Herpatological Mone, , B, 1004, 203225

ERPETOLOGICAL MONOGRAPHS [No. 8
W10 by e 28 " League, Inc.

R . - o

region (Paratypes of G. I loweryi, formerly LSUMZ Juquila, Mixes; MNHN 6135, Tehuantepecs MSB

484, 476, 474, and 486), KU 24067, Xilitla region 29758, Distrito de Yautepec, 9 mi SW San Carlos

(Formerly LSUMZ 613); LSUMZ 472-73, 475, 417- Yaulepec, 6500 ft.; UCM 44530, Tehuantepec, La-

79, 481-82, 485, 485a, 487, Xilitla region (Para- chiguiri, Cerro de anhl%.ulrl. 7000 ft; UIMNH

types of G. [N ); LSUMZ 480, Xilitla region 8633, 10 mi SW Miahuatlan; UIMNI 8634, Ten-

(Holotype of G. 1. loweryt); LSUMZ 488, Ciudad ango, near Tehuantepec; UIMNH 19521, Llano

del Malz; LSUMZ 614, Xilitla reglon; LSUMZ 4853 Ocotal; UIMNI 35527, Santo Domingo Chonte-

54, 4956-57, 6 mi W Ahuacatlén, 5400 fr.; LSUMZ comatlan; UIMNH 46733-04, Cerro Jacal, San Bar-

4958, Birmania, 3 mi § of Valles, 800 ft.; TCWC tolo, Yautepec, 5000 ft., UIMNH 73590, Rio Sal,

29617, 5 mi E El Labo, 4500 ft.; TCWC 35604, Lachao, Juquila; UIMNH 78594, Tres Cruces, Te-

33.8 mi W Valles, 2500 ft.; UIMNH 51208, Tam- huantepec; USNM 118217, Tres Cruces; USNM

nchale. 118218, La Concepclon.

Group 8 (G. aphiuru!): VERACRUZ: BMNH  Group 14 (C. liocephalus): OAXACA: AMNH 66891,
56.4.17.6, Cordova; NMW 25005, Orizaba; SAM El Palmar, Cerro Atravesado; UCM 41063, Sierra
878, 1.5 mi N Zapotalillo; USNM 12245, Mirador; Madre, NW Zanatepec: UIMNH 40028, between
USNM 30206, Orizaba (Holotype of G. ophiurus). Cerro Atravesado and Cerro Azul; UIMNH 56865,
USNM 118219, Cerro Gordo; USNM 2248006, Sierra Madre, N Zanatepec; UTA 8784, Cerro Baul,
Cuautlapan; ZMH 03036, Jalapa. ca, 10 km NW Rizo de Oro, Chiapas.

Group 9 (G. liocephalus ): PUEBLA: UIMNH 19520, Group 15 (G. liocephalus): CHIAPAS: AMNH 71596,
Km. 226, Tehuacan; USNM 113216, Cacaloapan; El Otatal, Tuxtla Gutierres UTMNH 52087, Cerro
UTA 4715, 1 mi N Cacaloapan, 7400 ft. VERA- de Sumidero, Tuxtla Gutierrez, 1200 m.

CRUZ: MVZ 76326, 2 mi § Acultzingo. Group 16 (G. liocephalus): CHIAPAS: UMMZ 94921:

Group 10 (G. locephalus): VERACRUZ: UTA 8360, Cerro Malé, 3200 m (Holotype of G. 1. austrinus).
ca. 2 mi NE Catemaco, north side Lago Catemaco. Group 17 (G infernalis): CHIHUAHUA: AMNH

Group 11 (G. licephalus): GUERRERO: BMNH 67018, Clarines Mine, ca. 5 mi W Santa Barbara,

1918.7.19.103, Amula; CM 52764, SW Amojileca, 800 ft. (Holatype of G. liocephalus taylori); AMNH
§W Chilpancingo; MCZ 33749, Chilpancingo; MCZ 68295, Santa Barbara, 6300 fu. (Paratype of G. L
42719, Omilteme, Sierra de Burros; MVZ 45006~ taylort).
07, near Chilpancingo; TCWC 8585, 9886, Aca- Group 18 (G. infernalis): DURANGO: ANSP 20128,
huizotla, 2800 ft. Sierra Guadelupe, La Cuchilla Station, 7500 ft;
Group 12 (G. llacepha!m}:OAKACA: AMNH 93210, TCWC 35499, T4.4 mi SW Torreon, Hwy. 81
2 mi E Ixtlan de Juarez, 7000 fi.; AMNH 83211, Growp 19 (G. of. liocephalus): DURANGO: UTEP
El Tejocote (ca. 30 mi NW Oaxaca de Juarez), 7600 4562, 2 mi N Pueblo Nuevo, Municipio ¥ Salto,
ft.; AMNH 93212, 2 mi E Ixtlan de Juarez, 7200 6000 {t; UTEP 4563, 6 mi SE Llano Grande, Mu-
fr.; AMNH 100723-27, Tejocotes, 7200 fr.; AMNH nicipio Durango. 6800 ft. SINALOA: KU 78004,
100728, 1.5 mi E Ixtlan de Juarez (Vivero Rancho 19.2 km NE Santa Lucia, 1940 m.
Teja), 7300 ft.; AMNH 102726-30, Disto. de Etla, Group 20 (G.ef. lux‘ephalul):COI.lMA: MVZ 197549
Tejocoles, 7400-T700 fr.; AMNH 102731, near Te- vicinity of Colima. JALISCO: CM 65525, 40 mi N
jocotes, Rio Negro, ca. 7000 fu; AMNH 102782, Hwy. 80 on Hwy. 200: MVZ 205566, 53 km NW
Disto, de Etla, Tejocotes, 7000 ft.; AMNH 102788, (by Mexico Hwy. 200) of jor. Mexico Hwy. 80.
Tejocotes; AMNH 106722-25: Tejocotes, 7500 fr.;  Other specimens examined: Gerrhonolus infernalis:
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309, 9 mi N San Juan del Estado, 8000 ft; AMNH River, Texas (Holotype of G. infernalis); USNM
106740-41, 2 mi NE El Estudiante, 7200 ft.; AMNH 47136, Sierra Encarnacion; ZMB 1154, Texas. Ger-
106742-47, 1.5 mi E Ixtlin de Juirez, 7400 ft.; rhonotus locephalus: AMNH 106732, near sum-
AMNH 110618-19, 1.5 mi E Ixtlin de Judrez, 7500 mit Cerro Guirone, Disto. Tlacolula, 8100 ft.; ANSP
ft; AMNH 110620, Distrito de Ixtlin, 1.4 mi E 0026-27, mining districts of Mexico (Syntypes of
Ixtlan de Judrez, 7300 ft.; MSB 41654-55, Distrito Seincus ventralis); ZMB 1158 (Holotype of G. lio
de Etla, Tejocotes, 7600-7900 ft.; USNM 46748, cephalus), MVZ 10328, Oaxaca. Gerrhonotus Tu:
Valley of Oaxaca, 9000 ft.; UIMNH 63666, 63667~ goi: ASU BSIS, “rastro municipal,” 2.7 km SW
68, T , Cerro San Felipe; UTA 4232, 5644, Cuatro Ciénegas de Carranza, Coahuila, 740 m
6064-069, 6104-05, 7626, 9858, 10276 (7400 M), (Paratype of G. lugoi) TCWC 55258, 4.2 mi W
12221-26, 13606-10, 1068184, 22560-73, 27035~ Ocampo, Coahuila. Gerrhonotus ophiurus: MNHN
38, ¥l Tejocote. 1151; locality unknown (Syntype of G. lemnisce
Group 18 (C. liocephalus): OAXACA: AMNH 68125, tus).
Cerro Arenal, near Tenango; AMNH 10273536,
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F1G. 1.—Map of Papua New Guinea indicating
provinces of erocodile harvest, excluding Manus (2°0'S,
147°0'E)), New Ireland (3°0'S, 151°30°E) and the North
Solomons (6°0'S, 155°0'E). Right border of map is

