius peltatus. In 1948 Raney and
Suttkus (unpubl.) proposed three subspecific populations for P. peltata (= H. peltatus):
P. p. peltata (Stauffer) in drainages from the James River to the Hudson River; P. p.
nevisense (Cope) in the Tar and Neuse rivers; and an undescribed subspecies in the
upper Roanoke River system. No determination was made regarding populations in
the lower Roanoke and Chowan rivers. Mayden and Page (1979) did not recognize
nevisense as a valid taxon but noted that southern populations of P. peltata from the
Neuse to Roanoke River drainages had partially scaled cheeks.
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FIGURE 1. Geographical distributions of Percina nevisense, Roanoke-Chowan River drainage in Virginia
south to Neuse River drainage in North Carolina (0). and Percina peltata. James River drainage in Virginia
north to Hudson River drainage in New York ( A ).
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We evaluate southern populations of Percina peltata (Stauffer) with a quantitative
character analysis to test species recognition of Percina nevisense by Cope (1870).

METHODS

For external characters, 368 specimens of P. pelfata were examined from 174
collections in drainages throughout its range (Fig. 1). Only specimens 25 mm SL or
greater were used fo reduce ontogenetic variation. Up to three specimens from each
collection site were examined with two exceptions: five specimens each were examined
from collections in the Potomac and Hudson River drainages where numbers of
collections were limited. Although the type of P. peltata (Etheostoma peltatum, ANSP
22627) was examined, the type of P. nevisense (Etheostoma nevisense) was not.
Bohlke (1984) indicated an extensive search for the type of P. nevisense failed to locate
this fish.

Eighteen external characters were measured on each specimen following methods
in Cailliet et al. (1986). Bilateral characters were evaluated on the left side. Standard
length (SL), head length (HL), gape width (GW), body depth (BD), pectoral fin length
(PFL), pre-dorsal length (PDL), dorsal fin base length (DFL), caudal peduncle length
(CPL), and caudal peduncle depth (CPD) were measured to the nearest 0.1 mm with
dial calipers. Numbers of lateral line scales (LLS), scales above lateral line (ALL),
scales below lateral line (BLL), scales around caudal peduncle (CPS), dorsal fin spines
(DFS), dorsal fin soft rays (DFR), pectoral fin rays (PFR), anal fin spines and rays
(AFSR), and cheek scales (CS) were counted. River, drainage, latitude, and province
(Montane, Piedmont, or Coastal Plain) were recorded for each specimen and used in
character analyses and distributional plots.

Three internal characters were examined in 17 specimens of P. nevisense from five
collections in the Chowan-Roanoke river drainages, and 21 specimens of P. peltata
from three collections in the James and Rappahannock rivers. Position of first dorsal
fin pterygiophore, position of first anal fin pterygiophore, and total vertebrae in each
species were determined from radiographs exposed at 50 kV and SmA for 60 sec.

Principal Components Analysis was used to assess linear structure of external
character data and to explore separation among populations based on mean principal
component (PC) scores as the technique assumes no a priori classification of specimens
into species. Species groupings were established by plotting population centroids
(means by population) in geometrical space spanned by the first three principal
component scores. Multivariate analysis of variance (MANOV A) was used to test the
null hypothesis that differences between the two species are no greater than that which -
might result from random variation among specimens within each species group. If
this null hypothesis is rejected, characters that are the most important discriminators
between species are identified using univariate analysis of variance.

Meristic and morphometric data were transformed to logarithmic metrics to im-
prove normality and homogeneous variance properties. As scatter plots indicated that
morphometric characters have a positive and near linear association with SL whereas
meristic characters do not, the partial correlation matrix with effect of SL removed
(shearing procedure of Bookstein et al., 1985) was used in PCA of morphometric data
to remove association of morphometric characters with SL. MANOVA was modified
to multivariate analysis of covariance (MANCOVA) with SL as covariate. Meristic
characters were analysed using simple correlations for PCA and standard MANOVA
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for confirmation of groupings. When morphometric data were analysed by stepwise
discriminant analysis, SL. was forced into the model and other variables were tested for
their discriminating contribution beyond that of SL.

