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A BSTRf\Cf .- Examination of 30 mensural and IS c1ualitat iveexternal charact ers in Pseudemys ( cooter 
and red-bellie~ turtles) indicated extensive morphologi ra l overlap among recognized subspecies and 
species . Becau se variation in P. concinna appears to be dinal. occurri ng throughout mosto fit s ran ge, 
recognition ofth~ subspecies P. c. hiemglyp hica, P. c. metteri, and P. c. mobilensis cannot be ju stified. 
Two coote rs in Florida ,P. c. suwtm11ie11sis and P . .f1oridana penimulari s, are morpbologi calJy distinct 
and ma y be recognized as species . Similarly, two southw estern species, P. gorwg i and P. te.rnna, are 
recognizable. Th e Florida cooter , P. f. floridt111a, and river cooter, P. c. concinna, could not be 
distinguished morphometrically. but may be separ ated by their marking s in so me parts of their 
i-ange. Interactions of these two form s are complex and it is recomm end ed that flor idana be 
considered a variant (subspecie s) of P. conci nna . Electrophoretic analysis indi cated no protein 
polymorphi sm among cooters. However , two proteins, pre sumabl y homolog ous, separa te the red
bellied turtle s (P. alabamensis, P. nelsoni, P. rubriwmtris) from the cooters (P. concinna, P. gorwgi, 
P. pe11i11s11/aris, P. suwa1111ie11sis. P. texa11a). 

The genus Pse11de111y5 Gray compri:,e:, the cooter and 
r?t.1-bellied turlle~ which inti.1bit the eastern. central. and 
,, •Lithwestern United States. They arc relatively large (up to 
-20 mm carapace length). basking species with striped head 
'1larkings. a11d primarily herbivorous feeding habits. 

Taxonomic relationship in Ps('t1c/e111ys have been prob
..'111111ic as indicated by their extensive history of ~pecies/ 
,Ulhpecies revisions (see Smith and Smith. 1980. for a 
r~1-ie11·). Frequently in areas of sympatry, evidence of spo
•JJ i1c hyhridization (or limited introgression) has been re-
1,)necl (Seidel and Palmer. 1991 ). Some populations with 
.n1ermeJ iate (hybrid?) clwructer~ are widely distributed, 
v. hid1 ~ltggesb ~ubsµcci ric relationships. These inreracrions 
· 1,11 e been examined in f-loricla (Crenshaw, 1955) and Loui
, 1.ina ( Fil hey. I 980). P::ut of the problem has arben from the 
.1b,t>nce of clearly defined, quantifiable characters that sepa
it l.: the ,pecie~ nf Pseudemvs. Another problem has been the 

·c·latively l.mall number of specimens cxamined. especially 
:r,Jm northern population~. One of rhe broader analyses of 
p,,, 11dnn_n relied heavily on cranial musculature and oste
,dc-'gy (Ward, 1984), Vnfonunate ly, thoi,e characters are of 
lat le use in field identil'ication or in evaluation of tluid
pre~erved museum material. Seidel ( 1981 ), anJ more re
,:ently lvcr~on anJ Grah:u11 ( 1990) and Seidel and Palmer 
1991 ). have characterized the morphology of P. mhriw.'11Tris. 

P. cw1ci1111u, and P.Jlurida1111 in the eastern United State~. 
They examined relatively large series of specimens using 
lar~e numbers of ex1ern~1l morphometric character!>. How
e,·cr. throughout much of' the range of P,1·eude111ys, the 
mxonomic status of species and subspeciel> remains poor I y 
Jefined. espet·ially for P. co11ci1111c1 and P. jloridtma. The 
red-bellied turtles (P. mbrirentri.1, P. 11elso11i. and P. 
([/ahamensis) have been treated as a single species by S1)me 
authors (Wermuth and Mertens, 1977; Ob,,t, 1985), and the 
~pe~ies status of P. texww (Etchberger and Iverson. 1990) 
and P. gor::.ugi (Ernst. 1990) have been que~tioned (Dix0n. 

1987: lverSllll, 1992). 
To <late, there has been no comprehensive analy~is or 

morphological variation in Pseude111ys. The following iaxa 
are currently recognized (but not uniformly accepted) hy 
recent authors: P. ulahamensis. P. r11brivrnlri.1. P. 11t!lso11i, 
P. co11ci11na concimw. P. c. hieruglyphica, P, /'. 111e11eri. P . 
c. mabilemis . P. c. s111vc11111ie11sis, P. gor;:,11pi, P. te_rnna. P. 
_t1nridt111t1 jloridmw. and P. f pe11insularis (Ernst, f99U: 
Ernst and Barbour. 1989; J verwn . 1992). Placement of P. I 
/l(lyi 1n the synonymy of P. co11ci111w (Ward, I 98..i) h::is 
become generally accepted. Based moi-tly on craninl fea
ture~. Ward _partitioned the genu~ Pse11de111ys into two ~ub
genera: Pse11demys (including P..floridw111 and P. rn11ci111w) 

and Pryche.111ys (inclut.1.ing P. ah1ba111ensis, P. 11elso11i. P. 
mb1fre11tris. and P. te..runa). Iverson ( 1992) followed thi, 
arrungement but noted that rhe do~est relative of P. tc.rn11a 
may be P_ cu11ci1111a. The pre~ent ~tudy i!, directeJ at tC),ting 
and identifying additional charnt:ten, wl1ich may be used in 
separating tax a of Psewlem_,·s. It evaluate:, geographic varia
tion throughout the range of the genu,~. The morphological 
identity ( validity) of'laxa was analyzed, but the intention wu~ 
to minimize taxonomic re,·ision. EfforL., to determine the 
primitive or derived state (polarity) for ~ome morphometric 
characters were not conclLisi ve, Nevertheless. an est i mute of 
phylogenelic relationships in Psell(/em_rs b pre:,;ented ba~ed 
on a limited number of character~ for which polarity could 
he determined. 

MATERIALS AND ME THOD S 

Fur morphometric analysis. 761 adult fluid-pre~erved 
Pse11de111ys. from I 99 localitie~ throughout mnsrofthe rnnge 
of the genus (Fig. I). were analy1.ed. Specimens i1wluded 
freshly collected indivitluals with typicnl rnlonition a~ \,ell 
as museum materinl (~ee Specimens Examined). All turtle~ 
were tentatively tdentified II priuri using traditional qunlita-
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live cl1at·acten, that h::ive been :lpplieu 1~1 disting.ui$h species 
and ~uh-;pecies of Pse111!1'111y.1· (Ernst and Barbour, 1972. 
1989: Conant and Collin~. 1991). Jfa.ssignment was que,
tiu11ublc. that was noted. The identifications ortcn agreed 
with .~pecific as~ignments in museum wllections. although 
many xpet:i men~ ure t:atalogued in collet:tions ,1., ··Psetrc/(!111_v~ 

sp.T or only ren1a1ively a~signcd m spct:ie,. Species a~~ign
ment~ to P. c,mcin1111 and P. jlorit!111w were especially 
diffit:ult for many pecimens t'rum cua~lal plain area~. Thi\ 
problem i~ ~o m.:ute along the northern Gulf of Mexit:n 
(Mount. 1975: l\ 1hcy. 1980: Dundee and Ro:-~man, 1989) 
that all Ps1:'llde111y., in thm area were tentulively assigned to 
P. c. 1110hi/e11~i~. 

Ch::iracter states for 15 qualit:itive l'haractcr-, were re
corded for eat:h turtle. Twenty-~i>-shell character~ (scurc 
and ~kclc1:.il form) were measured on each ,;pecimen with 
ca lipers (I leliu~) oran anglegoniometer (Jamar) . Twu bead
neck stripes, head width, and mn,xillnry cusp length were 
abo mea~ured. The~e JO mea~L1rerne1ilS inclwJeJ mo~t of the 
quantifiable externul d1aructer~ that have been used 10 
diagnose species and subspct:ic.., of Pve11dem.1·s, as well as 
mJdi tiunal character su/:pet:ted tt) have taxonomic value: 
car:tf):it:e length along midline (CLJ. carapace width at 
sulcus between marginals Y-VI (CW). carapace width at 
sulcw, be1 ween 1m1rgin:tl~ Vll-Yll 1 (SW). plastrnn length 
ulong mid line (PLJ. shell height at sulcu~ between vcrtebrab 
11-111 tCH). shell height at sulcus between vertebrab l\J- IV 
(SH), cervica l ~cute don.al length (CS), cervica l ,cute dorsal 
posterior width (CD), l"ervit:al Sl'ute ve111ral length (CU). 
cervical ~cute ventral po:-;1criur width tCV ). marginal XI I 

length (MH). n1arg_in:.i.l Xll anterior dorsal width (MA). 
marginal XII posterior (ventral) width (MP) . lateral angle of 
carapace fnrmed by dor~al and ventral surface~ of margim1I 
VI (SA), posteriur angle of carapace formed hy midline 
slope 01· vertebral V and midi inc sulcu, of anal scutes (PG). 
unal notch depth (AN), length of interfemural sulcus (ll ). 

