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Abstract

Utilizing measurements from 1354 C. porosus, we have derived formulae for predicting snout-vent
length from 17 other attributes. The specific problem of predicting body size from an isolated head
or skull is treated separately and some data are presented on proportional tissue loss in skull prepara-
tion. Sexual dimorphism was examined, and is demonstrated in interocular width, the width at the
midpﬂlnl of the cranial platform, and the length of the tail. Discriminant analysis has been used
to distinguish males from females on the basis of external measurements of both the whole animal
and the isolated head. Hatchling C, poresus from Arnhem Bay and the Blyth River have longer
heads than those from the Liverpool River. €. poresus from Sarawak have longer lails and are
heavier than those from northern Australin, Predicting the maximum size of €. porosus from large
skulls in museums is difficull because of variations in basic skull shape. The body size at which
mandibular teeth protrude through the premaxilla is quantified.

Introduction

To study growth and movement in Crocodylus porosus, a mark-recapture study
was initiated on the north coast of Arnhem Land, northern Australia, Between June
1973 and January 1976, a total of 1354 individuals were caught, measured, marked
and released. A series of measurements was taken from each animal and these form
the basis of the present paper.

The morphometric study was undertaken mainly to fulfil practical needs arising
from general research into the ecology of C. porosus. Much of the study is devoted to
predicting snout-vent length from other measurements and vice versa. The derived
equations allow body size to be predicted from isolated heads or segments of heads,
and are the first step in the development of techniques by which body size can be
estimated from calibrated photographs of heads, overcoming the need to catch
crocodiles during surveys. In addition, they can be used to predict body size from
track measurements and to construct models of C. peresus for comparison with
other species or for theoretical studies in which size is a variable.

Quantitative assessments of relative growth (Dodson 1975) have not been
attempted, though the general form of growth is described. A relationship between
any two attributes is considered as either isometric or allometric, depending on
whether it is linear or non-linear respectively.

* This paper results from the Department of the Northern Territory-University of Sydney
Joint Crocodile Research Program.
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Sexual dimorphism and local geographic variation are examined and a com-
parison is made between C. porosus from Australia and those from Sarawak, as
measured by Banks (1931). The question of the maximum size of C. porosus (Greer
1974) is re-evaluated in the light of additional data.

Snout-vent length was chosen as the basic index of body size because total length
was dependent on tail length and the tail was sometimes damaged. In addition, fail
length was also found to be slightly sex-dependent. Body weight was rejected because
it could vary with the amount of food in the stomach and the reproductive condition,
and be reduced by evaporative loss between capture and weighing,

The majority of specimens used were juvenile. Although unfortunate from the
viewpoint of thorough representation of all size classes, this was unavoidable because
C. porosus populations in northern Australia are recovering from overexploitation
and contain mostly juveniles. Cott (1961) found a similar juvenile preponderance in
recovering C. nilotieus populations. \

Our general studies of C. porosus are continuing; when further information on
adults is available it may be necessary to re-examine some relationships described in

this paper.
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Fig. 1. Sites from which C. porosus were examined. I, Melville I. 2, King River.
3, Junction Bay. 4, Rolling Bay. 5, Liverpool and Tomkinson Rivers. 6, Cadell and
Blyth Rivers. 7, Arnhem Bay,

Methods

The localities from which specimens have been examined are shown in Fig. 1, Calching methods
and general habitat have been described elsewhere (Webb and Messel 1977; Webb ef al. 1977).
Most specimens were caught at night in tidal rivers and weighed, measured and released the following
day.

Total and snout-vent lengths of C. porosus less than 2 m long were measured by laying the
crocodile on a table beside an inlaid rule. The snout was butted against a vertical plate at zero,
and a sliding caliper, mounted on the rule, was moved to either the cloaca or tail tip. Animals longer
than 2m were straightened on the ground and lines drawn at the required levels; the distance
between the lines was then measured with a tape. Girth was measured with either a tape measure
or a piece of cord subsequently laid against a rule. Hand and foot widths were measured with a tape;
all head measurements were taken with large-gaped vernier calipers, Body weight was measured
with either Salter spring balances (100+5g; 200410 g; 500410 g; 1kg+25g; 5 kg+50 g;
12kg+100g) or clock balances (130+0-5kg), or with a Martin-Decker Su§ crane scale
(1360 +0:5 kg).
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' The measurements, the abbreviations used for some of them, and the nearest whole unit to which
measurements were made, are listed below:

(1) Total length (t). Tip of snout to tip of tail. 1 cm.

(2) Snout-vent length (svL). Tip of snout to anterior extremity of the cloaca. 1 cm.

(3) Neck girth, Circumference of neck at level of nuchal rosette. 1 cm,

(4) Mid-body girth, Maximum girth of trunk, 1 cm.

(5) Tail girth, Maximum girth of tail butt, just posterior to cloaca. 1 cm.

(6) Width of horny layer. The width of the most anterior row of dorsal scutes with six individual
scutes (usually the third row); similar to a measure used with commercial hides (see King
and Brazaitis 1971). 1cm.

(7) Cranial platform, point-to-point width (#pp). Straight-line distance between the posterior
lateral extremities of the squamosal portion of the cranial platform. 1 mm, (Fig. 2).

Fig. 2. Diagram of C. porosus head showing
measurements.  /, Width of cranial platform,
HPP, 2, Cranial platform midpoint width, ume.
3, Maximum head width, umw. 4, Interocular
width, 10, 5, Snout-eye length, use. 6, Total
length of head, HrL.