153°E.

agencies. In addition, crocodilians are ex-
tremely wary animals that develop rapid
learning avoidance to capture (Bustard,
1968).

Consequently, we sought to develop a cost-

effective, alternative method to address these
problems through morphometric sampling
of discarded crocodilian skulls from hunter
harvests as a practical management tool to
aid in monitoring resource use. The objec-
tives of this study were to: (1) examine and
quantify ontogenetic patterns in relative
growth of the skull in a crocodilian, Croc-
odylus novaeguineae; and (2) assess the
utility of the functional patterns of relative
growth as a predictor of gender. Such
knowledge could permit determination of
population structural parameters of future
harvests. Thus, demographic trends may
be monitored and the potential to manage
the resource may be enhanced.

Background

Growth in the Order Crocodylia is gen-
erally thought to be indeterminate (Cott,
1961; Jacobsen and Kushlan, 1989), al-
though Brishin (1990) argues otherwise.
Crocodilians exhibit typical size dimor-
phism, in which males become longer and
heavier than females (Neill, 1971). How-
ever, this discrepancy may not be apparent

where regulated crocodilian harvests oc-
cur if the upper size limit is below the point
where the divergence between sexes is pro-

nounced (such as in New Guinea where it
is about 2.7 m total length for C. novae-
guineae). Other than size, sexual dimor-
phism in crocodilians is evident only in
socially mature, adult male gharials (Gavi-
alis gangeticus) that exhibit a secondary
bulbous snout protuberance (Basu, 1980).
However, the reliability of this character
remains uncertain as a necropsied adult
possessing such a feature was found to be
female (Martin and Bellairs, 1977). Thus,
to date, manual probing of the cloaca
(Chabreck, 1963) or vivisection (Magnus-
son and Hero, 1990) are the only certain
means of determining gender in a living
individual, except where size dimorphism
is apparent.

As a group, crocodilians are long lived
(40+ years) vertebrates and dimorphic at-
tributes of growth appear to be expressed
in early life by age five (Chabreck and
Joanen, 1979; Wclﬁ) et al., 1978). The dis-
parity of such growth is influenced strong-
ly by incubation temperatures during em-
bryogenesis (Ferguson and Joanen, 1983;
Webb and Smith, 1984). Functional
changes in the rates and directions of
growth for areas of the crocodilian skull
are also known to differ according to the
age and size of individuals (Dodson, 1975).

We hypothesized that the skulls of New
Guinea crocodiles (beyond the early age
classes) should also exhibit a dimorphic
suite of characters corresponding to the
ontogenetic changes in growth of body size
with respect to sex. Due to slower female
growth rate, the skull of a female crocodile
compared to that of an equal length male
skull of age X will belong to an animal of
age X + t. Thus, the shifts in ontogenetic
patterns of relative growth of the skull of
comparably sized individuals should be
more pronounced in females than males
of equivalent size, and become even more
disparate as size or age increases. The gen-
der of equal-sized individual skulls is in-
discernible with specimens in hand (Fig.

2), but may become apparent when pat-

terns of growth are viewed and analyzed

in a multidimensional framework.

crocodilians is fairly new. Early descrip
tive investigations on aspects of embryonic

The quantitative study of growth in
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STUDY AREA AND METHODS
" Marphamﬂry
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istrict, Western

FiG. 8.—Map of Lake Murray District, »

Pr:w:‘nen. Papua New Guinea indicating the Middle
Fly (left) and Lake Murray (right) subdistricts.

bdistrict (Hall, 1990b). Detailed descrip-
:;:ms of the(study area have been presented
elsewhere (Hall, 1983; Hall and Johnson,
1987). o
We obtained data from skulls provide
by hunters and from culled s!mrl-tarm
captive stock cau?ht from the wild. These
sources were pooled for analyses because
captive skull growth was indistinguishable
from that of wild conspecifics, except for
‘two long-term captive individuals with
distinctive anomalies (Hall, 1985a) whiclh
were excluded from the analysis. Addi-
tionally, two skulls from Western Province
(BMNH 86-5-20-1 and 86-5-20-2) were ex-
amined at the British Museum (Nx_ztural
History), London. All skulls were dried at
ambient air temperature for at least 30
days prior to inspection. Pre- and post-
drying measurements were made on culled
captive animals to estimate shrinkage of
certain characters. Thus, correction factors
can be applied to data that were also ob-
tained from live individuals or from pre-
served, but uncleaned skulls.

