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AB STRACT. - A population of Pseudemys, belonging to the red-bellied turtle group, was recently 
di.scovered in the lower Pascagoula River and Biloxi Bay watersheds in Mississippi. It is prese ntly 
state-listed as endangered and is ranked "Sl " (extremely rare) and "G l " (extremely rare throughout 
its known range) globally by the Natural Heritage Program Network. The taxonomic status of this 
population remains unresolved, largely because of its close morphological affin ity to the Federally 
endangered Alabam a red-bellied cooter, Pseudemys a/abameusis (Emydida e), from the Mobile Bay 
area of Alabama. We review the taxonomic history of P. alabame11sis and address the taxonomic 
1·elationship between P. alabameusis and the n ew population, here called the Mississippi red-bellied 
cool er, based on shell morphology . Fourteen morphological traits were measured from P. alabamensis 
and Miss issippi red-bellied cooters and compared with the syntopic river cooter (P. co11ci1111a). The 
goal was to determine if the Mississippi red-bellied coot er differs morphologically from P. alabamensis 
and irpotential differences warrant taxonomic revis ion and desc ription of the Mississippi red-bellied 
cooter as a distinct taxon. Principal components analyses followed by MA OVA and Bonf erroni/ 
Dunn post-hoc tests (using principal component scores) indicated that red-bellied cooters from 
Alabama and Mississippi form a distinct group that is distinguished from P. co11ci1111a based 
primarily on the ventral length of the cerv ical scute. MA NOV A indicated differences between P. 
alabameusis and the Mississippi population with respect to dorsal width of the cervical scute. There 
were also differences in the dorsal width and ventral length of the cervical sc ute between Alabama 
and Mississippi populations of P. co11ci1111a. Hence, diff erences between P. alabamensis and the 
Mississippi red-bellied population probably reflect concordant clinal variation in morphology 
similar to that found in P. co11ci1111a. We do not recommend recognition of the Mississippi red-bellied 
cooter as a distinct taxo n, rather ou r study indicates that P. alabameusis is not restricted to the 
Alabama Mobile Bay region and warrants recognition of P. alabameusis populations in Mississippi. 

K EY W o ROS. - Reptilia; Testudines ; Emydidae; Pseudemys alabamensis; turtle; distribution; tax
onomy; morphology; clinal variation; conservation; Mississippi; Alabama; USA 

Th e Alabama red- b e lli e d coote r. Pseud emys 
alaba111e11sis. was desc ribed by Baur ( 1893) and was prev i
o usly includ ed within the de sc ripti on o f Pseudemys 
mohil emis (= P. co11ci1111a 111obil e11sis) by Holbroo k ( 1838) 
and Ptychemys mobil ensis (= P. c. mobi/ e11sis) by Agas siz 
( 1857). Neith er spec imen from the Gustave Kohn co llec tion 
(now in the United Stat es Nat iona l Museum. USNM 20966 -
7) that Baur ( 1893) used forthedescripLion of P. alaba111e11sis 
was spec ified as the holotype. McCoy and Vogt ( 1985) 
designated USNM 20966 as the lec tolype: this is an adult 
male co llecte d at the Lype loca lity. ··Mob ile Bay Ala." 
Sub sequent LO Vio sca ( 1923) . and before Crenshaw ( 1955) 
and Carr and Crenshaw ( 1957) returned P. ({/aba111e11sis to 
spec ies starus, the Alabama red-bellied coo ter was considered 
to be an invalid taxon and was designated as a ·'mutant of P. 
.floridana 111obile11.1·is·· (=P. co11ci111w mobilemis) (um, 1938a). 
ora va1i an1of"P. jlo rida11asmrm111ie11sis" (=P. c:. suH·a1111ie11sis) 

(Carr . 1952). ll was a lso includ ed within what is now P. 
11elso11i (De So la. 1935) . o r cons idered a subspec ies of P. 
m bril'e 111ris (S tejnegc r. 1938; Wermuth and Merte ns, 196 I. 
1977). Al Lhough P. alaba111e11sis i · now ge nera lly accep ted 
as a va lid species (Mc Dowe ll. I 964: Weave r and Rose, 
1967: Ernst and Barb our. 1972 . 1989 : Mount. 1975: Behler 
and Kin g. 1979 : Meany. 1979; Pritchard. 1979: McCoy and 
Vogt. 1979 . 1985: Dobie . 1982 . 1985. 1986 . 1992 a. 1993: 
Ward. 1984 : Seidel and Palmer. 199 1: Iverson. I 992: Seidel. 
1994: Ernst et al.. 1994) . some investigator s have indica ted 
the possib ility tha t it may be a subspec ies of P. ne/so11i 
(C renshaw. 1955 :CarrandCren shaw . 1957:Jackso n.197 8; 
McCoy and Vogt. 1979). 

