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are   usually   vague   and   the   stripe   is   not   as   cleariy   defined   as   in   L.   riveroi.   Lep-
todactylus   bolivianus   often   have   distinct   light   canthal   stripes,   but   the   stripes   begin
well   forward   of   the   eye,   not   under   it   as   in   L.   riveroi.   The   uniform   or   faintly
blotched   dorsal   pattern   and   single   pair   of   dorsolateral   folds   of   L.   riveroi   differ
from   the   distinctly   spotted   dorsal   patterns   and   at   least   4   dorsolateral   folds   of   L.
chaquensis  ,   macrosternum,   ocellatus,   and   viridis.   Male   L.   riveroi   further   differ
from   all   other   Leptodactylus   (males   of   L.   dantasi   not   known)   in   lacking   vocal
slits.

Specimens   of   L.   riveroi   are   most   likely   to   be   confused   with   L.   bolivianus,
rhodomystax,   and   wagneri.   The   light   lip   stripes   of   L.   riveroi   and   L.   rhodomystax
are   similar,   but   L.   rhodomystax   has   no   toe   fringing   in   adults   and   the   back   of   the
thigh   has   distinct,   discrete   light   spots,   rather   than   the   mottling   found  in   L.   riveroi.
In   addition   to   the   differentiating   characteristics   listed   above   for   bolivianus   and
wagneri,   L.   bolivianus   lacks   the   red-orange   ventral   glands   found   in   L.   riveroi   and
most   adult   L.   wagneri   are   smaller   than   adult   L.   riveroi.

Description   of   holotype  .  —  Snout   subovoid   from   above,   rounded   in   profile;   can-
thus   rostralis   rounded;   lores   concave   in   cross   section;   tympanum   large,   distinct,
almost   same   diameter   as   eye   diameter;   no   vocal   slits;   vomerine   teeth   in   two
arched   series,   approaching   each   other   medially,   posterior   and   medial   to   choanae;
first   finger   just   longer   than   second,   second   about   equal   to   fourth,   third   much
longer   than  others;   fingers   with   lateral   fleshy   ridges;   thumb  with   2   cornified   nuptial
spines;   arm   not   especially   hypertrophied;   no   ulnar   ridge;   dorsal   texture   smooth;
a   pair   of   low   dorsolateral   folds,   demarcated   by   black   pigment   laterally,   folds
extending   from   back   of   eye   to   back   of   body   above   groin,   moderate   supratympanic
fold   present;   ill-defined   parotoid   glands   present,   sides   of   body   generally   glandular,
red-orange   glands   in   large   blocks   on   throat,   most   of   belly,   and   ventral   surfaces
of   Umbs;   venter   smooth,   ventral   disk   fold   indistinct;   no   chest   spines;   toe   tips   not
expanded;   toe   fringe   extensively   developed;   subarticular   tubercles   moderately
developed;   extensive   metatarsal   flap   of   skin;   tarsal   fold   distinct,   extending   about
%   length   of   tarsus,   just   not   continuous   with   toe   fringe   of   first   toe;   upper   tibia
with   many   white   tipped   tubercles;   posterior   surface   of   tarsus   and   sole   of   foot
with   many   black   tipped   tubercles.

Snout-vent   length   (SVL)   62.8   mm,   head   length   25.0   mm,   head   width   23.2   mm,
interorbital   distance   5.5   mm,   eye-nostril   distance   7.1   mm,   femur   26.7   mm,   tibia
29.9  mm,  foot  35.8  mm.

Dorsum   essentially   uniformly   brown   (in   preservative)   between   dorsolateral   folds
and   in   upper   snout   area;   faint   darker   interorbital   mark,   straight   anteriorly,   indis-

tinct  posteriorly;   two  indistinct   dark   central   blotches;   dark,   broken  canthal   stripe
from   nostril   to   eye;   upper   hp   indistinctly   marked,   lighter   area   under   eye   becoming
distinct   light   strip   under   tympanum,   extending   to   beyond   angle   of   jaw,   ending   in
shoulder   region;   sides   of   body   brown   with   darker   spots   above,   with   a   lighter
indistinct   band   between   side   and   belly;   upper   Hmbs   indistinctly   barred;   ventral
surfaces   boldly   mottled   with   dark   and   light,   overlain   by   red-orange   glandular
areas,   posterior   surface   of   thigh   boldly   mottled   with   red-orange   and   black-brown.

