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This study is the first of two papers de- 
voted to variations in the arrangements and 
relative size of the laminae of North Ameri- 
can turtles, and in the position of seams 
between some of the carapacial laminae. 
These studies have been supported by a 
grant from the American Philosophical So- 
ciety to which I express my appreciation. 
I am also indebted to many individuals 
and institutions for permitting me to ex- 
amine their research collections, particularly 
to Archie Carr and Walter Auffenberg at 
the University of Florida, Fred R. Cagle 
and Harold Dundee at Tulane University, 
Doris Cochran at the United States Na- 
tional Museum, and Norman Hartweg, at 
the University of Michigan. The terminolo- 
gy for carapace and plastral structures are 
those of Carr (1952) to which the reader 
is referred for details. 

Tinkle (1958) demonstrated that the po- 
sitions of the contacts of the seams be- 
tween the lateral laminae of the carapace 
with the marginal laminae, or with the 
seams between the latter were variable and 
sometimes could be used to indicate diverg- 
ence of turtles (Sternothaerus) at the in- 
frasubspecific level. Because the number of 
laminae of the trutle shell is so constant, 
there are few morphological characters that 
can be used to show such divergence. There- 
fore, our knowledge of variation below the 
species level in turtles is not as detailed 
as in many reptiles in which scutellation is 
more variable than in turtles. 

This study was undertaken to determine 
the extent of variation in carapace char- 
acters in several species of North American 
turtles to show how these data might be 
useful as taxonomic criteria at several taxo- 
nomic levels, as indications of genetic 
divergence at an infrasubspecific level, and 
as an aid to paleontologists who sometimes 
use these characters in studies of fossil 
turtles without sufficient information of the 
extent of their variation in recent species. 

Only turtles without obvious abnormali- 
ties such as supernumerary laminae or ob- 
viously malformed ones were used. Several 

studies on abnormalities in the turtle shell 
have appeared (Newman, 1906; Coker, 
1910; Zangerl and Johnson, 1957) with 

various interpretations of the increase or de- 
crease in number or of the odd arrange- 
ments. In each turtle examined, note was 
made whether the seams between lateral 
laminae contacted the anterior half of a 
marginal, the posterior half, or the mid- 

line, as determined with dividers. In 

some instances the interlateral seam con- 
tacted an intermarginal seam. For a more 
thorough discussion of these conditions see 
Tinkle (op. cit.). The sex, carapace length 
plastron length, number of “annuli’, and 
the length of each plastral lamina was de- 
termined. The data on plastral morphology 
will appear in another paper. 

INTERLATERAL SEAM CONTACTS 

The five carapacial seams contacting the 
marginal laminae were designated from an- 
terior to posterior as A, B,.C, D, and E. 
If the A seam contacted a marginal in the 
anterior one-half, at the midpoint, or in the 
posterior one-half, these contacts would be 
designated 1<, 1% and 1>, respectively. 
The data for the contacts of each of the 
five seams are shown in Tables 1 to 5; 
the tables are discussed below. 

The position of contacts of seam A, 
which lies between the precentral lamina 
and the first lateral lamina, shows striking 
similarity in most species (Table 1). The 
kinosternids (sensw Williams, 1950) are 
the most divergent from the other species; 
of these, Chelydra and Macroclemmys may 
be the most primitive. At least, the fossil 
record of these extends further back than 
that of the other kinosternids. Sufficient 
data are lacking for Macroclemmys, but 
Chelydra has a seam A contact with its 
highest frequency at 2>, a position found 
in only 5 of 2177 non-kinosternid turtles. 
Chelydra also has a high frequency (40% ) 
of contacts between seam A and 2<, a 
contact relatively infrequent in most turtles, 
but common in some kinosternids and in 
Chelonia. 
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TABLE 1. 
Seam A contacts in turtles * 

Species ee Ae ie S20 2 26 ea Seo 

Chelonia mydas (31) 100 

Chelydra serpentina (110) 1 40 6 54 

Macroclemmys temmincki (10) 100 

Kinosternon subrubrum (164) 3 1 87 8 1 

Kinosternon flavescens (43) 19 16 65 

Kinosternon sonoriense (23) 4 96 

Kinosternon bauri (52) Di 4 90 4 
Sternothaerus odoratus (847) 26 10 63 1 

Sternothaerus minor (422) 62 Dall 18 
Sternothaerus depressus (41) 63 382 5 
Sternothaerus carinatus (87) 61 20 20 
Gopherus polyphemus (36) 94 3 3 

Terrapene carolina (144) 99 i 

Terrapene ornata (63) 100 
Emys blandingi (44) 2 96 2 

Clemmys guttata (33) 49 42 9 

Clemmys muhlenbergi (13) 92 8 

Clemmys insculpta (19) ital: ial 79 

Clemmys marmorata (5) 20 80 

Malaclemmys terrapin (34) 62 21 18 

Graptemys geographica (25) 56 40 4 
Graptemys pseudogeographica (168) 1 1 95 2 1 
Graptemys kohni (158) 5 3 91 1 
Graptemys versa (64) 9 5 83 3 
Graptemys barbouri (139) 1 i! 99 
Graptemys pulchra (146) 6 5 89 
Graptemys oculifera (100) 1 99 
Graptemys flavimaculata (64) 100 
Graptemys nigrinoda (87) 1 3 95 
Pseudemys scripta (347) i; 2 86 
Pseudemys floridana (190) 3 6 89 2 
Chrysemys picta (212) 1 1 62 28 8 1 1 
Deirochelys reticularia (53) 4 91 Y 2 

Totals 3975 6 66 4 7 0 2 

* Numerals at top indicate marginal laminae; the letter s denotes a seam. Figures in 
the table are percentages. Number of specimens examined is shown after species name. 
Figures may not add to 100% because all were rounded to nearest whole per cent. 

Kinosternon flavescens and K. sonoriense 
are divergent from the other Kznosternon 
and show closer relationship to each other 
than to K. subrubrum and K. bauri, as 
should be expected. The contact percentages 
are much the same for Sternothaerus spe- 
cies except S. odoratus which is consider- 
ably different from the other species in 
the genus in having a low percentage of 
contacts at 1<. Most emydid species show 
more than 75% of the individuals with a 
seam A contact at 1>. Exceptions are 
Emys blandingit with 96% at 2< and 
Dierochelys reticularia with 91% at the 
same point. Clemmys guttata (49%), 

1 The author has retained this combina- 
tion throughout the paper because of its 
familiarity. Loveridge and Williams (1957) 
have indicated that Hmys blandingi should 
be restricted to the monotypic genus Hmy- 
doidea. 

Malaclemmys terrapin (62%), Graptemys 
geographica (56%) and Chrysemys picta 
(62%) have less than 75% of the con- 
tacts at 1>. Most Psewdemys and Grap- 
temys are much the same in percentage 
contacts. 

In 66% of the 3824 turtles studied, seam 
A contacts 1 >, and in 88% of all specimens 
the contact is in the first marginal. The 
contact most frequent in 3 species (9% ) 
is at-l<. at [> im 22) (67%) a are 

in 7 (21%), and at 2> in 1 (3%). 

Chelydra serpentina is the most diver- 
gent species in seam B contacts; there is no 
overlap with any other species studied 
(Table 2). The contacts of seam B are 
between 4> and 5> in 98% of the 3962 
specimens examined and in 97% of the 

species. In 26 (82%) species the contact 
is somewhere on the fifth marginal. Seam 
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B most commonly contacted 4> in 2 
species (6%), seam 5 in 3 (9%), 5< 
in 22 (69%), 5> in 4 (13%), and 6< 
in 1 (3%). The emydid turtles are not so 
uniform in this contact as in seam A 
contacts. Fifteen species have the most 
common contact at 5<, two at 5>, three 

at s) and one at 4>. The kinosternids, 
except Chelydra and probably Macroclem- 
mys, are fairly uniform with six of eight 
species having the most common contact 
at << and two-at: >>: 

Seam C contacts were studied in 3945 
specimens (Table 3). In 90% of these, 
the contacts were on the seventh marginal, 

with about equal numbers of contacts on 
the anterior (41%) and posterior (46% ) 
portions. Of the 32 species examined, 88% 
had the most common point of contact 
on the seventh marginal. Two species were 
conspicuously divergent: Gopherus polyphe- 
mus shows 32 (91%) of the specimens 
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with the most frequent contact of seam 
C at 6< and Chelydra serpentina, at the 
other extreme, has 95% of 104 specimens 
with contact at 8>. The kinosternids, ex- 

clusive of Chelydra and probably Macro- 
clemmys, are fairly consistent with 6 of 8 
species having 7> as the most frequent 
point of contact and two of eight with 7< 
most frequent. The emydid turtles were 
less consistent with 6>, s7, 7< and 7> 
the most common contact points in one, 
one, 14 and five species, respectively. Seam 
C most frequently contacted 6< in 1 (3% ) 
of the species studied, 6> in one, s7 in 
one, 7< in 16°(50%)i.7 > in 12 (8%) 

and 8> in one. 

