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Bolitoglossa taylori, A New Salamander from
Cloud Forest of the Serrania de Pirre,
Eastern Panama

By Davin B, Wake," Aroey Ho Brave, Jr.=
AnD CriarLes W, Myers®

The Serrania de Piere is a litdeknown mountain range that extends
northward from the Colombian border for @ distance of about 33 kilo-
meter: into extreme eastern Panama, The resolts of recent expedinnns
inchicate that several undeseribed species of amphibians and repoles may

e encemic te the isolated, lusuriant cloud forest that covers the wop of
the serrania {Myvers, 1969, and unpubl. data), One such species is a sala-

mander that qubles members of the South Amevican adifersn group

of Boliteglosia, especially Ao sevaged from the Sierra Nevada de Santa
Marta of north-coastal Colombia and 8. Serfurata from the Cordilleza de
la Costa of Venezucla, We name the Panamanian species in honor of
Edward H. Taylor, in recognition and appreciation of his pioneering
work on Neotropical salamancders.

ABBREVIATIONS

G T =W AL, Gorens Memaorial Laboratory, field series of 00W, Alyvers,

U Assaciate Frodesser of Zoclogy and Aswwtane Camon:, Moscure of Yerebrate Zaclogy,
Limpversity of O

caforreia, Berkelev.

= Section of Herpeiolngy, Los Ang

L) (::I'_||'|I,'!.' :‘\:II,I::I:'IIIII I:lll ?{:Illll'.:!. Fri.'\-li':ll':-\.'_ I.I:H .'1|.IIE=I:..I':|.

F Axsistam Ouracor, Deps it

'F[u-'i:-e'lr'-hl;_-

|-:|l:'.'lln.'!n.'.'i\.'.ll'.llll'('lllli'!ll Nilllll'u'..] I'. 1Y v"}'.

Masiinne b Herperal the Uiniversity of Bonsas Museom of Natural Tistery, Lawrenee



6 % Apewxerddy {00 0N WD TWT) omar opy
oy

TRy TCRCar1 N M) s ey cdo g pagdeaoogd s sisaidoreg po sad il




14700 WAKE, BRAME, AND MYERS: SALAMANDLER 1

Pazsama City, Repubdic of Panama

KU, Diniversity of Kansas Muosewm of Natoral Hiztory, Lawrenoe
L.ACM., Los Angeles County Museum of Natural History, Los Angeles
UM Universite of Michizan Museum ol Hoology, Ann Mrhor

Bolitoglossa tavlori, new species
Figures 1-3, 4C-E

Hovrorver: KU No, 11634 (ficld ne, CG.W.M. 6073). an adult male,
obtuined by Charles W, Myers, January 23, 1966 on the sauth ridge of
Cerro Cituro, Servania de Pirre, at an elevarion of approximately 1100
meters (3608 leet], Diaeidn Provinee, Republic of Panama.

Paparvees: Twelve specimens, all collected by Charles W Myers ani
Tomds Quintero, in the Serraniz de Pirre, Diarién Provinee, i May,
1965, and January, 19646, G L CW M, No, G077, KU Nos, | 16330,
116541 (=three juveniles), 116543, 116543, [ 16545 —all with same
locality data as holoivpe, KLU, Nos. TIB538, 116546, north ricge of Cerre
Citaro. SN-1000 meters (2952 3280 feet] clevaton, KU Noo 116538,
north ridge of Cerro Citura, 960 meters (3149 leet) elevation. K.U. Nao,
116535, southeast slope of Cerro Pirre, 1440 meters (4723 leet] clevation.