Pseudemys alaha111e11sis (Fig . I) is most closely al lied 
w ith members oft he P. mbri l'e111risspecics comple x (i.e .. P . 
alaba111e11sis. P. 11els01ri, and P. ruhri\le111ris. see Seidel and 
Palmer. 199 1: Seide l. 1994) based on Lhe prese nce of a 
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Figure 1. Female red-bellied cooter, Pseudemys a/abumensis, 
from Alabama (top) and male from Mississippi (bottom) . Photos by 
Robert H. Mount and Thomas M. Mann. 

centra l a.otch in the upper jaw bordered by a cusp on each 
side, a vomer forming part of the triturating surface, and a 
prefrontal arrow fom1ed from the meeting of the sagittal 
head stripe with the supratemporal stripes. The prefrontal 
arrow is often broken, with one or more breaks in the sagitta l 
stripe, particularly in larger specimens (Carr and Crenshaw, 
1957). Breaks in the sagittal stripes are common ly posi
tioned such that the sagittal stripe does not join with the 
supratemporal str ipes which typically unite at the midline 
dorso-posterior to the nares. Some individual P. concinna, 
P. texana, and P. gorzugi (Ernst, 1990) also have an upper 
jaw notch with cusps, a prefrontal arrow, and an orange-red 
plastron (e.g ., Pig. 1, bottom) that suggest inclusion of these 
species within the P. rubriventris group (Ward, 1984). 
However, other morphological features and liver proteins 
link.P. alabamensis with othermembersoftbeP. rubriventris 
complex and differentiate it from membersoftheP. concinna 
complex (McDowell, 1964; Weaver and Rose, 1967; Seidel 
and Palmer , 1991; Seidel, 1994). Seidel ( I 994) re-evaluated 
the inclusion of P. texana, P. gorzugi, and P. concinna in the 
P. rubriventris group and concluded that many featu res used 
by Ward ( 1984) were homoplasous features shared by P. 
texana, P. gorzugi, P. concinna and members of the P. 
rubriventris complex. Seidel (1994) recognized a mono
phyletic P. rubriventris group based on biochemical and 
morphological evidence. 

Pseude,nys alabamensis, as currently understood, is 
restricted to the brackish and fresh waters of tbe lower 

portion of the Mobile Bay drainage system in Mobile and 
Baldwin Counties. Alabama (Mount, 1975; McCoy and 
Vogt , 1979, 1985; Dobie, 1985. 1986. 1992a. 1993; Ernst et 
al., 1994; Nelson, 1995, 1996. 1997). Mount ( 1975) also 
noted the existence of a popuJation in Little River State Park 
Lake, Monroe County , Alabama. that has since been extir
pated (R. Mount, pers. co111111.). Allen (1932) reported a P. 
alabamensis from the Tchouta cabouffa River (a tributary of 
the Biloxi Bay watershed in Harri son County . Mississippi. 
see Fig. 2) and numerous reports have indicated that indi
viduals have been found as far east as Apalachee Bay. 
Florida (the latter specimens were assumed to be waifs, see 
Dobie, 1993 and Ernst et al.. L994). The identification 
and/or reported localitie s for many Florida spec imens 
have been invalidated or questioned (Mount. 1975; Dobie, 
J 993; Ernst et al., 1994). hence. the cur rent accepted 
range (see Mount , 1975: Ernst et al.. 1994) makes P. 
alabamensis one of the most geographically restricted 
emydid turtles in the United States. According ly, P. 
alabamensis was designated as a Threatened species by 
the State of Alabama in 1986. and was subseque ntly 
listed as an Endangered species by the U.S. Fish and 
Wildlife Service (USFWS) in 1987. 

