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Copeia, 1989(2), pp. 304-318

Variation in the Plastral Formulae of Selected Turtles with
Comments on Taxonomic Utility

JEFFREY E. LovicH AND CARL H. ERNST

The relative ranking of midseam scute lengths on the plastron to form a
“plastral formula” has often been used by turtle taxonomists to characterize
species. However, the results of this study demonstrate that a given species may
be represented by as many as 35 plastral formulae. In addition, the relative
frequency of these formulae may differ dramatically among sexes and size classes.
Some variation may also be due to sampling techniques, or genetic and environ-
mental factors. Preliminary results suggest that distantly related taxa may not
share any plastral formulae, while closely related forms may exhibit a high

degree of overlap.

N some groups of reptiles the number and
arrangement of scales on the body may vary
widely between different taxa. In contrast, the
number and arrangement of scutes on the turtle
shell is remarkably consistent throughout most
of the order and is rarely of taxonomic impor-
tance below the family level. Because of this,
the size relationships and position of contact
zones between two or more scutes have often
been used to differentiate between species or
subspecies (Boulenger, 1889; de Rooij, 1915;
Zangerl and Johnson, 1957; Legler, 1960; Tin-
kle, 1962; McDowell, 1964; Lyons, 1969; Zan-
gerl, 1969; Pritchard, 1979; Smith and Smith,
1980). One relationship that has gained wide-
spread acceptance as a diagnostic character in-
volves the relative ranking of the midseam con-
tact lengths formed by pairs of plastral scutes.
Many authors have used this relationship, or
“plastral formula” to characterize a given species
of turtle (Table 1) (see also Ernst and Barbour,
1989). However, we report here that the plas-
tral formula of a turtle species can vary consid-
erably among individuals. Our main objective
in this paper is to quantify the extent of varia-
tion in the plastral formulae (PF) of three species
of turtles: Chinemys reevesii, Graptemys pulchra
and Platemys platycephala. In addition, we discuss
factors which may influence the levels of vari-
ation observed.

METHODS AND MATERIALS

A total of 117 Platemys platycephala (Ernst,
1983), 252 Chinemys reevesii (Lovich et al., 1985),
and 132 Graptemys pulchra (see Material Ex-
amined) were examined from various museums.
Institutional abbreviations follow Leviton et

al. (1985). Specimens were examined from
throughout the respective ranges of each species.
Midseam contact lengths for gular (G), humeral
(H), pectoral (P), abdominal (Ab), femoral (F),
and anal (An) scutes as well as greatest straight-
line plastron lengths (PL) were measured with
dial calipers accurate to the nearest 0.1 mm.
When one of the paired scutes extended farther
posteriorly along the midline than its twin, mea-
surements were taken at a point midway be-
tween their extremities. The measurement for
the next pair of scutes began at this point. In
the case of pleurodiran turtles, the G are partly
or completely separated by a single intergular
scute (IG). The gular variable for P. platycephala
(a pleurodiran turtle) was measured along one
of the contact seams between the gulars and the
intergular. The unpaired latter variable was
measured along the long axis of the plastron.
Consistency was maintained between investi-
gators by carefully defining each dimension a
priori. PF were then determined for individual
specimens by ranking the midseam contact
lengths from largest to smallest. Turtles were
sexed on the basis of precloacal tail length and
degree of plastral concavity. Specimens that
did not exhibit clearly defined secondary sexual
characters were classified as juveniles. The
amount of variation in the observed PF within
species and sexes was measured using a variety
of techniques. A simple measure is given as:

number of plastral formulae observed
sample size

These values are referred to in this paper as
Measures of Plastral Variation (MPV). An ad-
ditional measure of diversity in PF was calcu-
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females, ]