The morphometric measurements taken
(Fig. 4), their abbreviations, descriptions,

FIG. 4.—Views of Crﬂctdyll;d )ngm;negrineazl:ug
measurements taken. (a rsal cran :
s-!‘"I,:)wclr]:fﬂ=I3V|v'.4-SL,.')--S\v‘\:’.(")=()L.‘.’~-(')Wi
8= 10W,9=LCR, 10 = WCR, 11 = WN. (b) Lateral
cranium: 1 = CL, 2 = DCL, 4 = SL, 6 = OL, 8 :
LCR, (¢) Palatal eranium: 12 = UM, 13 = PXS, |
= MXS, 15 = PM4L, 16 = PM4W, 17 = M5L, 18 =
M3W. (d): Lateral mandible: 19 = ML, 22 = DL, 25
= LM. (e) Dorsal mandibles: 19 = ML, 20 = LMS,
21 = WMS, 23 = DW, 24 = WSR, 25 = LM, 26 DIL,
27 = DIW, 28 = D4L, 20 = D4W, 30 = D11L, 3]
= D11W. See METHODS for explanation.
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TABLE 1.—Morphometric and miscellaneous vari-
ables recorded on Crocodylus novaeguineae indicat-
ingalheir abbreviations, explanation, and the nearest
whole unit of measurement. For bilateral categories,
growth was assessed unilaterally from the right side,
except where damaged. Numbers refer to Fig. 4.

(1) CL (eranial length, mm). Anterior tip of snout
to posterior surface of occipital condyle.

(2) DCL (dorsal cranial length, mm). Anterior tip
of snout to posterior tip of supraoceipital (medial
posterior margin of cranial roof).

(8) CW (cranial width, mm). Distance between the
lateral surfaces of the mandibular condyles of
the quadrates.

(4) SL (snout length, mm). Anterior tip of snout to
anterior orbital border, measured gingomlly.

(5) SW (basal snout width, mm), Width across an-
terior orbital borders.

(6) OL (maximal orbital length, mm),

(7) OW (maximal orbital width, mm),

(8) IOW (minimal interorbital width, mm).

(9) LCR (length of the postorbital cranial roof, mm),
Distance from the posterior orbital border to the
posterolateral margin of the squamosal,

(10) WCR (posterior width of the cranial roof, mm),
Distance between the posterolateral corners of
the squamosals.

(11) WN (maximal width of external nares, mm).

(12) PXS (length of palatal premaxillary symphysis,

0.05 mm).

(13) MXS (length of palatal maxillary symphysis, 0.05
mm).

(14} UM (length of upper ramus, mm), Anterior lip
of snout to posterior margin of distal-most max-
illary nlvwﬁl'.‘l..

(15) PM4L (maximal length of fourth [largest] pre-
maxillary alveolus, 0.05 mm).

(16) PMAW (maximal width of fourth premaxillary
alveolus, 0.05 mm).

(17) MBL (maximal length of Efth (largest) maxillary
alveolus, 0,05 mm).

(18) M5W (maximal width of fifth maxillary alveo-
lus, 0.05 mm).

(19) ML (mandible length, mm). Anterior tip of den-
tary to the posterior tip of the retroarticular
process,

(20) LMS (length of the mandibular symphysis, 1

m).

mi
(21) WMS (maximal width across the mandibular
symphysis, 1 mm).
(22) DL (dentary length, mm). Anterior tip of den-
tary to the anterior external mandibular fenes-

tra,

(23) DW (dentary width, mm). Lateral interalveolar
width of dentary at the posterior margin of the
mandibular symphysis,

(24) WSR (surangular width, mm). Posterolateral

width across surangulars at point of Jaw artic-
ulation,

(25) LM (length of lower ramus, mm). Anterior tip
dentary to posterior margin of distal most
dentary alveolus,

TABLE 1.—Continued,

(26) DIL (maximal length of first [third largest) den-
tary alveolus, 0.05 mm).
(27) DIW (maximal width of Brst dentary alveolus,

0.05 mm).

(28) DAL (maximal length of fourth [second largest]
dentary alveolus, 0.05 mm).

(29) D4W (maximal width of fourth dentary alveo-
lus, 0,05 mm).

(80) DILL (maximal length of eleventh [largest] den-
tary alveolus, 0.05 mm),

(31) DIIW (maximal width of cleventl; dentary al-
veolus, 0.05 mm).

Other measurements and data recorded, where known,

were:

(82) SVL (snout-vent length, em). Anterior tip of
snout to anterior cloaca,

(33) TTL (total length, cm). Anterior tip of snout to
posterior tip of tail.

(34) BW (commercial belly width, em). The width
across the ventral belly and lateral flank scales
between the distal margins of the third trans-
verse row of dorsal scutes.

(35) BM (body mass, 0.1 kg).

(36) Sex,

and the nearest whole unit of value em-
ployed are listed in Table 1. Measurements
up to 150 mm were taken with 0.05 mm
dial calipers. A steel tape was used for larg-
er dimensions. Body mass was weighed on
a Salter clock scale. Manual probing of the
cloaca (Chabreck, 1963) was used to de-
termine sex,

Ratio indices were used for skull char-
acters to reflect relative growth. The in-
dices used and their methods of calculation
are indicated in Table 2. Cranial indices
used in this study were modified from lor-
dansky (1973) by substituting dorsal cra-
nial length (DCL) for cranial length (CL)
as an index divisor. The latter measure-
ment includes the occipital condyle which
is often broken during collection. Also,
DCL is preferable since it can be recorded
from living individuals, whereas CL can-
not. Mandibular indices were of our own
design,

Analyses

Linear regression analysis was used to
derive equations for the estimation of DCL
from body size measurements or other skull
attributes used as independent variables.
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Slopes and intercepts of regression for-
mulae were compared using F-tests to
evaluate gender specificity. Cocfficients
were also calculated for the prediction o
body size attributes from DCL by thesame
method.

We used mark-recapture data from sev-
eral unpublished studies to derive growth
estimates for male C. novaeguineae to age
nine and females to age 13 (see Hall,
1900b). These values were used to con-
struct growth curves that were fitted to
three growth models: a reparametert:
Richards curve (Brisbin, 1990; Brisbin et
al., 1986), the von Bertalannfy model (Fa-
bens, 1965), and a Brody curve (Gates and
Dahm, 1989). This latter curve takes the
form: W, = All — B exp™], where W,
represents known body mass or length at
time t, A is the final asymptotic length or
mass, and B and C are constants. In this
study, the maximum confirmed W, was
335 em TTL for males and 265 cm for
femnales, while Wy, was 28 em for both
sexes (Hall, 1985b). Due to the superior fit

with the Brody curve (see below), growth
rates were estimated under three scenarios
by that model. In our first pair of Brody
growth models, we allowed the asymptote
term A to vary freely and seek its own
level. Next, growth data were fitted by
setting the final asymptote equal to known
maximum values of W to develop a second
set of models. Finally, a third pair of mod-
als was constructed with the Brody curve
(16) RWM (relative W th of mandible) = maximal by setting the final asymptote size param-
width across surangulars al jaw articulation/  €lers equnl to estimated maximum asymp-

o Eﬂﬂb;e(kr.gt:h 1LVSRt£Mll-i]» o) totic values (see below) of 360 cm TTL
re ve len| ol lower ramus) = low- I

er ramus length/ mnr?dible length [LM/ML] %males) and 285 cm (females), respective