In J987, a reproductiv e ly active populatio n of red
bellied coote rs was discovered in the lower Pascagoula 
River , Jackson County, Missi ssippi (Fig. 2). that possessed 
morphological characteristics mo L imilar to P. alabamens is 
(relative to other members of the P. rubrive11tris group). 
These characteristics include paramedian head stripes which 
extend anterior to the orbits, except in melanistic adults (a 
feature which distinguishe s P. a/abame11sis from P. 11e/soni 
[Carr and Crenshaw, 1957]), and a highly domed carapace 
(Fig. 1, top) unlike that of P. rubrivewris (Ernst et al., 1994). 
Populations of red-bell ied cooter in Mi ·i sippi have been 
regarded since 1987 as somewhat distinctive from Alabama 
populations of P. alabamensis, po ibl) even distinc tive at 
the species level (Dobie, 1992c). This undescribed popula
tion was listed as Endangered by the State of Mississippi in 
1992, ranked SI (extremely rare) by the Mis issippi Natural 
Heritage Program. and is listed by the Heritage Network as 
GI (extremely rare through out its known range) (see 
Buhlmann and Gibbons , 1997). Although the population has 
not been recognized as taxonomically distinct, it was 
listed as a Federa l candidate "CT specie . by the U.S. 
Fish and Wildlife Service. Throughout this paper we 
refer to this newly discovered and isolated populatio n as 
the Mississippi red-bellied cooter (see also Buhlmann 
and Gibbons, 1997) in di tinction to the Alabama red
bellied cooter, P. alabamensis . 

Little has been published on the natural history of P. 
alabamensis and the Mississippi red-bellied cooter. However, 
information available from a number of unpublished research 
reports conducted from the late l 980s to the present has added 
significantly to our knowledge of habitat requirements. diet, 
behavior, reproduction, seasonal movements. and population 
trends of this species (see Dobie. 1991. I 992a.b; Floyd, I. 995; 
Floydetal. , 1998:Nelson , 1995.1996, 1997). 
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Figure 2. Collection sites for Mississippi red-bellied coolers (Pseudemys a/abamensis) in Mississippi. Stars indicate sites a1 which one or 
more voucher specimens were collected: solid dots indicate sites where one or more specimens have been caplllred. measured. marked. 
photographed. and released. Map based on Mann et al. (2000). 

Lydeard ( 1995) compared mtDN A ( cytochrome B) 
sequences of P. alabame11sis and the Mi ssissippi red-belli ed 
cooter and found that the two populations were indi stin
guishable. However. P. co11ci1111a and P. alabame11sis (two 
species that Seidel. 1994, recognized as morphologicall y 
and biochemicall y distinct) also could not be di stinguished 
from each other based upon mtDNA. Hence. morphological 
analyses may provide new insight into the degree of diver
gence between the A labama and Mi ssissippi red-bel li ed 
coolers otherw ise not detected by conservative genes (see 
A vise et al. , 1992). Herein. we compare 14 shell character
isti cs of the Mi ssissippi red-bel lied cooter and A labama red
belli ed cooter (P. alahamensis) to determine whether these 
populations are morphologicall y di stin ct or not. For out
group comparison, morphologi cal trait s were also measured 
from the syntopic riv er cooler (P. conc inna ). If differences 
between the red-bell ied ru11le populations are signifi cant. 
taxonomic elevation of the red-belli ed wrll e population in 
M ississippi to species or subspecies staws may be war
ranted. 

METHODS 

We measured 14 morphological trait s from the carapace 
and plastron of23 7 lllrtle s includin g 11 I P. alabamensis (33 
males. 78 female.) from the lower M obile drainage system 
in Mob ile and Baldwin Counties. A labama. and 22 Mi ssis
sippi red-be I lied coot er:,. ( 12 males. IO females) from several 
tribut aries in the Pascagoula Ri ver and Biloxi Bay water
sheds in Harr ison and Jackson counti es, Mi ssissippi (see 
Fig. 2). We also measured 79 P. co11ci1111a (38 males. 4 1 
females) fr om the Mobil e drainage, Alabama , and 25 P. 