Dacsoss fefiteofoga taplers s a moderately large salamander [live
adult males: 3053 3345, mean 46,6 mm. chree adull females: 49 0617,
rmean 3.8 mm. in standard length!), with many maxillary teeth {nine
specimens: b T8, mean 60.2) and extensively webbed hands and leer
Tips of the fingers and toes extend slightly from the wehbing, except
far the fist digits. The third finger is longer relative to the athers than
that in most other members of the genus, Subdigital pads are present, but
nnly weakly developed, This species resembles memnbers al the adsfers
group (Brame and Wake, 1963). It differs [eom members of that group
as follows: from B sweaged in having less rounded and pronounced nger
and toe tips, more webbing of hands and leet, less well-tleveloped sub-
terminal pads, and more maxillary and vomerine teeth: from 8. barburata
in having less cxtensive webbing of hands and [eer, a more prominent
third finger and toe, subterminal pads, and more womering teeth; from
B. pandi in having more maxillary teeth and slightly more wibhbing;
from B capitens in being much smaller and lighter in colaration; {rom
. miceforr in having less webbing of hands and feel and a narrower head:
feam B dopecra, B pallecda, and B adyersa in having more exlensive

T Srandurd lengeh 15 the distance trom the tp of the snoun e the pesterior end of the

vent, All measarements ave ol specimens Sxed in U per cent fermalin and stored [ more

thisn o vear in approximaely 70 per cent aleahul,
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Frg. 2. Iinlml}'pe of fafitngini fapdord,

webbing and less well-developed subterminal pads, The oaly Panamanian
species with which B tapfort is likely 1o be confused is 8. diseriatu, a smaller
species that has more extensive webbing of the hands and feer, less prrorm-
inenit middle digits, no subterminal pads, and fower vomerine and
mmaxillazy leeth,

Deserrrmion o Hovoryes; This adult male has a moderately long,
somewhat truncate snout and a large (3.9 mm. wide), halt-moon-shaped
mental hedonic gland, The nestrils are moderately small, and labial
protuberances of the nasolabial grooves are moderately large and some-
what flared. The canthus vostralis is moderately long and slighily arched.
Standard length is 6.0 times head width and 4.3 times snout 10 gular
fold length, A deep groove below the eve extends for almest the [ull
length of the oelae, following the curvature of the eve, i i does nor
communicate with the lip. The eves are moderatelv small and shghily
protuberant. A well-defined postorbital groove extends posteriorly from
the eye as u shallow depression for 2.0 mm; it then proceeds sharply
vertirad at the level of the posterior end of the mandible and extends
across the gular area as a poorly defined nuchal groove, parallel to, and
+b mm. amterior (o, the sharply defined gular Told. Yomerine 1eeth
number 32, mostly in single rows that extend just 1o the outer borders
of the internal nares; the rows extend in a very shight curve (nearly a
straight lined 1o near the center of the palate, 0.9 mm, from the RETEE
sphenoid tooth patch, Maxillary weth number 76; they extend posteriorly
e a point about fivesixths through the eve. Seven large premaxillar
teeth pieree the lip. The tail is moderately constricled at its base. Post-
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thae glands are relatively large and distingt. The lmbs are of moderawe
length and the limb interval is 2. Standard length is 4.0 times the length
of the right Torelimb, 4.1 times the dghe hind limb, and 9.2 tmes the
wicdlth of the right oot The webbing of the hands and feer is exoensive,
with the tips of most digits protruding from the web (fig. HO-T0 Tips
ol the third finger and third toe extend well beyvond the webbing, Sub.
terminal pads are present, but ave poorly developed. The fingers, in order
ol decreasing length, are: 3, (241, 1; the roes, in order of decreasing
length, are: 3, 4, 2, 5, 1.