RESULTS

For each of the meristic and morphometric data sets, there is clear separation of
populations along the dimension of the first PC (Fig. 2a-b). In each figure, one group
is formed by populations A-G (P. peltata), representing northern drainage basins
(James River and north), and a second group is formed by populations H-K
(P. nevisense), representing southern drainage basins (Chowan-Roanoke rivers and
south). Second and third PC scores computed from each of the meristic and mor-
phometric data sets did not segregate populations. The first three meristic principal
components explained 54% of the variation between populations with CS, BLL, CPS
and ALL loading most heavily on the first component (Table 1). The first three
morphometric principal components explained 58% of the variation between popula-
tions with BD, CPD, PDL, PFL. HL and GW loading most heavily on the first
component (Table 1).

MANOVA of meristic data and MANCOVA of morphometric data reject null
hypotheses of equality of northern and southern populations (F=71.23. p < 0.0001;
F=50.34, p <0.0001, respectively). Univariate analysis of variance shows that among
meristic characters, cheek scales is by far the most significant discriminator (F = 272,
p < 0.01; Table 2). Scales above lateral line, lateral line scales, scales below lateral
line, scales around caudal peduncle, dorsal fin spines, and pectoral fin rays also
contribute significantly (p < 0.001) to differentiate P. peltata from P. nevisense.
Univariate analysis of variance shows that among morphometric characters, caudal
peduncle depth is the most significant discriminator (F > 317, p < 0.0001: Table 3)
followed by body depth, pectoral fin length, gape width, pre-dorsal length, and caudal
peduncle length (p <0.01; Table 3).

Univariate analysis of variance of individual characters confirms a pattern of
differentiation in the mean score of characters between the two populations. Analysis
of variance of populations representing P. peltata and P. nevisense reveals 13 of 17
characters to be significantly (p < 0.01) different (Tables 2 and 3). Percina peltata
possesses lower values in six of seven meristic characters that differ significantly. In
all six significantly different morphometric characters, P. peltata has higher values
when data are standardized to a common SL.

Frequency distributions of six significant diagnostic meristic characters (CS, LLS,
ALL, BLL, DFS and CPS) reveal a break between the two populations when compared
by drainage (Tables 4-9). For the most significant meristic character, number of cheek
scales, values for P. nevisense range from 0-20 with 87.1 % possessing at least one CS;
number of CS for P. peltata range from 0-7 with 11.1 % possessing at least one CS
(Table 3). Among morphometric characters, caudal peduncle depth (narrower in
P. nevisense) shows greatest differentiation between the species.

The first dorsal fin pterygiophore was located after the fourth vertebra in
P.nevisense (X, 4.06; s.d., 0.24; range, 4-5; n, 17). In P. peltata, the first pterygiophore
occurred after the fifth vertebra (X, 5.0; s.d., 0.31; range, 4-6; n, 21). Position of first
anal fin pterygiophore in each species was located after the 20" vertebra (P. nevisense,

X, 20.3; s.d.,, 0.59; range, 19-21; n, 17; P. peltata, X, 20.7; s.d., 0.5; range, 20-21; n,
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FIGURE 2a and b. River drainage distribution based on results of principal components analysis of mean
values of meristic (a) and morphometric (b) characters of populations of Percina nevisense and Percina
peltata (A=Hudson, B=Delaware, C=Susquehanna, D=Potomac, E=Rappahannock, F=York, G=James,

H=Chowan, [=Roanoke, J=Tar, K=Neuse).
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TABLE 1. Loadings of principal components (PC) analysis of meristic and morphometric characters in
populations of Percina peltata.

Character PC1 PC2 PC3
Meristic:
lateral line scales 0.326 0.234 -0.121
scales above lateral line 0.409 -0.057 0.015
scales below lateral line 0.479 0.090 -0.270
scales around caudal peduncle  0.469 0.006 -0.282
dorsal fin spines 0.282 -0.146 0.482
dorsal fin rays -0.026 0.621 0.394
anal fin spines and rays -0.002 0.667 0.092
left pectoral fin rays -0.070 0.283 -0.593
cheek scales (left side) 0.439 -0.044 0.292
proportion variance explained  0.268 0.420 0.535
Morphometric:

head length 0.388 -0.222 -0.458
caudal peduncle length 0.034 -0.306 0.798
predorsal length 0.307 -0.410 -0.109
dorsal fin base length 0.0435 0.737 -0.050
pectoral fin length 0.365 0.031 0.014
gape width 0.401 -0.146 -0.123
body depth 0.490 0.277 0.187
caudal peduncle depth 0.466 0.216 0.299
proportion variance explained  0.284 0.437 0.576

TABLE 2. Comparison of meristic characters between populations of Percina nevisense (Chowan. Roanoke,
Tar and Neuse river drainages. n=224) and Percina peltata (Hudson, Delaware, Susquehanna, Potomac.
Rappahannock, York. and James river drainages, n=144).