"I;:' es%"f&fﬂ“m:::ﬂg:;’::“ {PN:H. M5, D1, : Gender analysis of relative growth ratios
or C. novaeguineae was test y two

(18) RL (relative length of alveolus) = maximal al- thodologi th i

veolus length/dorsal cranial length (For upper methodologies o assess e compard ve
ulveoli [PMd4/DCL; M5/DCLI or mundlile robustness of each a:{pproach and its utility
length (for lower alveoli [D1/ML; D4/ML; D11/ for properly classifying observations. A
traditional parametric multivariate meth-
od, diseriminant analysis (DISCRIM; SAS,
1988), was used first followed by a non-
parametric binary classification tree anal-
ysis program (CART [California Statistical
Software, Inc.]; Breiman et al., 1984). The
CART methodology offers several impor-

TapLe 2.—Relative growth indices used for skull
variables of Crocodylus novaeguineae indlcating ab-
breviations a methods of calculation.

e

(1) RCW (relative cranial width) = cranial width/
dorsal cranial length [CW/DCL}

(2) RLST (relative length of snout) = snout length/
dorsal cranial length [SL/DCLI.

(3) RWST (relative width of snout) = basal width
of snout/snout length [SW/SL}

(4) ROL (relative orbital length) = maximal arbital
length/dorsal cranial length (OL/DCL).

(5) ROW (rclative orbital width) = maximal orbital
width/maximal orbital length OW/OL]

(6) RWI (relative interorbital width) = minimal in-
terorbital width/ maximal orbital length [IOW/

oL}

(7) RLR (relative length of pulorblln'l cranial roof)
= length of pouorbitxl cranial roof /posterior
width of eranial roof [LCR/WCR].

(8) RWN (relative width of external nares) = max-
{mal width of external nares/dorsal cranial length
minus snout length [OL/(DCL ~ SL)}

(9) RPXS (relative length of premaxillary symphy-
sis) = length of premaxillary :ymphysis/dnrul
cranial length [PXS/ DCL}

{10) RMXS (relative length of maxillary symphysis)
= length of maxillary symphynu_ldurn\ cranial
Jength (MXS/DCL]

(11) RLUMR (relative length of upper ramus) = up-
per ramus length/dorsal cranial length (UM/

DCL).

(12) RLSS {relative len th of mandibular symphysls)
= maximal length of mandibulur symphysis/
mandible length [LMS/ML}

(13) RWSS (relative width of mandibular symphysis)
= maximal width across mandibular symphysis/
maximal length of mandibular symphysis [WMS/

LMS}

(14) RLD (relative length of dentary) = dentary
lenglh,u'mandlhlc length [DL/ML}

(15) RWD (relative width of dentary) = dentury
width/dentary k-r:sth (DW/DL}

ML]).
(18) RW (relative width of alveolus) = maximal al-
veolus width/maximal alveolus length (08

M5W/MBL).
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Linear regression c
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TaABLE 3.—Body size and skull attributes (see Table
1) exhibiting sexual dimorphism when used as pre-
dictors of dorsal cranial length (DCL) for Crocodylus
novaeguineae. Cumrriwm are of estimated sizes
(mm)* for animals the size of the largest female in
the study (DCL = 855 mm). Significance levels are
inclusive of all individuals in the regression models
(see Appendix I).

TFredicted siee

A ey dlference o
SVL 137.1 139.3 +1.6 P < 0.005
TTL 261.1 2704 +3.6 P < 0,0005
CL a71.9 a76.8 +1.5 P < 005
CwW 171.8 100.2 +11.0 P < 0.0001
swW 124.2 185.1 +8.8 P < 0.0001
ow 88.0 388.6 +1.6 P < 0.05
0ow 31,8 334 +5.0 P < 0.005
WCR 111.0 114.7 +3.3 P < 0,005
WN 25.1 25.8 +2.7 P < 0.05
PXS 848 80.0 -5.7 P < 0.05
UM 260.5 265.5 -1.5 P < 0.05
PM4L 11.43 1358 +188 P < 0.05
PM4W 10.50 12.61 +20.1 P o< 0.05
MsL 14.14 16.12 +14.0 P < 0.0005
MEW 12.14 1525 +256 P < 0.005
ML 425.7 443.1 +4.1 P < 0.005
WMS 54.7 G6.1 4208 P < 0,0001
‘WSR 194.9 208.4 +6.9 P < 0.0001
DIL 11.92 1315 +108 P < 0.005
D1W 11.56 12.56 +87 P < 0.05
D4L 12,42 13.61 +9.6 P < 0.05
D11L 11.97 1452 +218 P < 0,05
D11W 10.09 12.95 +283 P < 0.01

+§VL and TTL In em.

known TTLs: males = 347 em; females =
305 cm (Hall, 1990b).

Sexual Dimorphism
Sexual dimorphism was observed in
snout—vent length (SVL), TTL, and in 21
of 32 skull attributes (Table 3). These dif-
ferences varied from slight to pronounced
at the size of the largest fernale in this
study (352 mm DCL). Male C. novaegui-

TABLE 4.—An example of sexual dimorphism in the dirvectional rate of change of

Crocodylus novaeguineae. Dimorphism initiates at

through the length of the

neae witha comparable-sized DCL possess

a longer SVL, TTL, cranial length (CL),

and mandible length (ML), but have a
shorter premaxillary s mphysis length
(PXS) and upper ramus Yongth (UM) than
females. Males also exhibit greater widths
with respect to their cranium (CW), snout
(SW), orbit (OW), interorbit distance
(IOW), cranial roof (WCR), external nares
(WN), mandibular symphysis (WMS), and
distance across the surangulars (WSR).
However, the most obvious evidence o

dimorphism was found in the dentition
with ﬁgl(! alveoli PM4, M5, D1, D4, and
D11 being conspicuously more robust in
males. The alveoli PM4, M5, D1, and D4
are pseudo-canines it the genus Croco-
dylus. Their dimorphic character in this
species suggests a ible relation 1o the
social ordering of adult males that compete
for territories and access 10 breeding fe-
males.