(8) Cra.ninll Plntform mid-point width (amp). Width of the cranial platform, anterior to N,
where it is usually concave. 1 mm. (Fig. 2.) g
(9) Head maximum width (Hmw). Posterior to cranial platform, actually the distance between
the extremities of the surangular bones at the level of articulation of the jaw. | mm. (Fig, 2.)
(10) Sno.ul—cye length (usg). Tip of snout to anterior edge of orbit, i.e. to the concavity of the
lacrimal bone, | mm. (Fig, 2.)
(11) Tut_al_ length of head (HTL). Tip of snout to median hind edge of platform, i.e. the supra-
occipital bone. | mm, (Fig. 2.)
(12) Interocular width (m10), Shortest distance between eyes, i.¢. the interocular width of the
frontal bone. | mm. (Fig. 2.)
(13) Ear length (HE). The length of the ear flap. | mm.
(14) Hand v:-idlh. Mnx.imum span of fingers when spread out but not stretched. | cm.
(15) Foot width, Maximum span of the three clawed toes, when spread out but not stretched ;
N.B. not the maximum width of the foot. 1cm.
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(16) Body weight (ewt). Accuracies as above,
(17) Trunk length. Dc‘;i;eg from mﬂlm
(18) Tail length. Deri rom TL—
i i he premaxilla. In all
tent of mandibular tooth protrusion through t illa.
':3:,.:‘ :;:r.r:;etnw‘rs m; determine sex by direct oh?wntioq of the penis or clitoris. h’:::
:f:m \'um spread open with fine forceps or a haemostat (in apacu;c:: ;\‘rzen:nT:;e;:n m o
i he male and female organs are distinc
Gpeicer 2 20l T8 ik i { at least 20 cm §VL. Some errors
s bservers can correctly sex hatchlings of a 0
::? gi;“r;f ;:I::;;z:dw:re made in the initial phases of the study, and until conﬁrm:tl:: of wg
results Ir obtained from recaptures we feel it safer to regard all animals utr‘:dckr‘d:‘z:\ I:::n m‘dunsexe‘ N
The sexing method will be described in detail elsewhere after the above checl
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Fig. 3. Size-frequency histogram of €. porosus examined.

Unpublished data accumulated from a variety
imately 110 cm svL and males at nppm_ximat:ly
than 100 cm svi. are referred to as juveniles.
30 em svL, which are within their first year
d subadult are used to refer to
than the maturity estimates

Body sizes at maturity are not known precisely.
of sources indicates that females mature at a?prox
160 cm svi. For convenience in the text, specn_rlmns Ictu
The term hatchlings is used to ducnbc. juveniles up to
of growth (unpublished data). Depending on sex, the terms adult an
C. porosus larger than juveniles which are respectively longer or shorter
given above.

All data was analysed by compulter
1975). Statistical procedures generally follow those de:
and Zar (1974).

isti i I,
ing the SPSS Package of Statistical Prnmms (Nie et al.
Tellow & scribed by Bailey (1974), Nie ef al. (1975)

Results .
The size-frequency histogram (Fig. 3) demonstrates the relative abundance: of
juveniles in our sample. The lack of specimens between _:';0 and 35cm swivl's E
sampling error resulting from catching mainly in successive dry seasons (May
ber), when hatchlings are a disorete size class.
No::mso:'.c):’ 30 measurements, data appeared clearly erroneous (the measu:-‘ementn
indicated C. porosus with markedly deformed heads, yet no such abnormality was
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noted on the data sheet). It was assumed that recording errors had been made, and
as such measurements were at least four standard deviations from the mean, they
were deleted from analyses aimed at predicting body dimensions.

For all statistical tests, the 5% rejection level was used as the criterion of signifi-
cance.

Predicting SVL from Single-attribute Measurements

Most relationships between attributes and svi. were well described by straight
lines, obvious regions of allometry being largely restricted to sizes of less than 40 cm
svL (Figs 4a-4g). Logarithmic transformation did not increase correlation co-
efficients significantly, except for the relationship between svi and swTt (£ <€ 0-001;
t-test), which is transformed in all subsequent analyses.,

The method used to predict svL from attribute measurements was to determine
the regression equation describing the line of best fit with svL as the dependent
variable (¥) and the predictor as the independent variable (X). The equation is
Y = A4+BX+E, where Y and X are as above, A equals the Y-value when X is 0,
and B is the regression line slope. E is the standard error of estimate, an overall
indication of the dependence of ¥ on X (Zar 1974).

Sexual dimorphism and the allometric relationships referred to above could both
affect prediction accuracy by incorporating inherent variability and non-linearity
respectively. To overcome this problem the data were categorized into four groups
on the basis of svL: group I (13-20 cm), group 1I (21-40 cm), group 111 (41-126 cm)
and group 1V (127-207 cm).

Groups 1 and II contained individuals from the smallest caught (13 ¢cm svL) to
the maximum size in which sex was not determined (40 em svL). They were divided
into two groups so that the influence of non-linearity was reduced and, for practical
purposes of predicting svL, could be ignored. Group Il was a sample of known
males and females, the upper limit of 126 cm being determined by the largest female
measured. An effect of sexual dimorphism on prediction accuracy could only be
searched for in group III. Group IV consisted of subadult and adult males for which
there were no equivalent-sized females; 207 cm svi was the largest C. porosus
measured. The general assumption was made that within each group the relation-
ship between svL and each other parameter was linear.

Regression lines relating svL to each other attribute were calculated for each group,
and in group 111 for males and females separately. The male and female lines (group
III) were then tested for significant differences in either slope or elevation (d statistic;
see below). A combined group III line was calculated if the male and female lines
were considered coincidental, i.e. if slopes and elevations were not significantly
different.

For each relationship between an attribute and svi, the slopes of the separate lines
for each group were then tested for significant differences (d statistic). If the slopes
of adjacent groups were not significantly different, the data were lumped and a new
line calculated. The minimum number of equations thus derived were included
in Appendix 1.