P. nevisense P. peltata

Character X sd  (min-max) X sd (min-max) F p

Lateral line (LL) scales 5926 3.83 (51-70) 5574 3.64 (43-66) 121.82  0.0001
Scales above LL 7.66  0.63 (6-10) 6.79 078 (5-9) 145.81  0.0001
Scales below LL 10,13 1.06 (8-13) 9.06 094 (7-12) 83.33  0.0001
Scaies around caudal peduncle  19.68  1.03 (17-22) 1854 1.09 (16-21) 80.83  0.0001
1st dorsal fin spines 1313 077 (11-1%) 1256 0.75 (10-13) 25.80  0.0001
Ist dorsal fin rays 1325 0.61 (12-15) 13.38 0.62 (12-1%) 550 0.0193
Anal fin spines+rays 11.94  0.52 (10-13) 12,06 0.61 (10-13) 3.31 0.0696
Left pectoral fin rays 13.81 055 (12-135) 1411 0.66 (12-13) 9.71  0.0020
Cheek scales (lefi side) 510 3.87 (0-20) 021 092 (07 27158  0.0001
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TABLE 3. Comparison of average morphometric character values in Percina nevisense (Chowan, Roanoke,
Tar and Neuse river drainages n=224) and Percina peltata (Hudson, Delaware, Susquehanna, Potomac,
Rappahannock. York, and James, n=144). Morphometric characters are standardized to a common value of
standard length (55.67 mm). Statistics are based on analysis of covariance for the logarithm of each character
with the logarithm of standard length as covariate.

P. nevisense P. peltata

Character X sd  (min-max) X sd  (min-max) F p
Standard length 57.04 10.59 (27.4-77.7y  53.53 850 (30.6-73.8)

Head length 15.31 2.69 (8.3-20.3) 14.50 212 (9.2-19.5) 4.85  0.0283
Caudal peduncle length 9.07 193 (3.80-18.6) 8.78 1.55 (4.3-12.6) 754 0.0063
Predorsal length 1946 3.63 (6.6-27.8) 18.74 291 (11.4-25.6) 18.99  0.0001
Dorsal fin base length 2782 5.61 (13.7-39.6)  26.08 4.58 (14.5-36.9) 1.62  0.2044
Pectoral fin length 12,63 2,61 (6.1-19.7) 12.48 227 (74-18.3) 33.86  0.0001
Gape width 460 1.04 (2.1-7.7) 448 089 (2.5-7.1) 2046  0.0001
Body depth 924 232 (3.8-153) 931 1.82 (49-14.1) 10033  0.0001
Caudal peduncle depth 434 083 (2.2-6.0) 453 075 (2.7-63) 31747 0.0001

TABLE 4. Frequency distribution of number of left cheek scales in Percina nevisense and Percina peltata.

No. of Cheek Scales
4 3 6 7 8 910 11 12

0 1

o
(%)

3 14 15 16 17 18 19 20

P. nevisense

Chowan 53 3 553 7243 1 02100000 0 0
Roanoke 131 347 7 4 3 21 1 11 10100 0 00
Tar 525 3 43 4111311101 00000
Neuse 4 5 5 6 414 813 910 3 4 4 3 0 1 0 0 1 0 1
Total 37 11 16 18 2022 23 19 16 15 8 6 8 6 0 3 0 0 1 0 1
P. peltaia
Hudson 6 00 00 0 0 O0O0OCO0OO0CO0OO0OO0OCO0OCO0OO0OO0OO0OTO0O0
Delaware 17 06 0000 000O0O0O0CO0CO0O0CO0CCO0CO0OO0 OO0
Susquehanna 38 0001t 000 O0O0O0CO0OO0COOCOCO0OO0OO0OO0OO0
Potomac i1 60 110000000 O0CO0O0 00000 O0
Rappahanmock 12 2 ¢ I I 0 0 0 0 0 0 0 ¢ O O O O 0 O 0 O
York 23 ¢t 1 O 1 O O OO OO0 O0O0OO0ODO0OTO0OO0OO0O O
James 230 ¢ 1O P} OO0 OO0 O0O0CO0O0CO0OO0OO0O 0O
Total 1327 004 5021 000 000O0O0O0O0O0CO0O0