The contact of seam D with the marginals 
was examined in 3957 specimens (Table 
4). Ninety-one percent had a seam D 
contact at the ninth marginal. In 88% 
of the 33 species studied, the ninth mar- 
ginal was the most frequently contacted. 

TABLE 2. 
Seam B contacts in turtles * 

Species > $4 42 4%. AS sho b< 5% b>. s00 6 072) 16> 

Chelonia mydas (31) 3 Be alts = 7/7 3 
Chelydra sepentina (110) 93 4 4 
Macroclemmys temmincki no analysis possible 
Kinosternon subrubrum (164) 48 6 46 1 
Kinosternon flavescens (43) 98 2 
Kinosternon sonoriense (23) 70" ds. oii 
Kinosternon bauri (52) 96 Z 2 
Sternothaerus odoratus (845) (ial 8. 22 
Sternothaerus minor (422) G20) eo 
Sternothaerus depressus (41) 12 84 54 
Sternothaerus carinatus (87) 28 31 «441 
Gopherus polyphemus (35) 11 86 
Terrapene carolina (143) 22. 10. 69 
Terrapene ornata (63) 2 5 5 89 
Emys blandingi (44) Ze oil a 
Clemmys guttata (35) bi, la 29 
Clemmys muhlenbergi (13) 15 85 
Clemmys insculpta (19) 100 
Clemmys marmorata (5) 60 40 
Malaclemmys terrapin (34) 9 3 688 

Graptemys geographica (25) 100 
Graptemys pseudogeographica (169) 2 MOP MSS: 
Graptemys kohni (158) Le lA S85 
Graptemys versa (64) 22 OS ee 
Graptemys barbouri (139) 1 Soe TOON 
Graptemys pulchra (146) AA 38 18 
Graptemys oculifera (99) 30 56 14 
Graptemys flavimaculata (62) 10M) Sleeps 
Graptemys nigrinoda (88) DD le kes 
Pseudemys scripta (347) 99 i 
Pseudemys floridana (192) 4 95 1 
Chrysemys picta (211) 20 4 5 
Deirochelys reticularia (53) 100 ; 

Totals 3962 6 8 63 Gunes 3 

* Numerals at top indicate marginal laminae; the letter s denotes a seam. Figures in 

the table are percentages. Number of specimens examined is shown after species name. 

Figures may not add to 100% because all were rounded to nearest whole per cent. 
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The most divergent species are Gopherus 
polyphemus in which 77% of 35 individuals 
had a contact at 8>, and Chelydra serpen- 
tina and Macroclemmys temmincki in which 
84% and 91%, respectively, had the most 
frequent contact at 10>. The kinosternine 
species are quite uniform. The most fre- 
quent contact is at 9< in seven of eight 
species and at s9 in the other. The emydid 
turtles, likewise, are extremely uniform 
with 20 of the 21 species having the most 
frequent contact at 9<. Of 33. species 
studied, one (3%) had 8> as the most 
frequent seam D contact; one (3%) had 
s9, 28 (85%) had 9<, one %) had 
9> and two (6%) had 10>. 

Seam E contacts were analyed in 3947 
specimens (Table 5). Sixty-seven percent 
had a contact at 11< and an additional 

(3 
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widely divergent from the other species 
with 84% of 107 specimens and 100% 

of 11 specimens, respectively, having a 12> 
contact. The kinosternids show considerable 
variability, with the most frequent contact 
at 10>, sll, and 11< in two, four, and 

two species respectively. Of the other spe- 
cies, Gopherus is unusual in having the 
most frequent contact of seam E on the 
tenth rather than the eleventh marginal. 
The emydids are, again, uniform with all 
species having the most frequent contact 
on the anterior half of the eleventh margin- 
al. Of 33 species studied the most frequent 
contact was. at LOS. sll. lle and 12> 

in three (9%), four (12%), 24 (73%) 
and two (6%) species, respectively. 

DISCUSSION OF MODAL FORMULAE 

23% at the sll seam preceding that la- FOR SEAM CONTACTS 
mina. Chelydra_ serpentina and Macro- The modal formula for seam contacts 

clemmys temmincki, once again, were can be determined by the most frequent 

TABLE 3. 

Seam C contacts in turtles * 

Species 6= 64% 6S si Te 4 TS sha Soe ee 
Chelonia mydas (31) 3 97 
Chelydra sepentina (110) 5 I Os 
Macroclemmys temmincki No analysis possible 
Kinosternon subrubrum (163) 26 2 0 ee 
Kinosternon flavescens (43) 9° 12 i 2 
Kinosternon sonoriense (23) AST 22 30 
Kinosternon bauri (52) 62 6 33 
Sternothaerus odoratus (839) 4 7a 1h) 4 
Sternothaerus minor (421) 2 5 92 2 
Sternothaerus depressus (41) 57) 20) 6 
Sternothaerus carinatus (87) 8 235169 
Gopherus polyphemus (35) 91 10 
Terrapene carolina (142) 11 3 85 il 
Terrapene ornata (63) 2 98 
Emys blandingi (44) 5 95 
Clemmys guttata (35) 31 3. 66 
Clemmys muhlenbergi (13) 92 8 
Clemmys insculpta (19) 100 
Clemmys marmorata (5) 60 40) 
Malaclemmys terrapin (34) 100 
Graptemys geographica (25) 100 
Graptemys pseudogeographica (169) 2) aly 188 
Graptemys kohni (158) 1 4 94 
Graptemys versa (64) Sou 
Graptemys barbouri (139) 28 
Graptemys pulchra (147) LOS 90 
Graptemys oculifera (99) 3 ei) bye 
Graptemys flavimaculata (61) 8 51 41 
Graptemys nigrinoda (83) 60 34 6 
Pseudemys scripta (346) SS) 
Pseudemys floridana (192) 2, 98 1 
Chrysemys picta (211) 45 6 49 
Deirochelys reticularia (52) 75 Si 

Totals 3945 1 2 Aan 3. 46 1 3 

* Numerals at top indicate marginal laminae; the letter s denotes a seam. Figures in 
the table are percentages. Number of specimens examined is shown after species name. 
Figures may not add to 100% because all were rounded to nearest whole per cent. 
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TABLE 4. 
Seam D contacts in turtles * 

Species 818342) 18> 89) 9= 942) 9S slON 10 Oa tO 

Chelonia mydas (31) 3 74 23 
Chelydra serpentina (109) 10 6 84 
Macroclemmys temmincki (11) 9 91 
Kinosternon subrubrum (162) 2 97 1 
Kinosternon flavescens (43) 91 5 5 
Kinosternon sonoriense (23) 96 4 
Kinosternon bauri (51) 100 
Sternothaerus odoratus (842) 2 96 1 
Sternothaerus minor (422) Zoe AO 
Sternothaerus depressus (41) ZA AS 
Sternothaerus carinatus (87) fee Oi 1 1 
Gopherus polyphemus (35) 20 Oe i 
Terrapene carolina (145) 65 10 25 
Terrapene ornata (63) sal 3 6 
Emys blandingi (44) 18 5 TT 
Clemmys guttata (35) (ae shale alA 
Clemmys muhlenbergi (12) 92 8 
Clemmys insculpta (19) 95 5 
Clemmys marmorata (5) 60 20 20 
Malaclemmys terrapin (32) 66 9 25 
Graptemys geographica (25) 100 
Graptemys pseudogeographica (169) 1 97 2 
Graptemys kohni (158) 99 1 
Graptemys versa (64) 100 
Graptemys barbouri (139) 1 94 4 1 
Graptemys pulchra (147) 97 2 il 
Graptemys oculifera (100) 96 § 1 
Graptemys flavimaculata (64) 2 3 95 
Graptemys nigrinoda (87) 6 94 
Pseudemys scripta (342) 83 65) sit 
Pseudemys floridana (192) 1 82 tf UG 
Chrysemys picta (209) 63 GT 30 
Deirochelys reticularia (51) 2 2 6 14" 996 

Totals 3957 1 5 82 3 6 3 

* Numerals at top indicate marginal laminae; the letter s denotes a seam. Figures in 
the table are percentages. Number of specimens examined is shown after species name 
Figures may not add to 100% because all were rounded to nearest 

point of contact of each interlateral seam 
with a marginal or intermarginal seam. 
The modal for all turtles studied is shown 
in Table 6. 