co11ci1111a (9 males. 16 females) from the Pascagoula. Bilox i 
Bay. and Jourdan River drainages in M ississippi . Most data 
were obtained from li ve animals collected in the summers of 
1992 and I 993, but skeletonized museum specimens were 
also measured. A l ist of those specimens is provided in the 
Appendix. Shells of some ind iv iduals had morphological 
anomal ies and/or deformities and were excluded from the 
analyses. as were indi v iduals damaged by automobil es, 
motor boat propel lers. and/o r alligators (A lli ga tor 
mississipp iensis). Furthermore. we only used data from 
, pecimens with a mid-line carapace length ~ 120 mm and 
examined males and females separately to reduce effec ts 
associated wi th ontogeny and sexual dimorphism (see also 
Seidel. 1994 ) . 

Morphol ogical trait s were measured with cal ipers and 
included the following standard measures used to distin
guish species in the genus Pseudemys (see Seidel. 1994 ): 1) 
mid - line carapace length (CL): 2) shell depth at junction of 
2nd and 3rd vertebral scutes (SD2-3); 3) shell depth at 
junction of 3rd and 4th vertebral scutes (SD3-4) : 4) carapace 
width at junction of 5th and 6th marginal scutes (CW5 -6): 5) 
carapace width at juncti on of 7th and 8th marginal scutes 
(CW7-8) : 6) mid - l ine plastron length (PL ): 7) dorsa l 
w idth of the cervical scute (CSDW ): 8) distance between 
epipl astron and nuchal bone (Ep-CSD ) : 9) mid - l ine 
epip lastral depth (Ep D): I 0) anal scute length (AS L ): 11) 
di stance between ax i llar y and inguinal scutes (A X -IN ); 
12) ventra l length of the cervical scute (CSVL ); 13) 
dorsal length of the cerv ical scute (CS DL ); and 14) 
ventral width of the cervical scute (CS VW ). For illu stra
ti ons of morphological charac leri st ics see Seidel and 
Palmer ( 199 1). 
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Statistical analyses largely followed 1he methods of 
Seidel ( 1994). Principal component analysis (PCA) was 
applied (using JMP. SAS lnstituteVersion 3 and NTSYS. 
Applied Bios1a1is1ics Inc.). and principal component scores 
for all 237 turtles were calculated collectively. PCA pre
vented biases in the results that may occur from a pri or i 
assignment of groups (i.e .. species and/or populations) used 
in discriminant analysis. Bivariate plots or principal compo
nent scores were then visually examined to subjectively 
assess the extent of morphological divergence or similarity 
among and between red-be! lied coa ters and P. co11ci1111a. and 
between sexes (Pse11de111_,·s are sexually dimorphjc . see 
Gibbons and Lovich, 1990; Seidel. 1994). Statistically sig
nificant differences in morphology were 1hen 1e. ted with 
MANOVA followed by Bonferroni/Dunn post-hoc 1ests to 
control for alpha (using Statview. SAS Institute. Version 
5.0). This procedure controls for multiple comparisons by 
dividing alpha (o:. = 0 .05) by 1he total number of planned 
contrasts in the model (Toothaker. 1993) . 

RESULTS 

The first factor (PC I) extrac1ed from PCA was size
related (see also Seidel. 1994) and accounted for more 1han 
74% of the variance in al I male and female 1urtles. Eigenvec
tors for all morphological characters were high and positive, 
with CSVW. CSDW. and CSVL having the lowest loadings 
(Table I). PC II accounted for 8% of1he remaining variance. 
and PC Ill accounted for approximately 7%. Thus. principal 
components I.JI. and Ill co llecti vely acco unted ror 89% 
of the total variance among male and female turtles 
(Table I). No individual principal component sco re con
tribu1ing IO the remaining variance was grea1er 1han 
2 .5%. Visual examination of PC I versus PC n bivariate 
plots for all male and female individuals indicated that 
PC TI readily allowed for differen1iation between red
bellied cooters and P. c<mc i1111a (Fig. 3: MANOVA F3.rn 

Table l . Res ulls ob tained from pr inci pal compone nts analyses (fo r 
PC I. PC 11. and PC Ill only). Charac ters are described in Se ide l and 
Palmer ( 1991 ). 