shorlc.<.t distance between inguinal 5Cute and pectoral-ab
dominal ,ult-us (IE), anterior plastral lobe width (PW). 
poster ior plastral Jobe width (XW), taper of anal ~cute~ 
mcasun.:d as the angle formed by po~tcriorextension ofline.<. 
along the l11tcral edge or the anal scu1es (AA). epiplastron 
1hicknes~ at mid-humeral sculc (ET). depth c,f epip la~1ral lip 
measured a~ the distance between 1he anterior tip of the 
i11tergular sulcus and a line formed by resting a ~lraighlcdgc 
:ll:1'uss the don.al epiplnsrrnl lip ( EP), i:ervii:al scute rece~
sion mea~ured From a11teriortip ofcerv ic,tl sculc to a ~lraight 
line along the anterior tip of fir,,1 pair or marginals (NR), 
vent rut extension of posterior carapace measured from pos
terior tip of interan:11 sulcu,, to po,.1erior edge of vertebra l V 
(AV) and 10 posteriur tip of intermarginal XII sulcus (AP). 
head width ac anterior margin of tympanum (HWJ, length of 
t:usp.~ on uppertomium ( LC), gre,tte:st width of supra1c111poral 
stripe (SS). aad width of po:-t-symphyseal (vent ral l stripe al 
level uf tympanum (GS). J-\11 of the!-e charac1er~ are illus
trated in Seidel and Pnlrner ( 1991 ). 

Fnr mulri va.ri:11e amtly~is. only turtle~ with :i mid line 
carapace length > 120 mm were induJetl, and male~ and 
females were analyzed separately. Thi, reduced the effects 
of Onlt)genctic and !>C>-..ually dimorphic character v:1.ria1ion. 
whid1 may be pronounced in !1.rn11de111y.1· (Gibbons and 
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Lt1\ id 1. J 990). Pri11..:ipul component ,. analy,.i.~ (PC A-SAS; 

Barr et al., 1982) was applied, thus a\'oi<ling a~~ignmem of 
111uividuals 10 groups (~pecie:.. and ~ubspm.:ies). Morphologi
_,,d :..imilarity or divergen ce was examined hy observ ing 
..:lu, lering of indivic.lunls on bivariate plot~ of lhcir principal 
i.:L1mponent ~<.;ores. That provided a te~t to determine if a 
,,,.;,n•i identifica1ion~ based un quali1ative character~ could 
he corroborated by men,urul churuclers. It ulso provided a 
more object ive mc:.1111-10 detenni ne 111orphological O\'erlap 
b~r\Veen ~pccies and possible case~ of hyh1i<lizn1ion or 
intergradation. In a ~mall number of cases. if u JJl'iuri 
.1v,ign111en1 of a specimen was noted as questionable (baself 
in qu.ditative charat:tcrsJ nnd its PCA plot wa1, clearly 

11uhic.le its species cluster but within the range ol' another 
, pecie~. il wa:,, reidcnlified. Othcrwi~e. 1axo110111ic reassign
tJ1<•111 was avoided. 

_Vlultivariate anulysi:--nf variance (MA NOV A-SAS l 
,, J!-1\\'cd by Fi~her's h:ast significant differenc e (I-test:,,) 
.1 -:re u~od 10 test for utilitarian tnxonon1i<.; ch:Jracters that 
might provide a mure object ive (ql1Hlllita1ivc) mean:; for 
i.lt<ntifying spec ies of Pse11de111ys. Thiny -one character ru
,,u-. 11,ere constructe<l from 27 of the origina l 30 eharacters. 
fb e~t: im:luded cburacler rntios th~ll have been reported In be 
N:>ful in discriminating between forms of P.wmde111y.1. De
,p itc 1heoretical problem:; with u:--ing ratio, in \tatislical 
11.1l yses . their effect ivenc:--s in taxonomic studie~ of lllrtles 

I .i. - bccn clearly demonstrated ( Iverson and Graham. 1990). 
T1e numbers of character ratio~ di~Lingui:,,hing each ta-..on 
-' -:rage bet ween male nnd female l were reprc~cnted by 

_ u,ter ,111:1.lysis ( BMDP I M.2: Dix 011. 1981) a,, murphologi
_,.1 Jistanc1.:s. Thi:,, method employed comp lete and average 

1kuge method:,;, and provided olternmiw t:nmparis0n1-us
- g "unweighted" charac ter/,. 

Large 1,eric/, of hatch ling Pse11de111_1's were also exam
,icd. However. very yo ung individunb were difl'icull to 
J1,tin guish f'nrn1 each lllher. Morphologi c,11 character~. in
lt1<Jing markings, chat were found 10 be diagnostie in adulL~ 
l the~e ~pecies were orten impossible 10 resolve in young 

,un le, or extremely variable. even within a :--ingle hrnod of 
,1-,tchlings. 

For further analy~is of variation in Pseude111ys. ti, sue 
prl~tetJb from 61 turtles represenLing all taxa. excep t P.c. 

·11·,11111iensis and P. c. 111obi/e11.l'i.1, wen:: analy;,ed by e lec
:r.ipl111re:.is folluwing Lht: procedures of Seidel and Adkins 

i 9X7. 1989). Genera l banding panern s (profile~) of protein~ 
\\ ere exam iJ1ed by isoe lectric focusing of kidney. liver. and 
lll hcle extntl'l:,. and <.;Om pared to ~ample,; from Tmclrt!111ys. 
(71H11ft:'1111's, and Clu~rsemys. I lomogenate~ wne applied 10 

, ltrathin (ll I mm) polyacrylamidc gels (Cre:-cent-Serva. 
l/LJ'J./93 cmalog) pH 7-8 and 6-9. Geb were placed in a 

, u11ling cell (2°C) and foeu~ed f'or 1-5 hr, at conslam power 
2.0 ~, alt~, maximum 1700 volts) u,-ing an LKB J 103 power 

~upply and Biorad electrode~. Immedia tely after focu,ing_ 
; cl, were fixed in 1richloroace1ic acid and stained with a 
mphenylmethane Jye. Gels were scored for prc.~ence or 
b"::nce of bands which were eompared to a ,ta11c.larc.l con

L.,1ning proteins wilh known isnelectric point\ (pl). 

A phyh1gcny for ~pecies of Pse11de111ys was estimated 
based 0 11 nne electroph<)J'elic nnd 14 rnorph1>me1ric charnc
Ler-... Cladi:;1ic re lnlion~hips were defined by phylogenetic 
analy~i, using parsimt1ny (PAUP vcr~ion 2.-1-. unpubli:--hed 
algorithm by D.L. Swoffur<l, lllinoi~ Natural History Sur
vey). Polarities of chantl'ler stale~ were based on outgro up 
comp,u-isnn~ ,Ind trees rooted with Trache111ys and Graplt'm1·s. 

RESULTS 

Sw1istirnl /\11,i/ysis.- lnitially int.Ii\ iduab of' all ta~a ul' 
Pst>11de111y.,· were collec tively analyzed hy principal compo 
nent~ ana lysis. Thi:.' l'ir~l factor ( PC I) extrac ted from the 30 
111orphomctrie characters measured wai, ~ite-related, a~ ex
pecteJ (Wiley. 1981 ) .. It accounte<l for more than 50% oflhe 
LQt,d variance in male and renrnk turtle~ and HII loading 
coeff ic ient~ (eigenvector,) were high and ro sitive (exeepl 
an gle of anal scute. Al\). PC II accounted for 25% of 1he 
remaining varinnce iii m,iles anlf 2Yk in fe maJes. PC Il l 
account ed for 15% of lhc remaining variance (rlfter PC J and 
II) in mah::!> and I 71J in females. Wl1e11 individuab ofall ca,xa 
were plotted HC1.'\Jrdi11g to their PC II and PC 111 ~core~. 
extensive morphological variat ion anti overlap was inui
cated. P.1e11tle111y:, rubril'e111ri.,· (Rl. P. oelso11i (N) . anti P. 
alab11111e11!iis (A) formed n rclmively di~tinc t morphologica l 
clu,ter. a~ Jiu PJ pe11iusularis ( P). However. lilt le ~epara-
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Figu're 2. Plul ul' adult Pse11d£'111_\',I hu~ecl on prin,ip.il eumpone111s 
two unu three. Letter, repre!,,enr t:1x.1 identified in Fig. I and line~ 
co1lllt:l'I 1he 1111)\ l di sper sed indi1 itluals, except for one outl ying 
mtlle P. r· .11111-m111/,,11.1i.~ ( S l 
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TaMc I. 11ai:111r h,udings (eige111c•l·1m,) I'm th.: 111ml 111lh1.:111ial r1111rph111netrii: i:har.i.:tcr~ 
from pri111:ip:1I i:ompone111, .111aly,is. 