total sample, M = males, F

TABLE 2. MEASURES OF VARIATION IN PF AMONG DIFFERENT TURTLES AND CATEGORIES. TS
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lated using the Shannon-Weiner index
© © ®©
882 .
—'xzd—i—o' nlogn—zfilogfi
H = i=1
n
® N Do
3 |- 0 S @~ where n is sample size, k is number of PF, and
T Re—~—e° f, is the number of observations per PF. H' in-
§_ creases with the number of PF observed in a
2 o oo sample, and also with more even distributions
3| RIES of PF within the sample. Relative diversity with-
= RS~ —e in samples was calculated using
’
<238 ye
gl %0 H',..
1) © —~ =~ O
9}
where ]’ is a measure of homogeneity or even-
© — ness (Pielou, 1966) which expresses observed
o R8I D diversity as a proportion of maximum possible
onee e diversity and
H',.. = log k
D X0
Pifle|] E38R where H',,, is the value obtained if all PF in a
%" E_ ooooo sample were represented equally. The differ-
< §‘ ence between diversity indices (H') was tested
3|3 © 0o using procedures outlined in Zar (1984). The
(5| =832 g procedures. 984
@[S 0= g g ; Shannon-Weiner index has been criticized as
inappropriate when data are sampled nonran-
domly (Brillouin, 1962), but alternative for-
+ D0 — mulations do not always provide an acceptable
n TRV ySp P
Floss <3 measure of heterogeneity between samples
(Peet, 1974).
Cumulative frequency distributions were
«232 plotted to determine the effect of sample size
-1 ; g < g on number of PF observed. These curves were
— then smoothed using the rarefaction technique
of Sanders (1968) which generated an expected
010 o number of PF based on random sampling from
© =80 ! > pling
3 (= = QN various hypothetical sub-samples. These rare-
< WO O —~O . yp p . .
g - faction curves are useful for comparing species
§ ction X ) paring sp
2 with different sample sizes since they are based
s ~5z9 on the shape of each cumulative frequency dis-
- . . .
Sls —~® N Q tribution and not sample size. Although Sand-
&ee~—=° ers’ method overestimates diversity in samples
exhibiting maximum evenness (J'), samples such
© — as ours displaying low evenness are not adverse-
p| S8%3 ly affected (Hurlbert, 1971).
aee~- Hypotheses involving categorical data were
tested using the G-test of independence (Zar,
- 1984). ANOVA procedures were executed us-
& ing the ABSTAT statistical package (Anderson-
- g p g
Zy ° Bell, 1984). Males and females were analyzed
£8| g separately in those species with pronounced sex-
a& 5 i g ual size dimorphism (G. pulchra—Lovich, 1985;
Z ST C. reevesii—Lovich et al., 1985).
-
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TaBLE 3. PL StaTIisTICS FOR PF OBSERVED IN Chinemys reevesii.

Plastron length (mm)

Males Females Juveniles

Plastral formula n n Range n Range n Range
Ab>P>F>G> An>H 99 43 35.5-144.0 50 49.4-223.0 6 29.7-62.4
Ab>F>P>G>An>H 50 24 54.2-113.8 18 54.9-160.6 8 25.0-65.9
P>Ab>F>G>An>H 32 22 59.0-161.0 10 53.0-165.0 — —
Ab>P>G>F>An>H 16 4 63.7-121.3 12 60.0-223.0 — —
Ab>P=F>G>An>H 7 2 72.0-90.5 3 59.3-107.2 2 31.6-63.9
P>F>Ab>G> An>H 5 3 57.2-126.8 2 48.6-75.2 — —
Ab>F>P>G>H> An 5 3 60.1-99.7 1 67.0 1 31.1
F>Ab>P>G>An>H 4 2 56.8-56.9 1 87.9 1 70.9
Ab>P>F>G>H > An 4 1 83.1 2 68.0-105.2 1 55.7
P>Ab>G>F>An>H 4 1 122.2 3 131.8-1738.1 — —
F>P>Ab>G>An>H 4 2 58.2-70.2 — — 2 46.7-48.1
Ab>F>G>P>An>H 4 2 88.7-197.0 1 79.3 1 56.8
F=Ab>P>G>An>H 2 1 64.8 — — 1 31.8
Ab>G>F>P>An>H 2 1 58.0 1 62.7 — —
P>Ab=F>G>An>H 2 1 72.0 — — 1 25.0
Ab>F>P>An>G>H 1 — 1 55.0 — —
Ab>F>P>H>G > An 1 — — — 1 28.7
Ab>P>F>An>G>H 1 — 1 84.1 — —
An>F>Ab>P>H>G 1 — 1 63.2 — —
P>F>G>Ab> An>H 1 1 67.3 — — — —
F>P=Ab>G>An>H 1 1 68.4 — — — —
P=F>Ab>G> An>H 1 — 1 112.3 — —
P=F>G>Ab> An>H 1 1 73.4 — — — —
Ab>P=An>G>F>H 1 1 96.3 — — — —
P>F>Ab>An>G>H 1 1 88.4 — — — —
Ab>P>G=F>An>H 1 — 1 105.4 — —
P>Ab>G=F>An>H 1 — 1 103.1 — —