Measurements (in mm.) are as follows: Head wideh 8.49: snout o gular
told [head length} 13.3; head depth at posterior angle of jaw 4.1; evelid
lemgth 3.5; evelid width 2.4; anterior rim of aebit 1o snout 4.2; horizental
orbital diameter 2,15 interorbital distance 3.7; distance beoween vomerine
teeth and parasphenoid tooth patch 109 snout o forelimb 158 distance
scparating internal nares 2.8; distance separating external nares 3.2; snout
projection beyond mandible 1.2; snout to posterior angle of vent {standard
length) 33.3; anour to anterior angle of vent 48.4; axilla to groin 28.4;
tail length 35.9; tail width at base +.3; 1ail depth at base 42; forelimb
lemgth 13.1; hind limb lengibh 1249 widch of right hand 4.5; widith of
right foot 5.8,

Clororation or Hororves (v acconoLy: This is a colorful salamander
with litde evidence of a disunet partern. Golden brown predominates
dorsally, with some evidence of o broad dorsal band extending from
the back of the head posteriorly ento the tail. This band has markings
that range from small spots o connected blotches of darker pigment,
spproaching black. A grayish stripe, the lateral portion of the indistina
dorsal band, extends from the upper lip and cheek, over the shoulder
and limb insertions, onto the wil, Ventral surfaces are much lighter than
dorsal or lateral ones. The enlarged mental hedonic gland s crcamy
white. The rest of the throat is a light brownish erav and this color
predominates on all ventral surfaces, The ventral color becomes lighter
in some regions (near insertion of forelimbs) and dacker in others (near
middle of belly)l, Micrescopically it can be seen that the ventral pactern
results from a sparse reticulum of melanophores that diminishes in some
areds and becomes dense in others. In the light arcas, the melanaphores
may be partially overlain, but generally replaced. with a reticulum of
eream-vellow chromatophores, Guanophores, mainly single, occur over
all ventral surfaces. The posterior half of the tail is uniformly dark
brown. Guanophores are present in the lateral siripe and on che evelids,
as well as on the ventral surfaces. Both dorsal and veniral surfuces of
the hands and feet are lighter than the gravish limbs.
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VARIATION

Preserven Srecivexs; This species 35 probably sexually dimorphic in
sige, as are most other members of the genus, with females Being larger
than males. The largest female is 114 men, longer (2] per cent) than
the Largest male. The mean sizes of 466 mm. and 308 mm, standard
length, for males and females respectively, are moderate for the UL,
Legs are of moderate length, and tend 10 be slighdy longer in males
than in females. Hind limb length s from 229 w0 246 fmean 23,6 per
cent of standard lﬁn;_:ln in males and frem 214 e 3.0 fmean _J-'i:‘._
per cent of standard lengeh in females, Limb dnerval varies Mrom 1410
2 fmean 23 in males and from 2 10 3 fmean 25 in Temales. Tails are
Inng in both males and females, and are from 3.5 w0 784 e et
longer than standard lengih, The heads of both males and females are
about equally wide, and standard length ranges from 5.8 10 5.4 fmean 6.1 ]
times head widih in the adult sample. The narrowest head and shortesi
limbs, relative o standard lengeh, are found in the very large lemale
(.U Noo 1163457, Females have more rounded and less cruncate snouts
than do males. Females have more maxillary and vomerine tecth, relative
to size, than do males. Vomerine teeth runge in number from 18 1o 49
imean 31} and maxillary teeth range in number from 44 10 78 (mean
B bath are high numbers Tor the genus.

Structure of the hands and feet is distinetive. Webbing is extensive, bu
indications of subterminal pads are present. Thus the species bridges
the moderate and extensive categories applicd to foor strueture in Holito-
glowsa by Wake and Brame (19693 Digits are relatively well defined by
curancous grooves, Lhe longes digils of both hand and foot tend o be
disproporticnally long, relative to 1he others, and ofien have a rather
sharp, inward pointing tip. The largest individual (K.U. No. 116545}
difters from 2l other specimens in having more webbing and less dis-
proportion between the longest and next 1o longest digics, especially on
the Teer. The longest digit of the hand in this individual is similar 1o
that ol other specimens,

Coloration of this species is as variable as in any member af the SO
Halitaglosse thal we have studied, Dorsal coloration varies from an almost
vniform black wich some slightly lighter and some slightly darker mot-
things (.U Nos. 1168335 and 1163467 through parterns penerally similar
to the holotype, to a broad, relatively unmarked cream to golden brown
dorsal soipe (KU No. 116345) (see fig. 341 The three juveniles are gen-
crally dark gray, mottled with different shades of brownish and blackish
gray. Lateral gray stripes are usually present, but they are obscure in
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v A Dhorsal