A significant difference between males and females (discussed later) in group 111
was found in the slopes of the lines relating svL to 1L, Hio, HMp, and tail length;
there were no significant differences in elevations. In the relationship with these



2m

170

(KL

210

Sacut = vent length (cm)

170

130

210

170

130

G. J. W. Webb and H. Messel

(b)

U N S R
U 80 j00 150 200 250

Neck ginh (C!H)

0 100 200 300 400 50O
Tolul length (em) Tail length (em)
. . 28
L ) L (d)
I L 24} !
o
b . L o
I 0 20}
i A I vop
i il
[ o8 i “)
AL S I TS '
U 86 B0 w0 120 150 1 T % 4 8 &
Trunk length (¢m) Log body weight (g)
[ (o) A [ :
fi o ! 3
L S i o
I I T T e FAPE " P T VS Yo ST P Y
B0 80 120 160 o A0 80 120 160 200

Mid-body girth (em)

r ' 200 et
(%) vl L) o
f . - 160 2 X
o 341 120 :
b | - gt
8 s R
3 o sof i
I I ..iil"
L ol |||l-
F Hl
I FCN W T (A A AN ! 0 YN W TRNEY TS W TR WO W T |

0 30 s0 80 10
Tail girth (cm)

J
150

L3 16 24 a2 40
Horny width (cm)

Figs. 4a-4h. Graphs for predicting snout-vent length from other attributes.
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attributes, the male regression line was compared with the group 1V line, and if no
significant differences were found a combined line was calculated, applicable to males
above 40 ¢cm and up to 207 com. If E was appreciably increased by combining two
groups, the separate group equations were maintained.

Thus, in Appendix 1, the selection of the correct equation for predicting svL i8
determined by the attribute to be used as a predictor, the attribute size range, and
in some cases the sex of the animal under consideration.

For predicting sVL from hand and foot widths, two general equations werc
included to cover the size ranges, because the measurement limit (to nearest centi-
metre) was too large to allow meaningful comparisons of groups I, I and 11L.

When comparing the male and female regression lines in group 111, it was found
that the variances around the lines were significantly different (F test; P < 0:05;
Appendix 1). This invalidated the use of the f-test for comparing slopes and eleva-
tions (Zar 1974). The d statistic (Bailey 1974) was used to compare slopes, and a
modification of it (after Brownlee 1965) to test elevations. The modification was:
d = (A —A,)] /(var. a, +-var. a,), where A, and 4, are the Y values when
X = (£, +X,)/2, and var. 4, and var. a, are the intercept variances.

As a check on the male—female differences in group 111, multiple regression
analysis with dummy variables was also used; the same results were achieved.

Predicting Body Dimensions from SVL

As the equations in Appendix 1 were only valid for predicting svL from other
attributes, a separate set, with svL as the independent variable, were needed for
accurately predicting other attributes from svL (Appendix 2).

1f a svL to be used in an equation in Appendix 2 is itselfl derived from Appendix 1,
the standard error of estimate of the resulting prediction is calculated by:
Ey= J[(sz,)’+E§]. where E; is the final standard error, E, is the error from the
first equation, E; is the error from the second cquation and by is the slope of the
second equation.

Predicting SVL from an Intact Head

For the specific problem of predicting svL from an isolated, intact head, a more
precise prediction was obtained for each group by using multiple regression analysis
with a combination of head measurements. In groups 1L and IV, HIO and HMP were
not included in the analyses, because they were partly sex-dependent. The results are
in Appendix 3. The equation for predicting SVL is: Y = a+b, X +baXa+by Xs +.E,
where Y is SVL, a is the regression intercept, b,—b; the respective slopes for attributes
X,-X;, listed in Appendix 3.

Predicting SVL from a Skull

The equations so far presented were derived from measurements of intact animals.
Their use with measurements from skulls gives an underestimate of svL proportional
to the relative loss of tissue in skull preparation. Some data on tissue loss came from
heads on which three comparable measurements had been made (Table 1). In these,
the mean loss of HTL was 4:3% (of the original measurement), that of HIO was 8-1%
and that of uMp was 11°1%,.
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Sexual Dimorphism

Male and female regression lines f icti
n dicting sviL had signifi i
slopes when attributes TL, Hi eF e o i S
=y , HI0, HMP and tail length were used as predictors (see
TheT::ﬂ':l;:r?d t.u[ length differences indicate that males have longer tails than females
L, c: :Jsu?;t;:rgl; ;n;l ;; llzle svL of our largest female (126 cm) the prediclcé
) : +2cem i ' .
rugc:twady a0, or males and 130:7+2-6cm for females
e wider HIO and HMP measurements of females (relati i
5 ) elative to svL i -
;l:\:le o: t::) cc1;t;nll 106[1;35 of the skull. A male of 126 cm svL coul)d"::“;i:c:;fla?o
of 3+ *1e¢m and a Hmp of 9- .
have 3:24+0-11 cm and 9:2401 cm respective?y:.to S Whef‘ﬂ i

Table 1.
Comparison of measurements of C. poresus heads before and after skull preparation

Attribute Specimen I
ntact Skull Percent:
TL (em)  head (em) {em) Head o ];:m
Head total length 335 48:3 464 39
337 464 435 6-3 :!I
226 300 292 27 2:7
Cranial platform 398 14+
midpoint width ass 142: :fg I:: 1:3
337 122 10-8 11+4 IJ:()
226 7T 7:0 91 10-0
Interocular width 398 52 50 38
335 49 45 8:2 ;g
337 46 4:2 8:7 9:5
226 26 2:3 11:5 13-0