RESULTS

All species exhibited extensive variation
among PF. Juveniles had higher diversity in-
dices (H') than mature males and females except
in P. platycephala (Table 2). Platemys platycephala
had more PF and thus higher diversity; presum-
ably because seven scutes were ranked instead
of six. Chinemys reevesii had a significantly higher
diversity index than G. pulchra (one-tailed t-test,
t = 2.22, 281 df, 0.01 < P < 0.025). Specific
details for each species are given below.

Chinemys reevesii.—A total of 27 PF were ob-
served in the sample of C. reevesii (Table 3). Four
of these formulae were represented in over 78%
(n=197) of the specimens examined. All others
were relatively rare. The modal formulae of
males and females were the same but differed
for juveniles. Variation in the richness and
evenness of PF as measured by various tech-
niques is given in Table 2.

A condensed 2 X 4 contingency table was
constructed using each of the first three PF in
Table 3 and the sum of all others to compare
their relative frequencies among males and fe-
males under the null hypothesis that sex and
PF are independent. There is insufficient evi-
dence to conclude that PF and sex are not in-
dependent based on this analysis (G = 6.1; P >
0.10). The mean PL of males in each PF with
at least two observations were not significantly
different (ANOVA;F=1.71;9,97 df; P=0.10).
However, significant differences were observed
among the PL of females under the same cri-
terion (ANOVA; F = 2.27; 7,92 df; P = 0.04).

Midseam scute lengths ranked in relatively
specific orders (Table 4). For example, G and
H scute lengths were never the greatest. In con-
trast, the Ab scute was the largest of the six in
approx. 76% (n = 192) of the specimens ex-
amined. P and F scutes were more variable than
the others in regard to relative rank position.
Equalities (ties) between scute lengths were un-
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TABLE 4. PLASTRON SCUTE RANK MATRIX FOR Chinemys reevsii SHOWING THE PERCENTAGE OF SPECIMENS

OBSERVED WITH SCUTE MEASUREMENTS FALLING INTO EACH RELATIVE RANK PosiTiON. Numerals in paren-

theses indicate sample size. TS = total sample (including juveniles), M = males, F = females. Vertical sum of
each category may not total to 100% because of rounding error.

Scute
Rank Category G H P Ab F An
Largest seam 1 TS 0 0 18.3(46)  76.2(192) 3.6 (9) 0.4 (1)
M 0 0 24.8(29) 69.2(81) 4.3 (5) 0
F 0 0 14.6 (16)  82.7 (91) 0.9 (1) 0.9 (1)
2 TS 0.8 (2) 0 49.6 (125) 16.3 (41)  27.4(60) 0
M 0.9 (1) 0 42.7 (50) 21.4(25) 29.1(34) 0
F 0.9 (1) 0 60.0 (66) 13.6 (15)  21.8(24) 0
3 TS 10.3 (26) 0 25.0 (63) 4.8(12) 54.8(138) O
M 7.7(9) 0 25.6 (30) 5.1 (6) 57.3 (67) 0
F 14.5 (16) 0 19.1 (21) 3.6 (4) 58.2 (64) 0
4 TS 86.1(217) 0.4 (1) 2.8 (7) 0.8 (2) 7.9 (20) 1.2 (3)
M 90.6 (106) O 2.6 (3) 1.7 (2) 4.3 (5) 0.9 (1)
F 80.0 (88) 0 2.7 (3) 0 13.6 (15) 1.8 (2)
5 TS 1.6 (4) 4.0 (10) 0 0 0.4 (1) 94.1 (237)
M 0.9 (1) 3.4(4) 0 0 0.9(1) 95.7 (112)
F 1.8 (2) 3.6 (4) 0 0 0 94.5 (104)
Smallest seam 6 TS 0.4 (1) 95.6 (241) O 0 0 4.0 (10)
M 0 96.6 (113) 0 0 0 2.6 (3)
F 0.9 (1) 96.4 (106) O 0 0 2.7 (3)
Ties TS 0.8 (2) 0 4.4 (11) 2.0 (5) 6.0 (15) 0.4 (1)
M 0 0 4.3 (5) 2.6 (3) 4.3 (5) 0.9 (1)
F 1.8 (2) 0 3.6 (4) 0 5.5 (6) 0

common, appearing in 14% (n = 34) of the C.
reevesii examined.