CcrvictJI ~CUii! Venn-al lcng1h (Cl') 
Cervical scu1c vcntrnl width (CV) 

Cervical ,cute (Jurs~I ,vidth tCDl 
,\l~rg.inal stutc XI I length IMII) 
Anal notch depth IANJ 
Epiplastral lip dopth tEPl 
Cervical ~cute recess1n11 INRI 
Supr:11e111porul ~tripe width tSS) 
Pnst-syrnphyscal stripe wid th tGS) 
Length of tomin l cu~p~ (LC) 
Cc, vical ~cu1e dorsal length I CS I 
Epip lawvn thic~nt:SS (ITTl 
Di~wnce between inguinal ~cute and (IE) 

pectoral-abdominal sulcus 
Lcnglh of interfemural sulcus !IL) 
l ~per (angk) ol :in:il sculc, 1AA) 
Posterior ,lope wnglc.:) of campnce !PG) 
Lntcral angle of c:u•apncc ISA ) 

tion was seen among sub$pecies of P, cn11ci1111(1. P.f.fl orid1111a. 
P. gor;;ugi , and P. te.w11(1 (C.E.F.G.H.M.S.T: Fig. 1). The 
most innuentiul mensurnJ character lm1ding~ on PC Tl and 
PC Ill are idemified in Table I. Ratio~ t'unned fn.im these 
characters were found to be u:,eful in defining taxa. Three 
additional sets (male and fe1md1.:) of principal components II 
dml TTI were analyzed by treating P. crmci111w and P.Jlorida11a: 
P. c. metreri. P. gor::.uxi and P. texana; ,md P. alabt1111e11sis, 
P. 11clso11i and P. mb1-i\ientri.1' as separate groups bdsed on 

geographic proximity and/or previously applied classifica
tion. Compa ring plots for P. cu11ci111w and P . .floritla11a it i~ 
eviuenL that P . . f. p,mi11,1·11laris i~ the 111os1 morphologic;illy 
distinct tuxon (Fig. 3). Nn overlap was ~een hctwecn P. f 
11e11i11s11/aris and P. c. sm1·111111ie11sis. with which ii is bro:1dly 
sympntric in Florida. In rnntrnst, plot~ for P.f_t7nrida11a (P) 
bmudly ov1.:rlap with rho.,e of !'. concimw subspecie~ 
iCE.H .M.S) which overlap exten:-.ivcly with eacb other 
(Fig . 3). Pseudemys gnr :::,ugi. P. te.rww. and P. c. 111et1l'ri. all 
of which occur a llopatriL-ally in Texas , appear relatively 
distinct (especially males). when plotteJ ~eparately on PC II 
and PC Ill (Fig. -i). Whl."n th.: three red.bellied tunics (all 
alluputric) were plotted, P. 11cl.w11i ~howed only ~light mor
phological uverlap with th1.: other ,pccies. whereas more 
cxten,i ,,e overlap was observed between P. ruhril'ent ris and 
P. cilah,1111e11sis (f ig. 5 ). A single extralimitul spel.·imen or P. 
11el,1011i from Liberty Cu .. Texw, , pluucd near !he middle of 
lh1.: P. oelso11i cluster. 

Results from clu:-ter analysis brL~ed on character ratios 
(Table 2) are congruent with patterns shown by principal 
component s anulyl>i:-. (Fig. 6). Mo:-.t obvious i~ the ,eraration 
of P. I pe11inl'lllaris (P) from all other cluster~. Red-bellied 
turtles (A,N,R) form a group dhtinct from P. cunci111111, P. 
f J711rida11n. P. gur~11gi, unu P. tt!xww (CE, F.G,H,M,S,T). 
l'semle111ys te.,ww and P. ~or::.11gi (G) cluste r separalely 

from sub~pecies or P. co11ci111w (C.E.H,M.S) and P. f 
.floridt11111 ( F). Pseudem_,·s r. su11·a1111iensis appea r5 out~ide 
rhec lusterformed by the other subf,,peciesuf P. ('nnci1111t1 and 
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Figur e 4. 1'101 ofudultP , c. 111etteri (EL P. gi11;_11g1 (G) und P. tt'.rn/111 
T J h,1,ed 1111 prineipal compo11enu; twouml three. Line, rnnnect tht' 
M •-t dbpcrscd i11t.lividuub. 

. 1pp.:an:d in liver of all red-bellied lurt le~ e.xumined ( I H P. 
mhr i, •e111ris...J. P. nelscmi, and 2 P. a/ubm11e11.1i.1 ( Fig. 7). Thi~ 
protein band appeared in only two other individual s: P. 
. 111wi1111a NC'SM 2X6XX (Gares Co .. North Carolina/ aml P. 
. 111winna MES 529 (Summer~ Co .. We~L Virgini a). Consid
arng their geugruphic nrigi n. thi~ cou Id repre:-.ent i ntrugres
, 11111 f'rum P. mhriPt111r ri .L Another btuuJ ( pl XA ). pre~umably 
r1:rre~e111i11g a homologous prolein. uppe:.tred in nearly all of 
the 11Lhcr P1·ewlc111y.1 ( including 8 /'. 1e.w11,1 and 5 P. ,1.ior:ugi) 
~ \1dl a~ 7mche111_1•s sl'!' i/Ha. but wa~ ahl.ent frum al l reJ-

Table 2. Matrix (for cJu~1er analysb) int.lkating tho.: number of 
"rph11tn1::t1·io.: l'11,1ru,·to.:rs (rat io,) f"or whid1 111ea11 Lliffcre11ce, 

P<0.01 I Wt:l'e luuntl between tax:.1. teller~. i11llic:at111g u1,xu. are 
,to.:111il1ed in 1-ig. I. 

r I' ~I 1\ L L 

I) I ' 11 1(1 I~ ~u 17 

b ll 11 27 15 I ~ .n ~2 

15 I' () 17 ,,, .'I , . 
·' _!() 

17 :5 ~J 0 .!I I~ ~: 1,1 

N lh -~' !o 0 s II\ II 

17 1-l !1 I I II ll u M 

15 21 1, IM II u II l o 

II IS l -l !J 13 8 ~ II 

II 14 18 !U ll X X Iii t, 

II 17 J, IH •I ~ ,~ M 

14 17 2\1 2-l I , II 12 14 
I '/ 2:! lx ll 24 I~ !I 10 

M A L E. 

II I· C: r 
11 II II I l 

l:i 14 'I " 
ll II, In I" 
12 " JI 2.l 

7 " 10 lfi 
;?. ,! " 'I ,, II b ,~ 
,; ' •1 II 

ll II II 'I 

11 " lo ' 
1(1 I~ It ~ 

lo II 15 \I 

\I 

\ 

I 

le 

3 

2 

0 
_, 

-2 

-3 

-4 MALES 

u p. 

4 ' 

2 

0 

-1 

-2 

-3 

-5 -4 .3 ·2 -1 

-4 FEMALES 

R-. 

0 

.5 -4 -3 ·2 -1 0 

PC II 

2 3 s 

2 3 

1-"i~ure 5. Plu1 of' ad11lt /' . 11/11h11111c1ni.1 (A/. f . 11el.wmi (NJ. and P. 
ruhri1·c111ris (R) ba~et.l 1111 pd11cipal compu11e11ts two and three. 
Lino.:~ rnnnccl the most di,per~ct.1 individual~ . 

bellied turLII'.'~. The electromorp li (pl 8.2) found in red

bellied turtle~ was not found in specimen.<-of Tmchemy,1. 
Cmptem_n. and Cli1)'S<'lll.\'!i examined. ,o 1hi~ protein was 
Cl11t:-.idered derived (apomurphic). 

Clwlislic /\nalysi .,. - Coded L'harncter state~ and po
JariIie~ HJ\: prc:.ented in Table 3. Tht: PAUP nlgorithm 
prnduced ~ix tree~ t'rom which a !>lri ct rnnsensu~ tree (Rohlf. 

1982) wa:-. cnmp uled . Unresolved trichotomie~ appear at 
two loL"ation~: the node joining ~pecie~ of red-belli ed turtles 
und rhe n(lde lin~ing P. ,· . . 1·1111·111111ic11siJ. P. t 'om·i111111- P. f 

./lurid,11w. and P. te.\111w- P. g<1r:11gi (Fig. 8). These result s 
:ire very similar tu thu~e produ,·ed by clu<aer analysis (Fig. 
6), e:-.cepl tnr the posilion of P. J: /Jl'llim11/ari.,. 

CJ1aracter Analysis and Taxonom.ic Descriptions 

Many of the chw·acter !>tale), in Pseudeniys are based 
upon continuuu!> variuble s with con~idera ble overlap. Nev
enhele!>~. 1.:ollet tively they are usefu l in separating taxa and 
analy:,i~ of variance indicat ed mean di ITerenL'e~ (P<O.O I) fnr 
lbe mensural charader~ cited below and listed in Table~-+ 
and 5. 