Variation.  —  Rivero   (1968)   gave   the   range   of   sizes   of   his   sample   as   29.0-72.5
mm,   but   did   not   indicate   ranges   of   males   and   females   within   that   sample.   In   the
specimens   we   have   examined,   males   range   52.2-62.8   mm   and   females   67.8-81.0
mm   SVL.   The   ranges   of   body   proportions   among   adults   are:   head   length/SVL
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Fig.  2.  Advertisement  call  of  Leptodactylus  riveroi.  Wave  form  of  filtered  call  as  shown  in  top
audiospectrogram,  showing  end  of  one  note  and  two  complete  notes.  Length  of  entire  signal  is  0.214
s.  Upper  audiospectrogram  of  bandpass  filtered  call,  16  octave  at  500  Hz.  Note  that  time  axis  is  twice
that  of  lower  audiospectrogram.  Lower  audiospectrogram  unfiltered  call.  All  recordings  from  Colom-

bia: Vaupes;  Timbo,  recorded  on  28  May  1973  at  about  21:30  h  by  W.  F.  Pyburn  and  J.  K.  Salser,
Jr.  Water  temperature  24.0°C,  air  temperature  25.8°C.  Specimen  UTACV  3890  calling  from  burrow
in  a  swamp.

38-48%,   head   width/SVL   35-37%,   interorbital   distance/SVL   8-10%,   eye-nostril
distance/SVL   10-1  1%,   femur/SVL   40^6%,   tibia/SVL   46-48%,   and   foot/SVL   53-
57%.

There   is   little   intraspecific   variation   in   pattern   or   morphology   among   the   indi-
viduals at  hand.  In  some  of  the  specimens,  the  tarsal  fold  is  continuous  with  the

outer  toe  fringe  of  toe  one .
Rivero   (1968)   gave   the   following   color   notes   from   the   Venezuelan   individuals:

dorsolateral   folds   at   times   maroon  or   cream  red;   the   Une   that   goes   from  the   eye
to   the   shoulder,   and   also   at   times   the   loreal   area   (although   never   as   pronounced)
ranges   from   a   shade   of   rose   to   at   times   reddish.   Charles   W.   Myers   provided   the
following   color   data   (also   on   Venezuelan   individuals)   through   his   notes   and   a
color   transparency:   dorsal   coloration   basically   brown,   dorsolateral   fold   black
outlined;   the   stripe   under   the   eye   cream   anteriorly,   orangish   posteriorly   in   shoul-

der  region;   rear   of   thigh   mottled   black   and   yellowish   brown;   ventral   surfaces
mottled   yellowish   white   and   light   brown;   iris   pale   bronze,   with   reddish   brown
horizontal   stripe,   lower   part   of   iris   below   stripe   darkened   by   heavy   black   vena-
tion.

In   life,   specimens   from   southeastern   Colombia   are   dark   purpHsh   brown   on   the
dorsum  and  sides.   Black  bands  cross  the  upper  surface  of   the  forearms  and  thighs,
and   irregular   black   spots   occur   on   the   upper   surfaces   of   the   shanks   and   on   the
sides   of   the   body.   Some   specimens   have   a   row   of   black   spots   above   the   groin
that   is   partially   concealed   by   the   leg   when   the   frog   is   at   rest.   Black   reticulations
or   mottlings   cover   the   posterior   thigh   surfaces   and   there   is   an   interocular   black
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Fig.  3.     Known  distribution  of  Leptodactylus  riveroi.  Political  boundaries  indicated  for  Brazil,
Colombia,  and  Venezuela.

bar.   A   bright   cream   lip   stripe   begins   below   the   eye   and   extends   posteriorly   along
the   lower   edge  of   the   tympanum  to   the   base   of   the   upper   arm.   As   the   lip   stripe
approaches   the   arm   base,   it   may   gradually   turn   to   orange.   The   lore   is   creamy
gray,   somewhat   darker   than   the   lip   stripe.   The   edge   of   the   upper   Hp   is   black
crossed   by   one   or   two   narrow   cream   bands.   The   dorsolateral   fold   is   gray-bronze
and  its   lower   edge  is   marked  by   a   broken  or   continuous   black   line.   Large   orange-
yellow   glandular   areas   cover   most   of   the   ventral   surfaces,   which   are   also   marked
with   dark   gray   reticulations.