Graptemys pulchra.—Eighteen PF were ob-
served in our sample of G. pulchra (Table 5).
Over 84% (n = 111) of the specimens examined
exhibited one of four different formulae. Males,
females and juveniles shared the same modal
formulae. PF diversity values varied extensively
among sexes (Table 2).

A condensed 3 x 2 contingency table was
analyzed using each of the first two PF in Table
5 and the sum of all others to compare their
relative frequencies among males and females.
The results suggest that PF and sex are not
independent (G = 14.9; P < 0.001). The mean
PL of males in each PF with a least two obser-
vations were significantly different (ANOVA; F
= 22.67; 1,37 df; P < 0.0001). However, dif-
ferences were not significant among females
(ANOVA; F = 1.05; 3,45 df; P = 0.38).

The G, H and P scutes were never the largest
(Table 6), and the Ab scute was almost always
the largest. P and F scutes exhibited the greatest
variability in rank position.

Platemys platycephala.—This species exhibited
the greatest diversity (n = 35) of PF (Table 7).
No combination of PF constituted a clearly de-
fined majority among specimens. The modal
formulae of males, females and juveniles were
all different. The diversities (H') and relative
diversities (J') observed in our samples were high
(Table 2). This variation produced data that
were too sparse for meaningful interpretation
of differences in the relative frequency of PF
among sexes, or for comparisons of the mean
PL of each sex among PF.

In spite of considerable variation in the PF
of specimens examined, certain midseam scute
lengths again ranked in a somewhat consistent
fashion (Table 8). G, H and P scutes were never
the largest.

DiscussioN

The relationships between scute proportions
and seam contacts have been of great interest
to turtle taxonomists since turtles exhibit few
meristically variable features. Previously, the
most thorough analysis of plastral scute varia-
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TaBLE 5. PL STATISTICS FOR PF OBSERVED IN Graptemys pulchra.

Plastron length (mm)

Males Females Juveniles

Plastral formula n n Range n Range n Range
Ab>An>F>P>G>H 62 33 70.2-113.6 19 77.0-225.0 10 42.6-60.8
Ab>An>P>F>G>H 28 6 68.0-88.0 15 61.7-230.0 7 40.3-63.2
Ab>An>F>G>P>H 13 1 82.4 11 61.7-235.0 1 56.2
Ab>An>P>G>F>H 8 1 63.5 4 132.7-166.0 3 41.7-62.3
An>Ab>F>P>G>H 4 0 — 0 — 4 47.5-56.4
An>Ab>P>F>G>H 3 1 71.8 0 — 2 40.3-42.2
Ab>An>F>G=P>H 2 1 92.9 0 — 1 35.0
Ab>An=P>F>G>H 2 0 — 0 — 2 59.1-64.2
Ab>An>G=F>P>H 1 0 — 1 213.0 0 —
Ab>An>F>P>H>G 1 0 — 1 208.0 0 —
Ab>An>F>H>P>G 1 0 — 1 202.0 0 —
An>Ab>P>G>F>H 1 0 — 0 — 1 43.7
Ab=An>F>P>G>H 1 1 86.2 0 — 0 —
F>Ab>An>P>G>H 1 0 — 0 — 1 63.8
Ab=An>P>F>G>H 1 1 98.0 0 — 0 —
Ab>An>P>G=F>H 1 0 — 0 — 1 51.4
Ab>F=An>P>G>H 1 0 — 1 222.0 0 —
Ab>P>An>F>G>H 1 0 — 1 210.0 0 —

TABLE 6. PLASTRON SCUTE RANK MATRIX FOR Graptemys pulchra SHOWING THE PERCENTAGE OF SPECIMENS

OBSERVED WITH SCUTE MEASUREMENTS FALLING INTO EACH RELATIVE RANK PosiTiON. Numerals in paren-

theses indicate sample size. TS = total sample (including juveniles), M = males, F = females. Vertical sum of
each category may not total to 100% because of rounding error.