Tht: red-bellied LU1tle~ tP. uluh1111ie11si.1. P. 11e/~011i. P. 
r11hri1•n11ris) are di,tingubheJ from most of the coolers by 
the f"ol lowrng d,aracter., : upper tomiurn with prominent 

nntch b,>rderc:J @ euch .,idt" by loothlike cu~p~. length of 
1.:u~p 3-7% or head width LC/HW (churucter ~1:.11e ,hared 
with /J. re.nma and P. ~nr:,1gi): supr :nemp nral stripe narrow. 
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Table 3. Matri x fu r dadi stic analy si , (PA UP ) or Pse11tle111y,. Cltar:u:tcr, 1- 15 arc iden1i ficd bel1111 am.I Slates are indi c:11eJ pre~em ( I o r 
2) ab,ent (Ol. The primitiv e (p le,iomo rphic )cu nlliti(ln, (0) are con~idercJ to be the slate s prese111 in Trac/1e111y., ru1d/m Gra1ne111.,·s and the 
derived (apomorphic) s1;11es ( I or 2) ,ire: I . li ver pro tein w i1h an isoclet.:l ric poin t 8.2 . 2. ep iplu~1ral l ip of female, prominent!_\ cu rved ( I ). 
3. ungle of x iphipla st ron in female~ hroacl. 4. cpip la~tron of fomales thick. 5. ~uprat emp ora l ,tripe bro.id . 6. pnst-,y mph y,eal ,1rip e hrnud . 
7. pmmincnl cus ps on upp ertomium. 8. interfe mor;tl sult.:us of m,tlc s sho rt. 9. inguinal ,c ute8 ex1end forward. I 0. ven tral , ur foce nf c.:rvical 
srnt e moderate length ( I ) or ,hort (2 ). I I . dnr, al surfa ce of' c:crvit:ul scule very wide ( I) or n~rrow (1). 12. nuchal bone prn,iected forward. 
13. deep anal notch in m:1le\. 14. lateral ant:le (~lo pe) llr carapace , 1eep. 15. post erior curapuce ver) ~teepl y , loped (I) or wc;ildy ~loped 
(2) (sec Table s -4 and 5 ). Bcc;1use elel'trophorcti<.: data were not ava ilable for P. ,·. m11hile11sis nnJ P. c. ,\1111w111ie111i.1. their biod1c111ical 
churaclcr ,tale (charat:ler#I) was ussumeJ lo he the ,a me a;; the othe r desig nated \ ubspccics of I'. cv11d111w. 

Ch,1r:ic1t1 Pr,:,1. pl8.l [l'/l'L 1\J\ F:l'/1'1 SS/1 fW GS/MW 1.C/IIW IIJPL IE/CL CU/CS CD/CL NR/CD ANn'L S1\ I'(: 

N111111'cr l .! .1 .j ~ 6 7 8 () 10 11 12 J 1 1-l l S 

p ruhl"ll'f''1t rt, ti ll (I 0 0 0 0 0 0 () 0 
/1 ncJ.,,1111 (l I II I I (I () 0 0 (I 

Ji 11lnh11111t•11,•i, I (I () () 0 (I (I I) II (I (J 0 
{' /. />t'lllll'Uful'/1 ' (l t1 II 0 (I I (l () (J I I I (I I 0 
I' ,: /1111id1111r1 0 0 ll () I I II II II J () n \I {I II 

/
1

• , • 111t1ht!,·11."·' I) (I (I (I I I) I) I) (I 0 (I () ti 
/> I' \111\WWll'll\i,, II I II () I I) () () 1 0 I) I) () () 

I), r l'l,nr·i,uw 0 II II () I I) I) II 0 0 0 () II 

/'. ' /ric'/'t1g/1p/rli'rl (J (l (I 0 II f1 () 0 fl 0 (l 0 
I'' nwlf1•,•i II () () (I II ti 11 n 0 () () ll 
I' /(1 \(11111 0 II (I I II I 2 f) I) 2 
I' . ~or~11.~/ 0 0 0 (I l 0 0 ll () 2 

5-9% of he:id width SS/HW (~har ed w ith P.f pe11i11.l'IIIC1ril'); wa~ ab o no tcc.1 b y Warc.1 ( l 98-1-). Pse1ule111ys ulubw11e11sis ha s 

ve ntral si de of ce rv ica l sc ut e lo ng. g reate r th an 50~ of the a s l ig htl y broader ~tripe (8'n ) than P. rn/Jril'e111ris (6-7%): 
dorsal k:n g lh CU/CS: angle rnrmcd by latera l edges of and P. alo/Ju111e11sis. espec iall y female s. has a sl ig htl y 1hicker 

xi phipla stron-an a l scut es (AA) broad in female s, 70-8()"; ep ipl ast ron. 2.7o/c of plastron lengt h (EP/PL). For furth er 

and pl as tral ground color in living s pecimens pink. cora l. or· d e!>crip ti on~ of th e spec ies of red-be ll i ed turt les ,ee Graham 

deep o range. exce pt in so me ad ul t P. 1wl.wmi which are ( I 991 ), Jackson ( 1978a ). and McCoy a nd Vogt ( 1985 ). 
ycllnw. Pseude111ys 11el.w111i is di,tincl from P. alabt1111e11.1is P1·eude111y.1 / pe11i11.wl aris is distingui shec.1 from all 
and P. rnbrivemrij by huving th e followin g c hrLrac tc r ),[ale s: other coo ler~ by th e following co mbinaLi on uf c ha rac ter),: 

steeper slope ( angle ) of t11e po steri o r cara pace ( PG J. 55-65" nuchal bone proje c ted forwa rd. recession of ce rvicn l ~cute 

in mal e~ and 65-75" in female s; interfemoral sulcu s in male s lcss Lhan I % o r carapace length (NR/CL ), anc.1 in mal es 

,hon . les , th an I 0% nf pla stron leng th (IL/PL): and wi d er rece, sinn i~ less th un 2097 o fthc cervical sc u1c wiJth (NR/ 
po st-sy mph ysea l strip e, g reat er than 9% o f head width (GS/ CD) ( Figs. 9 and I OB.C); <lor 'ial surfac e of the cervical sc ut c 

HW ) . T he rcluti vcl y sho rt intcrf e rnora l ~cut es of P. nel.~oni w id e po .~1erio rl y. grea ter than 4.5t,i o f carapace length (C D/ 

Table 4 . Morphometric character s usef ul in di stingui5 hin g ta>.a Llf t'cinale Pseudemy.L Sta ndard errors are i n parentheses helow mean~. 
Sample ~ize, ( ) follow taxa nam es. Symht)ls for t·har,ictcrs (r;11ios) are defi ned i11 text. 

FEMAI.F. (N ) SS/HW GS/H\V i.C/11\V ET/Pl. IE/Cl NR/CL CU/CS CD/CL 1::P/PL AA SA l'G 

r. t11h,·n1, 111tri., 67 0 .062 0.059 0 0-10 0.02-1 0.099 0 0 15 0. 547 0.0JJ 0.024 72.2 11'.U 55..'i 
( 011.\) (.002) (,002) (.()()1) 1 orn1 I Olli ) 1.0 I 11 (.0011 (.00 1 J 11 1) ( I 4) ( I I) 

/
1
, llt'/\IUJI 8 11.079 0. I 02 ll.04 .l 0.0JJ 0 129 0.1107 11.667 0 026 0.021 80 ,5 120.J 69.0 

(l)U) ( I) I Ol (.Oll.1) (.002) ( 0 11) (.00 1 l ( 1)]5) (.00.'J (.{)()'21 ,2 6) (2.J) 12.'i) 
{' tl/ltl>tWlt' l l,\'t, CJ 0,(1(')8 0.0fi I ().().j() P.031 0,0\/2 fl.01 2 11.571 0,018 0.02() HO 109.4 62.li 

(.007) (.00 \) (.004) 11JCJ:?) I 010) I .0021 (.()2.J) (.001) (.OOJ) I I .~) (1,8) (I.Ii) 
I' I 1>1·11111.",lw ,,, l.1 II .OR:! 0. 123 11.000 0.027 0.114 ll 006 () -47.J O.O.'i3 il.02\1 55.3 11.J.2 56.5 

r.00.JJ (.00~) 0.000 ( 1101 l t.110-i I 1.00l 1 1.019 I I flO~J (.( 1(12) ( I I ) ( 1.3) (0 9) 

/' /. /lomlllllll 71 O, I 11 0 11'13 0.002 11,02.'i (I I 08 0 ,111 S 0.492 0 ,()3,1 ().()JI 6.U 106.6 58,0 
t.00-1 I (.001) ( ()Il l l (.001 I 1.IHU1 1.0111 I (.017) (Olli) 1.001) I0.91 (I I J (0 9) ,, , . molulrn .,,., 27 I) I J-1 0 I I 2 (),1)(11 0.02 .J () 10') 0.014 0.-103 o.0'.17 0.027 56.7 95 .7 5-1.5 
(.006) 1.004) (.00 1) 1.001) (.00-1) I 0011 (,tlJ.J) (.0111) (,IH).!) (1.7) ( 1,.1 I ( I. I ) 