Similarly, a modal formula can be de- 
vised for each genus. These formulae ob- 
viously cut across taxonomic lines with two 
genera in the same family having widely 
differing modal formulae (Table 7). Thus, 
although four genera of emydids have the 
same modal formula, another shares a dif- 
ferent formula with Sternothaerus, while 
others have unique formulae. Therefore, it 
is not possible to choose a formula except 
in Gopherus, Chelydra, and Macroclemmys 
which will show little overlap with other 
Species; not even in these genera would 
such a formula have taxonomic value. How- 
ever, a particular seam contact does have 
taxonomic value at the generic or species 
level in indicating degree of divergence in 

whole per cent. 

such closely related genera as Pseudemys 
and Graptemys, Sternothaerus and Kinos- 
vernon and between the species of these 
genera. 

Taxonomic Consideration of Specific 
Seam Contacts 

Refer to the list of species and their 
respective modal formulae for the percen- 
tage of each contact and for a listing of 
the number of individuals of each species 
examined (Table 8). 

Seam A Contacts: Chelydra serpentina is 
unique in having most of the seam A 
contacts at 2>. Ninety percent of Kinoster- 
non baurt and 87% of K. subrubrum have 
this contact at 1>, while only 19% of 
K. flavescens and no K. sonoriense show 
this contact. Also, 65% of flavescens, 96% 
of sonoriense have a contact at 2< which 
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TABLE 5. 
Seam E contacts in turtles * 

Species 10s - sli gia) AS se el 

Chelonia mydas (31) 97 3} 

Chelydra serpentina (107) 9 i 84 

Macroclemmys temmincki (11) 100 

Kinosternon subrubrum (150) 8 88 4 
Kinosternon flavescens (42) 76 PAIL 2 
Kinosternon sonoriense (22) 55 45 
Kinosternon bauri (51) 25 63 12 
Sternothaerus odoratus (833) 1 29 70 
Sternothaerus minor (422) 1 58 4] 
Sternothaerus depressus (41) 5 61 34 
Sternothaerus carinatus (87) 14 85 1 
Gopherus polyphemus (35) 1 6 17 
Terrapene carolina (142) 2 89 3 6 
Terrapene ornata (63) 13 6 a 2 
Emys blandingi (44) 91 5 5 
Clemmys guttata (35) 9 91 
Clemmys muhlenbergi (12) 8 92 
Clemmys insculpta (19) 5 5 79 11 
Clemmys marmorata (5) 20 80 
Malaclemmys terrapin (34) 3 3 85 9 
Graptemys geographica (25) 92 4 4 
Graptemys pseudogeographica (169) 9 Dill 68 1 1 
Graptemys kohni (158) 1 10 88 1 

Graptemys versa (64) 2 2 91 2 5 

Graptemys barbouri (139) 5 94 1 
Graptemys pulchra (150) 1 15 80 3 2 
Graptemys oculifera (100) i 83 mi 5 
Graptemys flavimaculata (64) 6 91 2 2 
Graptemys nigrinoda (87) , 3 87 2, 7 
Pseudemys scripta (344) i 6 86 1 
Pseudemys floridana (192) 9 9 81 2 

Chrysemys picta (210) 5 12 81 1 1 il 

Deirochelys reticularia (49) 2 10 86 2 

Totals 3947 5 23 67 1 1 3 

* Numerals at top indicate marginal laminae; the letter s denotes a seam. Figures in 
the table are percentages. Number of specimens examined is shown after species name. 
Figures may not add to 100% because all were rounded to nearest whole per cent. 

occurs in one percent of K. subrubrum, not 
at all in K. baurt. 

Among sternothaerine turtles, only S. 
odoratus, probably the oldest phylogenetic- 
ally of this group (Tinkle, 1958), shows 
considerable overlap in position of seam 
A contacts with species of Kznosternon. 
Sternothaerus minor, S. depresssus and S. 
carinatus have, respectively, 83%, 95% and 
81% of the contacts at 1< or 114; Le. at 

or anterior to the midpoint of the first 

TABLE 6. 
Modal formula for seam contacts in 

33 species of turtles 

% of % of 
species individuals 

(Sse) 67 66 
Beam to(<72) 69 63 
Oran (<a o)) 50 41 
D-m 9(<%) 85 82 
E-milil (<%) ie 67 

marginal. Contact is in similar positions 
in a maxmum of 6% of any species of 
Kinosternon in which the majority of con- 
tacts are at 1> or posterior to this point. 
The usefulness of these contacts for dis- 
tinguishing between species of Sternothaerus 
are quite limited and have been discussed 
previously in sufficient detail (Tinkle op. 
cit). Sternothaerus odoratus has not been 
discussed previously, but on the basis of 
this contact further reason exists for con- 
sidering S. odoratus divergent from other 
species of the genus. It shows at 1> a 
frequency of 63% compared to a high of 
20% in any other species of Sternothaerus. 

Among the species of Graptemys, the 
percentage of contacts at 1> are above 
83% in all species except Graptemys geo- 
graphica (56%) which is most divergent 
from the other species. 
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TABLE 7. 
Modal formula for each genus 

1> Clemmys (68) 
5< Malaclemmys (34) 
7< Graptemys (952) 
9< Pseudemys (537) 

5<  Chrysemys (213) 
7T> Sternothaerus (1397) 

7> Kinosternon (281) 

7> Terrapene (207) 

6< Gopherus (36) 

7<  Deirochelys (53) 

7> Emys (44) 

7> Chelonia (31) 

8> Chelydra (110) 

* Modal formulae (as in Table 6) for 
each genus of turtle studied. Numbers in 
parentheses are numbers of specimens ex- 
amined in each group. 

The genera Emys and Dezrochelys which 
are similar in many other aspects have 96% 
and 91% of their contacts, respectively, at 

Z<. Such a contact occurs at most in 

18% of any other emydid turtle (excluding 
Clemmys marmorata in which the sample 
size is too small for conclusions), and sup- 
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ports the conclusions reached by Loveridge 
and Williams (1957) of the close rela- 

tionships of Emys and Deirochelys. 
Seam B Contacts: In all specimens of 

Chelydra, the seam B contact is on the 
sixth marginal. This contact occurs in no 
other species of turtle examined and _ is 
hence diagnostic at the generic level. Among 
the other species of chelydrid turtles there 
are no diagnostic differences in seam B 
contacts. On the basis of this contact, 

a closer relationship exists between 
Sternothaerus odoratus and S$. minor than 
between these two and other Sternothaerus. 

Gopherus polyphemus with 86% of the 
contacts on 4> is fairly distinctive and 
overlaps to any extent only with Graptemys 
pulchra. 
Among the emydid turtles, seam B con- 

tacts typically the fifth marginal anterior 
to the middle or contacts the fifth inter- 
marginal seam. The contact at 5< is about 
twice as common or more in Graptemys 
geographica G. pseudogeographica and G. 
kohni than in the other species of Grap- 
temys. Otherwise, the seam contacts rein- 
force concepts of relationship. of Graptemys 
species based on other characters. The major 
exception to this statement is the big (58% ) 
percentage of contacts at 5< in Graptemys 
flavimaculata compared with 14% in G. 
oculifera and 18% in G. nigrinoda, the 
two other members of the distinct narrow- 
headed (and presumably closely related ) 
complex of Graptemys species in the south- 
eastern United States (see Cagle, 1954). 

Seam C Contacts: There is no overlap 
in seam contacts of Chelydra serpentina 
with any other species studied, so a seam 
C contact on the eighth marginal can be 
considered a diagnostic generic character. 
Among the other chelydrids, the seam con- 
tacts are virtually limited to the seventh 
marginal, but there is great variability in 
the position of this contact in the seventh 
marginal so that no generalization can be 
made concerning them, except that in both 
Kinosternon and Sternothaerus the point of 
contact is in the middle or posterior part 
of the seventh marginal. 

Gopherus polyphemus shows almost no 
overlap with any other turtle with regard 
to this seam contact. Ninety-one percent 
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have a seam C contact on the anterior one- 

half of the sixth marginal. This contact 

occurs in no other species studied. 

The emydid turtles are fairly consistent 

in having most seam C contacts at 7< 

or anterior to this point. The major ex- 

ceptions are the two species of Terrapene 

(85% and 98% at 7>), Emys blandingt 

(95% at 7>), Clemmys guttata (66% at 

7>) and Chrysemys picta (49% at 7>). 

This contact is found in only three other 

species for which sufficient numbers were 

available, and at most in 17% of the in- 

dividuals (Deirochelys reticularia). The high 

frequency (60% ) of contacts between seam 

C and 6> in Graptemys nigrinoda is un- 

usual. The greatest percentage shown by 

another Graptemys is eight percent by G. 

flavimaculata, a species closely related to 

nigrinoda. As a matter of fact, none of the 

other emydids shows a higher (than 8% ) 

frequency of occurrence at this contact. 

