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Abstract.

Two species of large black whip snakes (Demansia vestigiata and D. papuensis) are morphologically and

ecologically similar and have broadly overlapping distributions. A long history of taxonomic difficulties has meant that
most previous taxonomic and ecological studies comprise composite samples of both taxa. Here, we provide ecological data
(body sizes, food habits, reproduction and inferred growth rates) collected from captured and road-killed specimens from a
tropical population of D. vestigiata at Townsville, north-eastern Queensland, Australia. Males attain larger body sizes
and have longer tails than females. All food items were ectotherms (lizards and frogs). Female reproductive cycles were
strongly seasonal. Clutch size is significantly positively related to maternal body size. Egg dimensions, clutch mass and
neonatal size are reported. Inferred growth rates indicate that sexual maturation is attained at ~21 months for females.

Introduction

Until recently, the biology of tropical Australian snakes has
received little attention compared with that of temperate zone
taxa. However, apart from extensive field-based studies in the
Northern Territory of an acrochordid (Acrochordus arafurae)
(Shine 1986; Houston and Shine 1994), a python (Liasis fuscus)
(Madsen and Shine 1996, 2002; Madsen et al. 2006) and a
colubrid (Tropidonophis mairii) (Brown and Shine 2002, 2004,
2005), there have only been limited field studies of snakes in
north-east Queensland and these have typically focussed on the
pythons Morelia kinghorni (Fearn et al. 2005), M. viridis
(Wilson et al. 2006a, 2006b; Wilson 2007; Wilson and Heinsohn
2007) and recently the colubrid Boiga irregularis (Trembath
and Fearn 2008). Tropical Elapidaec have failed to receive
similar attention, with only one taxon (Acanthophis) being
the subject of detailed field studies in the Northern Territory
(Webb et al. 2002). Consequently, most datasets that
incorporate tropical snake taxa (and elapids in particular) are
based on the dissection of museum specimens (Shine 1991),
compelling investigators to combine information from widely
different locations and different years (Seigel and Ford
1987; Greer 1997). The reproductive ecology of tropical
Australian snakes, in particular, is poorly understood but data
suggest that some taxa display continuous aseasonal
reproduction (Shine 1980; Brown and Shine 2006). Here we
provide ecological data on a single population of a tropical
elapid (Demansia vestigiata), which appears to display
seasonal reproduction.

Whip snakes of the genus Demansia are common and
widespread in the wet—dry tropics of northern Australia (Wilson
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and Swan 2008). As a group, they are similar in morphology
(slender body, long tail, large eyes), behaviour (rapid movement,
diurnality, terrestriality) and ecology (predominately
saurophagous, oviparity), and adapted for chasing and
capturing fast-moving, diurnal, surface-active scincid lizards
(Shine 1980). Australian Demansia also show a remarkable
degree of morphological convergence, with distantly related
colubrid ‘whip snakes’ in America, Asia, Europe and Africa
(Shine 1980).

The ‘black’ whip snakes, D. vestigiata and D. papuensis, both
of which attain body lengths of more than 1 m are broadly
sympatric throughout the Australian tropics (Shea 1998). The
taxonomic history of the black whip snakes is extensive and
confusing, and it has been difficult to differentiate the two taxa.
However, recent taxonomic work indicates that these species can
be distinguished by scalation, size and, to a lesser extent, colour
(Shea 1998). D. vestigiata is smaller with fewer ventral and
subcaudal scales, and is more broadly distributed than
D. papuensis.

Previous ecological studies of Australian Demansia (Shine
1980) comprised a composite dataset of both D. vestigiata and
D. papuensis (referred to as D. atra), reflecting taxonomic
uncertainties at that time (Shea 1998). While the ecology of both
taxa is probably similar, D. papuensis grows to a larger size
(1600 mm snout—vent length (SVL)), and therefore may take a
widerrange of prey, and has different patterns of reproduction and
growth than D. vestigiata (Shea 1998; R. Shine, pers. comm.).

Here we provide the first ecological data (body size, diet,
reproduction, inferred growth rates) for a population of tropical
D. vestigiata.
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Methods

Between February 1997 and October 2006, data were collected
for D. vestigiata whenever the opportunity arose during
fieldwork. Most snakes were collected from Townsville (19°00'S,
146°46'E), in the strongly seasonal wet—dry tropics of north-
eastern Australia. Vegetation is predominantly open savanna
woodland with a grassy understorey. Soils are infertile, diurnal
temperatures are always high (25.0-31.4°C mean daily
maximum: Ridpath 1985) and daylength varies little. Rainfall is
markedly seasonal and its monthly distribution pattern within
the wet season (October—-March) varies between years
(Ridpath 1985). Data were also collected for specimens from
Magnetic Island (19°10’S, 146°50'E), lying 4.5 km off the coast
from Townsville and similar with respect to vegetation
and climate.