Fra. 5. Colar pattern variation in paratypicsuries of Sslioglunia iyl
L. Weoreal

aspect, reading from top (KU, Nos, L6540, 116342, and 11654
.'lh"[.l':.'l:l.

some (K. Mo, 116342) and merge with the dark dorsal color in others,
One specimen has a very light, nearly ercam-colored snout, with a sharp
lire ni demarcation [rom the dark brown of the posterior part of the
head at g point between the eves. Vient ral color varies from dark blackish
hrown in the dark animals cited above to very light in others. Punctale
small guanopheres are always present and, it addition, creame-vellow
chromatopheres are present in the lighter inelividuals, The lighwst indi-
vidual is the large female (KU, No. 116345, sec fig, 3B) which approaches
the coloration of some 8. schizodactyfa in having a kind of ventral “ename -
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ing” of vellowish chiromatophores overlying the dirker ground color {
Wake and Brame. 19661, This color s nol as intense as in B sofizadec i,
however, Hands and feet are lighter than limbs, and ventral surfaces of
the appendages are lighler than are dorsal ones.

Covor 15 Liee; The specimens were brighter and even more varialle
than indicated in the above description. The dorsal surlaces were Light
grayish brown, light brown, vellowish brown, orange-brown, ar rich redd-
brown sometimes with extensive dark brown or black dorsal markings,
and often with a dark brown lateral siripe. One specimen had a con-
spicuously tan snout, and some individuals turned blackish on the tail.
Ventral surfaces were light grayish brown, light vellowish brown, light
orangish brown, or, usually, light brown, The venter alwavs was speckled
with white, and some individuals had a scattering of larger flecks of
vellow. The coloration of the Iris was in most cases light erange-brown,
Bt was noted as licht red-brown for ene individual. There may b
geographic significance in the fact that the latter specimen also was Lhe
only ane having & “rich red-brown” dorsum {the venter was light brawn].
‘This specimen came from 1440 meters elevation near the middle ot the
Serramia de Pirre. whereas all other specimens were collected ar $00-1100
meters on the norchern end of the serrasia

OSTEOLOGY

All information has been obtained from radiographs. Skulls are large
and well ossified, but not much detail can be seen. Typical Features of
the genus prevail, and our comuments refer te characters subject 1o varia-
tion between specics,

The vomers are separated on the midline and do not have any poste-
dorly directed medial processes. The preorbital processes of the vomers
are long and extend well bevond the limits of the internal nares. Nasals
are large and protuberant and extend far Leyond the dorsal dental
arcade. Small prefrontal hones seem to be present, but we cannat b
sure of this. Ribs are present on all but the last ounk vertebra, but Lhe:
last two pairs of ribs are very short. There are 1 cervical, 14 trunk, |
ssicial P vaudosacral. and aovarable number (27, 90:58,.39, 41, 4240
six individualsi of caudal vertebrac. Larger individuals have more tail
vertebrae, The transverse processes of the irst caudosacral vertehra exten
nearly laterally and shghtly posteriorly. The processes ol the second are
distinctly oriented anteriorly. The processes of the first cawdal vertebra
ave oriented sharply anteriorly. These very large processes are not bi-
fureated and do not cross those of the seeond caudosacral veriebra, In the
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2,

Fre . Outlines of hands and feer and metapodials and phalanges, 1aken
ooy tadivgraphs. A, Belitoplsse salfeods, LACM, Na, 42283, loft foor B
igdasia wrburata, UMMNE Noo 113870, el fosr O Hofifuelossn lavion,

Fald
KLU Mo 116340, left haod. T 5. dapdser, KLU No.o 116544 tholotvpe), left oot
B i tavler, WL Na, LT6343, left faot,

largest specimen wansverse processes on the caudal vertebrae reach
their highest development, and these are visible onlv on the first three
vertebrac as very small spines oriented sharply anteriodly and lying at
the anterior end of cach vertebra. Well-defined neural crests are present,
at least on the first few tunk vertebrae. There are no tibial spurs,
Phalangeal formulas are 1-2-3-2 and 1-2-3-3-2. There s some digit
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flattening anel the metacarpals and metalarsals have some hony webs
extending laterally from the shafts of the bones, Terminal phalanges
aree all well developed and tend 1o be expanded distally (see fig, AC-LE).