This may be taken as evidence additional 

to that presented by Cagle (1954) to dem- 

onstrate the divergence of this species 

nigrinoda from others in the genus. The 

high frequency (49%) of seam C contacts 

at 7> that occurs in Chrysemys picta is 

interesting because this contact is found 

in only 3% of any species of Psewdemys 

examined. 

Seam D Contacts: \n Chelydra and 

Macroclemmys, the seam D contacts are on 

the tenth marginal, a contact not found 
in any specimen of other turtle species. 
Most of the remaining chelydrids are much 
alike in having 90% or more of the seam 
D contacts at 9<. A partial exception is 
S. minor with 67% and S. depressus with a 
low 22% showing additional evidence of 
the distinctiveness of this form, but a closer 
relationship to S. mimor than to other 
sternothaerine turtles. Most of the emydid 
turtles have over 90% of the seam D con- 
tacts at 9<. Notable exceptions are Emys 
blandingi with only 18% and Dezrochelys 
with 57%. All others are 60% or above. 
The Graptemys species all show at least 

94% of the contacts at 9<. 

Seam E Contacts: Chelydra and Macro- 
clemmys have most of their contacts at 

12> and all of them on the twelfth 

marginal. No other turtle was seen with 

Tulane Studies in Zoology Vol. 9 

this contact. In the other chelydrids 
the seam E contacts are almost always 

at 10>, sll, or 11<, but there is little 

consistency in which of these three con- 

tacts is most frequent. In Kznosternon 

subrubrum 88% of the specimens have an 

sll contact, while in K. flavescens this con- 

tact occurs in 21% of the specimens. Kino- 

sternon flavescens and K. sonortense show 

closer relationship to one another in this 

contact, as do K. subrubrum and K. baurt. 

Sternothaerus odoratus and S. carinatus show 

close relationship in this character, as do 

S, minor and S. depressus. However, none 

of these contacts has a high enough fre- 

quency to be diagnostic. 
Seventy-seven percent of Gopherus po- 

lyphemus have seam E contacts at 10>. 

This contact occurs in a maximum fre- 

quency of 13% of other turtles, exclusive 
of those of the genus Kimosternon. 

The emydid turtles consistently have 80% 
or more seam E contacts at 11< with the 

exception of Terrapene ornata (79%), 
Clemmys imsculpta (79% ) and Graptemys 
pseudogeographica (68%). None of the 
contacts in emydid turtles is diagnostic. 

DISCUSSION OF TAXONOMIC VALUE OF 

SEAM CONTACTS. CONSISTENCY OF RE- 

LATIONSHIPS AS REVEALED BY PERCENTAGE 

CONTACTS 

With the exception of seam A contacts 
in which Chelydra shows considerable over- 
lap with other chelydrid and emydid turtles, 
all other contacts of Chelydra are unique. 
The scant information available on Macro- 
clemmys indicates that it, too, has the same 
contacts as Chelydra. 

Chelonia is not unusual in its seam con- 
tacts and shows close relationship in this 
character to the emydid and kinosternid 
species. 

In the genus Kzmosternon, these contacts 
do not consistently indicate the same tax- 
onomic relationships. Seam A contacts in- 
dicate a close relationship between K. 
subrubrum and K. bauri while in seam B 
contacts baurt and flavescens are most 
closely related. In seam C contacts, bauri 
and sonoriense are most alike. If the modal 
seam formula (Table 8) is considered, 
however, it is clearly evident that K. 

subrubrum and K. bauri show more likeness 
to one another than to flavescens and sono- 
riense. 
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TABLE 8. 

Modal formulae for each turtle species for which 10 or more specimens were studied * 

N A B C D E 

Chelonia mydas Gas) aC LOO) D<eeCle isle. (OM) ss Oe aA) rea e<etO))e 

Chelydra serpentina (10) 2 (545 6G (Os) 8 (95) 57 10S (64) el (84)e 

Kinosternon subrubrum (AGL) lS (Sis b= (4S) i= (0) a (97): SHA (S8i)z 

Kinosternon flavescens (43) 92 — (65); 5 (98) eS Cl) 9 OOD 0S (iio): 

Kinosternon sonoriense (23). 2 (96): d= (10) 5-1 (48) 9< (96) 5 OS (55) 

Kinosternon bauri (5i)0 1 (90) b= (6) 1 (62) > -9< (100) sien (63))- 

Sternothaerus odoratus (S47) 1s (63) o=— “Ch (89) eo < (96) lai O)e 

Sternothaerus minor (A220 Veet (62)i: o <e" (Gl) ip (92) ne < (67): sll (58) 

Sternothaerus depressus (AD) = 063) 5 > (64) 6 )i5e SO (a4) sia C6 8) 

Sternothaerus carinatus CS). Nea Rebs (C41) = 1S (69) es (9) ell C85) 

Gopherus polyphemus (36). 1 (O4)2 42> (86) 36 OOD) 8 (Or) 

Terrapene carolina (144) 1 (992 5s (69) TS (85)is “9<= (65) 89) 

Terrapene ornata (263) al SSC100) be S9)ic TS 98) I< (9 EF) Fela G79)) 

Emys blandingi (44) 25 (96) eb (81) G Te Io) 9 CL) 5 a(S) 

Clemmys guttata (35) ls (49). 5. (bmi ie (OO) 9 <= 4) ys le eco) 
Clemmys muhlenbergi (. 13)! 7 (92) = b= (8b) a(S 2) 9 OZ) Ee (92) 

Clemmys insculpta C19) eS (79) 3 3 (100) 5 T1200) 5 9 5) (79) 
Malaclemmys terrapin (34) (62's D< (88) eS GhO ODS O<anGG) al Laai(Sb) 

Graptemys geographica (25) 1i(56))3- 5 < C100) (100) (200) eh ai(9 2) 

Graptemys 
pseudogeographica (169) is (95) = 5S <= 188) 7 (SS) 99): Ea (GS)r 

Graptemys kohni (58) se (9 iss 5 <8) al (94) eo (COO) —<a(S8))Fe 

Graptemys versa (AGA) (83)) been (AM ee ie STi 9< (100): lke yak)y 

Graptemys barbouri (139))y sis) (99) "sb. *(39) 5 1 5(98) a9 ar (94) ll <e(94 ye 

Graptemys pulchra (146) ae (89) 4355 (4G T= (90)9 9 OG) eS 0) 

Graptemys oculifera (L00)" TS 3(99)issb. (56) 5 CBS ice 9 <= (96) Pass). 

Graptemys flavimaculata ( 64) 1>(100); 5< (58); s7 (51); 9< (95); 11<(91). 
Graptemys nigrinoda CS) Ls: (bysis5. (47) 36> ~ (60) 5-29 < 894) tl e(Sie 
Pseudemys scripta (347) 1 (86); 5< (99); T< (95); 9< (83); 11< (86). 
Pseudemys floridana (190) 1 * (89) b= (9b) (93) ss BO (82) eel a(S) 
Chrysemys picta (213) TS (62) 5 (9.10) 49) FO (C3) ll a(S) 

Deirochelys reticularia (853) 2 91) bi (HOO) re ee CID) ee (SI) le (S'6)) 

* Number after the name is the number of specimens examined. The numbers after 

the contacts are the percentages of individuals of that species with such a contact. 

There are two species groups recognizable 
in the genus Sternothaerus, the carimatus 
complex composed of the species cartnatus, 
minor and depressus and the odoratus group 
consisting of a single recognized species. 
Seam A contacts (Table 1) reinforce this 
grouping as do B and C contacts, in gen- 
eral. Contacts of B and C seams show, in 
addition, a closer relationship between 

odoratus and minor than between odoratus 
and other species, a relationship that appears 
likely for many other reasons (Tinkle, 
1958). However, seams C and D do not 
reinforce our concept of relationships be- 
cause on the basis of these, carinatus and 
odoratus are most closely related to one 
another. The modal formulae for sterno- 
thaerine turtles is no more helpful in indi- 
cating the probable relationships of the 
species. 

Terrapene carolina and Terrapene ornata 
have the same modal formulae and there 
are only minor differences between the two 
in percentage of contacts at any point. 

The genera Emys with 96% and 
Deirochelys (92%) are the only emydid 
turtles with the majority of seam A con- 
tacts on the second marginal. This may 
indicate a close relation between the two 
or may indicate convergence in _ shell 
morphology not necessarily indicative of 
close taxonomic relationship. 