Scute
Rank Category G H P Ab F An
Largest seam 1 TS 0 0 0 91.7 (121) 0.7 (1) 6.1 (8)
M 0 0 0 93.3 (42) 0 2.2 (1)
F 0 0 0 100.0 (54) 0 96.3 (52)
2 TS 0 0 0.7 (1) 6.8 (9) 0 88.6 (117)
M 0 0 0 2.2 (1) 0 93.3 (42)
F 0 0 1.9 (1) 0 0 1.9 (1)
3 TS 0 0 31.8 (42) 0 63.6(84) 1.5(2)
M 0 0 20.0 (9) 0 80.0(36) 0
F 0 0 35.2 (19) 0 59.3(32) O
4 TS 16.7 (22) 0.7 (1) 53.0 (70) 0 26.5(35) O
M 4.5 (2) 0 75.6 (34) 0 17.8 (8) 0
F 27.8 (15) 1.9 (1) 38.9 (21) 0 29.6(16) O
5 TS 78.8 (104) 0.8 (1) 11.4 (15) 0 6.8 (9) 0
M 93.3 (42) 0 2.2 (1) 0 2.2(1) 0
F 66.7 (36) 1.9 (1) 24.1 (13) 0 7.4 (4) 0
Smallest seam 6 TS 1.5 (2) 98.5(130) O 0 0 0
M 0 100.0 (45) 0 0 0 0
F 3.7(2) 96.3 (52) 0 0 0 0
Ties TS 3.0 (4) 0 3.0 (4) 1.5 (2) 2.3 (3) 3.8 (5)
M 2.2 (1) 0 2.2 (1) 4.5 (2) 0 4.5 (2)
F 1.9 (1) 0 0 0 3.7(2) 1.9 (1)
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TaBLE 7. PL StaTisTics FOR PF OBSERVED IN Platemys platycephala.

Plastron length (mm)

Males Females Juveniles

Plastral formulae n n Range n Range n Range
IG>F>Ab>An>G>P>H 11 2 114.6-130.0 4 108.5-116.6 5  47.9-90.0
IG>Ab>F>An>G>P>H 11 1 143.1 1 104.4 9 b55.6-88.3
IG>Ab>F>G>An>P>H 9 1 125.0 — — 8 38.3-60.8
IG>Ab>An>F>G>H>P 8 1 120.7 2  1384.7-147.9 5 45.8-89.4
F>Ab>IG>An>H>G>P 8 1 140.2 7 183.3-157.1 — —
IG>Ab>F>An>G>H>P 6 1 121.6 1 113.8 4 53.5-91.3
IG>F>Ab>An>G>H>P 5 — — 1 141.0 4 50.5-87.5
Ab>F>IG>An>P>G>H 5 1 152.7 4 134.0-1445 — —
IG>Ab>F>An>G>H>P 4 — — 1 111.4 3 74.4-79.5
IG>Ab>F>An>P>G>H 4 1 131.8 1 121.1 2 53.9-88.3
IG>Ab>F>An>H>G>P 4 2 138.2-141.4 2 143.6-154.7 — —
F>IG>Ab>An>P>G>H 4 1 133.4 3  133.1-135.1 — —
IG>Ab>F>G>An>H>P 3 — — — — 3  60.8-88.9
F>Ab>IG>H>An>P>G 3 2 123.5-1385.8 1 133.0 — —
F>Ab>1IG>An>P>G>H 3 1 131.5 2 128.8-134.6 — —
Ab>F>1IG>An>P>H>G 3 3 135.0-149.3 — — — —
IG>Ab>An>F>P>G>H 2 1 111.1 — — 1 73.8
F>IG>AB>An>H>G>P 2 1 140.7 1 133.3 — —
Ab>1G>F>An>G>P>H 2 2 138.1-1414 — — — —
Ab>IG>F>An>P>G>H 2 1 122.7 1 136.4 — —
Ab>IG>F>An>P>H>G 2 1 145.4 1 118.1 — —
Ab>F>IG>An>G>H>P 2 1 145.1 1 122.7 — —
Ab>IG>F>An>H>G>P 2 2 133.7-139.1 — — — —
IG>F>An>G>Ab>P>H 1 — — 1 118.5 — —
IG>Ab>H>F>G > An>P 1 — — 1 129.9 — —
IG>F>Ab>An>H>G>P 1 — — — — 1 94.9
IG>Ab>G>F>An>P>H 1 — — — — 1 67.6
F>Ab>IG>G>P>An>H 1 — — 1 126.2 — —
F>Ab>An>IG>H>G>P 1 1 119.0 — — — —
F>IG>Ab>An>G>H>P I — 1 114.5 — —
F>Ab>An>IG>P>G>H 1 — — 1 135.6 — —
F>Ab>IG>An=P>G>H 1 — — 1 123.0 — —
IG>Ab>F>An=G>H>P 1 — — — — 1 57.7
IG>Ab>An=G>F>H>P 1 — — — — 1 55.4
An>1G>F>Ab>P=G>H 1 — — — — 1 59.5