PC l PC II PC lll 

Eigenval ue: 10 .4239 1.1567 0.9343 
Pcrce nl : 74.4568 8.2628 6.674 1 
Cum ulative .Pcrcenl : 74.4568 82.7 196 89.3936 

Eige nvector, : 
Carap ace Length 0.9696 0. 1466 0.0824 
She ll Dep1h 2-3 0.9762 -0.0630 0.0453 
Shell Dcplh 3-4 0 .9729 -0 .0537 0.0729 
Carnpace Width 5-6 0.9663 0.1635 0.08 15 
Cara pace Wichh 7-8 0 .9559 0.22 14 0.079 1 
Plaslrun Leng th 0.9857 0.0744 0.0669 
Cerv ica l Scute Dorsal Width 0.52 10 -0.0970 -0.78 15 
Epiplastron-Nut hal Distance 0.893 1 0.2274 0 .108 1 
Epiplast ral Depth 0.8280 -0.3848 0 .0228 
Anal Scutc Length 0.9079 0.0605 0 .0344 
Ax illary- Inguinal Dis1ance 0.887 0 0.0458 0 .1615 
Cerv ica l Ventral Length 0.50 50 -0.8 105 -0.049 1 
Cer vica l Dorsal Leng th 0 .8'1-10 -0.2525 0. 1649 
Cervica l Ve ntral Width 0.6613 0 .3340 -0.4960 
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Figure 3. Bivariate sca tlerplot or princ ipa l comp onem scores (PC 
I and PC II) for red -bellied coo lers (P. tilaba me11si.l') from Alaba ma 
and Mississ ipp i compared with river coote rs (P. co11ci111w) from 
Alabama and Miss issippi. Crosses= P. alabamensis. ope n circles 
= P. amci1111a. 

= 289 . p < 0.000 1 ). PC 1l was primarily related lo CSVL 
(Table I). 

Examining each species separately. bivariate plots (Fig. 
4) indicated 1ha1 PC I separated male and female red-belljes 
(PC I is a combination of charac1crs related to s ize, sec Table 
I). This was 1101 surprising because females are larger than 
males (MANOVA F1ws= 25 . p < 0.000 1. for red-bellied 
coolers from Alabama and Mississippi analyzed collec
tively). Similarly. bivariate plo1s of PC I. 11. and Ill for P. 
co11ci1111a from Alabama and Mississippi (Fig. 5) indica1ed 
thai PC r separated males from females (MANOV A F1~. 18v= 
27 . p = < 0.000 I). Hence. all subsequent analyses were run 
separately for each sex (see also Seidel, 1994). 

Visual examinaiion of bivariate plots of PC I, n. and ITT 
indicated 1.hal there were no discrete differences between 
male or female P. a/abamensis when compared, respec
tively. 10 male and female Mississippi red-bellied cooters 
(Fig. 4). However, Bonferroni/Dunn tests (adjusted ex = 
0.025) following MANOV A (using all male wnl es com
bined Ln = 95) and all female turlles combined l11 = 142]) 
indicated a significant difference for PC m between female 
P. a/aba111ensis versus female Mississippi red-bellied coo1ers 
(p = 0.007), and a marginal difference between male P. 
a/aba mensis versus male Mississippi red-bellied coolers (f? 

= 0.0259) . Pc m was primarily rela1ed toCSDW (see Table 
I). No detectable differences were found for PC I or PC n for 
males or females (p ~ 0.09). 

Visual examination of bivariate plots of PC I, II. and ITT 
indicated no obvious differences between male or female P. 
co11ci111w in Alabama when compared. respectively, to male 
or female P. co11ci1111a in Mississippi (Fig. 5). However. 
Bonferroni/Dunn 1ests (adjusted o:. = 0.025) following 
MANOVA (using all male turtles combined [11 = 951 and all 
female wrlles combined [11 = 142J) indicated a significant 
difference with respect to PC Tl and PC Ill for female P. 
co11ci1111a from Lhe two localities (PC TI, p = 0.004: PC 111. p 
= 0.0 1 ), but no significan1 difference in either parameter for 
male P. co11ci111w in Alabama and Mississippi (p ~ 0.2). PC 
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Figure 4. Bivariate scatterplots of principal component scores (PC 
I. PC 11, and PC III) for red-bellied coolers (P. alaba111e11sis) from 
Mississippi and Alabama. Cros~es = female~ from Alabama. solid 
squares = males from Alabama. open circles = females from 
Mississippi. open squares= males from Mississippi. 