With the exception of seam E contacts, 
the percentages of individuals of the species 
of Clemmys with a certain contact show a 
closer relation of C. muhlenbergi to in- 
sculpta than to guttata. The modal formu- 
lae for all three is very nearly the same 
with only seam C contacts in gwttata show- 
ing a difference from the other two spe- 
cies. 

The species of the genus Malaclemmys 
are probably closely related to those of 
the genus Graptemys and the percentage 
of each seam contact strengthens this sup- 
position. However, it is impossible to pick 
one or more species of Graptemys to which 
Malaclemmys, on the basis of these contacts 
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alone, can be said to be most closely al- 
lied. 

The taxonomic arrangement of Cagle 
(1954) based on examination of large 
numbers of turtles of the genus Graptemys 
is followed in this paper. The reader is 
referred to these papers for critical evalu- 
ation of relationships. The contacts are not 
consistent in indicating relationships among 
the species or even of groups, such as the 
broad-head complex or the narrow-head 
species. The modal formulae for members 
of the genus Graptemys are not more in- 
structional. 

The two species of Psewdemys have the 
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same modal formula and the percentages 
of contacts at each seam show remarkable 
similarity and consistency. 

Chrysemys has a similar modal formula 
to that of Psewdemys and the percentage 
contacts in the painted turtles shows close 
relationship to Psewdemys in most instances, 
although in some contacts, particularly of 
seam C, the relationship is closer to some 
of the narrow-head members of the genus 
Graptemys. 

It must be concluded that the seam con- 
tacts are not consistent in indicating a par- 
ticular taxonomic relation or in strengthen- 
ing those established on other bases. With 

TABLE 9. 
Summary of dominance of a particular seam contact in turtles 

No. of Percentage of 
species in species in 

Seam Contacts which dominant which dominant 

A I< 3 9 
i Did 67 
2< 7 21 
2 i 3 

B 4> 2 6 
s5 3 9 
5x 22 69 
5> 4 13 
6< 1 3 

C 6< 1 3 
6> 1 3 
s7 1 3 
{fee 16 50 
is 12 38 
8> 1 3 

D 8> 1 3 
s9 1 3 
9< 28 85 
9> 1 3 

10> 2 6 

E 10> 3 9 
sll 4 2, 
iil 24 fhe 
UBS 2 6 

TABLE 10. 

Variability in seam contacts at different places on the carapace * 

Per cent of contacts 

Range of contacts of seam Number of units in at the three most 

with different areas of range of contacts common point of 

marginals or intermarginal (see text for contacts in the range 

Seam i seams explanation) shown at left 

A <estoug2e> 4 aly Ge © 

B 38> to 6> {i (ails, 

C 6< to s9 6 50,40, 3 

D S<a to 10s 6 90s 3 

E 10Sto L2> 5 85,11, 4 

* The three figures in the far right column are the three highest percentages. In seam 

A, for example, 71% of the species studied had the most frequent contact (modal con- 

tact) at one point in the range shown at the left. 
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the exception of such genera Chelydra and 
Macroclemmys, there are seldom contacts 
that are of diagnostic value at either the 
specific or generic levels. 

The usefulness of this character is in 
establishing the extent of individual vari- 
ation in animals with few meristically vari- 
able parts and, perhaps, in studying geo- 
graphic variation as will be discussed later. 

Considering all 33 species studied and 
all the seam contacts, there is obviously 
strong selection for certain contacts. Coker 
(1920) has pointed out that the proper 
adjustment between carapacial laminae may 
be more important than actual number 
of laminae because supernumerary laminae 
are more frequently found than are malad- 
justments. Table 9 shows the number and 
percentage of species having a_ particular 
seam contact in the majority of individ- 
uals. 

It is readily seen that with the exception 
of seam A, most species (50-85%) have 
contacts in the anterior portions of the 
marginals. In all except seam C, there 1s 
a tendency for all species to have a single 
dominant contact. In seam C 50% are on 
7< while 38% are on 7>. 

Some difference appears in the range of 
variability of contacts in different portions 
of the carapace. This is seen by assigning 
each possible contact, with the exception 
of intermarginal seams, a unit value. Thus, 
if in a series of specimens seam A con- 
tacted marginals one and two at points 
varying from 1< to 2>, the possible con- 
tacts would be between sl and 1%, be- 
tween 114 and s2, between s2 and 214 and 

between 214 and s3, for a total of four 
units. However, along with this must be 
considered the fact that in some contacts, 
the total range of variation in position of 
contact may be high, but most contacts 
may still be concentrated at one point. 
Table 10 shows the ranges in units and 
the percentage concentration at certain 
points within the range. 

From the table, it appears that consider- 
ing unit spread only, the most anterior and 
posterior portions of the carapace are least 
variable with the mid-section most  vari- 
able. However, from a consideration of 
the three largest percentages of contacts, 
seam C shows the greatest variability be- 
cause almost one-half of the species ex- 
amined fall into each of two different 
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contact units. The rank in order of de- 
creasing variability being C-B-A-E-D. This 
arrangement also takes into consideration 
the proportion of all turtles examined that 
fell into the three highest percentages. 
For example, seam A is considered slightly 
more variable than seam E because the 
three contacts in E comprised 100% of all 
species of turtles examined, while 97° were 
included in the three highest percentage 
of A contacts. 

Thus, the anterior one-half of the cara- 
pace seems more variable than the posterior 
one-half. The studies of abnormalities in 
re shells of turtles made by Newman 
1906), Coker (1910) and Zangerl and 
eee LOS 7A) eat that the posterior 
one-half of the carapace was more variable 
than the anterior half, but most of the 
abnormalities considered by the above au- 
thors were in the form of supernumerary 
laminae. 

PHYLOGENETIC ASPECTS OF 

SEAM CONTACTS 

Most United States turtles have 12 mar- 
ginal laminae, but members of the sub- 
family Kinosterninae (sensw Williams, 
1950) have only 11. The larger number 
seems to be primitive and it is charac- 
teristic of the relatively primitive forms 
ee Chelydra and Chelonta. 
Newman (1906) pointed out that the 
more ee a certain scute has been lost 
phylogenetically, the more common _ it 
should be as a supernumerary element in 
turtles with the reduced number. In turtles 
studied by him, the frequency of occu- 
rence of supernumerary scutes diminished 
in anterior direction on the carapace. From 
this he concludes that the earliest losses 
of scutes occurred at the anterior end of 
the carapace, the most recent at the pos- 
terior end. 

It should be instructive then to compare 
the frequencies of contacts of interlateral 
seams with the marginal laminae in turtles 
with 12 marginals with the percentages in 
turtles with only 11. Also, obviously prim1- 
tive turtles with 12 marginals (such as 
Chelydra) will be compared with other tur- 
tles with 12 marginals, but presumably 
more recently evolved (such as Graptemys). 
For study, the turtles were divided into three 
groups—turtles with 11 marginals, those 
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with 12-advanced and those with 12-primi- 
tive (Chelydra, Macroclemmys, and Chelo- 
nia). The results are shown in Table 11 
which includes all species shown in Tables 
1-5 except Gopherus polyphemus and Clem- 
mys marmorata. 

I will first compare the primitive turtles 
with 12 marginals with advanced ones. With 
the exception of seam A, the seam contacts 
for primitive species show a bimodal dis- 
tribution, which is eliminated by excluding 
Chelonia from consideration. If this ex- 
clusion is made, it is clear that compared 

with the contacts in Chelydra and Macro- 
clemmys, the other species with 12 marginals 
show contacts that are shifted anteriorly. 
Too, the difference between the contacts 
in primitive and advanced species increases 
as one passes from anterior to posterior on 
the carapace. Thus, in seam A the mode of 
seam contacts in primitive species is at 
2<, in advanced species at 1>; in B the 

same contacts are 6< and 5<; in C, 8> 
ands (<2 ime, 10S and59-<<= inks 12> 

and 11<. The unit differences between the 
modes of primitive and advanced species in 
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seam A contacts is 1; between the two 
groups in seam B contacts is 1; in C, 2; in 
ID i 5: 

If Chelydra is assumed to represent the 
primitive condition of scute arrangement in 
turtles, and all of the other turtles with 

12 marginals are advanced over Chelydra, 
then it is evident that there has been a 
movement forward of all seam contacts, a 
movement more pronounced posteriorly. 
Accordingly, it might be possible to detect 
primitive members of the other 12-marginal 
species by considering which of these show 
the closest approach to the Chelydra condi- 
tion. 