These differences are slight; however,
4 , our largest female is quite small
g}':ln::?;?gg;h:;, kTI;’(;\'::;J ll':'ma‘ljesl; t.I"-‘or example, the nio's of a n‘?alc (J:Sacmw':}f)na::‘lm;
_ ined before the present study were 46 and 4-
tively, even though the TLs were nearly identical. The 3-mm difference i?'l c::or:af:lc&

account for approximately 20 cm o icti
oo ey f 1L prediction, should the one formula be used

External Measurements as Sex Discriminators

prel;il:lcc::‘n}inam anquall (Klecka 1975) was used to determine whether sex could be
s :1)::: aunlbulc measurements. In this analysis, the classification of a C,
oo [orkl:: \:«no; ?jren:le :"l;penc!ls on the position of its calculated discriminani
and females, If discrimination i iscrimi
scores of males and females wi i ik v
ill form normal distributi i ini
oo : istributions with minimal o -
e przr; gﬂi:;l:::ei:ﬁ ;:1;11&1 can be compared with these and assigned a ‘;:l:agr;
. tom one or the other of the distributi
£y : ¢ e distributions.

— :hin::lysl:.s supphc's au_mdnrdlzed and unstandardized coeflicients. The former
ol fa ive cuntl?bullon of each attribute to the discrimination, and the latt

ed for calculating the discriminant score by the formula: ' y

D CHC W Vit i CFy
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where D is the discriminant score, C a given constant and C;~C; unstandardized
discriminant function coefficients for each of the attributes V-V

Initially, only head measurements were used in the analysis, both as raw numbers
and as ratios of head length, Analyses of all individuals over 40 cm svi. showed
poor sex discrimination, and using the best derived discriminant function (head
measurements as ratios) sexed 59:9 % of the C. porasus used in the analysis correctly

3. p < 0:001; n=426). Because sexual dimorphism probably increases with
body size, the measurements were separated into SVL categories of 40-60, 60-80,
80-100, 100-120 and 100-207 ¢m. Each category was then analysed separately using
both ratios and raw measurements. Inthe three categories of <100 ¢cm, discrimination
remained poor, correct classification being 57:5% (40-60 cm; P =0:01), 62:8%
(60-80 cm; P == 0:031) and 56-09 (80100 cm; P = 0:549). In the 100-120 cm
group, there were only 11 individuals, and correct classification was 81 8%
(P = 0:035), With the addition of the 12 individuals of >120cm correct classi-
fication increased to 87% (P < 0:001). ;

The discriminant coefficients and characteristics of the male and female score
distributions for the latter two groups are given in Appendix 4. The standardized
coefficients (st. in Appendix 4) show that m10 and HPP, as ratios of HTL, were major
contributors to the discrimination in the 100-120 ém svL category. The HMWIHTL
ratio was three times as important as any other ratio in the 100-207 cm group.
The spread of the male and female scores overlapped within one standard deviation
in the 100-120 em group, and within two standard deviations in the 120-207 ¢cm group.

With the addition of svL to the head measurements, discrimination improved,
62:4% of animals over 40 cm svL being correctly classified (P < 0:001). In the
40-60 cm group (run separately) 62:0% were correctly classified (P < 0:001). The
coefficients and score characteristics of groups above 60 cm are in Appendix 4.

The 60-80cm group had 65:1%; correct classification; however, there was
considerable overlap of the distributions, SVL was the major contributor to the
discrimination. In the 80-100 cm group, correct classification increased to 79:2%
(P = 0:004), svL again being the major contributor. In the 100-120 cm group there
was 100% discrimination (P — 0:001) with HTL as the major contributor; there
were only 11 C. porosus in this sample. With the addition of the measurements from
animals above 120 cm SVL, classification decreased to 91:3% (P < 0:001), one
male and one female being incorrectly classified; HTL remained the major dis-
criminator.

With the addition of TL and the deletion of HMP (whose contribution was not
statistically significant), correct classification increased to 100%, (P < 0+001), in the
100-207 cm group; TL was the major contributor. The inclusion of total length
meant that five C. porasus had to be deleted from the analysis, because they had the
tips of their tails missing. These five did not include the two individuals wrongly
sexed in the analysis of the same group with TL included, but rather four of the
larger males and one female.

Thus, Appendix 4 contains coefficients and score distributions for seven dis-
criminant functions. If the sex of 2 C. porosus is required and only the isolated
head is available, the coefficients in Nos 129 and 130 can be used, if the animal is
over 100 cm SvL as determined through Appendix 1 or 3. The probability of the
derived score being either in the male or female distributions can be calculated, and

this is the probability of the specimen being either a male or a female,
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If measurements fi i i
sl ;‘ rom the whole animal are available, equations 129-135 can be

Gec;grapfftc llfarfation of C. porosus on the North Coast of Arnhem Land
Sy I;n;l::fn;on of .geograpl?ic variation was limited to hatchlings between 20 and
s ::utshe (1) It is probable that these animals come from nests in attljlc
ey were caught and are not immi i
: r grants into th
ie: :ajfc l':';:z.w(ij)e;l:::da;: :n al;u::ada.nt size class; (3) Geographica]e!yaf;it: Tizfs‘tl?sl:
ur data, i.e. in some rivers only.hatchli

and pr'ocessed; “@ Mosl relationships between head rue);sun’:cmlmﬂs iy
np]f;:jc:x:mnted by straight lines in the 20-35 cm svL size range A
b g:a:m:stremems frf:nm hatchlings caught in various rivers were combined int
s 1‘:;] orrespsndmg to the following geographic regions (see Fi ¥ c-‘
i I;)V'I ?3;.’,1 ISI.E., 11°30'S. (n =3); (2) King River, 133°32'E. 111550'1;‘
o lz,ll;‘,"sc“f(m Bt}};.s)lsa(:s)sr E, 1150, (1= 4);" () Liverpool River,