All specimens were identified as D. vestigiata using counts
of the ventral and subcaudal scales (after Shea 1998). All
snakes were weighed, and measurements taken of SVL and tail
length. Road-killed specimens were dissected to determine diet
as well as the reproductive condition of females. Live snakes
were palpated for prey, faecal material and ova if female. The
sex of male snakes was determined by the manual eversion of
the hemipenes. Prey in stomachs and faecal material were
identified as closely as possible to species and, if intact,
weighed and measured. Egg dimensions and clutch mass were
recorded for two clutches of eggs. One of these clutches was
successfully incubated and the dimensions of the neonates were
recorded.

All variables were log-transformed to improve normality and
homogeneity of variance (Fowler ef al. 1998). All snakes with
incomplete tails were excluded from tail-length analysis. Means
and range were described for SVL, body mass and tail length.
Relative tail length, calculated as tail length divided by SVL,
was compared using non-parametric ¢-test. Inferred growth rates
were obtained by plotting the month of capture against SVL
with a regression performed on individuals <470 mm SVL,
classed as juveniles. Shine (1978) suggested that this method is
accurate for juvenile, fast-growing specimens. Statistical
analysis of data used SigmaStat (Version 3.1, Systat Software,
San Jose, CA) and SPSS (Version 11, SPSS Inc., Chicago, IL).

Results

In total, 77 D. vestigiata were examined during this study
(Table 1). Most specimens (n=56) were encountered
opportunistically while involved in other studies of the region’s
herpetofauna, along with a smaller sample from Magnetic Island
(n=11), and a nuisance snake callout service conducted by the
Queensland Parks and Wildlife Service (n=10).

Table 1.
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Demansia vestigiata were mostly encountered during
the day (49 of 59 records, 83%), but specimens were also found
to display nocturnal activity (10 of 59 records, 17%).

Body size

Measures of SVL, tail length and body mass were recorded for
42 male and 35 female D. vestigiata (Table 1). Males were found
to be significantly larger than females, for SVL (Mann—Whitney
U Test: Z=-2.77, P=0.006) and body mass (Mann—Whitney
U Test: Z=-3.56, P<0.00). Males had longer tails than females
(Table 1). Tail lengths were 45-350 mm in males and 46—300 mm
in females (Table 1). Relative tail lengths also differed
significantly between the sexes (Mann—Whitney U Test:
Z=-2.60, P=0.009). Male and female D. vestigiata were found
to differ significantly in body mass relative to SVL (Fig. 1)
(ANCOVA with site as factor, In(SVL) as covariate, In(mass) as
dependent variable: interaction, F5;6=190.37, P<0.001;
intercepts, F; 79=1690.82, P<0.00).

Diet

Of the 77 captured D. vestigiata, 17 (22%) contained recently
ingested prey items in the stomach or readily identifiable
remains (skink scales) in faeces. Fifteen of these snakes
contained a single prey item and two individuals contained two
and four prey items. The diet consisted entirely of ectotherms
(scincid lizards 71.5%, and frogs 28.5%) (Table 2). The dates of
capture indicate that feeding continues year round in this region.

Reproduction

Of 30 adult females examined, eight (26.6%) were reproductively
active. Reproductive specimens were encountered only in the late
dry season or early wet season (August-November), with one
record from April (Fig. 2). Well developed ova were palpated in
living snakes in late August and mid-November. Two road-killed
specimens revealed ovarian follicles larger than 5mm (early
September) and large oviducal eggs (late October). Clutch size
ranged from 5 to 10 and was correlated with maternal body length
(*=0.63, n=8, P=0.01) (Fig. 3). One female laid five eggs
(mid-November) while in a collecting bag several hours after
capture.

Two clutches of full-term eggs were examined. Five eggs
removed from a road-killed female (SVL 480 mm, weight 28 g)
ranged in length from 30 to 36 mm and their diameter at midpoint
was 9-10mm. Clutch mass was 10 g, representing 35.7% of
maternal mass. Five eggs laid by a newly captured female (SVL
590 mm, weight 36 g) ranged in length from 28 to 35 mm and in
diameter from 13 to 14 mm. In this case, clutch mass was 16 g,
44.4% of maternal mass. This clutch was laid in early November

Sample sizes, body sizes, and mass of Demansia vestigiata from the Townsville area, Queensland

SVL, snout—vent length; TL, total length

Sex SVL (mm) TL (mm) Mass (g) TL/SVL

Male Mean (s.e.) 748.04+37.62 205.77+11.83 111.15+£11.78 0.27+0.007
Range 193-1090, n=44 45-350, n=44 2-310, n=43 0.11-0.44, n=44

Female Mean (s.e.) 624.91+£37.35 169.83+11.00 68.24+7.32 0.27+0.010
Range 190-1035, n=37 46-300, n=36 2-200, n=37 0.23-0.62, n=36
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Fig. 1. Log(body mass) relative to log(SVL) of male and female Demansia

vestigiata from the Townsville area, Queensland.