HARITAT AND DISTRIBLTION

Rofitaplassa tavfors has been found only on the crese of the Serrania de
Pirre, which is the highest and least dissected of three anticlinal faul
blacks in extreme southeastern Panama (Myers, 1965, pp. 3-6). This
serramii 15 alipned north 1o south and is abouc 35 kilometers long, nising
rather sbruptly at its northern end from the nearly base-leveled low.
lands of the Rio Tuira drainage, and essentially terminating on the
Panamarman-Colombian border in a region of Jower hills. 1o is funcia-
mentally an unbiroken ridge with a few prominent peaks, the highest
heing Cerra Pirre (15350 meters) near the middle of the ridge and Cerro
Citure (1110 meters) near the northern end. Ascending alr currents
canse nearly constant cloud formation along the erest of the ridge, cven
during the dry scason, Although the ridgetop is quile narrow i places,
and the sail is correspondingly thin, the high humidity and low rate of
evaporation result in o2 luxuriant, epiphyie-laden clowd foreso thal s
markedly different from the evergreen seasonal forest fmonsoon rain
forestd that blankets the slopes of the serania

All but one of the specimens were collected January 17-25. 1866, on
the ridge north and south of Cerro Clturo, al elevations of B00-1100
meters, Four individuals were found at 900-1000 meters on the “north
riclge.” on two adjacent peaks (960 and 1000 meters? that sometines
are visible fraom the town of El Feal in the lowlands nonh of the ser-
rania. T'he ridgetop in this area is narrow and the clond forest 1 Jow
{canopy less than 18 meters) and exceedingly dense; the small Lree
mrunks are choked with moss, hromeliads, and other epiphyies. and the
herbacenus vegetation s abundant. An additional eight specimens [rom
near Cerro Citurn were taken on the “south ridge™ in the vicinivy of

a campsite al 1100 meters elevation. This 15 the type locality (fg. 3}

LR

which could be reached, after ail was cur, in about two and ane-hialf
hours from the northernmost of the aforesaid peaks. The ridge at this
point is relatively wide and the seil sufficiently deep o support a forest
having a maderately high canopy (more than 20 merers), The vegetation
is more open than ar narrower places on the ridge, but epiphyies are
abundant on the ounks of tees, and there s @ well-developed siratum
of ferns and herbaceous broadleal plants {Nig. 3; Myers, 1969, fig. 12).
Tree ferng are abumdant, but palms in the undersiory are relatively
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svarce. The cloud forest is swictly a ridgetop phenomenon st the tvpe
locality and elsewhere on the northern end of the servanda, as explained
by Myers (1969, p. 23). Salamanders proba bly disperse out of the clond
forest to somewhat lower elevadions, but it is doubiiul if populations
could be as dense, or even maintained ar all, in the EVETOTER seasolal
forese. The latter cone is ar limes very wet, but it also i suhjeer 1o
periods of relative deyness, especially on the well-drained. steepr slopes

Fic. 3. Physivenomy of clond forest, 1100 mewers elevation, ar tvpe locality

of Belttogleisa tapdorr {Janare 24, 19661, Most salamanders were found on such
2 : 5 }

berbaveous vegelation ar naghe, but by day some were hidden in bromeliads

o Lees truanks,

and particularly during the long, drv season that lasts from about late
December to carly April. Correlated with this, but perhaps of rmore
importance 1o the salaranders, is the near lack of suitable epiphylic
growth in which these arboreal animals can hide and remain maoist Ly
day. and the greatly decreased densiey of herbaceous plants on which
they can prowl by night. These factors make it seem likely that Hofite-
ghasia taplors is conlined alimest to the very crest ol the northern par
of the serranla, or, at the very least, thar the maximum porpulation
density 15 in the ridgetop cloud farest,