tion in turtles was presented by Mosimann (1956)
for Kinosternon integrum. He observed that the
length of all plastral scute midseam contact
lengths were significantly correlated with PL,
but that the largest scutes exhibited the highest
correlations. High correlations were also re-
ported between these variables by Ernst and
Lovich (1986) for P. platycephala. Variation in
abnormal plastral scutellation was detailed by
Zangerl (1969), who observed that repetitive
variants were often taxa specific. Others have
examined carapacial scute variation and asso-
ciated carapacial formulae as a method for
quantifying inter- and intra-specific differences

in turtles (Tinkle, 1958, 1962). Berry (1978)
used plastron scute proportions to identify the
remains of several species of turtles found at an
archaeological site. Nutaphand (1979) differ-
entiated two species of tortoises in Thailand
partly on the basis of plastron scute morphol-
ogy. In Geochelone nutapundi, the pectoral scutes
meet at the midline forming a typical midseam
contact zone. In contrast, the pectoral scutes of
G. emys are widely separated, resulting in only
five midseam contact zones on the plastron. This
unusual condition invites further investigation,
and the taxonomic validity of these species re-
quires confirmation (McKeown et al., 1982).
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TABLE 8. PLASTRON SCUTE RANK MATRIX FOR Platemys platycephala SHOWING THE PERCENTAGE OF SPECIMENS

OBSERVED WITH SCUTE MEASUREMENTS FALLING INTO EACH RELATIVE RANK PosiTiON. Numerals in paren-

theses indicate sample size. TS = total sample (including juveniles), M = males, F = females. Vertical sum of
each category may not total to 100% because of rounding error.

Scute
Rank Category 1G G H P Ab F An
Largest seam 1 TS 62.4(73) 0 0 0 15.4 (18) 21.4(25) 0.9(1)
M 35.7(10) 0O 0 0 39.3 (11) 25.0(7) 0
F 37.5(15) 0 0 0 17.5(7) 45.0(18) 0
2 TS 13.7(16) 0 0 0 62.4(73) 23.9(28) O
M 286(8) 0 0 0 46.4(13) 25.0(7) O
F 175(7) 0 0 0 55.0 (22) 27.5(11) 0
3 TS  22.2(26) 09(1) 0.8() 0 20.5(24) 43.6 (51) 11.1(13)
M 32.1(9 0 0 0 14.3(4) 42.8(12) 10.7(3)
F 425(17) 0 25(1) 0 25.0 (10) 20.0(8) 10.0 (4)
4 TS 17(Q 11.9(14) 26(3) 0 0.8(1) 10.3(12) 70.1(82)
M 36(1) 36() 7.1(Q 0 0 7.1(2) 178.6(22)
F 24(1) 50 25(1) 0 0 75(3) 80.0 (32)
5 TS 0 43.6 (51) 15.4(18) 23.9(28) 0.8(1) 0.8(l) 13.7(16)
M 0 28.6(8) 25.0(7) 35.7(10) 0 0 10.7 (3)
F 0 32.5(13) 25.0(10) 37.5(15) 25(1) 0 2.5(1)
6 TS 0 34.2 (40) 30.8(36) 32.5(38) 0 0 1.7 Q)
M 0 46.4(13) 25.0(7) 28.6(8) O 0 0
F 0 57.5(23) 20.0(8) 17.5(7) 0 0 5.0 (2)
Smallest seam 7 TS 0 6.8(8) 50.4(59) 41.9(49) 0 0 0
M 0 21.4(6) 42.8(12) 85.7(10) O 0 0
F 0 5.0(2) 50.0(20) 45.0(18) 0 0 0
Ties TS 0 26(3) 0 172 0 0 2.6 (3)
M 0 0 0 0 0 0 0
F 0 0 0 0 0 0 2.5 (1)

Taylor (1970) suggested that the two conditions
occur as normal variants in G. emys. Plastral scute
proportions have also been suggested as impor-
tant characters for distinguishing Geochelone tra-
vancorica and G. forsteni from G. elongata (Prit-
chard, 1979).