In Chelydra almost all individuals have 
seam A contacts at 2< or farther pos- 
terior. Other species in which the ma- 
jority of contacts are at 2< and posterior 
to this point are Chelonia mydas, Kinoster- 
non flavescens and K. sonoriense, Emys 

blandingt, and Dezrochelys reticularia. In 
other seam contacts there is no overlap of 
the other species with Chelydra and there ts 

no consistency in which of the other species 
tend toward the contacts dominant in 

TABLE 11. 
Average percentage contacts of each interlateral seam and marginal lamina 

in three grouns of turtles * 

Seam A 
Points of Contact Ke 1% i> s2 5G 2% 2 

11 (8 species) Pa Tell 11.0 Bote: 4.1 20.3 0.0 0.0 
12 primitive 

(3 species) 0.0 0.0 0.3 0.0 80.0 2.0 18.0 

12 advanced 
(20 species) 2.8 1.9 6.4 ee! ab! 0.2 5 re) 

Seam B 
Points of Contact 83> s4 42 4% 45 85 b< be b> sb 16< Oreo 

ial OL0N VOLO) VOLO) “0Y0" 00" 050) COIS W325 4 ON 020) 4050" 050 
12 primitive 15 OL0! (Os0) 0:07 1-5 G25 838-5) (O20) 15) 0204625) 6220220 
Be advanced 0:0 OL 0X0) 0:0 964 15.0) GAL 1 1020) 20x00 0F 002030 

Seam C 
Points of Contact 6> s7 Uc T% ss s&8 8< 84 8> 

atta 0.0 0.0 20.5 1S 67.0 118) 0.0 0.0 0.0 
12 primitive IL) 0.0 0.0 0.0 48.5 0.0 225 0.5 47.5 
12 advanced : Saul 7.8 66.2 1.6 20.7 0.1 0.0 0.0 0.0 

Seam D 
Points of Contact 8> s9 9< 9% 9> s10 10< 10% 10> 

fal ano 12.0 82.5 1&3 1.0 0.0 0.0 0.0 0.0 
12 primitive lee 0.0 24.7 0.0 le 0.0 6.3 2.0 58.3 
12advanced _—s—s0.38——i0.7— 82.9 41.70 

Seam E 
Points of Contact _ hos sll li< 11% eles s12 12< 12% 2s 

114 DARA: 47.4 31.0 0.1 0.0 0.0 0.0 0.0 0.0 
12 primitive 0.0 0.0 32.3 1.0 0.0 0.0 3.0 QRS 61.3 

3.0 6.6 85.7 2.5 2.6 0.1 0.0 0.0 0.0 12 advanced 

* Average percentages were obtained by dividing total percentage by all species in 
each group, not just by those in which some individuals actually had the contact. 
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Chelydra, so it is doubtful if these contacts 
are of value as measures of primitiveness in 
other turtles. 

Chelonia, of which only 31 juvenile in- 
dividuals were studied, is also possibly nearer 
the ancestral condition of turtles than other 
species studied. Chelonia is more like the 
advanced 12 marginal species than it 1s like 
Chelydra or Macroclemmys and this may 
indicate the early establishment of the scute 
pattern characteristic of recent species, 
whereas the nearly unique arrangement 
found in Chelydra may be off the main 
path of evolution. 

A comparison of the figures in Table 
11 shows that the seam contacts in those 
species with only 11 marginals are quite 
different from Chelydra with 12, but very 
similar to other species with 12 marginals. 
Compared to Chelydra, the contacts in 
species with 11 marginals are shifted far 
anteriorly, as they are in the advanced 12- 
marginal species. In fact, there are only 
slight differences in percentage contacts be- 
tween species with 11 marginals and those 
with 12, if the chelydrine turtles are ex- 
cepted. 

Assuming that the eleven marginal condi- 
tion of kinosternine turtles arose by loss of 
one marginal from an ancestral type like 
Chelydra, to which the Kinosterninae are 

most closely related, I attempted to de- 
termine from which part of the shell the 
loss of a marginal occurred by comparing 
the points of contact in Chelydra (tables 
1-5) with those in the kinosternine species 
(table 11). In most individuals of species 
with eleven marginals the contacts of seams 
A, B and C are shifted at least one unit 
anteriorly to the most frequent point of 
contact in Chelydra; in seam D and E, the 
shift is even further anteriorly. The fact 
that the shifts in turtles with eleven mar- 
ginals are toward the anterior portion of the 
carapace seems to indicate that the phy- 
logenetic loss of a shield was there, forcing 
a readjustment of seams. If Newman 
(1906) is correct in his conclusions that the 
earliest loss of scutes occurred at the an- 
terior end of the carapace, as appears the 
case here, this loss may have occurred quite 
early in the evolution of kinosternine tur- 
tles. 

In Gopherus polyphemus in which the 
last marginal shield in the carapace 1s com- 
mon to both sides, most seam contacts 
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are shifted slightly anterior to those seen 
in most other species of turtles. 

In general, it seems that the change in 
number of marginals has not significantly 
influenced the positioning of seams between 
the lateral laminae. In fact, there are greater 
differences within the group of turtles with 
12 marginals (including Chelonia) than 
between those with 11 and those with 12. 

GEOGRAPHIC VARIATION IN 

SEAM CONTACTS 

The discussion up to now has been con- 
cerned with pooled samples of species from 
several portions of their range. Tinkle 
(1958) has shown that in some species of 
Sternothaerus differences exist in these con- 
tacts between populations occupying differ- 
ent river drainage systems. 

Samples were chosen of Pseudemys flori- 
dana, Terrapene ornata, Psendemys scripta, 
Chrysemys picta, Graptemys pulchra, Grap- 
temys nigrinoda and Sternothaerus odoratus 
from different parts of the range of these spe- 
cies. In some of these, the samples encompass 
the range of more than one geographic 

race, in some the samples are widely spaced, 

in others close together so that variation 

in species under various conditions can be 

compared. Each species will be discussed 
separately with regard to the percentage con- 

tacts for each of the interlateral seams. 

Pseudemys floridana 

Fifty-one specimens from the Black War- 

rior River of Alabama, 45 from the Flint 

River in Georgia and 28 from the Pearl 

River between Louisiana and Mississippi 

were compared (Table 12). 

In seam A, B and C contacts the per- 

centages of the three populations are quite 

similar, but some contacts do occur in 

one population that are absent or much 

less common in another. For example 

8% of the Black Warrior turtles have 

a seam A contact at s2, but this contact 

does not occur in any of the other 

population samples. Such situations may 

indicate genetic divergence of the popula- 

tions if these contacts are genetically de- 

termined, but they might be due to chance. 

If these contacts are genetically determined, 

the turtles in the Flint and Black Warrior 

Rivers should show closer relationship to 

one another than to those in the Pearl. This 
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TABLE 12. 
Comparison of seam contacts in three populations of Pseudemys floridana * 

‘7 Pearl Black Warrior Flint 
Seam Position River River River 

A ie Sul) a2) 0 — 
1% Py (4p) 0 — 2 (4) 
ss 22 (81) 45 (90) 43 (96) 

' s2 0 — 4 (8) a 
B sb 3 (11) iG) 2 (4) 

5< 25 (89) 49 (96) 43 (96) 
5 le 0 — 12) 0 

s7 1 (4) 0 — 2 (4) 
We 27 (96) 51 (100) 43 (96) 

D 8> 1 (4) 0 — 0 — 
s9 0 — 0 — 0 — 
I< 26 (98) 48 (94) 30 (67) 
9% (AS) (2) 6 (13) 
SS 0 — 2 (4) 9 (20) 

E 10> A (14) 8 (16) i 
Sutil AN (GIEAS) 8 (16) 0 — 
ti ZO Cm) 34 (67) 44 (98) 
11% 0 — 0 — 0 — 
its 0 — 12) 1 (2) 

“Figures in parentheses are percentages; others are number of specimens. 

TABLE 13. 
Comparison of seam contacts in five populations of Pseudemys scripta * 

<r Sabine Ouachita Pearl Black Warrior Coosa 
Seam Position River River River River River 

A << 1 (Gu) 3 (HLA) 7 (Cala) 522) 8 (26) 
1% iL (Gl) 1 (4) 0 — 1 (4) 1 (3) 
iS 79 (98) 24 (86) 16 (89) (GAS) 22 (71) 

B 5< 81 (100) 28 (100) 18 (100) 23 (100) 31 (100) 

C tix 70 (86) 28 (100) 18 (100) 23 (lOO) 29 (100) 
7% 3 (4) — 0 — — 0 — 
LS 8 (10) 0 — 0 — 0 — 0 — 

D Oe 58 (72) 25 (96) 16 (89) 22 (96) 28 (90) 
9% 7 (9) 0 — i (a) 1 (4) 3 (10) 

ee 16 (20) 1 (4) 1 (6) io Qs 
E LOS 2 (3) 0 — An (22) 29) 0 — 

sll 5 (6) 3) ((alab)) 1 (6) 4 (17) 0 — 
Nir 73 (90) 25 (89) ney (C774) I? ((4) 28 (100) 
11% 0 — 0 — 0 — 0 — 0 — 

; labs TGs) 7 0 — 0 — 0— 0— 

*Figures in parentheses are percentages; others are number of specimens. 

situation is generally true with regard to the 
first three contacts, but with D and E 
the closest relationship is between the Pearl 
and Black Warrior populations. 