Changes in the directional rates of skull
growth indicative of sexual dimorphism
commence in C. novaeguineee at about
100 em TTL. Females begin to exhibit
proportionally longer skulls than males of
equivalent TTL; however, differences in
the proportional widths of skulls (males
being more robust) are not manifest until
a TTL of about 180 cm is attained (Table
4.

Size and Age Relations

Growth estimates for male C. novae-
guineae to age nine and females to age 13
(Hall, 1990b) were evaluated to derive

rowth models for predicting size-age re-
fatlons as indicated in Table 5. The von
Bertalannfy model gave a poor fit to our
data and grossly undlerestimated (partic-

growth in the skull of
about 100 cm total length and comparisons are shown
largest female in this study.

{al (5] Ratio

g:;lh Dorsal cranial length (mm) Gnont width (mm) a/b
(em) Males Females Males Females Mules Females
100 138.97 140.94 38.25 40,79 0.2752 0.26094
150 201.47 206,44 66.66 66.68 0.3309 0.9230
200 263.97 271.94 95.07 92.57 0.3602 0.3404
250 326.47 437.44 123.48 118.45 0.0782 03510
265 845.22 357.00 132.00 126.22 0,3424 0.8535

TABLE 5.—Results of growth cur
sk : ve models constructed for Crocodylus no
e ::Blu;){mptot; “l,:?:s“wun allowed to vary freely and seek their own ;f&f;‘;ﬂﬁ!é::dnfmmﬂdd ]
asym) z08 were specified as indicated and the data were fitted to cmve:g); to tr::l;{z) il I:f
poin

Source Hrody (1) Brod: -
y :li Brody (3) Richards von Bertalanffy
. ales
ag;:‘]‘zll,t;fﬂi‘ (em) 31; 333 (fixed) 360 (Gixed) DNC* 239
}‘\lelldual mean square 0.13590 1.20817 3 40838 = :
0.9999" 0.0999" 0.5908" = 00060
. Females ‘
ae!:ld E:‘l‘tdefm (em) 2?: if]&; (fixed) 285 (fixed) DNC* 220
:::lldunl mean square 5.11505 5.91271 }g 21846 — ~
. 0.9998* 0.9997" 0.9994" = Toses
A Gmnr\wm to a solution o

ularly for males) known asymptoti
totic t
lelétht M?’i‘?“e' the nzodipﬁedmm(::ﬁ}
ards curve failed to converge to solutions a
mon, d
g::ﬁlrll e:!l've attemhpted to estimate uncon- encon%pasmmo ai;:l:tsll ::ll): - 115 by
(1990) str%::’g‘i‘; Caﬂ?ll;anr:gtnc;s._nl:tathowsky gal size harvest limits !fﬁ;s Sitr\i:v:t‘:;]z
d against the con- n B B
thiuad eae). However, it i
% :i: V:I_S: ;(g(:r:t Rt}ctl‘lmrils model because  siderable error couldsr:s?x[l)fgfm Tt o
timation and its h-nhs cal properties in es-  to estimate ages for older aan f e
g igh intrinsic non];.nearity. basis of growth curve model;m‘l? o ttw
be ey ppear to support his admo- ple, Fig. Eg‘illustmtes the ranée o"t‘"r;::vntl};
The Brody model, however i curve conlidence limits from o I

s , provided a  Brody mod ur pooled
g:m:::::it\;e fit to our data which resulted 'TTL);emalgleng:u:? i.m‘ates ot
knngwnml curves that cln{sely paralleled  17-33 years vlvhermg:' neae range from
[“ 1aximum ns.ymptohc sizes (Fig. 5). 800 em TTI.: mal o estimates of 4

our initial scenario (Fig. 5a, d), the final ale are 18-31 years.
Gender Classification

asymptote terms A were allowed to vary
The original relative growth data set in-

may best reflect actual i
growth, there
little error in predicted age for either ﬁal:

freely and seek their own solution. This
;efasgllt:dc:g ;(J;:il::st}eg %n;é asymptote sizes corporated a total of 27 ratio indices f
ool s knnwnnmax 311 tflrgl 'E:ih ea(tf::; eolriml);ete skull. These included lsfra(:]:a?
%?:u::ns;nd 365 ;:m b et ab;:: Py mandibular aspects of growth (Ta-
et g;x see! t::ustt;‘nleﬁgr?wth curves  There was considerable overlap amo
el st El mi nal asymptote canonical coefficients in the relative rowi:ﬁ
L i el t;:own maximum data set. Initial discriminant anal sl% (DIS
it s o o %o teh models. Our  CRIM) results were highly promlzrin (e 4
Boe s o B peﬁ % iw hcurves .(Fig. overall apparent error rate [AER] .[.; Sﬁg%‘
e estimalse n(sgf tae% predicted misclassification with a complet; skull), but
g et cm TTL alarmingly illusory as the crossvalidath
F s (o ¥ Thn a value of 285 true error rate (TER) was 44.8% (Tabl, 6).
il ales. This ]a'tter vglue was When the same data set was eval al 36)'
Siined a: Eorngnaovpvrr?;:?rtmnal size ratio  classification tree analysis (C;I:Tl;ﬂltﬁe P 4
ey zes (265/335 x  sulting AER (26.1%) provided a reallst?«;

estimat;
Regardless of which of these scenarios ove:r;ﬁ gi;ii:rhﬁaﬁf: re(sz\g&ggozlh&:\b;’sft
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TABLE 7.-—Stepwise discriminant analysis results in-

dicating relative growth variables associated P

values for ‘best fit' predictive models of gender for
Cracadmm novaeguineae.

9
s n RWsT niUMR RER Rl
Complete skull 185 0.0001 0.0002 0.0006 0.0096

Cranium onlr 187 0,0001 00001 0.0025 N/A
Mandible only 219 N/A N/A  N/A 0.0001

analysis of the cranium only, where a sub-
set of only two cranial attributes (relative
width of snout [RWST] and relative length
of cranial roof [RLR]) were selected by the
model for classification of gender.

The wide disparity between AER and
TER was a consistent feature of DISCRIM,
while CART results yielded error rates that
much more closely paralleled each other.
Whether a complete or partial skull was
analyzed, fewer observations were mis-
classified using CART methodology than
with DISCRIM when TER was taken into
account. Regardless of the method used,
hetter gender classification resulted from
use of the eranium than the mandible alone.