II was primarily related to CSVL, and PC ITI primarily 
related to CSDW (see Table 1 ). There were no detectable 
differences for PC I (components related to overal l body 
size, see Table J) for male or female P. concinna from the 
two localities (p ~ 0.3). 

DISCUSSION 

Differences in the cervical scute detected between P. 
afabamensis and the Mississippi red-bellied cooter do not 
warrant recognition of the Mississippi population as a dis-
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Figure S. Bivariate scauerplot~ of principal component scores (PC 
I. PC 11. and PC Ill) for river coaters (P. co11ci111w) from Alabama 
and Mississippi. Crosse~= females from Alabama. solid squares= 
males from Alabama. open circles = females from /Vfosissippi. 
open squares = males from Mississippi. 

ti net tax on given that P. co11ci1111C1 from the same two regions 
exh ibits similar morpholog ica l differences. Rather. P. 
alaba111e11sis and P. concimw appear to be somewhat con
tiguous throughout Alabama and Mississippi and exhibit 
similar clinal variation in morphology. Broad coastal dis
persal seems likely based on numerous reports or oceanic P. 
afabamensis (i.e., waifs) occurring along the coast of Ala
bama and Mississippi (and in some cases beyond the regions 
we sampled, see Dobie, 1993. and Ernst et al., 1994). 
distance moved by radio-telemetered P. alabamensis 
(Nelson. 1996), and evidence that P. afaba111e11sis is highly 
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tolerant to seawater conditi ons (i.e .. the ex istence of bar

nacles. Balc11111s improvisus, on a number of specimens we 
co llected, and records of an individua l co llected on Horn 
Island. a distance> IO km from the mainland. see Fig. 2) . 

Our current understandin g o f the distribution of P. 
alabame11sis in M ississippi is prov ided in Fig. 2. Based upon 
records for the western-most Alabama population in Bayou 

La Bau·e. A labama. and the eastern-m ost Mi ssissipp i speci
men found on South Rigo lets Island. Mississippi, it appears 
that Alabama and Mi ssissippi population s may only be 
separated by a linear d istance of approximately I 6 km . 
How ever. the Rigole ts Island reco rd consisted of a single 
dead hatchl ing that was prob ably a waif from the Bayou 

Cumbest area. The shortest aquatic route from Bayo u La 
Ba1re to the we ll documented populations at the mouth oft he 
West Pascagoula River is approximately 37 km. 

Fossil evidence is inadequate to assess whe ther P. 
alabc1111e11sis former ly existed in river systems ou tside it s 
current range. Simi larly. surveys may not have noted the 

comemporary existence of thi s tunl e in other river systems 
due to it s rari ty and the di fficult y in distingui shing it from P. 
co1wi1111a. or alternative ly. it may have been recognized. but 
classi tied as a variant of P. co11ci1111a (see above). Therefore . 
it is impo ssibl e lo determine whether the present range of P. 
afaba me11si.1· is expanding or has been decreased through 
ex tirpation from a fo rmerl y more extensive range. 

We recom mend that the Mi ssissippi red-bellied coa ter 
population continue to be Federally protected under the U.S. 
Endangered Species Act as a disjunct population of Lhe 
Endangered A labama red-belli ed cooter. P. a/aba111e11sis. 
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APPF.NDIX 

Museum specimen~ examined: Pse11de111ys alaba111e11sis (Ala
bama): AUM"P l906.3840.397 1--i.AUM628 l.9 957. 10072.10157, 
11598-9.1 160 1. l 1603.1 1608. 11813. l2544.12580. 12591.16870-
J. J 7032. I 9362. USA 150 J -2: Pseudemys alabamensis (Missis
sippi): AUMP 1759. 3084. AUM 33582. 33629. 33698. 33743-6: 
Pse11de111ys co11ci1111a (Alabama): AUM 2523, 6300- 1. 9588-9. 9958. 
10 146-7. 10305. 11600. 11604-7. 116 10. 11815. 1635 1. 19347; 
Pse11de111ys co11ci1111a (Mississippi): AUM 14279-80, 33699. 33702-
7. 33709, 33739. AUMP 1755-7. 
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