Clearly there are no consistent clines or 
indication of relationship in this character 
in this species. 

Pseudyemys scrupta 

Samples of Psewdemys scrtpta from the 
Coosa and Black Warrior rivers of Alabama, 
from the Ouachita in Arkansas, the Pearl 
between Louisiana and Mississippi, and the 
Sabine between Louisiana and Texas were 
examined. These samples included speci- 

mens from the ranges of the subspecies 
P. s. scripta and P. s. elegans. The zones of 
intergradation between these two races are 
apparently wide, but most individuals in 
the Black Warrior and Coosa populations 
show predominantly 5s. scr7pta characteristics, 
while those in the Ouachita, Sabine and 
Pearl show mostly s. elegans characteristics. 
It is not uncommon, particularly in the 
Pearl River, to find individuals showing 
tendencies in color pattern toward s. scripta. 

Thirty-one specimens from the Coosa, 23 
from the Black Warrior, 28 from the Oua- 
chita, 18 from the Pearl and 81 from the 
Sabine rivers were compared (Table 13). 



No. 5 

As was true in Psewdemys floridana, the 
percentage seam contacts show geographic 
variation but it is largely non-clinal and 
probably not indicative of relationships at 
the subspecies level. 

Chrysemys picta 

The samples used in this study represent 
the races p. picta, p. marginata, and p. dor- 
salis, Forty specimens were examined from 
des Allemands and Paradis, Louisiana; 24 
from Talladega Co., Alabama; 27 from Mon- 
roe Co., Tennessee; 33 from Alexander Co., 
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and 40 from New Haven, Connecticut. Com- 
parative data on these are shown in Table 
14. 

It is impossible to discern consistent geo- 
graphic trends, but the data do indicate major 
differences in the populations. There are 
no conspicuous differences that are con- 
sistent enough to distinguish subspecies on 
the basis of seam contacts. 

Terrapene ornata 

Twenty-eight specimens of Terrapene 
ornata from one locality in Colorado and 

Illinois; 50 from Lake Geneva, Wisconsin; 30 from several in western Texas were 

TABLE 14. 
Comparison of seam contacts in six populations of Chrysemys picta * 

Posi- Louisi- Tennes- Ala- Hhi- Wiscon- Connecti- 
Seam tion ana see bama nois sin cut 

A 1% 0 — (4) 0 — 0 — 0 — 0 — 
LS 55(13) 22 (81) 13 (54) ZANT) 30 (61) 38 (95) 
s2 25 (66) 27) 8 (33) 8 (24) 14 (29) 2nd) 
AK 7 (18) Dt) 3 (13) 1 (38) 5 (10) 0 — 
2% 1 (3) 0 — 0 — 0 — 0 — 0 — 

B s5 0 — 0 — 1 (4) 0 — 0 — 1 (3) 
De 29) (73) 27 (100) 23 (96) 27 (84) 46 (94) 38 (97) 
5le 5a(li3)) 0 — 0— 2 (6) 2 (4) 0 — 

E 5> 6 (15) 0 — 0 — 3 (9) 2) 0 — 

Cc Kz 15 (38) 13 (48) 23 (96) TOs(SAe) 8 (16) 27 (68) 
7% 4 (10) 1 (4) 0 — 0— 4 (8) 4 (10) 

i" i> Zila (53)) 13 (48) 1 (4) 22 (69) 37 (76) 9 (23) 

D 9< 18 (45) 17 (65) 19 (79) 12 (38) PATEK (553) 39 (98) 
9% 6 (15) 3) (1124) 2 (8) 3 (9) 1 (2) 0 — 
ss 15 (38) 6223) oS) Lef(5i3)) 21 (43) G33) 

s10 TS) 0 — 0 — 0 — 0 — 0 — 

E 10> 215) By (1 24)) 1 (4) 1 (3) al (74) 3 (8) 
sll (8) (Cal) 2 (8) AS(13)) 2 (4) 8 (21) 
i 295 (iS) ZO Tat) 21 (88) 27 (84) 45 (92) 28 (72) 
11% 0 — 0 — 0 — 0 — Te (¢2)) 0 — 
ins iL (33) 0 — 0 — 0 — 0 — 0 — 
s12 1 (3) 0 — 0 — 0 — 0 — 0 — 

“Figures in parentheses are percentages; others are number of specimens. 

TABLE 15. 
Comparison of seam contacts in Texas and Colorado Terrapene ornata * 

Seam Position Colorado Texas 

A ics 28 (100) 30 (100) 

B ALS 0 — (3) 
s5 0 — 0 — 
5< 3 (11) 0 — 
5% AC) 1 (3) 

aaa iss — 23 (82) = 28 (93) 

C Tle 1 (4) 0 — 
= es 27 (96) 30 (100) 

D Ne 22 (79) 30 (100) 
9 te 2 (7) 0 — 

= 22 4 (14) : o— 
E Os Sealed) 4 (13) 

sll 1 (4) 2 (vie) 
Ile 23 (82) 24 (80) 
11% ae>) 0 — 

“Figures in parentheses are percentages; others are number of specimens. 
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TABLE 16. 
Comparison of seam contacts in three river system populations of Graptemys pulchra * 

Pearl Pascagoula Escambia 

Seam Position River River River 

A 1< 3 (7) DAC) 3 (4) 
1% 0 — oon Glial) 4 (6) 
Ss 42 (93) yaw Cy) 64 (90) 

B 4> 17 (38) 27 (96) 19 (27) 

sd 21 (47) 0 — Soca) 

5< 7 (16) 1 (4) 18 (26) 

C s7 SC) by (a8) 7 (10) 
KK 42 (93) 23 (82) 64 (90) 

D Ja 45 (100) 27 (96) 68 (96) 
9% 0 — 0 — 3 (4) 
9> 0 — 1 (4) 0 — 

E Os 1 (74) 0 — 0 — 
sll ILS) (B33) 1 (4) By (4D) 
ilk 29 (64) 26 (93) 63 (89) 
11% 0 — 0 — ia((al)) 
11> 0 — 1 (4) 2 (3) 

*Figures in parentheses are percentages; others are number of specimens. 

TABLE 17. 
Comparison of seam contacts in Graptemys nigrinoda from two different localities 

on the Black Warrior River of Alabama * 

17 miles ssw 3 miles east 
Seam Position of Tuscaloosa of Eutaw 

A ie 0 — 1 (3) 
1% 2 (4) 1 (3) 
i 45 (96) 38 (95) 

B 4> 17 (37) 14 (35) 
s5 25 (54) 16 (40) 
5< 4 (9) 10 (25) 

C 6> 28 (62) 22 (58) 
$7 16 (36) 12 (32) 
US 1 (2) 4 (11) 

D s9 4 (9) 1 (3) 
I< 43 (91) 39 (98) 

sili 3 (6) 1 (3) 
Wie 40 (85) 36 (90) 
11% 2 (4) 0 — 
11> 2 (4) 3 (8) 

*Figures in parentheses are percentages; others are number of specimens. 

compared (Table 15). With the exception 
of minor discrepancies in seam B contacts, 
few differences exist. In the first three 
seam contacts, Texas specimens show a 
slightly higher percentage of contacts on 
the posterior portion of the marginals, while 
in the last two contacts the reverse 1s 
true. 

These specimens of Terrapene ornata do 
not represent more than a single recog- 
nized geographic race — a fact that may 
partially explain the greater consistency 1n 
these data than in those of the preceding 
species. 

Graptemys pulchra 
Forty-five specimens of this turtle from 

the Pearl River between Louisiana and 

Mississippi, 28 from the Pascagoula River 
of eastern Mississippi, and 71 from the Es- 
cambia River of western Florida were com- 
pared (Table 16). 

These data show consistent population re- 
lations, although not, perhaps, those that 
would be expected on a geographic basis. 
If the modal contact for each interlateral 
seam is considered, the Escambia popula- 
tions show in every case closer relation 
to the Pearl populations than either of these 
do to the Pascagoula turtles. 

Graptemys nigrinoda 

Eighty-seven of these turtles from Ala- 
bama were studied. The samples were 
chosen from two areas on the Black Warrior 
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River with no physiographic or ecological 
barriers to gene exchange between them. 
The localities are 17 miles SSW of Tusca- 
loosa (47 specimens) and 3 miles east of 
Eutaw (40 specimens). The data appear in 
Table 17. 