21). Total vertebrae averaged 42.9 (s.d., 0.83; range, 42-45: n, 17) in P. nevisense, and
42.95 (s.d., 0.80; range, 41-44; n, 21) in P. peltata.

DISCUSSION

Percina nevisense is morphologically distinct from P. peltata and merits specific
recognition. Cope (1870) noted P. nevisense had scaly cheeks and a lesser ratio of HL.
to SL compared to P. peltata. Our analyses confirm the importance of cheek scales in
distinguishing the two species. In combination with cheek scales, six other meristic
characters (lateral line scales, scales above and below lateral line, scales around caudal
peduncle, dorsal fin spines, and position of first dorsal fin pterygiophore) can be used
to diagnose P. nevisense and P. peltata (Table 10). Our significant LLS, ALL, BLL,
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TABLE 5. Frequency distribution of lateral line scales in Percina nevisense and Percina peltata.

Lateral Line Scale

45 46 47 48 49 50 51 32 33 34 35 536 37 38 39 60
P. nevisense
Chowan 10 0 1 12 4 1 3 3 4 1 2 5 4 9
Roanoke 0 0 1 12 4 1 3 3 4 1 2 2 2 1
Tar 10 0 1 1 2 4 2 2 3 6 2 2 2 4 2
Neuse I 0 0 1 12 1 I 4 8 9 12 17 13 17 6
Total 4 0 0 4 4 8 13 5 12 17 23 16 23 22 27 18
P. peltata
Hudson 60 0 0o ¢ 0 0 O O 1 0 0 2 1 1 ]
Delaware 6o o o o0 o o0 0 t 2 1 2 2 3 2 1 1
Susquehanna 6 o0 o0 o0 o0 o0 t 2 3 3 1 2 6 5 6 2
Potomac 6o o o0 0 o0 o0 1 2 3 2 2 1 I 1 1 1
Rappahannock I 0 o 1 0o 0 2 1 4 1 P2 1 I 1 1
York 10 0 1 12 2 3 2 4 2 4 5 1 1 1
James 10 0 | 12 4 3 3 3 1t 3 2 2 1 1
Total 30 0 3 2 4 10 1 17 13 9 14 20 13 12 8

TABLE 6. Frequency distribution of scales above lateral line in Percina nevisense and Percina peliata.

Scales Above Lateral Line
6 7 8 9 10

[V

P. nevisense

Chowan 2 1 23 19 1 0
Roanoke 2 2 14 30 2 0
Tar 2 2 9 13 3 0
Neuse 2 2 39 60 3 i
Total 8 7 8 122 13 1
P. peltata
Hudson 0 5 1 0 0 0
Delaware 1 10 3 2 1 0
Susquehanna 1 6 2l 11 1 0
Potomac 1 3 8 1 1 0
Rappahannock 1 2 10 I 1 0
York 2 4 22 1 1 0
James 2 9 12 3 1 0
Total § 39 77 19 6 0

and CPS values that discriminate P. nevisense from P. peltata are comparable to those
reported by Mayden and Page (1979) for various populations of P. peltata they
examined throughout its formerly recognized range. Even though P. nevisense and
P. peltata occur in different drainages and can be separated by meristic features, body
form (relation of body depth and caudal peduncle depth) can also be used in the field
to distinguish the two species. These two morphological characters demonstrate that
P. nevisense has a slimmer profile than that of P. peltata. The caudal peduncle of
P. nevisense appears pinched due to the sharper dorsal slope, particularly the ventral
slope from the maximum body depth to the narrower caudal peduncle depth.
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TABLE 7. Frequency distribution of scales below lateral line in Percina nevisense and Percina peltata.