The middle pare of the Serrania de %
p

wre, at Gerro Pirre tself, s
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higher, and the cloud forest consequently develops ar a greater elevation.
Cloud forest first oceurs between LA and 1400 mewers and extends 10
the top at 1350 meters. "The forest is lush and wel as on the northern
end of the serronle, but temperatures are cocler and bromeliads are
abundant on the ground as well as on trees. Only one sulamander was
obtained here, near a campsite at 1440 meters, on May 253, 1963, Tt
was pigmented somewhat differently than the specimens eollected Farther
to the north (see Color in Life)

Belitnglosia taylort thus oceurs on the norther: half af che Serrania de
Firre, and very probably it inhabits the entire length of the ridge. The
scological condilinons commented on above, and the freguent tendency
for momtane Hefttoglasa (o be seographically restricted, raises the pos-
sibility that B faylert 13 endermic o the dsolated clowd Torest an the
Pirre ridse. This is only speculation, of course, as too tew salamanders
have heen collected in eastern Panama and adjacent Colombiz for
definitive statements about range. Nonetheless, it is interesting that
Myers did not obtain B fapleri by using the same collecting techniques
in a clowd Torest |:f:5l{_'l—'f?13l.'] ITEEECTS, II[—:L[U(_I:-I]'['I.FI.I]]E‘..d.C-] divide] situated noe
tmore than about 30 kilometers southwest of the Serrania de Pirre, in
the Cordillera de Jurada (Myers, 1969, figs. 1, L1 Two dilferent species
of Botitoslssse oceurred there, namely . phalorosoma and an undeseribed
specics, Specimens of additnnal species are known from the Darién
lowlands, ut B fapders 15 not among them,

BEHAW IR

Bofitnginsra faplors is nocturnal as are most, if not all, other members
of the genus, Also, i1 is arboreal, as is characteristic of the [orest-dwelling
species of Balitoglossa, which live at moderate to low elevations. Four
individuals were found by day, in bromeliads on the sides of trees.
The other specimens were abroad by night, sometimes during rain.
One juvenile was on vegetation only several centimeters above ground.
Eight others were on leaves and branches = 1 meter above the forest
Agor. In most cases they were motionless when first scen. Any subse-
quent movement was sluggish until they were prodded during capture.

The male and female shown in figure 1 were found on the same leal
roughly a meter above groumd on the mghe of January 2%, 1986, They
faced in the same direction, the female lving behind the smaller male,
with her head resting on his tail, Evidently disturbed by the beam of the
headlight, they moved apart, They were kept alive in the same con-
tainer for a day or so, but exhibited no other behavior of note.
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RELATIONSHIPS

Aodstogtosse taplor] s similar to members of the adipersa group, which
includes ning South American species (Brame and Wake, 1863]. This
group has not been formally delined, and it owill f‘:\t‘:]]illi’t]]‘.' e sub-
divided further, A core assemblage conaining £ edspersa, 8 oallecula,
B osavager, and B, berburala 1s faivly distinclve, and the last three species
seem Lo be close velatives, Bolitagiossa pafieculs of the Cordillern Central
of Colombia, is the most generalized of these three species. It is an up-
land form (above 1900 meters) with little webbing and large, distinet

digits [Nz, 2A] with su bterminal pads. Belifeglossa savagen, Trom the Sierra

Frg. & Map of porthern South America and Panama, indicating rlu.lldm.

distcibutions of Foefisefone favlard and its relatives, Light and dark st
wrns denare elevations above D000 and 3000 meters, J!.'!‘.|.I'U..|.L-'§.|.:-.