Table2. Prey records for Demansia vestigiata from the Townsville area

Species No. of records

Amphibia

Hylidae

Unidentified frogs
Reptilia

Scincidae

Carlia schmeltzii

C. pectoralis

C. jarnoldae

Lampropholis delicata
Total 21
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and four of the eggs were successfully incubated in a container
of damp vermiculite at ambient room temperature (22-33°C).
Two neonates emerged on the 79th day of incubation, the
third and fourth neonates emerged over the following two days.
Two female neonates measured 191 and 202mm SVL and
both weighed 2 g. Two males had a SVL of 205 mm and weighed
2.5gand 3 g.

Growth rates

Body sizes of juvenile D. vestigiata increased throughout the year
(Fig. 4). Using regression analysis, we predicted that juvenile
D. vestigiata will attain ~400 mm SVL after one year. If growth
continues at this rate, we predict that females will mate for the
first time at ~21 months of age, and produce their first clutch of
eggs ~3 months after mating.

Discussion

Within the Townsville area we found D. vestigiata to be relatively
easy to sample via the methods we used. Additionally, we were
able to record valuable trophic and reproductive data that has
been difficult to study in a population of Boiga irregularis from
the same area (Trembath and Fearn 2008).
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Fig. 2. Climatic data and activity patterns of Demansia vestigiata from the

Townsville area, Queensland, based on specimens sampled. Climatic data
were downloaded from Anon. (2006).

12

Clutch size

0 T T T T T T T
450 500 550 600 650 700 750 800 850

Snout—vent length of gravid females (mm)

Fig. 3. Clutch sizes in relation to SVL of female Demansia vestigiata from
the Townsville area, Queensland.

Whip snakes in the genus Demansia have been described as
typically diurnal (Shine 1980); however, tropical populations
may also be active at night, particularly larger species such as
D. vestigiata that include adult frogs in their diet. D. vestigiata
was found to have a nocturnal component to its ecology and, of
these, one heavily gravid female was discovered at 2020 h
outstretched and dorsolaterally flattened on a sealed road
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Fig.4. Seasonal distribution and inferred juvenile growth rate of Demansia

vestigiata from the Townsville area, Queensland.

apparently thermoregulating. Nocturnal activity is common
among tropical snakes (Greer 1997; Trembath 2004) where
consistent high ambient and substrate temperatures allow snakes
to be active while avoiding extreme diurnal temperatures.

Adult mean and maximum body size and size at maturity
determined in this study are consistent with the findings of Shea
(1998), the only other known study of D. vestigiata that does
not include congeners. Intraspecific male combat has been
documented for D. vestigiata (Covacevich et al. 1994), possibly
favouring selection for larger male body size in this taxon (Shine
1978, 1994). Male combat in our sample of D. vestigiata is
strongly supported, with males having significantly greater body
mass than females, possibly due to greater muscle mass. Male-
biased sexual dimorphism amongst Australian elapid snakes
appears to be strongly associated with male—male combat (Shine
1994).

Sexual dimorphism in tail length relative to SVL is evident
in some Australian elapid snakes but not others and appears
to be less evident in larger-bodied taxa (body length >1200 mm).
No particular pattern in relative tail length holds true, even
in species that commonly display intraspecific male combat,
and its ecological significance is unknown (Greer 1997). For taxa
with clear dimorphism in tail length, such as our sample of
D. vestigiata, longer tail lengths in males may be due to sexual
selection for male mating success (Shine ef al. 1999).

Although in our study only 17 snakes had identifiable gut
contents, prey types were consistent with those reported for
other Australian Demansia (Shine 1980). In our study, diurnal
surface-active scincid lizards comprised much of the diet. Shine
(1980) observed that D. atra (= vestigiata/papuensis) differed
from other Demansia by including a relatively high proportion
of frogs in its diet. Our sample also suggests that D. vestigiata
will take frogs opportunistically. We suggest that predominantly
nocturnal prey (frogs) are discovered in their diurnal retreats by
foraging snakes as well as falling prey to nocturnally active
D. vestigiata, which is supported by the findings of Trembath
and Rowley (2005), who observed a diurnally foraging
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D. vestigiata detect, probe below ground level and consume a
burrowing frog, Limnodynastes ornatus.