The differences between the two popula- 
tions are obviously minor ones. The largest 
difference is in seam B contacts in which 
the s} and 5< contacts of seam B show 
differences in percentages of 14% and 16%, 
respectively. The fact that samples drawn 
from the same river at different points 
show such similarities strengthens the idea 
that these contacts are genetically deter- 
mined. 

Sternothaerus odoratus 

This species of turtle occurs in many 
ecological situations and, unlike most of the 
species of Graptemys studied, is not limited 
to river drainages. Thus, the possibilities of 

gene exchange are greater over wide areas. 
Fifty-five specimens from Texas, 58 from 
Florida and 72 from Michigan were com- 
pared (Table 18). 

Seam A and B contacts show greater 
divergence in the three samples than do 
the posterior three contacts. The first two 
show closer relation between Texas and 
Michigan material. The last three show 
consistent geographic trends; in each the 
mode percentage is smallest in the Michigan 
sample, greatest in the Texas material. 
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ONTOGENETIC CHANGES IN 

SEAM CONTACTS 

The failure of most of the seam contact 
percentages to show consistent differences 
between populations or to show geographic 
trends could be due to unequal distribu- 
tion of size groups in the populations stud- 
ied if seam contacts were subject to onto- 
genetic changes, or if there were selection 
against certain contacts in young turtles 
which would alter the frequency of these 
contacts in the adults. Both type changes 
are included under the term ontogenetic 
change in the following discussion. 

To study such changes, seams B and C 
were chosen because these contacts generally 
are representative of the variation in differ- 
ent populations. Large samples for study 
of geographic variation were compared. 

The specimens were arbitrarily divided 
into size groups. Wherever possible, only 
individual turtles from the same population 
were utilized for this study to eliminate 
possible geographic differences. The same 
size groups could not be used for compari- 
sons of every species, either because of the 
nature of the samples or because of the size 
differences between different species. 

Pseudemys floridana (Table 12) shows 
little difference of seam B and C contacts 
in three populations studied. There are no 
ontogenetic changes in this species in these 
seam contacts. The same is true of Psew- 

TABLE 18. 

Comparison of Texas, Michigan, and Florida Sternothaerus odoratus from 
several localities in those states * 

Seam Position Texas Florida _ Michigan 
A 1< 18 (33) 4 (7) 18 (25) 

1% 11 (20) 3 (5) 10 (14) 
> 1> 26 (47) 51 (88) aD 

B B< 31 (57) 49 (86) 37 (54) 
51 7 (13) 3 (5) 3 (4) 

; ss 16 (30) BO) ee eh BONAR 
C 38 = = 8 (11) 

< 2 (4) 223) 0 — 
TY O— 5 (9) = 
™> 52 (96) 51 (88) 62 (87) 
8< 0 0O— Pale ate. 

D 39 1 (2) 3 (5) iii) 
gc 53 (96) 54 (95) 66 (94) 
9% oa os L(G) 
9> 1 (2) ie 2 (3) 

E 10> —_— 2 (4) = 
sli 20 (38) 14 (25) 15 (21) 
li< 33 (62) 41 (72) 5B (79) 

“Figures in parentheses are percentages; others are number of specimens. 
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demys scripta. In Chrysemys ptcta there 1s 
considerable variability in seam B and C con- 
tacts. The Louisiana specimens are the most 
divergent from the other five populations 
studied. In this sample there is a lower 
percentage of contacts of seam B at 5< 
and a higher percentage posterior to this 
point than in other populations. This is 
precisely what should be expected if a 
sample contained mostly small individuals. 
The Louisiana sample is predominently of 
juvenile individuals under 50 mm in cara- 
pace length, a size almost completely absent 
in other samples. It could be argued that 
the difference is still geographic because 
most individuals used in a study of onto- 
genetic differences were from Louisiana. 
However, if this much difference did exist 
between Louisiana and other populations, 
differences of a similar magnitude should 
occur between some of the other populations 
since they are from widely separated regions 
of the United States. It is more reasonable 
to attribute discrepancies to the difference 
in size group representation in the six popu- 
lations. 

Seam C contacts in Chrysemys show no 
consistent character. The only strongly evi- 
dent change is the tendency of larger in- 
dividuals to have a higher percentage of 
contacts at 7<. Here the differences exist- 
ing between populations cannot be cor- 
related directly with differences in size 
composition of the samples. 

In Terrapene ornata the two major dif- 
ferences between the two populations stud- 
ied was a higher percentage of 5> and 9< 
contacts in the Texas specimens than in 
those from Colorado. These differences are 
probably reflective of actual differences be- 
tween the populations. Differences of the 
magnitude indicated are not explicable on 
an ontogentic basis. 

The most significant difference between 
the three populations of Graptemys pulchra 
studied is the high (96%) percentage of 
contacts at 4> in the Pascagoula River 
sample. The same population also shows a 
slightly lower percentage of contacts at 
7< than in the other two populations. Both 

of these differences could be partially ex- 
plained on an ontogenetic basis if the per- 
centage of individuals in the Pascagoula 
River sample in the 51-100 and 101-150 mm 
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size classes is greater than in the Pearl 
or Escambia River samples. 

On this basis, too, the Escambia River 
sample should show closer relation to the 
Pascagoula than to the Pearl sample. That 
this is not the case probably indicates that 
genetic differences, as well as ontogenetic 
ones are involved. 

The differences in Graptemys nigrinoda 
in the two size groups studied are probably 
negligible. However, almost no large speci- 
mens of this little known species are avail- 
able for study because adults are difficult 
to capture. Ontogenetic differences may 
exist and may be shown when more large 
specimens become available for study. The 
differences that do exist between the two 
populations studied are slight and may be 
genetic or due to chance sampling, but 
probably not to differences in size distribu- 
tion of the individuals comprising the sam- 
ples. 

Sternothaerus odoratus, of which the great- 
est number of specimens was examined, 
shows very little ontogenetic change in per- 
centage of seam contacts. Contacts at }< 
are slightly higher in turtles of a carapace 
length between 51 and 75 millimeters. The 
only major geographic difference in the 
populations studied is the high 5< contacts 
in Florida samples compared to Texas and 
Michigan material. This, too, could be par- 
tially explained on an ontogenetic basis 
if a greater percentage of Florida specimens 
were in the 51-75 mm size group. The 
percentage of specimens in this group in 
Texas, Florida, and Michigan samples are 
19, 46 and 7 per cent, respectively. 

Thus, the difference could be partly ac- 
countable to ontogenetic differences. How- 
ever, Florida Sternothaerus odoratus are 
smaller than those from other areas and 
the difference in size groups found origi- 
nally is partly attributable to the smallest 
size groups being predominantly of Florida 
turtles, so the differences may still be pri- 
marily genetic. 

CONCLUSIONS 

1. The contacts of the seams between the 
lateral laminae with the marginal lami- 
nae or the intermarginal seams vary 
considerably, but only a few of the va- 
riations are divergent enough or con- 
sistent enough to be useful as taxonomic 
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characters. There is obviously strong 
selection operating for certain shield and 
seam arrangements. 

species most different from all 
others studied are Gopherus polyphemus, 
Chelydra serpentina and Macroclemmys 
temminckt. Most turtles studied were of 
the family Emydidae, of which the most 
divergent were the genera Dezrochelys 
and Emys. 

In some instances one or more of the 
five contacts studied indicate one rela- 
tionship among species in a large genus, 
while another contact indicates entirely 
different relationships. 

Different portions of the carapace show 
differing degrees of variability, with the 
anterior one-half being more variable 
than the posterior one-half. Studies by 
other authors show that the posterior 
one-half of the carapace has a higher 
number of abnormalities. 

In the turtles with only 11 marginal 
shields instead of the typical 12, the con- 
tacts are shifted forward when com- 
pared to primitive turtles such as 
Chelydra. However, in advanced groups 
with 12 marginals the same shift has 
occurred. That the number of marginals 
has not greatly influenced the position 
of seam contacts is apparent from the 
fact that there are greater differences 
in contacts between species with 12 
marginals than between those with 12 
and those with 11. 

The loss of a marginal shield to yield 
the 11 marginal condition of the kino- 
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sternine turtles probably occurred from 
the anterior part of the carapace. 

7. Geographic variation occurs in seam con- 
tacts, but this variation is largely non- 
clinal. This variation is useful in show- 
ing divergence at the population level 
in some species, but not in others. 

8. Ontogenetic changes in seam positions 
must be considered when interpreting 
geographic differences that do occur, but 
all differences cannot be explained on an 
ontogenetic basis, so it is likely that 
many contacts are genetically deter- 
mined. 
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