Advertisement   call.  —  The   call   is   quiet   and   consists   of   approximately   9-28   notes
with   a   duration   of   from   0.7-2.3   s.   Each   note   consists   of   two   major   pulses   and
the   entire   note   has   a   duration   of   0.04-0.05   s.   The   dominant   frequencies   range
from   360-750   Hz   to   360-830   Hz.   There   appears   to   be   frequency   modulation   within
each   major   pulse   and   the   note   is   intensity   modulated   with   the   second   pulse   the
loudest.   There   is   no   harmonic   structure   (Fig.   2).

Distribution.  —  The   species   is   thus   far   known   from   the   following   localities
(Fig.  3):
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Brazil:   Amazonas;   Manaus   (Reserva   Ducke),   MZUSP   50170,   Reserva   INPA-
WWF   (Rio   Preto),   MZUSP   57966.

Colombia:   Vaupes;   Timbo,   USNM   232400,   UTACV   3888-3898,   Umuna   (un-
catalogued   voucher   specimen),   Wacara,   UTACV   3721,   Yapima,   UTACV   3792,
4295,   4319,   6025,   7971-7974.

Venezuela:   Amazonas;   Upper   Rio   Orinoco,   Cafio   Iguapo   (Rivero   reported
specimens,   not   examined   by   us),   Upper   Rio   Orinoco,   Caiio   Cotiia   (between   Rio
Orinoco   and   Cerro   Yapacana),   100   m,   AMNH   100655,   Upper   Rio   Orinoco,   SW
base   Cerro   Yapacana,   110   m,   AMNH   100654,   E   of   Purunama   on   Rio   Guaname,
USNM   229779-780.

Habitat.  —  AMNH   100654   was   taken   at   night   on   the   bank   of   a   rocky   stream   in
humid   evergreen   forest   (not   subject   to   flooding);   AMNH   100655   was   collected   at
night   on   the   bank   of   Cafio   Cotiia   in   an   area   of   seasonally   inundated   low   scrubby
forest   (caatinga   amazonica   as   used   by   Venezuelan   botanists).   At   this   latter   hab-

itat, L.  wagneri  was  sympatric  with  L.  riveroi.
In   the   forest   of   southeastern   Colombia,   Leptodactylus   riveroi   occurs   at   night

along  the  edges  of   streams  and  on  high  ground  in  swamps  that  have  been  formed
by   flooding.   When   disturbed,   it   leaps   directly   into   the   water,   but   may   turn   and
swim   back   to   the   bank   where   it   emerges   onto   the   land   and   sits   quietly   among
dead   leaves.   In   daylight,   L.   riveroi   is   occasionally   found   along   forest   trails   away
from  water.

J.   K.   Salser,   Jr.   and   the   junior   author   found   a   calling   male   (USNM   232400)
about   2100   h,   25   May   1973   by   locating   the   source   of   the   sound   the   animal   pro-

duced. The  frog  called  from  the  concealment  of  an  underground  cavity  connected
to   the   surface   by   a   slanting   tunnel   near   the   edge   of   a   swamp.   The   cavity   was
intersected   by   roots   and   contained   a   small   pool.   A   regular   sequence   of   quiet,
closely   spaced,   low-pitched   notes   emanated   from   the   cavity.

Another   male   (UTACV   3890)   recorded   (Fig.   2)   28   May   1973   at   the   same   locality
called   from   an   underground   chamber   essentially   Hke   that   of   USNM   232400.   The
chamber   was   covered   over   by   roots,   dead   leaves   and   humus.   It   contained   a   pool
of   water  25  cm  deep  and  was  located  in  a   hillock  surrounded  by  the  water  of   the
swamp.   An   adult   female   (UTACV   3891)   sat   on   another   hillock   2   m   from   the
calling   male.