Subsequent examination of the original
DISCRIM data set by stepwise discrimi-
nation analysis (STEPDISC) resulted in re-
duced model sizes consisting of a maxi-
mum of four variables (RWST, RLR,
relative upper ramus length [RLUMR], rel-
ative mandibular symphysis width [RWSS])
(Table 7). Construction of a series of ‘best

fit' models by DISCRIM using the STEP-
DISC selected variables gave much im-
proved results and better correlations
among AER and TER that approximated
the CART ‘best fit’ model consisting of the
variables RWST and RLR (Table 8).

Relative Growth Patterns

Relative growth patterns for the skull of
Crocodylus novaeguineae are shown in
Fig. 6. Growth is characterized by three
general stages: (I) a hatchling phase; (11) a
juvenile through middle-aged adult phase;
and (ITI) an oﬁ!—aged adult phase.

Stage | is maintained through most of
the first year of growth until a DCL of 60~
70 mm (40-50 cm TTL) is attained. In this
stage, the preorbital region of the skull is
characterized by a relatively short, robust
snout with comparatively narrow external
nares. The orbits are enormously enlarged
(primarily in relative width) with corre-
spondingly narrow interorbital width;
while in the postorbital portion of the skull,
the cranial roof assumes the shape of a
convex trapezoid in contrast to the concave
appearance in subsequent growth stages.

The change from stage I to stage II skull
growth is very abrupt, paralleling the ‘sal-
tatory ontogeny' model proposed by Balon
(1984). The secondary stage is a protracted
phase exhibited until animals reach a DCL
of about 350 mm (roughly 260 cm TTL).
It is in this stage that tﬁe crocodilian skull

TabLE 8.—Comparison of "best fit” predictive models of gender for Crocodylus novaeguineae using stepwise
discriminant analysis (STEPDISC—Table 7) and classification tree analysis (CART). AER = apparent error
rale, TER = true error rate determined by erossvalidation (see METHODS). n = sample size.

Al ed by crossv
rate determined by ¢ STEPDISC
M Skull type Gender AER 5C e n aer T e n
DISGRIM —_— " Complete* skull M 0.2521 02521 119
TER " AN F 0.2162 0.2432 74 Below model only
e — = 0.2566 113 0.2552 M‘{f}; ‘?; MAF 0.2342 0.2477 193
Complete skull M gg;%% D.GBSB 2 3.3753 ?)28’70 230 Cranium® only M 0.3200 0.3520 125 0.1503 0.1765 153
F " 04478 185 2600 : 159 0.1600 0.1867 ] 0.3553 0.3553 76
M+F 0.0360 02927 123 0.1509 ?,i;ﬁ 76 M+F 0.2400 0.2603 200 0.2183 0.2358 229
Crantumt only - M o811 03514 T4 g-“:fag 0.2576 229 Mandible® only M 0.3034 0.3034 145
N ¥ 01422  Oageo 197 5 0 145 F 03649 03619 74 Above model only
M 0.5361 0.4087 115 \ i T4 M+F 0.3342 0.9342 219
Mandible® only M 0.1667 03750 72 0.3379 0.3379 219 * Varlables RWST, RLUMR, RLR, RWSS
- 0‘ 2529 0.3918 187 - TR * Varlubles AWST, RLUMR, RLH for STEPDISC; RWST, RLR for CART
M+ -  M3WR.

LA TWN, NS, REXS, RLUMR, PMALR, PMAWR, M5! " Varisble RWSS

R DILI, DI WR, DALI, DAWR, DIILR, DIIWR

PR——

* Varlables RCW, RLST, AWST, ROL, ROW, RWIL,

WM, RLLM!
» Variables RLSS, RWSS, RLD, RWD, R’
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FIG. 6.—Scattergrams of relative growth ratios for Crocodylus novaeguineae.
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acquires the proportions of generalized
morphology typically associated with the
species. The snout becomes relatively long
and slender, there is an increase in width
in external nares and interorbital distance,
the orbits are much reduced in size from
stage I, and the cranial roof becomes a
wf"itfave-shuped trapezoid for the duration
of life,

By virtue of size, stage 111 growth con-
sists predominantly of large adult males
and excludes all but the largest females.
In stage 111, the directional rates of growth
undergo another transformation. As the

skull length asymptote is approached, a
reversal toward the hatchling stage I phase
is manifest with respect to the skuﬁ be-
coming increasingly more robust while the
snout becomes proportionally shorter,
Thus, an individual may exhibit identical
relative growth ratios for a given attribute
within its life span, but at different stages
of growth (e.g., at stages I and ITI) and at
widely differing ages (e.g., hatchling and
old-aged adult). Hence, some independent
measure of size, such as DCL, must be
incorporated to lend meaningful interpre-
tation to relative growth data.

Discussion
Relative Growth

Relative growth indices are a useful wa
to chronicle ontogenetic patterns of growtrl
and to segregate morphologically similar
species (e.g., Dodson, 1975; Hall, 1989;
Simpson, 1980). Such indices in this study
reveal three distinct stages of skull growth
in C. novaeguineae: a hatchling phase (I);
a juvenile to middle-aged adult phase (I1);
and an old-aged adult phase (I11).

The abrupt shift in patterns of relative
skull growth exhibited by hatchling C. no-
vaeguineae from stage 1 to stage 1T mimics
the rapid ontogenetic changes in form and
function described by Balon (1984) as a
saltatory response. Hatchling crocodilians
possess a residual embryonic yolk reserve
that continues to provide nutrients for

rowth in the early posthatching period
Whitehead, 1990). In addition to tﬁz de-
pletion of yolk reserves during the stage I
phase of hatchling cranial growth, there is
a concomitant dietary shift from an in-
vertebrate prey base toward a gradual in-
clusion of vertebrate items that form the
mainstay of forage for older animals. This
is evidenced by structural modifications of
the skull from that of hatchlings which
principally involve the orbits. Following
that stage, there is a diminution of the
orbital region and expansion of the exter-
nal nares throughout growth stages 11 and
111, inferring a greater reliance on olfac-
tory prowess and less on visual acuity in
older animals. The shift from stage II to
stage 111 skull growth is not as rapid and
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investigation are as follows: (1) the mid-
point width of the cranial roof; (2) the
intersuprafenestral width of the parietal;
and additional measurements of the snout
including (8) the mid-snout width (at the
level of the 5th maxillary alveoli); (4) the
width at the point of anterior snout con-
striction (posterior to the external nares);