Our results indicate that PF are more variable
than was previously thought. The large number
of formulae observed within a species, coupled
with the fact that formulae and their relative
diversities may differ between sexes or size
classes invites caution in the use of a single for-
mula to characterize a given species. In spite of
this variation, the actual number of PF observed
within a species is small compared to the total
number of permutations that would be possible
assuming random arrangement. For example,
there are six factorial or 720 permutations of
six scutes when order is not important and ties
are not included. Considering this, the total
number of PF observed in the sample of C.

reevesii and Graptemys pulchra is only 2.5 and
1.5% (respectively) of the total variation possi-
ble under the previous assumption. In the case
of P. platycephala where seven measurements
were ranked, there are 5040 permutations (not
including ties). Yet, only 0.6% of this hypo-
thetical variation was actually seen in our sam-
ple. Clearly, the relative size of plastral scutes
is not random. Mosimann (1956) and Tinkle
(1962) both suggested that genetic regulation
may be important in controlling the amount of
variation observed among scute proportions, but
empirical data are not available to test this hy-
pothesis.

The amount of variation actually observed in
PF may be due to nonbiological factors. Im-
portant considerations include sample size and
sampling technique (random vs nonrandom)
(Fig. 1). Our data for P. platycephala suggest that
most PF are represented in a sample as small as
50. In contrast, over 125 specimens of C. reevesii
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Fig. 1. Relationship between the cumulative num-
ber of PF observed and sample size. The number of
PF were counted for every 10 specimens in the order
in which they were examined. Smoothed curves were
generated using the rarefaction technique of Sanders
(1968), and are also based on sample size intervals of
10. Refer to text for details.

were examined before an overwhelming ma-
jority of PF were categorized. The data for G.
pulchra imply that the full potential variation in
PF is not yet evident after examination of 132
specimens. Although the number of PF within
a species is small compared to the number of
random permutations that are possible, these
observations suggest that fairly large samples
may be required for full interpretation of po-
tential variation. Nonrandom sampling biased
toward one sex or certain size classes may also
result in an incomplete portrayal of variation.
Our data also suggest the possibility of an
ontogenetic component. The mean PL of fe-
male C. reevesii were significantly different
among certain PF. Similar differences were also
observed for male G. pulchra. It is conceivable
that PF may change as a turtle grows. If this
were true, we would expect the greatest number
of changes to occur in rapidly growing imma-
ture specimens. Indeed, the highest variation
in G. pulchra and C. reevesii as measured by our
MPV is seen in juveniles. The data for P. platy-
cephala are contradictory; however, Ernst and
Lovich (1986) observed that PF based on mean
scute length measurements were different be-
tween various size classes of P. platycephala.
Previous investigators have also suggested an
ontogenetic component in the variation of scute
proportions. Mosimann (1956) observed that the
Ab scute increased in proportion with PL in K.

315

integrum while H scute length decreased. He
also found negative correlations between adja-
cent scutes after adjustment for body size, sug-
gesting that as one scute increases, the other
decreases, leading to increasing ratio variabili-
ty. However, he concluded that plastron scute
midlines show little demonstrable change rela-
tive to body size. Slight changes in the ratio
between Ab and An scute lengths relative to PL
were reported by Tinkle (1958) for Sternotherus
minor, which he attributed to differential growth.
Differential growth patterns of plastron scutes
were also observed by Liu and Hu (1939-40)
for C. reevesii. Shealy (1976) noted changes in
plastral scutellation with age in G. pulchra. These
included a decrease in P length and an increase
in H length. In addition, the plastron scutes of
large females often exhibited poorly defined or
“wandering” midlines resulting in the forma-
tion of abnormal scutes. Moll and Legler (1971)
observed laminal fusion of plastral scutes in T.
scripta, particularly large females, and suggested
that the phenomenon was due to cessation of
growth. Ontogenetic fusion of plastral scutes
was discussed in detail by Moll (1980) for Ba-
tagur baska.

