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ABSTRACT.— Phylogenetic analysis of mitochondrial gene sequence variation in
geoemydid turtles suggests that the genus Geoemyda as currently recognized is
polyphyletic, and that Geoemyda yuwonoi isthe sister taxon to Notochelys platynota (but
thetwoarehighly genet i cally di ver gent). Weherein place Geoemyda yuwonoi in a new
monotypic genus, Leucocephalon, distinguished by its maxillary contact, its lack of a
quadratojugal,itslargeanterior plastral but tresses, itshumer opector al seam posterior to
the entoplastron, its long interanal seam, its primarily posteriorly directed neurals
(distinctly con figured), and itslack of aplastral hinge.

KEY WORDS.— Geoemyda, Heosemys, Leucocephalon, Notochelys, turtle, genus,

Geoemydidae,systematics.

INTRODUCTION

Al though known in the pet tradefor at |east ade-
cade, thedistinctive Sulawesi For est Tur tlewas
formally described as Geoemyda yuwonoi by
McCord et al. in 1995 based on speci mens pur-
chased from lo cal peo ple by Frank Yuwonoin
Gorontalo, north ern Sulawesi (Indo nesia). Sub>
sequent to the original description, Yuwono's
sup plier on Sulawesi pro vided ad di tional infor-
maction which sug gested that the type series ap-
par ently came from the area of Marisa (00° 14’
N; 120° 10" E)(Fritz and Obst, 1999; Y uwono,
pers. Comm. to McCord, 2 Au gust 2000). Inany
case, the natural occurrence of the species on
north ern Sulawesi wassub sequently confirmed
by Platt (1998), who field-collected specimens
inatrib utary creek of the Kanggol River (0° 35’
N; 121° 02' E), 225 kmwest of thetypelo cal ity
and 225 km north of the second purchase site
(Poso) re ported by McCord et al. (1995).

McCord et al. (1995) performed a cladistic
analysis of morphological characters for their
new spe cies along with those for taxa sus pected
tobeclosley related ( Cyclemys, Pyxidea, and all
formsplacedin ei ther Geoemyda or Heosemys).

That analysis suggested that yuwonoi was a
member of a clade including Geoemyda
spengleri, G.japonica,G.depressa, G. silvatica,
and G. leytensis (the last three of which have
sometimes been included in the genus
Heosemys; see reviews in lverson, 1992), and
that Heosemys spinosa (the type species of the
genus) and H. grandis belonged to a separate
clade. Based on this cladogram McCord et al.
(1995) rec om mended thatyuwonoi and the other
members of its clade (except Pyxidea) be in-
cludedinthegenusGeoemyda until amore com
pletephylogeneticanal y sisof the Geoemydidae
(sensu Bour and Dubois, in David 1994; for-
merly the Bataguridae) could be undertaken.
How ever, Fritz and Obst (1996) de scribed two
ad di tional speci mensof Geoemyda yuwonoi, re-
jected the cladistic analysis in McCord et al.
(1995) because it included characters prone to
homoplasy, stressed the similarity between
yuwonoi and depressa, and placedyuwonoi (and
depressa) in the ge nus Heosemys (though with-
outdi agnoses).

Clearly there has been no consensus on the
taxonomic or phylogenetic status of this com-
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plex of turtles. To settle this controversy, we
havebeenaccumulatingtissuesfromgeoemydid
tur tlessince 1991 with the vi sion of oneday pro-
vidingaphylogeneticanal y sisof theentirefam-
ily based on mitochondrial DNA sequence
vari ation. Se quencing of the cytochromeb gene
for all gen eraand 55 of therec og nized speciesin
the family has now been completed (Spinks,
Shaffer, Iverson, and McCord, unpublished),
and our resultssug gest that the genusGeoemyda
as defined by McCord et al. (1995) is
polyphyletic(Fig. 1). Fur ther more, the Sulawesi
Forest Turtleissodistinctivemor phologi cally
and geneti cally that we here de scribe anew ge-
nus for this taxon.