Discussion

Leptodactylus   riveroi   demonstrates   characters   that   straddle   the   previously   de-
fined L.  inelanonotus  and  ocellatus  groups.  The  only  characteristic  that  separated

the  two  groups  was  the  presence  of   well   defined  dorsolateral   folds   in   the  ocellatus
group.   Thus,   on   this   basis,   L.   riveroi   would   be   a   member   of   the   ocellatus   group.
However,   the   species   has   an   overall   habitus   and   color   pattern   strikingly   similar
to   L.   wagneri,   a   member   of   the   inelanonotus   group.   The   unique   condition   in   L.
riveroi   of   having   no   vocal   slits   in   males   confuses   the   question   of   the   precise
relationships   of   L.   riveroi.   The   call   structure   of   L.   riveroi   stands   out   in   its   dis-

tinctiveness and  is  unlike  any  other  Leptodactylus  known.  At  the  least,  L.  riveroi
shows   that   there   is   no   clear   cut   morphological   distinction   between   the   L.   melano-
notus   and   ocellatus   groups.   An   albumin   sample   of   L.   riveroi   is   available   and   the
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micro-complement   fixation   analyses   of   Leptodactylus   albumin   including   the   sam-
ple  of   L.   riveroi   will   be   reported   elsewhere   (Maxson  and   Heyer,   in   prep.)-
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AN   ANNOTATED   CHECKLIST   OF   THE   FOSSIL   TORTOISES
OF   CHINA   AND   MONGOLIA

Charles   R.   Crumly

Abstract.  —  A   review   of   published   descriptions   in   some   unavailable   or   obscure
journals   was   done   to   collate   and   summarize   useful   morphological   data   on   the
fossil   tortoises   of   Mongolia   and   China.   Four   genera   of   testudinids   are   recognized
and   tentatively   diagnosed:   Testudo,   Geochelone,   Indotestudo,   and   '  Manouria.''
Sinohadrianiis   and   Kansuchelys   are   considered   synonyms   of   "Manouria,''   which
is   diagnosable,   but   not   defined   by   shared   derived   characters.

Fossil   land   tortoises   (Testudinidae)   appear   suddenly   in   Early   Eocene   sediments
of   North   America   and   China.   By   the   Late   Eocene   tortoises   are   also   known   from
Europe   (de   Broin   1977;   Mlynarski   1955;   Schleich   1981)   and   North   Africa   (An-

drews 1906),   while   persisting  in   North  America  and  China.   Fossil   tortoises   are
among   the   most   commonly   encountered   Tertiary   remains   and   may   be   employed
as   useful   stratigraphic   markers   (Hutchison   1980).

Although   much   is   known   of   the   structure,   distribution,   and   evolutionary   rela-
tionships of  European  and  North  American  tortoises  (Auffenberg  1963,  1966,

1971,   1974,   1976;   Bramble   1971,   in   press;   Van   Devender   et   al.   1976),   compara-
tively  little   is   known   of   their   Chinese   counterparts.   The   acquisition   of   detailed

information   on   the   24   named   Chinese   taxa   has   been   hampered   by   two   factors.
Firstly,   is   the   difficulty   in   examining   the   material.   During   the   past   forty   or   so
years   there   has   been   very   little   interchange   between   oriental   and   occidental   pa-
leobiologists.   Travel   to   the   Institute   of   Vertebrate   Paleontology   and   Paleoanthro-

pology in  China,  where  17  of  the  24  types  reside,  has  not  been  possible  until
recently.   Thus,   western   students   of   tortoise   evolution,   familiar   with   North   Amer-

ican and  European  fossil  remains  have  not  had  the  opportunity  to  examine  Chinese
material.   Secondly,   the   original   descriptions   of   Chinese   fossil   land   tortoises   have
often   been   published   in   journals   not   readily   available   to   western   researchers.   The
purpose   of   this   checkHst   is   to   summarize   the   information   published   in   those
journals,   to   facilitate   a   useful   synthesis.

The   following   list   is   arranged   alphabetically   by   species   name.   Comments   on
materials,   other   than   American   Museum   of   Natural   History   specimens,   are   based
on   pubhshed   figures   and   diagnoses.   For   this   reason   and   because   some   of   the
figures   are   poor,   remarks   concerning   morphology   are   often   incomplete.   The   pres-

ent status  of  the  species  and  prevailing  theories  of  relationship,  if  any,  are  noted.
Generic   names   in   quotes   indicate   that   I   have   been   unable   to   corroborate   mono-
phyly   of   the   genus.   The   obvious   limitations   inherent   in   a   checkhst   like   this   require
that   the   reader   regard   generic   assignments   as   tentative.   Specimens   in   the   Amer-

ican  Museum   of   Natural   History,   New   York   (AMNH)   were   examined.   Other
unexamined   material   is   housed   at   the   Institute   of   Vertebrate   Paleontology   and
Paleoanthropology,   Beijing   (IVPP),   Zaklad   Paleobiologii,   Polska   Akadamia   Nauk,
Warszawa   (Z.   Pal.),   and   the   Geological   Survey   of   China.   The   bone   and   scute
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terminology   of   Zangerl   (1969)   and   the   Catalogue   of   American   Amphibians   and
Reptiles   is   followed.