/' 4'. \lll\ 'Wllll<'U ,\i1\ 20 0 161 0 I JI 0,000 0,028 Cl 1117 IU)11 ru2-1 0.03H ll.03➔ 5.'>. I xx ) -17.0 
(.0051 ( Oll"i/ fl onn (.00 1) 1.00-11 (.001 I l .012) l IIU I ) (.01121 (2. 11 () ,4 ) (0.71 

/ ' , • c ,mrlnna ~K 0. 1.JI ll.I1 S 0,()(l(i 0.021 0 i ll.I (l.O IC) o.~&o 0.035 0.027 59 .6 %.!< 52.6 
(.0041 1.on1) L001) l 00 1) (.001 I , .001 ) (.012) (.00 1) (.00 1 I 11.1 l l l .ll) 10.9) 

/' ' hlt't11J.:I\Jth11111 2 1 (1. 11·1 O.ll'J(I (1 00.'i 0 02 1 0 103 0 01 '> 0,-l'.'7 o.cm 0.(/30 6 1.2 97 ,2 5 1. -1 
( 007) (.1)05 l C.1102) LOOI l (.(ll) -1) < 001 l ( O.N) 1.(11)!) ( .00 1 > ( I 5 I 12.2) ( I 7) 

/> (' 11111/lfll 'i 11 0, 111 IUIR2 0.006 0 020 0. 111 I) 0 1 r, 0 -130 I) 11.10 0.0311 55.7 102. 1 53.6 
( llllb) ( 0116) (.111/1) ,.01111 (.011\11 1,00 1) (.028) I 002) t.0()2) 12.01 ( 1.91 ( 1.7) 

I' /£'\'/ 11111 28 0.1 OJ 0.106 tl.047 0.021 (l.071 0.11 I -i 0.-101$ 0.029 0.03X 5:U l/ 3 (i 5-l 0 
(.0 09) ( ,0 12) < 009) (.()01) (.OCIJI I rl/\ l J (.()501 (. IHI I ) 1.0111) ( 1.6 I r:? . .!) ( 1.5) 

/ ' .~tll":ltt.!I 6 0.14'.I 0.119 0.0 -15 0.020 0.060 I) 0 18 0.408 0.03-1 0.028 67.3 92 II .j Q J 
l 0tJ6) (.00'.l) (.005) 1.001) (.003) ( .004) ( 0.10) (,l/0 -ll (.00 1) (4 8 ) I /1.~ I 12.lil 
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Ta ble 5, Mnrphtlmctric charm:ters useful in ui~tingu1sh1ng 1axa or male P,·eudemy.v. Stand:.inl c1Tors are 111 parcnthe,c, belo" 111<"nIis . 
Sam ple ~i1e~ (NI follow taxn name~. Symhol, for characters (rntioq ;ire Ji:fit1cd in text. 

Mi\U · (N) SS/HW GS/HW LGHW II JPL IF./C L 

P ru/, r, i.,t•nlrn .!1 0.07.J 0.070 0.0-U 0. I '.?.J 0.096 

(.1}04) (.(Hll J 1.011:1) I 1105) !Ollb) 

r tll'h ll m 2b 11.079 \l. \ 09 () 045 (1,1)()4 o.c,:n 
I 005) \ ,004 ) (.00'.\I I.00,l I (.00 1 \ 

P uln/1111111111 " ·' ~ II.OSK 0 (182 0.041 0.1:24 0 .11'1I 

(.007) (.00 4 1 ( O<Hl I 11116\ (.11119 I 

I' J, ,,,,nwstd11ri,, 29 0.088 0.127 n .1100 0. 1-IJ II 1199 

( ()(J ,,) (.005) 0 ,0 ll(l ( .OOJ\ I .00 l l 

I' ( /l111'idww sn Cl I .17 1).1\99 0 .001 (I 1-1-1 11. 100 

i.006 I t. 004 ) ( 0111) 1.1101) 1,00 1, 

JJ, ,. mo/,1l,1n\/\ M, 0.1•15 0. 1 I l (J 000 0.14-1 0 111 

\ .0115) c.urnJ (\ 0()0 1.01!3) t.0 0') 

I' , \/IWlll/1 111'11,\i,\ 21 0.1 5 9 0 , 121 0 ,0()() 0. I -W II . I Ill 
( ()05) (.00 4 ) ll ()()() 10114) I .0()5) 

I' ' t/lflj fllntl ()() (L 16 '.\ 0 . 127 (),001 11, 111/ 0 . 100 

'()f):,, , OIi 1 l c Oil! J ( .002) (.()02) 

P ,. li11•undv11h11•11 24 0, 141 0 . 11.5 ll.0112 0 .1-1-1 \l ,0\/8 

( .006\ 1.004) t. 002 J I 00, l i ( 0041 

/' f llt l'ftl' l l :!J 0 . 11-1 \I.Oll!S 11,001 0.1 65 0 0 1/X 

( 011()) ( 005) {.001) (, (\1)5 ) t.0 07 l 

JJ f1•,w111 -Hl 0. 11 ! 0.0\/\/ (),04'.1 l/ , I !8 0 05R 
(.004) C OOJ) t.002) (.00• > (.0113 ) 

/ '. ~t1 f': li ,f.!I 1 1 0 .22-1 tl . I 29 (I 017 0.096 0 U-12 

LO I 6) (.OOJJ t 005) ( ,Oil.JI ( ()() -1) 

CL): ~ide~ of lthell steep. lateral angle of carapace (SA) 
grculcr 1h11n 100· in males (Fig. 9) and 110' in fcm:.tle$: 
, upratcrnporul stripe narrow. 7-10% of' hec1d width (SS/ 
H W): ~upr,llcmpornl and para·median head stripc~rn nnut:nl 
behind the eye orcontinuing anteriorly a~ one line ("hairpin" 
111nrking). upper tomium entirely rounded. no evidence nf 
notch or cu~r~: inf'ramarginal spots so liJ (without light 
t"enter) and not pn :~t:nl posterior to the bridge. 

Psl111de111ys 1exr111a and P. gnr::.11gi a.re distingubhed 
from other cooters by the following: cusps 011 upper jaw 
prominent. 3-6% of head width (LC/ I-IW): inguinal scute 
.:xtcnd~ forward and laternl edge of the pectorul ~cute ex
lends posleriorl y, dii,tance between inguinal scutc ant.I pec
roral abdominal sulc.:us le~s than 8o/c nf carapace length fE/ 
Cl ( Figs. I OD.E ;1nJ 11 ). Ward ( 1984) noted the pre~encc of 
large inguinal scutc~ in the original description of ~or:.11gi. 
Pst!udemys gor:.ugi is distim.:1 from P. le.rww by having the 
following character ,tales: short intcrfemoral seam. espe-
1.'iully in males. Jes:- than IO'k of plastron length (]L/PL); 
unul nowh of 1nJb, shallow. less than 4' /, of plastron length 
1AN/PL): anterior pla~tron Jess cur ved in female,. depth of 
ep ipla~tral lip less than 3% or plastron leng th (EP/PL): and 
-.upratemporal qrip e hn)au, espec ially in male:... greater than 
15~ of head width SS/H W ( Fig. 12). For fun her de~crip
tions of P. te.ra11a and P, gor::.11gi see Elchberger and I versnn 
11990) and Ernst ( 1990). 