METHODS
We obtained blood and tissue samples for 83
speci mensof geoemydidturtles(representingall
recognized genera, 55 recog nized species, and
sev eral anomal ous, undescribed, anddistinctive
pet trade speci mens) fromthecol lection of Wik
liam P. McCord (WPM). A tis sue sam ple from
the primitive tortoise Manouria emys provided
by P. Vander Schow served as the outgroup.
Whole genomic DNA was ex tracted from blood
or muscle tissue via SDS/proteaseK di gestion
followed by phenol/chloroform extraction
(Shaffer et al., 1997). Specific re gions of the mi-
tochondrial cytochrome b genewereampli fied
using Tag-mediated PCR and se quenced on an
ABI 377 automated sequencer (Applied
Biosystems) using primers developed from a
sub set of geoemydid taxa(avail ablefromtheau
thors on request). In order to confirm the se-
guences, we sequenced each species in both
directions. For sequences from individua spe-
cies, overlapping sequences were aligned and
editedusing SeqEd (Applied Biosystems, Foster
City, CA) and thenthecom pletesequencesof all
individuals were aligned using ClustalW
(Thomp son et al., 1994). All se quenceswill be
depositedin Genbank. Align mentswereun am-
biguous,withnoinsertionsor deletionsdetected.

RESULTS AND DISCUSSION
Our fi nal data set con sisted of 968 to 1139 nu-
cleo tides of the cytochrome b geneen com pass
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ing 85% to 100% of the gene. 521 nucleotide
sites were parsimony-informative, 92 variable
sites were parsimony-uninformative and 526

siteswerecon stant acrossall taxa. Phylogenetic
anal y seswere con ducted un der par si mony, us-

ing PAUP* 4.0b3a (provided by David L.

Swofford) and, toassessstatisti cal reli abil ity, we
boot strapped our data set 100 times (Felsenstein,
1985). All char acterswereequally weighted and

aheuristicsearchproduced126equally par simo-

ni ous trees that were com bined into a 50% ma-

jority ruleconsensustree. Thecompleteresults
of our phylogenetic anal y siswill be pub lished
sep arately; we here present only that part of the
consensestreerel evanttothesystematicposition
of yuwonoi (Fig. 1).Our phylogenetic analysis
leaves little doubt that 1) the Sulawesi Forest
Turtleisnot closely related to other spe ciescur-

rently or previously included in Gepemyda or

Heosemys(geneticdistance> 12%; Tablel), 2)

itismost closely related to Notochelys platynota
(though still 12% distant), 3) the genus
Geoemyda should be re stricted to G. spengleri

(thetype species) and G.japonica, and 4) in or-

der to avoid paraphyly, Hieremys annandalei

should perhaps be included in the genus
Heosemys (assug gested ear lier by Wil liams(in

Loveridge and Williams, 1957), although that
change should probably await a reexamination

of themor phol ogy. Unfor tu nately, we still lack
sequence data for “Geoemyda’ leytensis and

“G.” silvatica, and thustheir ge neric place ment

isuncertain. Wethereforerecommendthat they
tentatively be placed in the ge nus Heosemys as
recommended by some (but not all) previ ousaur

thors (review in lverson, 1992).

SYSTEMATICS
LEUCOCEPHALON NEW GENUS
SULAWESI FOREST TURTLES
Geoemyda Gray 1834 (in part; seeMcCord et al .,

1995).

Heosemys Stejneger 1902 (in part; see Fritz
and Obst, 1996).

Type species.- Geoemyda yuwonoi McCord,
Iverson & Boeadi, 1995.

Diagnosis.- A genusof geoemydidtur tlethat
isdistin guished by hav ing the maxillae in con-
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TABLE1:Rel evant por tionof uncor rected (" p”) distancematrix for 83 geoemydidsrepresenting atleast 55 spe-
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cies.
Gj Gs Np Ly Ha Hs Hd
Geoemyda japonica —
Geoemyda spengleri 0.106 —
Notochelys platynota 0.153 0.151 —
Leucocephal on yuwonoi 0.157 0.152 0.123 —
Hieremysannandalii 0.138 0.132 0.139 0.128 —
Heosemys spinosa 0.137 0.140 0.133 0.134 0.097 —
Heosemys depressa 0.149 0.141 0.133 0133 0.001 0.090 —
Heosemys grandis 0.138 0.145 0132 0135 0.089 0.100 0.078
(3 specimens) -0.143 -0.154 -0.147 -0.145 -0.095 -0.113 -0.084
100 CuoraMauresvs/ Ocadia’
98 Chinenys/Pyxidea
100 .
57 100 Crolemys
Lg%._ Sercefin
100
57 w Heosenys grandis
a5
100 —— Heosenns depressa
100 1:? Hieremys arnandalii
100 Heosenyy spinose
—— Nerochelys platynota
100 fys pluty
13 _ I enc 5
—— Lencocephalon yRoRoT
100 w0 Crecernidi japomicg
94 :
100 L—— frenerida spenglefi
100 - .
Melawockelys/Siebenrockiell
100
Batagur complex
61 =
:::g Rhinoclentnps
Munouria