S . (= H Iyth Ri 235" °10 3
(6)%:‘nhnm .Bay. 136°10" E., 12°20° 8. (ni: 123;“. RS T A e D,
el : :la:;om_hnpdbelwccn HMW (dependent variable) and each other head measu
gt o vamlgle by means qf multiple regression analysis (with a combinnl'rc-
i 1!;0 l:r:l hes).' r:o determine whether hatchlings from any of the rivers w:::':

ach other, i ibuti
R er, in terms of a contribution to the overall variance of the
Only in the regression relatin,

. ating HMW and HTL were there signifi i
xtnwhe:nr: Ir;he hatchlings t‘flom different rivers. Separate regregs::!o;militns;ﬂ.:: nC:s
i) :ilt};:rndl Blyth Rlver hatchlings were not significantly different fromrc;c;
i s f};p;utt):h;ptcrc:pt), blft both were significantly different (in slope)

shlings from the other rive: i istic;
Bagr}(zl‘O(.)Z > P> 0:001; Blyth River 0:01 > P > fg'gg;;bmed e
hatchllisn mdu.:atcd that the Liverpool River, and rivers to the west of it, c i
e 25 w‘nh longF: heads (relative to HMW) than those in the rivers ; o}?!amm
= no slgmﬂcant'd.l flerences occurred when HsE was used as an independ i 'e“L
ggei::s_lhg the dlﬂcrcpce is in the part of the head posterior to the Eo:s T,
cﬁmjnat::'n}u:;ntl analysis (gee p. 9) was used in an attempt to dtﬁcl:mine a di
ey T: 1:;:1 bylwhlch the hatchlings from the various systems could ;as
criminateld andcwlalclzllul'lgtsdfrt?m the rivers with small samples could not be dine
. re deleted from the analysis. A s sis i 3
hal;l'q‘lmgs from the Liverpool River, Blyth River and ?f;;i;ﬂg:;yilﬂ ko
o n:]: :;is ;l[;rllgs;.cqual d(lisiribution of Arnhem Bay hatchlings'belween Arnhem
! iver and vice versa; however, togeth i
lwc; ::::smwBere we‘tjl glis!inguished from those of !hE' L?\'g:rp::),l EL‘;};]IDSS RN
ay any th Ri i i '
Ry o y iver Hatchlings were combined and an additional analysis
Of t i o i
3 Amll.: :122 hatcg;lmgs. ?0'6 % were classified into their correct rivers, i.e. Liverpool
Sy aay]— lylh River Cf)mpmed (x* P < 0:001). Each of the !rr;ea-lsurcmpoo
unstandardizcga 3"5;1‘;:I rpsdc a sxgmﬁca.nl contribution to the discrimination andctn]:!
bt coefficients for determining the discriminant score were: svL. -0'02;'
—;5-57- :'.:onstpl;nt“i-z([]); HMP,.—Z'DZ; HMW, 3-98; HsE, 1-46; m-r._ -:1-00- HEI
H A (equation No. 136). The mean of the Liverpoc;l River l':atch-I
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n = 183). The mean from the combined Arnhem

L i R n = 239). There is thus

Bay and Blyth River hatchlings was —0-40+1-04 (s.d.;

i distributions. ] =
Wn:sdet.;‘cms:a:‘::r]zrz:; :fiowmlminaﬁon coefficients indicate the relative contribution

i i isted: T 2:9; HMW,
i iscrimination, they are listed: MTL, 4:7; HPP, 29; H
groegfhnzt?},;(en?n ﬂlm-lc!l svL, 0-8; ®mp, 0-5; TL, 0-3. HTL was clearly the single
3 % X $ 2 1 . 13 03 .
parameter with the greatest contribution to the discrimination.

Comparison of C. porosus from Australia and Sarawak iR
tail length) o ;
resented measurements (TL, HTL, BWT anfi ;
arl:;!:rksfﬂg:ngz'\:')esfem Sarawak. He noted one individual (his b{o. 26) as havmlg t_he
‘tuail tip missing. Another (his No. 33) was reported ?fs hnvir;.g a tatlhlenitnl:;i;; :e? ot*‘ ;1:5
; i i r
f 7 ft 10in,; proportions markm.ily di erent from the I
:2;1;3“)350 his No. i was recorded as haying a tail length of 3} in., which u;{pea;:
to be'a‘ prinr.it:ng error (84 in. would seem more realistic). The above three specime
were deleted from the analyses described below.

Table 2. C i between S k and Australlan C. porosus, of the regression
line coefficients y to predict attributes from tofal length
P, probability that slopes of regression lines are from the same population. Ns, not
s significant
Significance
D:np:ii:::l Australia Sarawak i
Head total length b g ;:7 l!) ;1;2 NS
n : .
Tail length b 0-512 0489 P < 0:001
b S22 0'2‘:3 0:05 > P > 002
b 3:220 3 "
Log body weight 4 4/ L

ivi for comparison. The large
Individuals between 40 and 238 cm TL were chosen . : )
fcm:lesv ;n Banks’ (1931) sample were thereby deleted, leaving an equivalent size range
from Australia and Sarawak. . ) :
% %50::;;1:”;:“ lines relating each of the attributes to TL (mdepedmfi‘ent .var.;iacl;l:)l
d intercepts tested for signi
were calculated for both groups, and the slopes an ] ( e
i i isti There were significant differences in
differences using the d statistic (Table 2). re signi Fili
i i i to TL, which indicated that the tail leng
slopes of the lines relating tail length and BWT . :
i i han that of Sarawak C. porosus;
f Australian C. porosus increased at a greater rate t :
:ow:ver the diszrence was slight and could reflect the l'a‘cl that Banks ‘measuret‘i taoli‘
length tc’o the centre of the cloaca whereas we measured it to the anterior margin
thsl;:l)(:ls;rca\;'eight of Sarawak C. porosus increased at a greater rate than thull Tf
Australian C. porosus, which is consistent with the Sarawak form having a relatively
il, or a greater portion of its TL as SVL. . e
sholrr: !::(li'c: to g:amincpwhether Sarawak males and fcm_ales showed dimorphism c‘:]ri
the relationships described above, separate regression lines for each s;x were
culated and compared. No significant differences could be demonstrated.