Clutch size and egg dimensions in our sample were consistent
with those reported for Demansia in general (Shine 1980) and
D. vestigiata in particular (Shea 1998). Increasing fecundity with
maternal body size is common in reptiles (Seigel and Ford 1987)
and typical of Australian elapids (extensive data summarised in
Shine 1991; Greer 1997).

The seasonal timing of reproduction is of particular interest
in D. vestigiata. Other composite data for D. vestigiata and
D. papuensis have shown female reproduction to be aseasonal
(Shine 1980). However, our Townsville data suggest that female
reproduction primarily takes place in the transition from dry to
wet seasons (August—November). There may be several reasons
for this apparent discrepancy. First, the breeding season of the
composite sample was determined by dissecting specimens
(Shine 1980). Using this method, enlarged but relatively small
ovarian follicles are readily detected; however, we were able to
dissect only 20% of adult females. Second, it is not possible
to detect relatively small ovarian follicles through the palpation
of live snakes, thus females in our sample may have been
reproductively active at other times of the year, yet their status
was not detected. However, the presence of enlarged ovarian
follicles may not indicate that reproduction will occur in the
same season. Follicular developmental rate is poorly understood
for tropical elapids and it cannot be determined with certainty
whether a female with enlarged ovarian follicles will definitely
reproduce, or whether one with small follicles definitely will not
(Seigel and Ford 1987).

Our combined data indicate that, at least in the Townsville
area, females appear to restrict reproduction to the late dry
season. Hatchling wild-caught D. vestigiata in our sample
(8 specimens) were all captured during July—August. Timing of
female reproduction, hatching of eggs maintained at ambient
temperatures in February and inferred growth rates (Fig. 4)
indicate that these individuals probably emerged from eggs laid
throughout November. In addition, female reproductive data for
13 other snake taxa (six Elapidae, four Colubridae and three
Pythonidae), including D. psammophis, from the Townsville
region, indicate that reproduction takes place during the mid to
late dry season (S. Fearn and D. Trembath, unpubl. data). The
only exception to this pattern in our sample of D. vestigiata was
a gravid female sampled in April. Given that all the other
records in our sample place timing of female parturition in the
late dry season, the April record may be an example of double
clutching (where a female produces two clutches per season)
rather than evidence of aseasonality. Double clutching has been
reported for other tropical snake genera and it is thought to occur
due to higher food intake in favourable conditions (Shine and
Covacevich 1983).

The unpredictability of rainfall, both in timing and amount
in the wet—dry tropics (even in the wet season), creates an
environment which is analogous to the temperate zone winter,
in that food availability is low (Ridpath 1985). Thus, female
D. vestigiata may time neonate hatching to coincide with the
relatively high moisture and prey abundance (juvenile lizards
and metamorphosing frogs) of the mid to late wet season,
similar to the synchronised reproductive cycles of temperate-
zone taxa where ovulation occurs in spring (Shine 1977a,
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1977b). Large varanid and agamid lizards in Australia’s
strongly seasonal wet—dry tropics largely cease movements,
feeding and growth during the dry season due to low
availability of food and moisture (Christian et al. 1995;
Griffiths and Christian 1996). These constraints may also be
severe on hatchling snakes with low body mass and hence
greater susceptibility to dessication. Additionally, the
requirements to actively seek out and pursue juvenile skinks
and frogs are most readily available during the wet season.
Aseasonal reproduction for tropical Queensland snakes in
general may become more common in the very high tropics
(Cape York), or in areas with more consistent rainfall
(Queensland’s Wet Tropics); however, all studies to date (see
Introduction) from the Australian tropics (with the exception of
the colubrid Trophidonophis mairii) indicate that seasonality
may be the norm for most taxa.

Inferred growth rates for north-eastern Queensland
D. vestigiata from our study are similar to inferred growth rates
for D. psammophis from across Queensland (Shine 1980). The
rapid growth of D. psammophis is likely to be a function of both
a favourable climate (year-round feeding) and slender body
shape (Shine 1980). Slender body form means that small
increases in biomass (or energy content) cause large increases in
body length. Rate of growth and size at sexual maturity for
D. vestigiata is similar to other small to medium Australian
elapids. Smaller species mature in the second season after their
own hatching/birth, and larger species mature in the third or
fourth season (reviewed by Greer 1997).

Demansia vestigiata in our study area were common and
easily collected, providing the first detailed regional data
collected on this species. This species, as well as many other
Demansia species, have extensive distributions that incorporate a
range of climatic zones and habitat types. Further studies in the
southern and extreme northern portions of the range of these
snakes will be important in determining how much influence
timing and amount of rainfall may have on timing and frequency
of reproduction, on growth rates, as well as the relative
importance of amphibians in the diet.
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