FIGURE1:Majority ruleconsensustreeof relation shipswithinthe Geoemydidaeasdeter minedfromparsimony
ana y sis of mi to chon drial DNA se quence data. Full cladogram (3457 steps; Cl = 0.26) for 83 geoemydid
spec i mens and one tor toise has been col lapsed to fo cus on the gen eramost closely al lied to Leucocephalon
yuwonoi . Numbersabovenodesareper cent of short est treeswiththistopol ogy; numbersbelow nodesareper cent
boot strap sup port (> 50%).
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tactanteri orly (asinGeoemyda as defined here;
sep arated by thepremaxillainNotochelys and all
Heosemys but H. silvatica), lacking a
gquadratojugal (as in Heosemys; present in
Geoemyda and Notochelys, though weakly at-
tachedinthelat ter; seeM cDowell 1964), having
no plastral hinge in the adult (as in Geoemyda
and Heosemys; a hinge between the hyo- and
hypoplastron inNotochelys), hav ing asolid bony
bridge (as in Geoemyda and Heosemys;
ligamentous in Notochelys), having large ante
rior plastral buttresses (al most no anterior but
tresses in Notochelys; although both possess
well-devel oped posterior but tresses, contrary to
McDowell, 1964), hav ing the plastral planewell
below theplaneof themar gin of thecar apace(as
in Geoemyda and Heosemys; nearly in the same
planein Notochelys), hav ing the humeropectoral
seam posterior to entoplastron (the seam cross-
ing the entoplastron in Geoemyda, Notochelys,
and all Heosemys but H. silvatica), hav ing the
interanal seam (typi cally) asthelon gest plastral
midline seam (the interabdominal seam istyp i-
cally longest in Notochelys, Heosemys, and
Geoemyda), hav ing eight neu ral bones (ninein
Notochelys) with the first five posteriorly di-
rected and six-sided and theeighth anteri orly di-
rected and six-sided (thefirst quadran gu lar, the
secondthrough sev enthanteri orly di rected and
six-sided, andtheeighth posteri orly di rected and
six-sided in Notochelys).

Description: McCordet a. (1995) provided a
full description of the species, including ad dr-
tional exter nal mor phologi cal char actersthat di
agnosethespecies, and hence, thegenus. Table 1
inthat publi cational soreviewedthemor pholog
i cal char actersof each of thespeciescur rently or
previously includedinGeoemyda or Heosemys.

Content.- Includes only Leucocephalon
YUWONOi .

Distribution and biogeography.-
Leucocephalon yuwonoi is known only from
northern Sulawesi, Indonesia, andisoneof only
two geoemydid tur tles known east of Wallace's
Line(lverson, 1992). Itssister taxon,Notochelys
platynota, oc cu piesacom ple mentary rangeon
thelarger Indonesianislandstothewest (aswell
asonthemainland), suggestingavicariant event.
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Theclosegeologicandzoogeographicaf finity of
northern Sulawesi and Bor neo (Audley-Charles
et al., 1972; Auffenberg, 1980; Y oshii and
Greenslade, 1993) also argues that L. yuwonoi

evolvedinisolationfromthecom monan cestor

of Notochelys and Leucocephalon.

Etymol ogy.- FromtheGreek |eukos, meaning
white, and kephale, meaning head, refer ring to
the sexualy dimorphic white markings on the
head of this species, which aremoreex tensive
and reach to the dor sum of the head in males.

Skel etal material examined.-Leucocephalon
yuwonoi: PCHP 4984, 4669, 4949, 4657; UF
97335, 109835. Notochelys platynota: JBI un-
catalogued (one specimen); PCHP 3649-50,
4594, 4698, 4939-40, 4961, uncatalogued(one
speci men). Notethat wholeani mal sinthisstudy
in clude those re corded in McCord et a. (1995)
and lverson and McCord (1997), as well as 20
Leucocephalon and six Notochelys alive in the
col lectionof WPM.
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