Unfortunately, data such as these (including
ours), which are usually based on preserved
specimens, can only include a single observation
per individual. Further analysis on the possible
dynamic aspects of PF will be required with re-
peated observations over time to confirm the
existence of this phenomenon.

PF may also vary between sexes, as shown in
this study for G. pulchra. This may be a partial
function of size because of the extreme sexual
size dimorphism observed in this species. Coker
(1910) observed that female Malaclemys terrapin,
another sexually dimorphic species, display a
greater proportion of scute abnormalities than
males. In contrast, Little (1973) reported no
sexual differences in the plastral and bridge seam
contacts for G. pulchra, but provided no evi-
dence to substantiate his claim. Sexual differ-
ences may also be important in species such as
tortoises where males exhibit pronounced gular
extensions (Weaver, 1970; Pritchard, 1979;
McRaeetal., 1981; McKeown et al., 1982; Rose
and Judd, 1982).

It is also possible that environmental factors
may influence the proportions observed among
plastral scutes. Previous researches have sug-
gested the possible influence of forest fires
(Knoll, 1935) and embryonic hydric regimes
(Lynn and Ullrich, 1950) on scute variation in
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turtles. Mosimann (1956) speculated that con-
ditions favoring or not favoring rapid growth
would ultimately affect the ratios observed
among age classes, and Tinkle (1958, 1962) and
Little (1973) suggested the potential for geo-
graphic variation among populations.

Taxonomic utility of PF.—Although previous in-
vestigators have often used PF as a species-spe-
cific trait (Table 1), the results of this study
suggest a limited utility because of high indi-
vidual variation. Similar conclusions were
reached by Mosimann (1956) and Tinkle (1962).
Broad phylogenetic comparisons may be pos-
sible after examining variation within a large
group. Inspection of Table 1 reveals that in a
large proportion of PF reported for tortoises,
the H scute ranks in second place, a condition
rarely reported for emydids. Careful interpre-
tation is required since sexual differences in tor-
toises are important, as mentioned above. In
general, however, individual PF are not consis-
tent in indicating a particular taxonomic rela-
tionship or strengthening those based on other
techniques, a situation also reported for cara-
pacial seam contacts (Tinkle, 1962).

In spite of these shortcomings, PF can be of
use taxonomically if the within species vari-
ability is considered and is properly interpreted.
For example, although each species may be rep-
resented by numerous PF, none or few may be
shared with other species. In our study, the two
comparable cryptodiran taxa (C. reevesii and G.
pulchra) exhibited no overlap. Differences in the
relative ranking of G and An scutes are re-
sponsible for much of the variation observed
between these species (Tables 4 and 6). Wood
and Moody (1976) reported no shared PF be-
tween Hydromedusa maximilliani and H. tectifera.
However, their results were based on a sample
of only 19 specimens. Thus, a given species may
be represented by a unique suite of PF. This is
not the case in several species of closely related
Graptemys which share large proportions of their
PF, even when based on small sample sizes (Lo-
vich, unpubl.).

Further studies will be required to determine
the exact nature of variation in PF within and
among various turtle species, genera, and fam-
ilies. Until then, PF will remain an important
taxonomic measure only when large sample sizes
are employed to identify the range of individual
variation. Very large samples may be required
to reveal rare PF. Comparisons between species
should be tempered with an understanding of
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potential sampling, ontogenetic, sexual and en-
vironmental effects.

MATERIAL EXAMINED

List of museum specimens of G. pulchra ex-
amined. Locality data can be obtained from the
senior author on request.

CM: 62162-63, 67438-44, 67454-62, 67473-82, 94883, 94903-
06, 94909, 94916-20, 94935-36, 94938-41, 94946, 94948-
49, 94966-67, 94970-73, 94976-81, 94983, 94994, 94997-
98, 95007, 95010-11, 95015, 95050, 95055-59, 95272-
73, 95302, 95361-62, 95553, 95559, 95561, 95563, 95570-
73, 95577, 95616-18, 95632, 95634, 95645-47, 95650,
95663-65, 95674, 95688, 95709-10, 95739-43, 95781-84,
95792-800, 95852-56, 95875, 95879, 95999

USNM: 8808 (2 specimens [TYPES])
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