The correctness of classification rates of and (5) the maximum premaxillary snout
biological observations by discriminant width (at the midpoint of the external nar-
analysis is strongly influenced by group es).
sample sizes and the distributional overlap Recent advances in morphological in-
among groups. When overlap is high, as  vestigation (Bookstein et al., 1985) offer
in this study, sample sizes must be in- further promise for improvement in the
creased with respect to the number of vari-  discrimination model results we obtained.
ables to provide a given level of precision. However, the use of such methods would
Williams et al. (1990) recommend that require landmark morphometric measure-
sample sizes be at least two times the num-  ments that we are unable to perform ret-
ber of variables to be measured when rospectively. At the time our field mea-
among-group overlap is low and substan- surements were taken, we were unaware
tially more as the overlap increases. Sam-  of this methodology and did not obtain
ple sizes of complete skulls in this study appropriate measurement for analysis.

ranged from approximately four times the
vnriible numbgffor the geﬁeral DISCRIM Size and Age Relations
models (Table 6) to 60 times that number Attempts at aging crocodilians usually
for the ‘best fit' STEPDISC models (Table involve capture-recapture studies, (Cha-
8). As noted earlier, CART methodology breck and Joanen, 1979; Gorzula, 1978,
maximizes the number of available obser- Lawson, personal communication; Me-
vations since it treats missing value data, Ilhenny, 1934, 1935; Staton and Dixon,
whereas DISCRIM does not. This feature,  1975; Webb, 1977; Webb and Messel, 1978;
plus its ease of use and interpretation, Webb et al., 1978) or observed growth in
makes CART preferable to DISCRIM for captivity (Cott, 1961; Montague, 1982).
classification purposes. More importantly, Graham (1968) employed growth annuli
in this study CART provided consistently in the dentary bone and the weight of the
lower TER that gave more realistic as- eye lens to determine the age of a sample
sessments of model AER than did DIS- of harvested C. niloticus. However, those
CRIM. However, the choice of method- methods provided less than satisfactory re-
ology is not so clear cut when one compares  sults. Subsequently, Hutton (1986, 1987c¢)
‘best fit' models since DISCRIM per- reported that cross-sections of nuchal scutes
formed nearly as well as CART in that from that species provided better resolu-
regard, although it entailed the use of three  tion and a more rcﬁab]e method of aging.
more attributes (LMS, UM, WMS) thanthe However, as noted above, considerabfe
latter method (both used DCL, LCR, SL, margin for error in aging crocodilians still
SW and WCR). exists. Hutton's (1986) study provided the
The fact that aspects of the cranial roof most rigorous evidence to date of the mag-
and snout were selected as predictive vari- nitude of error resulting from attempts tc
ables for the classification of gender in both ~ age these reptiles. In that study, the rang
the DISCRIM and CART ‘best fit' models of errors of individual estimates were abou!
suggests that better results might be ob- 22% for known-aged crocodiles above ag:
tained in future studies through the ad- 13, while errors of mean estimates range«
dition of other measures of the shapes of from 15% for 13 year old animals to 9%
those variables. Post- and preorbital attri- for a 46 year old individual. Furthermorc,
butes that may prove of use in further aging errors are likely to be greater in fi-

pronounced as from stage I to stage II, but
it is in this stage that animals attain the
size and are afforded the massiveness and
strengthening of the skull through in-
creased robustness to feed on the largest
vertebrate prey items available.

Gender Classification

- tinet stages of skull
j s growth, St
acteristic of hatchling crocodi es, sta(fe 11

! the relative sizes of dental alveoli.
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male crocodilians due to Jin,
I es of arrested d
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gi :nv: f}; ;:ft:)l:;&ge gr:m re:{bsorptlon of cal- (principgflylga]zi) 1;:52 Inld-“gcd ey
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APPENDIX |

Linear regression coefficients for predicting dorsal eranial rocod)
length (DCL)
gﬁﬂ::..:i :ther lkujl parameters by the equation ¥ = A PB)E. wha)r:rn\cia the l“l{“!. s g
xpressed separately by gender (M = males, F = females) where they t;]‘;r:reﬂ.lgthn ':;P&
sex <

0.05), and are combined (M+F) where no such differences were detected. U = sex unknown, TOT = total
N = tol

sample, E, =
ple, standard error of the regression model, r* = coefficient of determination, n = sample size.

Eqn. mo. Predictor X o A B 5
1 Snout-vent length* M : :
1 oul- 24.61 235 6.4

2 (SVL) F 24.37 239 6% om0t 10
; Yo o 322 809  0.9286 27
5 Total length (TTL)* M 13,97 f‘g: g'ﬁ g'msaog 1%

: 4 ; ; 1
s v 904 131 528  0.8726 70
/ Y 84 148 152 0.9826 27
2 Belly width (BW) M+F ol % w5 200

. ? 120 0817 2
10 v 211 609 1073  0.9832 it
2 Log. Body mass (BM)® M+F 2.04 o3 ool GOeoes 1%
13 Vor 228 0ss o004 aoet e
15 Cranial length (CL) M 155 038 998  ogws 181

Y ' ! y 1
16 r -5.02 0.96 224 00637 -
i7 v 260 093 887 09676 89
I8 Cranal width (CW) M 4767 i 77 omm om
x 5 19.68 194 568 09507 l%
21 Yo s 179 1002 09786 59
3 Snow length (SL) M+F 21.40 IS 408 Ower s
24 _gm_ 19,44 1.37 392 09982 22
3 Swou width (SW) M i 330 o g'g:fg 15
a7 F 3173 2.5 3es Qs T
2 Yor 201 269 1827 09708 94
2 Orbital length (OL) M+F —94.24 59 13,:; g'% 226
81 gm —61.52 813 114 09794 222
B Otbital width (OW) M Jiease oy 1570 oset 1%

v 92 ? 576 09461
U ¥ ~135.04 1282 1586  0.6161 g
s i ~80.04 1164 1740 09499 94
w7 Interorbital width (IOW) M T 'aas ig'é; arse 1
! j ; 9756