Few character s separate the ret:ogni1,ed form~ of river 
cooters. P. cr>11ci111w. However, P. c . . 1t111·t11111i<·11sis may he 
distingu ished from other subspecies by having short underlap 
of the cervical scute. cervkul scute ventral length less than 
35% of dorsal length (CU/CS): nuchal bone genera lly not 
projected forwurd, rece5sion of ccrvic:i l .scute greater than 
2%- of carapace length (NR/CL) ; epiplas1ral lip curved. 
especially in females; and ground l'Olor of carnpm:e. legs, 

NR/CL CU/CS CD/C L NRICD 1\N/l'L SA f'G 

(J Olb 0 .562 O,OJ.J OA 94 om, 107. 1 45 . .J 
1.001 1 (.()19) 1.1)02\ L052) 1.0021 12.9) ( I. 9 I 
0.009 () b70 0 I) \.j 0 2~ •1 o o.n 111 1 ~(i I 

(. ()011 LO I 9) I OOJ 1 ( U.!7) I 1111.!) (I ~) (0 i)) 

ll.OJ .! 0.651 0 ()'\ .j O.J~O 0 I\..15 9X .-I -1'1 './. 
(.{)(12) f 11\)7) 1,002) 1.07 I ) ,.00, , 1 \ 2.3 I (0.91 
O,OUn fl,~\)~ 11 II~ 1 O. lhf, {)_(1,1/\ \ OQ.5 15.!\ 

1.00 11 ( 011) / 0021 (. () 15 l c 002) ( I 1) (0 .'J) 
0015 0.4')9 (1,(),, 5 0.-185 0.0 45 ')2. 7 4 7 , J 
( 001) I .02'\ ) ( 001) , o~ .1 , <.1101 l (I 1) (0.Xl 

U.011' 11.1-12 0.111.1 (l 51lJ 11.0 ,11\ llll 3 I 1,6 

t.00I l ( ()(ll/) (. ll0I) I ())1 ) (.0 02 ) ( I .I! (U 7) 

ll.020 0 ::!95 ().II~ 2 0 ~0 0 0 ,0-1 I ltl. I 41.9 

I 00 \ 1 dl I I l L0Cl2i ( 03h) t. 002) < I 1 l (0.71 

0 ()\ii 0 . I~~ 0 ,( 1) -1 0 ~ 1,1 0 .0-I CI R~ 0 -n .6 
I UOl I 1.01-11 (.00 1) 1,01-1> LU O I J (J.I) (II 5) 

0 0I l 0 3b I o n,•J 0 . 1(,X 0.04 1 X7. '\ 4•1 4 
( ()()\) (. 1118) (.l}\J.!) (.0 -18) ( 002) ( I .X) ( 1.0) 

() 111'1 0,-1 l~ (Ul'll 0.6.'\7 O.ll-1$ lJ'.l.<I ,15 0 

(, 001) (. 0 1 (,) (,0 1)1) ( 04-1) 1.002) tt. o l (0. ')) 
ll ,11I1 o .. ~-1() 0 .02!1 11.~77 0.0 ,5 81 . 2 -11, 1 

I 001) t.llO'l ) 1.00 11 I OJ$) t.002) 11.-11 (Olq 

0 .012 0 ,-1I -I 0.0.16 0,JJ 5 O.OJ6 ~8.1 -1().0 

I ()021 (,017) I 002 ) ( 0-101 (. 00'.1) (2. ,) (II K) 

and head ~001y black with five light green/ye llow stripes 
between the eye~. 

P.l'l.'11tle111ysf .f!11ridanr, may generally he distin guishet.l 
f'rnm eastern P. cu11ci1111a by the following ch:m-1cter ,talcs: 
po,terim ,hdl depth (at vertebral Ill - IV sulcus) 36<_'.18'7, of 
carapace length in fc1nale:;. 32-33% in males: vertical ur 
curved line~ on ~econcl pleur::il sc ute (no "c" mark or ~wirl 
pallern): marking~ ab~enl from plastron: anti fewer than 11 
head stripe~ al poste1ior edge uf tympnnulll {Fig. IOA ). 

DISCUSSlON 

Natural hybridi7utinn (probably very limited) has been 
reported between red•belli cd turtles and coolers (Crcm,haw, 
1955. l%5 ; Can- and Crenshaw. 1957: Seiclel and Pulmcr. 
199 1 ). Nevert heless. pre~elll results reveal that red-bellied 
turtle~ (P. alal,r111wnsis. I'. 11elsm1i, and /'. mhri1•mtris) 
colk ctive ly are morphometrically and hinchcmically dis
tinct from cooter.~ (Figs. 6. 7, and 8) . Presence or a shared. 
derived liver protein (pl 8.2) support~ the thesis that red
bellied turtl e, rorm a mnnnphylctic group (subgenu s 
Ptyc/1e111ys; Iver~on, 1992). Because thi~ rrotein and the 
broadly ang led xiphip lastron of red-bellied turtle , do not 
appear in P. texww. Ward· ~ ( 1984] inclusion of P. rern11n in 
Ptyd1emys can be rejected (Table 3 and f,'ig. 8). Funhe rmore, 
i-ome of the character states which Ward used t0 diagno~e 
Ptyi:hem,·.s ure not present in P. te.w11a ( 1.e., "c:u·::i.pnce 
~trongly rugo se ... poster ior marginal s without notch"). The 
-;imilariti es in crnnial morphology or the11c turLl.:s (which 
W:ird emphasized), inclu<ling cusp, un the upper jaw. may 
hnvea.ri~cn a!> homopla~ies result ing from convergent trophic 
habib (Jack"o n. I 978b). Some morpholngil.'al ove rlap oc
curs among the three red-bellied rnrtles. especinl ly P. 
alaha11w11si.1 und /' , mhril ·c111ris. However, they uppcur 
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P.f. peninsularis (P) 

P. texana (T) 

P. gorzugi (G) 

P.c. suwanniensis (S) 

P.c. concinna (C) 

P.c. hieroglyphica {H) 

P.c. metteri {E) 

P.c. mobilensis {M) 

P.f. floridana (F) 

P. nelsoni {N) 

P. rubriventris (R) 

P. alabamensis (A) 

Figure 6. Dcnurogrnm illu~trating the re,ull, 111 complett! ltnkuge clu•acr a11al) ,i, Vistttncc, cm 1he horizontal axis represent the number~ 
of morphometril' t·hural'ter, 11\l'erage_., bctwcrn male and female li,teJ in T11ble 2) that ~eparnte rnxu. Re,.,ults from uverngc linkage cluster 
unaly~is prmhrceu the ,ttmc topolog)' ext:ept that the p,bitron s uf P , •. 1111, u1111iemi ., and the \.'lu~ter of P. tl'w1111 and P. 6111:-1,gi are rever~ed. 

Jistirn.:1 enuugh to bt: rcwgn1zed as ~eparnte ~pet:ie,,. Spel·ie_., 
status for P. 11/alu1111e11.,·i.1, P. 11el.rn11i, and P. mhri1 •c•111ri., is 
ru,thersupponcd hy the1rbrouJly di~junt:t geograp hic range_., 
( Iverson. 1992). Tlw ~ingle i~ula1ecJ -"pee1rnen of P. ,1ds1111i 
from Liben y Co .. Texas. likely rep resent s an 111trnductinn. 

Morphumetric analy~i!, rt:vcaleJ very little ui,tin t:tion 
among MJJrtC of tl1e I ecogn 1LecJ ,ub~pc:c1es ,it n ver t:omer~. 
P.l't:11demy.1 cr111ci111w. The ~ub).,pecies P. c. 11w111:r1. ,~. , 
/,il'mgl_1phiw. P. , .. com 11111<1. und P. c. 111ohi/,,11.1i., hal'e 
been de~cribed priinanl y t)ll cu lur pa(tern und marking, . 
However. geograph ic V<ll'intion of the~e charal'ter~ tl11 ough

out mt>st of the Mt~!>•~~ippi und other Gulf ol Mexico 
drninagc ,y~ ten 1:-. ot:Clll:> Ml gradually that 11 ~uggt:,h clinal 
rather than subspeciti<: ,uriulioo. In J11,u1y part~ or thi, 
region . assignment to ~uh,p ecie~ is arbitrary . Mo lint ( 1975) 
found that he could 1111t ,ep.irute the tltree sub:,pe, 1e~ that 
reportedly ot:t:ur in Al,1buni.1 (co 11c11t1111. /11erugl\'p/1im, and 
l/lo/Jile11.,·1.,·) and reco111111cnded lhut 1hey, ulu11g with P. c. 
,\/lll'(lll llit>IJSis. be placed Ill lht: />) llull) lrly or /-1, l t 'cl/Jt '/111111. 

W,mJ ( 1984) dea lt with the problem by plal·ing P. c. 
111ohilemil in the ,y11onymy of P. ,·. hiemgfrpl11rn ant.I 
<Jeti 111 ng a bn.iucJ rcgi1111 fr, 1u1 Te>,.1t~ and Mi ,,orn t 1n Cie111 g1a 
and r:lurida u, a zone ul' i111.ergrada1ion for 111elleri, 

liicr ug/_111hi/'ll. und ( 011d1111u. A':-. pointeJ Put by Fro~, .me.I 
HiUi:, ( 1990), thi_., area ol reported intergrudution i, lurge1 
thnn the defined range:, vi i:,u,;h ,ub~pec1e~ ,1110 Ll1i:rt:1tll'e 
taxonomic rct:ogrntion i:, unwurru111ed. Allhough the ap
penrunl'C or river C<•oter:, l'rnm nppnsite emb ul' their rnnge 
(i.e., Tcx.i~ am.I Virg1111a) ,,, qui le different. deli11ea111111 of 
rnnge litnits fonhe vuriant_., i, e,:-.enti.tll) impu~~ible. fhere
f'urt:, ha:,cd on exte11!>i1e 111111phomelri,.: 11verlup a11d hio
d1e111icul ,imi larity It 1:, 1ci.:1111m1encJc:d that P. ,. 1111!/ll'I/. P. 
,·. /iiemgly11hic,1, as we ll n~ P. c'. mt1hill'n.1i,1. h-: plau :J in thl.' 
,y nnn ytn) of />, L t·r111t·1111111. 