Morphometric Analysis of Crocodile =

/
Growth Formi

Examination of the changes in morphometric ratios as a function of increasing
body size allows an understanding of growth in C. porosus. Fig. 5a is a plot of the
TLISVL ratio; as tail length is derived from TL—svL this ratio has the same distribu-
tion of points. A separate scale is on the right-hand axis of the figure. The tail is
relatively long in juveniles, though the allometry with increasing size is only slight.
Measurements from all individuals are included on these figures, and points well
separated from the mean trend are those deleted from analyses aimed at predicting
SVL (see p. 5). ¥

Fig. 5b is a plot of the HTL: trunk ratio against svL. Hatchlings have relatively
long heads, and growth of the trunk is proportionally greater than the growth of
HTL, allometry being distinct in animals under 70 cm svi, In C. porosus over 70 cm
VL, growth rates of the head and trunk approach isometry, the ratio being
approximately 04,

Fig. 5c shows the ratios of HMW to trunk; there is a pronounced allometry in the
juveniles, trunk length increasing at a much greater rate than HMW; however, in
animals between 25 and 70 cm svL, HMW and trunk length grow in proportion. In
animals of more than 70 cm svi, HMW increases at a greater rate than does trunk
length. The allometry in the HMW :trunk relationship in animals under 25cm is
pronounced when compared to the relatively slight allometry of the HTL:trunk
ratio (Fig. 56). This indicates that nrL itself is increasing at a proportionally greater
rate than umw. The latter relationship is demonstrated in Fig. 5g, a plot of the
HTL:HMW ratio. Allometry in C. porosus up to 25 cm svL is distinct, and HTL increases
at a proportionally greater rate than umMw. In C. porosus of more than 40 cm SVL,
HMW increases proportionally faster than HTL.

The initial growth in HTL results from a high growth rate in the region between
the eye and the snout (sk). In hatchlings the snout is relatively short compared with
the rest of the head; however, it increases more rapidly than any of the other head
regions up to an SvL of 25-30 cm (Figs 54, S¢). The growth rate of HMw exceeds
that of HsE in C. porosus over 70 cm svi, though the allometry is not as great as that
demonstrated for the HTL UMW ratio (Fig. 5g). Thus, even though HsE is growing
proportionally faster than the postorbital region of the head (Fig. 5¢) in C. porosus
over 70 cm svL, the growth rate of HMw s still proportionally greater than that of HsE.

The cranial platform in hatchlings has convex sides (Fig. 5i). This convexity is
reduced as growth occurs until the lateral surfaces are parallel, and the npe:ump
ratio equals 1-0, i.e. when C. porosus are between 30 and 70 em syL. With con-
tinued growth, HPP exceeds HMP, the lateral surfaces becoming concave.

There is pronounced allometry between WPP and HMW (Fig. 5f), the former
increasing more slowly than the latter. In animals over 50 cm SVL, the relationship
approaches isometry; however, the largest C. porosus shows a reduction in the ratio.
A similar relationship is found in the ump:HMW ratio (Fig. 5h). Trends in the
HI0 "HMW ratio (Fig. 5/) in juveniles are masked by the relative inaccuracy of the Hio
measurement. HIO clearly increases al a greater rate than does HMW up to approxi-
mately 70 cm svi, after which the relationship seems isometric,

The HE:HMW ratio (Fig. 5k) is largest in hatchlings, and the steady decline indi-
cates that juvenile MW increases at a proportionally greater rate than HEe,
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To summarize, in hatchlings head length is a large portion of svi. In comparison
with that in larger C. porosus the cranial platform is wide, its lateral surfaces are
convex, the interocular width and distance between the snout and eye are small, and
the ear flap is relatively long,

In the initial stages of growth (up to 25-30 cm svL) there is extreme allometry.
Increases in the HSE region are greater than those in head width, which is reflected
in an overall lengthening of the head relative to its width, This occurs even though
the posterior part of the cranium (indicated by the HE;HMW ratio) is increasing more
slowly than head width, Interocular width increases faster than head width, whereas
the width of the cranial platform does not. The lateral sides of the platform tend to
become parallel.

In C. porosus between 25 and 70 em svL, head width, trunk length and snout-eye
length increase isometrically and their growth rate appears to be surpassed only by
interocular width. The growth rate of the above regions exceeds that of cranial plat-
form width, total head length and ear flap length. That the increases in head width
surpass those in head length, yet are in proportion to those in the snout-eye region,
indicates a considerable reduction in the linear growth of the postorbital region.

In C. porosus over 70 cm svi, head width increases at a proportionally greater
rate than trunk length, though still in isometry with interocular width.