Kansuchelys   chiayukuanensis   Yeh,   1963a:  28

Type.  —  IVPP   V.1006,   right   posterior   carapace   and   plastron,   damaged.   Two
paratypes   are   designated   (IVPP   1006a,   IVPP   1006b).   Type   locality:   Shih-erh-ma-
ch'eng,   North   of   Hui-hui-p'u,   Chia-yu-kuan,   Kansu.   Horizon:   Unknown   (?   Oli-
gocene   or   Late   Eocene).

Remarks.  —  A   very   primitive   tortoise,   judging   from   the   entirely   hexagonal   neur-
als,   which   are   short-sided   anteriorly,   and   the   primitive   suprapygal   pattern   (two
suprapygal   elements   with   the   larger   dorsal   element   embracing   the   ventral   elliptical
element.   Extended   discussion   of   this   and   other   features   will   be   the   subject   of
another   paper).   Numerous   other   features   show   resemblances   to   'Manouria'   (sen-
su   Auffenberg   1971)   species.   These   include   the   anal   scute   which   is   about   the
same   median   length   as   the   femoral   scute   and   the   pleural   scutes   which   are   con-

tacted by  only  the  fifth  and  sixth  marginals.  The  gular  scutes  but  not  the  pectoral
scutes   overlap   the   entoplastron.   The   cervical   scute   is   very   large   but   slightly   longer
than  broad.

Testudo   chienfutungensis   Yeh,   1963a:44

Type.  —  IVPP   V.1030,   carapace   with   connected   plastron,   damage   to   anterior
carapace,   posterior   peripherals   missing.   Type   locality:   Taben-buluk,   Tunhuang,
Kansu.   Horizon:   Miocene   (?).

Remarks.  —  Yeh   (1963a)   allocated   this   species   to   the   genus   Testudo   on   the   basis
of   the   position   of   the   pleuro-marginal   sulcus.   Both   Yeh   (1963a)   and   Bohlin   (1953)
felt   that   the   elongate   shell,   the   presence   of   intergular   scutes   and   the   hexagonal
neurals   were   abnormal   conditions.   Irrespective   of   the   presence   or   absence   of
intergular   scutes,   the   gular   scutes   overlap   the   entoplastron.   Auffenberg   (1974)
thought   this   species   may   not   be   a   testudinid.   Bohhn   (1953)   noted   two   suprapygals
arranged   serially   and   of   about   equal   size,   whereas   Yeh   (1963a)   characterized   the
suprapygal   as   entire.   The   four-sided   fourth   neural   is   odd   for   a   tortoise,   in   which
this   neural   is   usually   eight   or   six-sided.   This   species   does   possess   some   tortoise-

like features,  but  most  are  shared  primitive  features.  For  example,  the  anal  scute
is   much   broader   than   the   femoral   scute   and   there   is   very   little   constriction   at   the
anal   and   gular   scutes   posterolateral   borders.   Auffenberg's   (1974)   reservations
concerning   this   species   are   understandable.

Testudo   demissa   Gilmore,   1931:239

Type.  —  AMNH   6670,   right   xiphiplastron   (probably   of   large   male).   Type   local-
ity:  Ardyn   Obo,   Chinese   Postroad,   Outer   Mongolia.   Horizon:   Ardyn   Obo   for-

mation. Lower  Oligocene.
Remarks.  —  This   species   is   distinguished   on   the   basis   of   a   thickened   and   down-

turned   anal   region   of   the   plastron   and   very   short   anal   scutes.   Both   these   char-
acters appear  in  many  unrelated  tortoises  and  are  even  more  prominent  in  large

males   of   these   unrelated   species.   Mlynarski   (1968)   synonymized   T.   demissa   with
Geochelone   insolitus   (Matthew   and   Granger,   1923),   and   allocated   both   species
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