as r 75.15 &% iim omm 18
® . 614 957 1862  0.9426 94
-:!ll L?]'f‘"i‘( ;:! cranial roof M+F 26,42 2?8 ]:gs g.g;as 229
i ; v “8.80 491 o857 09848 zg
:; Wl‘t::t_l‘ F(:f cranial roofl M ;2;; ;jg lgg‘; pshed s
46 (WCR) v 23.87 2.96 8.23 g:g:gf ”7’3
8 v <0008 337 1095 09801 93
:g V\"(l;i‘:t\ux )ul' external nares M T:GT lfg’l] 1;;: 83;:1 s
o } E 47.65 1214 1177 0:853; ‘%
50 v ‘z';:.;; 1481 1877 09643 50
g{!l Length of premaxillary M 1535 15;8 44 e .
o symphysis (PXS) ¥ 44.00 3.53 1233 ggg: '
54 'tlgm_ 20,94 404 1180 09782 ;g
21.50 408 1042 09711 262
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‘Eqn. 1o, Predictor X Sex A L E, [ n e - Continued,
56 Length of maxillary M+F 10.89 470 1700 0@zl 200 1 mec X =
57 symphysis (MXS) U 13.48 488 1865 08331 63 115 LS 0 ,
58 TOT 17.66 476 1738 09103 268 116 Width of dth dentar TOT 7148 . G -
59 Length of upper ramus M ~1.07 1.33 289 09983 125 0T alveolus (D4W) M+F 9.0¢ 2108 a4y
60 (um) E 977 127 313 0825 TS iis u 56,06 019 1214 gen 0
61 U 6,98 1.27 agd 09976 69 119 Length of 11th dentary TOT 96.56 20.24 1465 3-:219 215
62 TOT 8.30 1.30 3.50 0.9968 269 120 alveolus (D1]L)) M 7875 2091 18.48 .8807 46
63 Length of 4th premaxillary M 85.54 10.62 1264 096338 145 121 F 2967 19.16 10.27 09025  96)
64 alveolus (PM4L) F 52.49 9621 1256 07241 74 1%8 U - w40 19pp OB¥ 4
65 u 51.12 o706 1607 08379 59 123 Width of 11th denta TOT 70‘43 2170 1ag 07068 74
66 TOT 82,40 2071 1621 osae 278 124 alveolus (D1IW) M 11 1988  1g1s o84 43
67 Width of 4th premaxillary M 99,82 2000 1098 09724 145 125 F Er 1861 1Ay 09180  o5g
68 alveolus (PMAW) F bese 2686 100 o0sml T U 45 e 1215 grieq ol
69 U 69.43 2697  13.63 09563 59 dem. TOT 103;'“ 2088  1lsa Sl 74
70 TOT 96,16 2117  1sg4 0942l 278 kg Following peedictors fn mn 4 1940 1o B 43
7 Length of 5th maxillary M 78,86 \795 1258 00635 147 d - 09095 238
72 alveolus (M5L) F 5191 o193 1267 079 7B
73 u 53.91 2119 1857 08173 60
74 TOT 72.67 \79s 1564 0966 282 i
75 Width of 5th maxillary M 102.58 16.36 11,80 04670 148 inear regression coeffi APPENDIX [1
76 alveolus (M5W) ¥ Gles 2386 984  oss2 T cranial length (DL b s 10" Predicting body si
il u 78,45 21.66 1584 09399 60 expressed separately b ¥ the equation Y = A ,’ B "‘f‘“‘“"t‘mem. of Crocody
8 TOT 99,91 173l 1502 093z 263 combiied (M+F) ayhere e 06F (M = males, F - fe where A s the Y intercept, B he e eat {rom dorsal
9 Mandible length (ML) M 10.68 0.75 3.95 0.9952 144 standard error of’"’ such differences w emales) where they diff Pl B the slope. Equati g
“ the regr ere detected, U = ered by sex (P juations are
80 ¥ 721 081 231 0.8953 7 e gression madel, 1% = coeffi sex unknown, TO (P < 0.05), and are
81 v 11.58 078 334 09972 73 : Predicted value ¥ coefficient of determinatioy T = total sample, E, =
82 TOT 16.67 076 872 09050 291 126 Snouty, Sox 7 I\ 8 = sample size.
Length of mandibular M+F 814 a8y  Ts2 oeTie 218 127 ent length (SVL) M s
symphysis (LMS) U 1893 450  B14  ogss 7O 128 ¥ “TO8 041 E "
TOT 38.91 4.04 s53 09737 201 129 v 1.94 0.38 270 0.9603
Width of mandibular M 71.82 4,24 981 Do7O1 1 130 Total = TO" 125 ¢ 25 0po0d o
3 . = i 13 al length (T7T1)0 i) al .20 0.92 70
symphysis (WMS) ¥ 82.52 5.84 068 08361 74 1 ’ M 396 D3 0.0286
u 1117 664 1365 00535 73 132 ¥ ~4.71 077 264 0.9566 -4
TOT 62.54 465 1548 09135 201 133 U 189 067 504 0965 12
Dentary length (DL) MAE ~007 ls3 a7 00936 217 18 Bally wilth (Tivw ToT -008 066 591  ogmes o
U 5.21 ylp 276 0gerT Tl 135 yvidth (Bwp MaF 388 076 102 008 a1
TOT 1.21 1.22 371 0945 288 136 U -1858 26 540 09852 >
Dentary width (DW) M+F 84,80 0.4 10.88 0.0471 217 137 Liogy body TOT ~-3.23 016 829 08117 2
u 25.47 1500 1449 09476 73 138 o body mass (BM) k! 12.54 0.23 1.75 oose 8
TOT ;e jose 1523 ogia7 2% 139 o 632 320 35 om0 g1
Width across surangulars M 54.05 1.43 977 08798 M7 - TOT 4.07 174 005  omoss 2
(WSR) ¥ 42.07 1.59 780 09348 75 e 6.81 v 0.08 09141 168
o8 U 27 50 173 1085 00768 &7 "R DGL a4 3 predlcton . ~006 09763 :
99 TOT 44,30 150 1150 09657 309 - 198
100 Length of lower ramus M+F =540 1.54 4.42 0.9926 194
101 (LM) U 187 1.46 483 09946 5l
102 TOT ~2.10 152 468 09926 245
108 Length of 15t dentary M 79.07 20.75 10,86 0.9538 141
104 alveolus (D1L) ¥ 65.01 2407  1L7L 07589 74
105 u 5171 o565 1527 08704 46
106 TOT 71.87 s1op 1250  o@1e2 261
107 Width of 1st dentary M 82,90 21.48 949 09647 141
108 alveolus (D1W) F 60.71 24.42 954 08408 74
109 U 62.94 0470 1453 08827 46
110 TOT 50.10 2197 1089 08364 261
111 Length of 4th dentary M 73.88 20.44 13.33 08304 141
112 alveolus (D4L) F 58.40 2363 142 o7ns T
113 u 44.23 o550 1416 08885 46