|J-:-.
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MWevada de Sania Marte in northecoastal Colombia, ocours at elevitions
between 1000 and 2100 meters. It has more webbing than B eafleuds
but retains distinet, knoblike digital tips and large subterminal pads.
Bolitogiossq  berhwrata, from the Cordillera de la Costa of northern
Venczuela, is known to range between 1000 and 1200 meters, 1t has
more webbing and less distinet diglis than those of the other species

itig. 4B3; the digital tips are rounded 1o slightly poinied, Qatrened, and
lack subterminal pads
Folisoglossa faplors, which occurs Beetween 900 and 1R meters, ne-

sembles the above species, cspecally 8 derbaata, Ruelitngiogea borburate
and B faplors are of similar size and have legs of sinelar length, Foth
have relatively many maxillary weeth, Saftloginga fapdort has more vomer-
e teeth, a slightdy broader head, slightly more webbing of the hands
and [eet, and subterminal pads. The two species are very similar, how-
Ve,

v addition o having less webbing of hands and feet and more
prominent digits, # sasager 1ends 10 have fewer vomerine and slightly
fewer maxillary reeth than those of 8 oo o most other features,
including head width, lep length, ang weneral habis, the species are
very simnilar. The largest male ang Temale of & wpders are longer than
the largest known members of the same sex of M spmvrgen B borinrala,
and B paffecds, but mean sizes are sumlar in the Fonar spaecics,

The hands and fert of & eaffecnis have the most prominent digits
and the least amount of webbing of the group, and these featuras iz
tinguish the species from B savlors. Bofttaglosia perlleiufe 15 also distin-
suished from B, tapdiri by its light yellowish or pinkish ventral caloration,

Far fewer maxillary and vomerine tecth, and a tendency o have a
slightly narrower head.

Brame and Wake (1963 suggested that £ petteinde, £ savapen andd
B borberaia formed 2 oseries of related species derived from an ancestral
stock that also gave rise w A adipersa. Aolitoglosia vadfeandn was con-
sidered 1o be the most generalized and primitive, and 8. borburala the
mast derived, with £ saeagel somewhat intermediate between the two,
Bolitoglossa tapford also fits e this series, and in terms ol relative degree
af derivation would lie berween B savager and B berdarata. Beoause we
have so liule information concerning some of the specics, especially in
rezard o osteological data, our statements concerming degree of dert-
vation must be viewed as lenative, We have tended 1o L‘1:L[;-}1'r:hi.2-: the
structure of the hands and feet, for elsewhere in the genus inerease n
wehbing, decrease in digit individualive, increase In fool Nattening, and
lnss of subterminal pads are all derived fearures. The lour species under
consideration can be arranged in a serics, from primitive and generalized
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o derived and specialized, according o hand and foot structure as
Follows: 8. salfeceda, B savaged B taplrl, B borburate. This arrangement
also correlates with g decrease in altinwding! range, with the last two
species nocurring at the lowest elevations,

Certain other trends are evident in the sample. Maxillary weeth increase
in number from A sallsaeds (28-61, mean 44:. N = 16 w0 B savage!
(23-79, mean 48: N = 31} to S berburata (49-71, toean 57 N = 11)10
£ fgplors {44-TH, mean G0 N = 10). Vomerine teeth increase in number
from B seffecdic (14 2, mean 19 N = 20) to B saoeger (1555, mean 25;
MNo= A0 e B Berlurate JTE-E3 mean 24 N o= 120 o Hoteplerd (18-49,
mean 31; N = 1. Sncuts tend to be somewhat longer in B farfurala
and B faplers, especially in females, but our samples are oo small o
document this observation. Mean ratios of snout-pular fold length o
standard length are as follows: & sedfesds males 236, females 2150 5
sarager males 235, females 22,50 B barfwrate males 241, females 2301
Hodapfers males 200, fermales 2450 Heads tened e be slightly broader in
A tapfor! than in the other species, and f sefleadds has the narrowest
head. A endency for a dorsal light band s seen in all of che species, but
especiallv in B berfurai