Scales Below Lateral Line
7 8 9 10 11 12 13

P .nevisense

Chowan 2 4 9 18 13 1 0
Roanoke 2 4 4 8 22 13 1
Tar 2 1 9 11 4 2 1
Neuse 2 534 40 20 3 1
Total 8 14 356 77 39 21 3
P. peltata
Hudson 0 1 4 0 i 0 0
Delaware i 1 10 3 I 0 0
Susquehanna 1 1 15 11 2 0 0
Potomac 1 4 6 2 1 0 0
Rappahannock 1 3 5 5 1 0 0
York 2 9 9 8 1 0 0
James 2 6 11 N 1 1 0
Total 8 35 60 36 8 1 0

TABLE 8. Frequency distribution of scales around caudal peduncle of Percina nevisense and Percina
peltata.

Scales Around Caudal Peduncle
16 17 18 19 20 21 22

P. nevisense

Chowan 1 4 6 8 18 8 4
Roanoke i 4 1 5 23 13 6
Tar i 1 3 8 12 1 6
Neuse 1 1 17 36 44 7 6
Total 4 10 29 57 97 29 22
P. peltata
Hudson 0 0 2 2 2 0 0
Delaware 0 1 3 3 3 1 0
Susquehanna 1 7 17 3 8 1 0
Potomac 1 3 7 2 1 1 0
Rappahannock 1 3 4 3 S 1 0
York I 2 14 6 7 I 0
James 1 4 13 3 3 1 0
Total 5 20 62 26 33 6 0

Position of first dorsal fin pterygiophore also discriminates between the two
species. In P. nevisense the first dorsal fin pterygiophore is between the fourth and
fifth vertebrae; that in P. peltata is between the fifth and sixth vertebrae. Pterygiophore
position is reflected in the proportionally shorter PDL in P. nevisense. These results
are corroborated by those of Orrell et al. (1998), who used cleared and double-stained
specimens of each species in a phylogenetic study of relationships among Percina
(Alvordius) species (P. nevisense, pterygiophore between fourth and fifth vertebrae,
n=3; P. peltata, pterygiophore between fifth and sixth vertebrae, n=8).

Principal components analysis demonstrates species level differentiation between
the Chowan-Roanoke drainage and James River drainage populations (Fig. 2a-b).
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TABLE 9. Frequency distribution of dorsal fin spines in Percina nevisense and Percina peltata.

Dorsal Fin Spines
10 11 1213 14 15

P. nevisense

Chowan 1 1 4 25 14 1
Roanoke I 2 23 18 3 2
Tar 1 2 2 18 6 1
Neuse 1 2 9 36 36 4
Total 4 7 38 117 39 8
P. peltata
Hudson 0 1 0 4 1 0
Delaware 0 1 6 9 2 0
Susquehanna I 1 6 13 6 0
Potomac 1 1 6 5 1 1
Rappahannock 1 1 3 9 1 1
York 1 1 18 9 1 1
James 1 2 13 10 | 1
Total 3 § 64 61 13 4

TABLE 10. Diagnostic meristic characters of Percina nevisense and Percina peliata.

Character P. nevisense P. peltata
mode X mode X
Cheek scales 6 4.6 1 0.2
Lateral line scales 59 59.3 57 557
Scales above lateral line 8 7.7 7 6.7
Scales below lateral line 10 10.2 9 9.1
Scales around caudal peduncle 20 19.7 18 18.6
Dorsal fin spines : 13 13.1 12 12.6
Ist dorsal pterygiophore origin 4-5th vertebra S-6th vertebra

Assuming no a priori groupings, mean PC scores for populations in the Chowan-
Roanoke drainage and drainages south segregate clearly from those in the James River
and drainages north using either meristic or morphometric characters.

Hybridization of P. peltata with the heavily cheek-scaled P. notogramma may
account for some cheek-scaled P. peltata. All cheek-scaled P. peltara occur in
drainages where P. notogramma is now present, except for a small percentage of fish
in the Susquehanna drainage. Percina notogramma x P. peltata hybrids have been
documented in James and York drainages (Loos and Woolcott, 1969) where the
percentage of cheek-scaled P. peltata is highest in our study.