Ri, er couter, 111 northern penin!>ulu1 !-1011cl.1 l u11e.11tly 
recognized ,1:, P. c·. ,,·u11w111ie11J; ,1, appc:ar J1s1111i.;1. A lthough 
morphometric analy:,i:, ( PCA) dicJ 1101 ,epa rate thi, laxon 

lro1n other populut1om, of P. co11l'i11110, there are character:, 
by which it can be Jistingu ished. Cluster analysi:. (F ig. 6) 
,eparn teu .,·1111•111111fr·11si.1 fro1u all form~ of P. 1·011Cilllw uncJ P. 
.f. ,ll11ridw1u. Bc:c,11,,e P. c. .1u11•1mllh•11sis appe.u-~ Lt> be 
alfopatric lo other {J. i·t111ci1111a (Conant and Collin s, 199 I). 
the recommeml<uion that i t be cnn~ldered a separate ,pecics 
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Vigurc 7. l lt:cli uph111 .:gr.,111~11f I 11 .:, prut.:111,~t:par.,teu by isudt:l'
tric fo,·u~111g, pll 7-8. Traci..~ rep1e,:,,ent ~amplcs fmm diffe,.:111 
individual turtle, arid variableelel ·Lmmorph" are iden1ificd by !heir 
i,oel.:ctri-: point~ (pl) lS.2 rn· SA. 
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P. gorzug i (G) 

P. texana (T) 

P. concinna (C_,E,H.M) 
P.f. floridana (~) 

P.c. suwanniensis (S) 

P.f. pen insularis (P) 

P. atabame nsis (A) 

P. rubriventris (RJ 

P. netsoni (N) 

Figure 8. Srricrconsen.~us tree (Jeri ved from the PAUP algorithm) 
~,p ressing phylogenetic relationships among species of Pse11de111ys 
-~ ,ell on one electrophorctic and 14 morphometric characters 

,1tJ in Tahle 3. Theco nsi~rency index is 0.70and length is 27. The 
:..,,e b rooted with an outgroup of Trad1e111ys and Graptemys. 
•0 ,t 11tle111ys c. cu11ci1111a, P. c. metll'ri. P. f florid1111a. P. c. 

, ru 1jl_1'J1'1ica. anJ P. c. 111obi le11sfa (C. E. F, H. M ) are treated as a 
• ,1mpu, ite because no difference in polarized character states was 
- 1u11J among these subspet:ics. 

l 1w,l und Hillis, 1990) can be accepted. lls range is limited 
·, the Gulf drainages of norlhern peninsular Florida from the 
~.tnta Fe River and lower Suwannee system soutJ1 to 1ivers 
,,,rth ol'Tampa Buy (Iverson and Etchberger. 1989: and Fig. 
":, 1. PritchJnl ( 1979) suggested that movement pattern~ of 

t 1i-,, turtk: muy he uni4uc among Pseudem_,w: limited terres-
1 ,al aLLivity, eryptie nesting, and "migration'" from rivers to 
.,en "~a water. 

fhe range of the Suwa nnee cooter, P. su11•a1111ie11sis. is 
• •mplctely wilhin the range of the peninsular cooter . P . .f 
.,, 11mw/a ,-is. and they appear to be morphological ly distinct 
r J. J 1. These rwo taxa occur together. along with P. 
, 11111i. in the lower Suwannee River system. Rainbow 

R., er. ltttd Withlacoochee River of Florida (Marchant!, 
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1-igure 9. 8i variaLe plot of cervical scute recess ion/cervicul ~cute 
., u.lth (N R/CD) versus lateral angle of carapace (S A ) for male P.f 
•' ,ridn11a ( F) and P. f pe11i11su/oris ( P). 

I 9-W: Iverso n and Eichberger. 1989 ). Psc11de111_,w f 
peni11sularis also occurs sympatTically with P. co11ci1111a in 
the Ochlockonee River system in tbe Florida panhandle (CM 
95927-28, 17054-55) . Phylogenetic and cluster analysis 
(Figs. 6 and 8) indicated that P.f pe11i11sularis has a number 
of charaeters which separate it from all other Pse11de111ys. 
Unfortunately. P.f pe11insularis is poorly represented in the 
fossil record, known only from Pleistocene deposits in 
Florida (Jackson. 1988). Carr ( l 938a) described pe11i11s11/aris 
n.s a subspecies of P. _/7vrido11a and reported that it inter
grades with P.f .f7orida1111 in northern Florida. However. the 
present morphometric analysis (PCA) does not support this. 
Lndividuals from northern Florida (presumed intergrades) 
did not generally plot in the zones ofover lap on PC II and Ill 
(Fig. 3). Based on these observations. it is proposed that the 
peninsular cooter be elevated to full species status, P. 
pe11i11s11/aris. Its range includes most of peninsular Florida 
anti west in the panhandle to the Oc:hlockonee River (Fig . 
13). Turtles from the Homosassa and Rainbow rivers (Citrus 
and Levy Counties. Florida), considered by Giovanetto and 
Morris ( 1992) to be intergrade~ with P. J: .f1orida11n, are 

A 

D 

Figure 10. Lateral view (A) of a young female Pse11de111ys f 
J1oridww from Onslow County, North Carolina (photo rirovided by 
The Nonh Carolina Wildlife Resources Commission): (B ) anterior 
dorsal view of tl1e carapace or P. f pe11i11s11laris illustrating the 
nuchal bone projecteJ forward: (C) anterio r dorsal view of the 
carapace of P. crmcimw i llustr;Hing recession of the cervical scute 
(nuchal not projected): (0) plastral view of the right bridge in P. 
rn 11ci 1J1ta illustrating a relatively shurl inguinal scute: (E) plastral 
view of the right bridge in P. 1exmw illustrating forwurJ exte,ision 
of the inguinal scute and posterior lateral extension of the pectoral 
scute. 
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Figure 11. Uivariate plot of in1erfcmu1·ut wtrns kngth/plastmn 
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rnl-,1bdominat ~ulcus/t:arapa1:e length ( IE/CL) for P. c. 111e11i:ri ( El 
am.IP. gw:11(/i (G) . 

presumably typica l v,,1i:lnts of P. pt111i11,rnlaris based on 
i11tcr1;,rrut.lati\/n coeffidcnts the author ~ present :mu geo
graphic location. It is po~:-ible that ~ome of the, a nation they 
observed 1s the result l>f introduction 111 these highly touri\1-
oricntcd ureas. Unfortunately the inve~tigators did not pre
~crvc ,111ucher <;pecimcn~ (L.A. Giovnnetto. JJff.l'. cumm. ). 

Di~tinction between the Florida c:ooter P. J: /1nridana 
and river cooter P. co11ci1111a has rcmaincJ one of the mo.<.I 
perplexing problems in turtle taxonomy. Recent ly, Seit.Jc! 
anJ Palmer ( 1991) were unable to scpamte these taxu in the 
central Atlant ic drainages using morphometric chara cter,. 
and indicated they might be conspec1tic. The pre,ent anuly
--:1,. which exa mined many aJditional turtle· from more 
southern :md western portion:-. of the range. still did 1101 

clearly distinguish these specie~. Specific u~1,1gnment of 
,ome individuals was impo~sible using all of the reported 
key churucteristic~. Loc:il population:-. are sometimes poly
morphic . th.:monstrnting nearly a full rnnge of tlu1rac1cr 
states. Along rhe Atlantic slope uniinuge~. there i~ a P. c. 
m11ci111w morphotype (, haJlow carapace with ,wirl mark
ing~. plu,tron with darl, central figure .111d head with more 
than 11 head mipe~) which inhubit:-. PieJmont sections nf 
ri\'er:-.. It i:-. ca~ily distinguisheu by color paltcrn~/markings 
from a P./ Jloridw1a morphot ype ( deep c:m1pace \\ it h w;I\) 

light bar, on costal M:uLes and no marking:-. on pl:lstron 1 
which occurs on the coastal plain (Seidel and Pu I mer, 1991 ), 
However. 1J1ese turtles arc not morphometri c:ally distim:l, 
and ba,cd on their marking~, they ~,ppear to intcrgradc along 
),urm: region:, of the Fall Linc in Orth Carolina, South 
Curolin.1, and Georgia. In other regions near the Fall Linc 
and uppercoa~tal plain of these states, 1u11les with distinct P. 
n1111·1111w features inhabit portions of rivers (e.g., Savannah 
River) in c:)u),c proximity to lentic waters inhabited hy tun le~ 
with very typical P . .fl11ridwu, marking~ (e.g .. Carnlina bny!> 
ne:ir Aiken. South Carolinu). Nevertheless, the two dislim:t 
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Figure 12. Bivariate plut orsupratcmporal ~tripe width/head withh 
rSS/HWI \'ersus cervical ,cutt! wi<l1h/c;arapact kngth (CD/CL) 1·or 
male P. g11r:.11gi (G), and P. rexmm (T). 