The posterior and midpoint widths of the cranial platform tend toward isometry;
however, their rates of growth appear proportionally less than that of head width.
Head total length increases in proportion to trunk length, though growth in head
length appears to result from an allometry between the pre- and postorbital regions



Table 3. Dimensions of large C. porosus heads

Notes

HIO

HTL

HPP HMP  HMW

Head
or skull

Locality

Head

(cm)

Wildlife Section, Dept. of Northem Territory
Private coll., Mr C. Howells, Darwin
Barbour 1924
Prashad 1930;

AMNH No. 15179; Mook 19216

BMNH No. 47.3.5.33

Indian Museum; width

BMNH No. 438184

MCZ, on display;

S
281153
o

i

AARFREG

géu
LY

length Greer 1974
US. Club, India; Prashad 1930

Brander 1930

Danisl and Hussain 1973

Private coll, Raja of Kanika, India;

Banks 1931
Banks 1931

Skull
Skull

Head

Skull
Skull

503
(23-24)*

Sarawak (?)
India

Sarawak

S8
S9
sio
Sil
Si2

ngrad; lordansky 1973

ngrad; Tordansky 1973

Leni

G, J. W, Webb and H. Messel

1299
889
363
887
1300
1000
931

355354
ERRREEE
A naae.g.4
EEEEEEE

- G A B -

Tomkinson R.
., Tomkinson R.

.» Tomkinson R.
., Dongau Creek
Liverpool R.

Aust
Aust
Aust
Aust.
Aust
Aust
Aust

A Length in feet.
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in specimens ‘up to 150 cm svi, after which snout-eye length and head total length
grow in proportion.

Large C. porosus Skulls

The largest C. porosus caught and measured in the present study, a male from the
Tomkinson River, was 422 cm 1L and 207 cm svL.

Two skulls in Darwin are appreciably larger
their dimensions are given in Table 3,

Skull 81 is in Wildlife Section, Department of the Northern Territory, Darwin.
It came from a C. porosus caught and killed by fish poachers on 1 July 1974, The
specimen was entangled in a net set in the Mary River (131°40° E., 13°S.). The
skinned carcass, without the head (measured by a Wildlife Officer, Mr., V. Pederson)
was 18 ft with an estimated +3 in. (5488 cm); the tail was complete, The skull

has a total length of 666 cm, making the total length of the crocodile at least 615 cm
(Fig. 6).

than the head of this specimen;

Fig. 6. Skull of a C. porosus (No. S1) whose total length was at least 615 cm. Measurements are
given in Table 3,

The second skull, 82, is owned by Mr C. Howells, a resident of Darwin. It came
from a C. porosus shot in a lagoon of the Mary River drainage in 1968. The TL
of the crocodile was 18 ft 6in, (564 cm) (measured by Mr Howells); the tail was
complete. This second skull, although longer and broader than $1, came from a
crocodile 51 cm shorter. Visual comparison of 81 and 82 indicates that S1 is more
massive than S2, which is reflected in the width of the cranial platform (Table 3).

When 81 and S2 are compared with other large C. porosus skulls (Table 3), there
are some striking differences, primarily in the relationship of Hse to HMw. In Sl
and 52, use is less than HMW, whereas in the others (S3-86), it is appreciably more.
The longer snouts of S3-S6 are in turn reflected in HTL'S which, relative to HMW, are
longer than in S1 and $2. This basic difference in skull proportions invalidates the
derivation from the Australian specimens of predictive formulae which would be
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f large C.
applicable to the others. Until nddhtional d:ii;b?: :)I:c‘ ‘?:e:?;:::;zﬁsi: ot
f the world are av ) © dogins
para-th:r::l“ztt:?; ‘t’;:“v:riability of Australian specim;ns_, :’dﬂ cannot predic!
pmvlclnngth of the crocodiles from which $3-514 were OC tnmw.w kel
b derive a predictive equation for large Australlnan  poro: b’a i
80 2 VSBZ were corrected for tissue loss by adding esumalesmm R
e tissue loss given previously (see p- 8). The measltl;r; e R
o . JTL, HSE, HMW and HIO by 49; nppand HMP by 10%. s i 3
b the;s uo;nbincd with the measurements from the ;se\lren s
mem;twi‘:clhe present study (TL 360422 cm), and a multiple regr
caug

iable. The resulting cquation was:
carried out with TL as the d:pendejtz‘g?gn:; iy sigt

‘ i i i rom intact
ey 5i4 ; 13051131)' all measurements being lconsldered “'ﬁmiﬁ‘lvcly i
= ‘Eequ%;?nrum;u]n sl'wuld be treated with caution because of the
heads. 5

amount of data from which it was derived.

illa
h protruding through the premax
ith one or two mandibular teet
Table 4, Number of C. porosus W

h one pro-
5 i th With two pro- Wil
Range No, of specimens M’i“é""“:"l‘“ F truding (%) truding (%0

svL (cm) M+F M F . -
2 10 +
92 J1 12l 12 2 o
:11-:(; l!'n‘l 86 85 35 13 22 i(;-”.l ey
51:60 120 66 54 56 28 28 il A
61-70 67 4 23 30 19 'l: i i
71:30 o 5 5 1\'6;' “E. 9 944 17:6.
e a
. 2 4 :
Ry 6 ‘ i
t?llz;.lllg 20 16 4 20 16 4 100-0

i -S6
i tralian C. porosus and §3
i in the proportions between the A!m { i
Thc_dlﬁ'el‘enc_ﬂ ic dil::ti::s of TL if the formula is used with these ".‘““f; ;lg i
T though the skull is larger in & im

me total length as S15, even . o
v{ould k“‘l'a!t'l\:p::'::;)sc:ﬂrtimw.lly long snout makes a large negative contribution
sions.

illa

th Protrusion Through Premax ‘ e

T°E;Df the C. porosus over 110 cm SVL examined, all except of\r hadr e;lt:;t; tiv:; i:: ot

‘oruma‘npdibular teeth protruding through the ‘prcmmul a,_’gs_cm AR
I:I:“:r;amtrusion had occurred (Table 4). The exceplion was a

a

i i oth and no other hole. i y

!‘ﬂ¥:3 :‘:r::ﬁi:g(.‘t.;nmsm exhibiting this phenome;:n wads ig ;r: ::::'c;;:-.ai:::] i :‘y

i 92 C. porosus between 31 an g o

‘I?Ez gl;/o;rzgzing}o?ri:l?:gltceth; pﬂ (66+7%) of these had a single tooth protruding