Based on the above characters, we sugpest that £ fadory and B borburata
are close relatives and thae they have been derived from an ancestral
stock that might have been similar to 8 sevagen Salitopliisa vallecula s
||_".'iH F-i.”'li];;!:' 1 .”. !f-l_']'l!l'.:'."|" ”'I.."'Ir'l are |E1¢j f:I|}H_'r' vy R[)UC;I’_‘.‘F. Ll!l{_l WS b(_'l,il'_‘:"r'l'_"
that it is also not so closely related. In additien o the stroctural evidence

1

concerning relationships, the distributional pattern (fg. &) of disjunct
populations in isolated upland situations s what one might expect for a
group of closely related species.

The correlation between foct structure and elevation s striking in
this group, with the two species of relatively low clevanons (8. faplerr and
B, berluriate) having the greatest webbing and the least distinet digies.
This pattern has been seen in species groups of Hoffoslose in Costa Rica
(Wake and Brame, [963) and Guatemala and Mexico (Wake and Brame,
196%]), as well as South America. The genus Befvtepfsisg has the most
extensive continuous range of any salamander. Within this vast range,
specics groups tend o be localized, and a persistent patiern is found 10
\.‘-":'I_JI,C]'] rd_'|¢|,[j1.-'r_:]1_.' [_)_I'i_r]:]il':i,"--'l'_‘.' S[JI::CiI_‘:S CHOCELT | n I:.l"ll..,‘: IJJ}]E!.E".{_IF\.J J':I".}I,ir'lll'fr' i.r'l :fﬂl‘ﬁ"!ﬂ‘l t"ial
situatiens, and dertved species occur in the lowlands, mainly in arboreal
siteariens. Among the lowland derived speeies, the ones in the northern
[i'l:ll'_l WS LI [_Jé]l'lﬁ l:_:lr |]'IL' r'angr:. H_:T'IILE (] l'_:lf._': IO J1I"i][|i|i'l."l!_: ||:I&Jf'| r}1EI5¢!
in the southern and eastern parts.

Two Panamanian specics, B fmenate and £, sofizedaciyds, show some
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similarities o B fevlerd, but 10 s unbikely that cither s @ close relagve,
Some small individuals of B fapfer are very similar we some large £
Aeeriafu, espeotally in colorgtion. Befitesfoss bovereata s smaller, hay fower
teeth, and has meore extensively webhbed feet wich less distinetive digits
and no suberminal pads. The type locality of B deserdate 15 a1 a lower
elevation {less than 100 meters abowve sea leveld ue is only about 232
kilomeners Trom Cerro Clouro, Seftfogfosss sehizodacivda iz a larger specics
which is not known to cceur in Darién. e has distineuve hands and feel
(Wake and Brame, 1968) with expanded, highly specialized terminal
phalanges and muoch webbing, Some individuals have coleration that is
similar to that seen in some B fepfsry, but in most features the species
arc very distinet. In addition o the other disunguishing Tearores, B

.7‘1-,3-':--"!'-(!-\'.;{I'£r|'|' ]!i-l_.\i ITars :t!{!l]'. i-'.['l.-!l |H-]Z|E|t!|ﬁ E{,‘L::‘i |:."Li-I['I []’]I'.l.‘ii.‘! IZ’JI— .|!I.J) ;,-,-]=f|1r,"_

(Mher Panamanian specics are not likely to be confused with A dapders
Badttegluise mfinnes has a distncuve dermal nterorbil boss and no
raxiilary teeth. Beliteglosss fgniealar 15 g larger species with fewer eeth;
it has extensively webbed Teer thar lack subrerminal pads, bot che Teey
are quite distinetive in being relatively thickened, SBefiteglosia mormarea
s larger and has much less webbing and more discrete digins. Other
Panamanian and Colombian species will be discussed more Tully in forch-
coming publications.
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