form), (color patLern mc.irphotypc),) do not seem to occur in 
Lhe ~ame body of water ( microsympatry ). Pcrhap), different 
habitat preference), are ,t1fficient to ma111iain rcproducti,e 
isolation in ~ome regions, but not 111 other, (where: they 
intcrgrade). Thus, gene llow muy be intermrtrent. Similar 
,;ituation~ may occur ulong the coastnl plain nnd Fall Linc of 
the Gulf dr::iinagcs. AlLhlJugh lh!.! present i.tlldy did not 
examine e<,pcc:inlly large number~ of lurllc:. from thc,c 
aren),, nccounl~ of interactions between co11c1111w anti a 
"f711nclwu1" type turtle in Alabama ( Mount. 1975) and Loui
,iana ( Fnhcy. I 980: Dundee and Rossman. I 989 J are ~i,111 lur 
to 1ho.-.c for the Atlantic ,ta le~. Clearl). the relation,hip-. of 
the.'.c P1l'ICde111_1·x arc complex and do not ct111for111 10 tradi
lion:il ~pecie~ paradigm~ . cspc1.:ially the ' 'bio logical spe
cies" . Hedges ( 1990) noted that "~peciation i:, a dynamic 
pmce:,:, and we should expect borderline cu-,e,." If P. f 
jloritlan,1 and P. c co11ci1111a in the Atlamic ,talc~ urc 
con~it.lered taxonomically di~Linct, they nre be,t treated as 
~ub~pccie, (following in part. Corr, I 935. 195::!J. Because 
Agas..,i1 ( 1857). \\ ho ,elected conn1111{1 u,erjlorid(llw. wa.\ 
apparently the fir~L re, i,eno tre~1t the!-e turtle" cnn~pcci fieally 
(Smith and Smith, 1980: Bour. in pr1::,:,: H.M. Smith, p<•rs. 
comm.). /Toridt111a and co11ci111w arc rccogn 11,eJ as ~ubspe
cie, of P. co11ci111w (rather than P. jloridmw ~e11s11 Carr. 
195::!J lollowing Article .N of the lnterna11011al Code of 
Zoologi1.:al Noment'lnture (ICZN. J 985 ). Obviously, the 
range limits of the"c two :,ub~pccie~ urc di!'fi~·ult to define. 
l everthclc,~. Ps1111demys c. co11ci111w ii. here con~idered to 
be broadly distributed in lotic habitats from custem Texa:,. 
Oklahoma und Kansa.'.. throughout the Mis"i).,ippi and other 
northern Gulf drainages. norrheust to Virginia along the 
Atlantic Piedmont. and extending 10 the co:1,1ul pluin in 
:-.ome of the larger ri,ers (Fig. 13 ). Psem/e111ys c. jlnrir/0110 
occurs along 1he l.Outhcrn Atlunticcoa5tal plain (in generally 
lcnlic waters) from Virginia south to the FloriJn panhandle. 
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F igure 13. Distribution of coate rs (P. c. conri111w. C: P. i.jlorid1111n. F: P. gor::.ugi. G: P. pe11imwluri.1. P: 
P. s11wa11t1im~is, S: :ind P. 1e.rw1,1, T) in the United States and Mexico . N ot indicateJ. the r,1nge o f P. 
pe11i11.wlaris (P ) also occur~ throughout the d istribution of P. s11wo1111ie11sis IS) . 

• , Jrens near the Fall Line it forms z.one~ of intergradation. 
pr;\ patry or macro sympa try w ith P. c. co11ci1111a. 

A prob lem wi th the type location for P. c. fl oridana 
p..-r,1,b. whe ther it is recogn ized at the species or subspecies 
.<", <"L Carr ( 1935) . Ward ( 1984) and Bour (in press) have ali 
t'<.•J:lted out that LeCo nte's ( 1829) type locali ty "St. John ' s 
:.\ er of East Florida ". without designated type specimens , 

, .1, in a reg ion of intcrgradation . Now this location may be 
~ \\ Cd <1, a region of parapatr y or sympatr y for P. c. 

•• ,·1d<11111 and P. penin,rn!aris. Bour (in press) has recently 
· -._:ared the shell (MNHN 9170) of a turtle he belie ves was 
;:-_rt of LeCo nte 's type seri~s. but its specific identification 
":'..,d in~ uncertain. Clearly this problem need s to be ad
,1-:~,-,-ed ifjlo ridana continues to be recognized as a tax.on 
,1 .;1i111:t from P. c, co11cin11a. Characterization of the western 

11irs of P. c.jloridana remain s tentative . Analysis of more 
, .. ~.:i mens from the low er Mis siss ippi drain age and alo ng 
:n-: .1 e,te rn Gulf coas tal plain (wes tern Florida to T exas) 
T"?tfh t revea l population s referable to P. c.jlor idana. How 
'-'' er. further examination m:i.y also cas t more doubt on the 
ut;l 1t> of taxo nomi ca lly rccognizingjlorida11a. Finally, it is 
r,,1e,, orthy that juvenile P. c . .flurit!ona and P. r. co11ci1111a 
,,!ten can not be distinguished. and so metime s hatchlings 
.-.. ,,m J ,in g lec lutch of eggs sho w a full range of subspec ific 
_·hJ.racter states . Deve lopment of diagnostic markin gs may 
~ ontogenetic, but the po ss ibility that these taxon omic 
diffe rences are only phenotypic, induced by env ironmental 
~t,ndi tions (e.g .. lentic or lotic habitats or nes t site cond i
:11111:-/. sho uld not beentirelyd iscounted. Recently , Etch berger 

concemration and temperature of incubating slider runle 
eggs ( TrachemYs scrip ta) can influence the presence of 
plastra l m:irking s. However. im.ilar tests on incubating eggs 
of Pseudemys co11ci1111a were not as conclusiYe (M.A. Ewert, 
pers. comm.J. 

fn the southw estern extreme of the range. two addi tional 
Pseademys are recognizab le: P. texana. endemic to the 
Brazos, Colorado, and San Antonio river syste ms of cemral 
T exas : and P. gor~11gi, endemic to the lower Rio Grand e and 
Pecos river sys tem s of Mexic o (Co ahuila , Nue vo Leon. and 
Tamau lipas ), Texas, and New Mexico (Fig . 13). Ward' s 
( 1984) elevation of P. c. texa11a to a species has been 
generally accepted (Dixon, 1987; King and Burke. 1989: 
Conant and Cullins, 1991: Iver son, 1992) and is supported 
by morphom et1ic resu lts. Howe ver, his plac ement of gor z,ugi 
as a subspecies of P. conci1111a remained controversial. 
Ernst's ( 1990) eleva tion of P. c. gor~ugi to spec ies status was 
que st ioned by l verson ( 1992) because it was done without 
analysis. The present ~tudy using prin cipal compon ent~ 
(Fig. 4 ). cluster analy sis (Fig. 6). and cladi stics (F ig. 8). 
indicate s that P. texcma an<l P. gorwgi are di stinct from each 
o ther and from other spec ies of Pseudemys . They are appa r
ently allopatric and ~pecies level recog nition is acceptable . 
A mor e detailed exa mination of P. texana and P. gorz,ugi (in 
prog ress. autllor with J.R. Dixon) should clarify the tax
onomy and di stribution of these turtles in T exas . 

In conclu sion. there continu es LO be ample ev idence thut 
relationships in the genus Pse11de111y,t are complex. Never
thele ss . based on revi ew of previous work and results from 
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Figure 14. Dorso lateral views of the species of coolers recognized in this paper: (A) young Pseudemys pe11i11s11/aris, Florida: (B) juvenile 
P smrwmiensis. Marion Co .. Florida: (C) female P. gorzugi, Maverick Co .. Texas; (D) juvenile P. texana, Palo Pinto Co., Texas: (E) male 
P. co11ci1111a. Warren Co., North Carolina; (F) female P. concimza, Summers Co .. West Virginia. Photograph s A-E by R. Wayne Van 
Devender. 

P~eudemys is recommended: 

Subgenus Ptychemys Agassiz, 1857 
Pse11demys alabamensis Baur. 1893 
Pse11demys nelsoni Carr, 1938b 
Pseudemys rubriventris (LeConte , I 829) 

Subgenus Pseudemys Gray. 1855 
Pse11demys co11.ci1111a concinna (LeConte, 1829) 
Pseudemys co11cimwfloridana (LeConte, 1829) 
Pse11de111ys gorzugi Ward, 1984 
Pse11demys penins11/aris Carr, l938a 
Pseudemys suwa1111ie11sis Carr. 1937 
Pseudemys texcma Baur. 1893 

Specie of coolers tsubgenus Pseudemys) are i !I ustrated 
in Fig. 14. 
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