'3 /e

fite e
As svL increased, the percentage of C. porosus exhibiting tooth protrusion incre:
8§ A

q in
i i In no group was the difference 1
with a single tooth decreased. ! was in
nir:d t:;;;‘:g;l:ﬂ:; males and females with tooth protrusion significant at the 5%
the p

level (i* test).
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Discussion

Wermuth (1964) examined the relationships between head, trunk and tail length
in 21 species of crocodilians, He found that C. poresus had a proportionally longer tail
that the other species (relative to trunk length) and attributed this to its habits, i.c.
long distances travelled at sea. He also found that the distribution of the ratio of
tail length to trunk length in C. porosus was bimodal, whereas that in C. niloticus
was unimodal. Although his animals were unsexed, he suggested the bimodal
distribution could reflect sexual dimorphism.

In the present study, a significant male-female difference in tail length was found,
which tends to confirm Wermuth's (1964) explanation of the bimodal distribution;
however, we found no obvious bimodal distribution in the ratio of tail length to
snout-vent length. If, as suggested by Wermuth (1964), tail length is indicative
of mobility, the above difference could indicate that male C. porosus are more mobile
than females. This has been definitely shown in Alligator mississippiensis (Joanen
and McNease 1970, 1972), and appears to be so in C. porosus (Webb et al, 1977).

That such a small difference in tail length could affect swimming efficiency seems
unlikely, though it is possible that the length difference is an indication of more basic
differences in tail shape (c.g. effective lateral surface area). It is also possible that the
difference represents a slight dimorphism in the location or size of the cloacal slit,
However, if this were so one would expect sexual dimorphism in the relationship
with snout-vent length and most of the other attributes, which was not found.,

The relatively wider interocular and platform midpoint widths of female C. porosus
may represent phenomena more widespread amongst the Reptilia. The functional
significance of this difference is obscure, though it could be related to sex recognition;
it would seem too minor (o be related to a functionally significant strengthening of
the skull.

Kramer and Medem (1955), in their study of caiman body proportions, found no
external features, other than maximum total length, which could be used as sex
discriminators. They did not examine the number of attributes looked at in the
present study, nor did they have the benefit of the range of statistical methods now
available for this type of problem; thus, it is possible that such differences do occur.

The discriminant analysis carried out in the present study can be used to classify
individuals of certain sizes as males or females on the basis of external measurements.
In specimens over 100 cm svi the classification was 100%, effective in the C. porosus
used, if total length was included as a variable. In specimens under 100 ¢cm svL
classification was less effective. When the equations are used to classify C. porosus of
unknown sex, many individuals are in the region of overlap of the discriminant
scores and cannot be sexed.

The significant classification (P < 0-001) of crocodiles in the 40-60 cm svL
category (though there was also considerable overlap) indicates that even at this size
sexual dimorphism of the attributes measured is present.

The examination of the form of C. porosus growth indicated a broadening of the
head (relative to svi and HTL) in specimens over 80 cm svi. Kramer and Medem
(1955) demonstrated this same trend in C. porosus with measurements of the width
of the snout (a measurement not taken in the present study). Mook (1921a) showed
that a broadening of the head was distinct in Crocodylus acutus and Caimen sclerops,
much more so than in A, mississippiensis. Dodson (1975) found a strong positive
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allometry in snout length, but not snout width, in relation to head length in 4.
mississippiensis; he interpreted this as a strengthening of the head related to the
progressive increase in the size of prey taken.

Juvenile C. porasus feed mainly on the small crustacea, insects and fish of the water’s
edge (Allen 1974; Taylor, MSc Thesis in preparation; personal observations),
whereas adults appear to feed mainly on larger mammals, birds, larger crabs, fish
and other reptiles (Allen 1974; personal observations). The development from
juveniles to adults sees & change in hunting methods from a continual hunting and
catching of small items, to less frequent and more specific attacks on larger itemns.
The broadening and strengthening of the head could well be an adaptation to more
efficient capture of large prey as suggested by Dodson (1975) for 4. mississippiensis.

From the formulae given in Appendices 1-3, it is possible to reconstruct C. porosus
up to 207 cm SVL. It is not valid to extrapolate relationships to animals longer than
this and therefore not possible to use the formulae to predict svL of the C. porosus
belonging to the large skulls in museums (see Table 3). An attempt was made to
formulate a satisfactory equation for this purpose by combining the measurements
of the largest C. porosus from the present study with those from two large skulls of
known-sized C. porasus from Australia, However, it was found that the basic pro-
portions of the Australian skulls differed from the others, invalidating the use of the
formulae for specimens outside Australia.

Greer (1974) extrapolated from Banks' (1931) data and concluded that the largest
C. porosus known from skulls would be between 17 and 19 ft. The large Darwin
skull (S1; Table 3) would, on the basis of his formula, have a total length of 488 cm
(16 ft), yet the specimen was at least 615 cm (20 ft). The skulls purported to belong
to 33-ft and 29-ft specimens (Table 3; Greer 1974) are neither excessively long nor
broad, and, as Greer (1974) pointed out, the total length measurements would seem
to be in error. However, until more data are available on the variation to be expected
in large C. porosus, no firm predictions would seem valid. The problem created by
the differences in proportions of the skulls of large C. porosus could possibly be
avoided if the assumption was accepted that growth of the head per se is related 10
body length. It would then be possible to derive a relationship between volume of
bone in the skull and total length which would be independent of skull proportions.

It appears that the longest C. porosus skull in existence (though not necessarily
from the longest crocodile) is that reported by Daniel and Hussain (1973), i.e. 100 cm
from the snout to the posterior edge of the cranial platform.
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