Among populations of P. nevisense throughout its range, variations occur in some
meristic and morphometric characters (e.g. lower counts of DFR in Coastal Plain Tar;
greater PFL in Coastal Plain Tar and Neuse; higher counts of LLS and BLL in Montane
and Piedmont Roanoke; and higher counts of CPS in Piedmont and Coastal Plain
Chowan, and Montane and Piedmont Roanoke) that may reflect effects of physiogra-
phy and/or isolation of inter-drainage populations of the species. However, no effort
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was made to analyze variations within drainages, nor to evaluate subspecific designa-
tions like that proposed by Raney and Suttkus (1948) for the population of P. nevisense
in the upper Roanoke River drainage.

MATERIALS EXAMINED

Materials are listed by river drainage, institution, catalog number or collection
number of collector (H, Haxo; REJ, R. E. Jenkins; LOM, L. O. Mohn; MDN, M. D.
Norman; P, Petrimoulx; JRR, J. R. Reed; S, Southwick; and TZ, T. Zorach), and
number of specimens examined in parentheses. Institutional abbreviations follow
Leviton et al. (1985).

Percina peltata. Hudson: AMNH 41830(1), 45619(5); Delaware: CU 26996(3),
35535(2), 49694(2), 65937(3), 69042(3), 69134(3), USNM 116624(1); Susquehanna:
CU 16507(3), 21628(1), 22370(3), 23337(3). 26961(3), 27049(2), 27070 (2),
34181(1), 41829(1), 42928(3), 49501(2), 53658(1), 69579(3), 69608(2), 69615(3);
USNM 244275(1), 244279(2); NCSM 4620(3); Potomac: ANSP 81179(1), 81205(1);
CU 13060(1). 26067(3), 31514(2); USNM 131758(5); Rappahannock: CU 9908(3),
11950(1), 2229(3),2270(3), 2430(1), 3042(3); York: CU 51942(3), RC JRR-B138(3),
JRR-B2000(3), UR 1319(2), 2240(3), 2784(3), 3187(1), 3337(2), 4379(3), 4463(3),
4601(3): James: CU 25449(3), RC LOM(1l), LOM18Julyl1973(1),
LOM18July1973(3), LOM20July1973(1), LOM23July1973(1), LOM25July1973(3),
REJ391(1). REJ499(1). REJ891(3), REJ1024(3), REJ1026(3), UR 366(1), 4149(1).
Radiographs: James. UR3465 (13). UR4795 (4). Rappahannock. UR3078 (4).

Percina nevisense. Chowan: RC H133(3), H161(1), MDN87(2), MDN88(3),
MDNS91(3), MDNI106(3), MDN/S/VCGIF(3), P33(1), REJ821(3), REJ822(3),
REJ823(1), REJ908(3). REI909(3), REJ910(2), REJ911(1), REJ1032(3), TZ165(3),
TZ170(3); Roanoke: CU 10890(1), 18637(2), 18638(3), 24767(1), 42688(1),
42689(1), 50389(3); NCSM 2853(2), 3231(3), 4302(1), 7103(2), 7128(1); RC
DLI4P(3), REJ342/344(3), REJ 402(3). REJ433(2), REJ738(1), REJ912(1),
REJ922(1), REJS63(2). REJ1001(3), REJ1002(1), REJI010(1), REJ1034(3),
REJ1116(3); Tar: CU 9367(2); NCSM 3084(3), 3101(3), 3120(2), 8396(1), 9289(1),
9328(1), 9635(1), 9726(1), 9766(2), 10145(3), 10158(2), 12789(1), 12814(2),
12828(1), 12879(1); Neuse: CU 10581(2); NCSM 474(3), 519(3), 548(2), 631(2),
639(1), 715(3), 755(2), 846(3). 1524(2), 1799(2), 1896(2), 1922(3), 1979(3), 2218(2),
2336(1), 3140(1), 3426(3), 3650(3), 3741(1), 3772(1), 3862(3), 4083(1), 4907(1),
5339(1). 5348(3), 5434(3). 5629(3), 6339(3), 7791(1), 8043(2), 8098(1), 8153(2),
8195(1), 8216(3), 8232(3), 8253(3), 8271(1), 8301(1), 8441(1), 8688(2), 8697(1),
10527(2), 10547(2), 10559(1), 12381(3). 12424(3), 12435(1) , 12711(3), 12986(3),
13000(2). Radiographs: Chowan-Roanoke, UR3966 (3), UR4116 (4), UR 4807 (3).
UR4813 (3). UR4828 (4).
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