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Summary

1. In many animal species, dietary habits shift with body size, and differ between the
sexes. However, the intraspecific range of body sizesisusually low, making it difficult
to quantify size-associated trophic shifts, or to determine the degree to which sex
differencesin diet are due to body-size differences. Large snakes are ideal for such a
study, because they provide avast range of body sizes within asingle population.

2. More than 1000 Reticulated Pythons (Python reticulatus) from southern Sumatra
were examined, with specimens from 1.5 to > 6 m in snout—vent length, and from 1 to
75 kg in mass. Females attained much larger body sizes than did conspecific males
(maxima of 20 vs 75 kg, 5 vs 7 m), but had similar head lengths at the same body
lengths.

3. Prey sizes, feeding frequencies and numbers of stomach parasites (ascarid
nematodes) increased with body size in both sexes, and dietary composition changed
ontogenetically. Small snakes fed mostly on rats, but shifted to larger mammalian taxa
(e.g. pangolins, porcupines, monkeys, wild pigs, mouse deer) at 3—4-m body length.

4. Adult males and femal es showed strong ecological divergence. For sometraits, this
divergence was entirely caused by the strong allometry (combined with sexual size
dimorphism), but in other cases (e.g. feeding frequency, dietary composition), the
sexesfollowed different allometric trajectories. For example, femal es shifted from rats
to larger mammals at a smaller body size than did conspecific males, and feeding
frequencies increased more rapidly with body size in females than in males. These
allometric divergences enhanced the degree of sex difference in trophic ecology

induced by sexual size dimorphism.
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Introduction

In many animal species, the sexes differ not only in
mean adult body sizes, but aso in dietary habits. For
example, one sex may feed more frequently than the
other, or take different kinds of prey (e.g. Selander
1966, 1972; Shine 1989; Forsman 1991d). The
phenomenon has attracted considerable interest from
evolutionary biologists, who have attempted to inter-
pret the causes of thiskind of intraspecific niche parti-
tioning (e.g. Slatkin 1984; Shine 1989). Unfortunately,
it is very difficult to disentangle cause and effect in
such a situation. For example, sexua size dimorphism
can be interpreted as a result of selection for intra-
sexua dietary divergence, or as a consequence of
sexua selection (in which case, the dietary divergence
may be an epiphenomenon). Oneway to illuminate the
processes at work in intersexua niche divergencein a
sexualy dimorphic predator is to look in detail at the

allometry of diet-related traitsin both sexes. Figure 1
depicts three possible scenarios in this respect. First,
the sex divergence in diets might arise as adirect con-
sequence of sexual size dimorphism (i.e. the sexesfall
on the same alometric line linking the dietary trait to
body size: see graph a). A second possibility isthat the
traits show no allometry, such that the sex divergence
is caused by an ecological shift between the sexes that
is independent of body size (b). Thirdly, the trait may
show allometry, but the degree of sex divergenceinthe
trait may be increased (or reduced) by sex differences
in the allometric slope or intercept ().

These three possibilities will be difficult to tease
apart in organisms that display a small range of adult
body sizes. This situation can be clearly seen in birds,
the ‘model organisms' used for most previous analy-
ses of intersexual divergence in diets (e.g. Selander
1966, 1972). A bird’s body size (at least in terms of
linear dimensions) is essentially constant throughout
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the animal’s postfledging life, and the range of indi-
vidua variation in adult body sizes within a single
population is usually quite small. Clearly, the solution
to this problem isto examine ecological traitswithin a
species displaying wide variation in body size within
asingle population. Most such variationislikely to be
ontogenetic rather than among-individuals. Snakes
offer ideal model systemsfor such an analysis, for the
following reasons:

1. Unlike lizards, which typically show determinate
growth and thus alimited size range of adultswithin a
population, many snakes continue growing through-
out their lives (Andrews 1982).

2. The absence of post-hatching parental care (Shine
1988) means that snakes of al body sizes must inter-
act with their environment as independent entities,
rather than receiving nutrients from larger, parental
organisms (as occurs in most endothermic verte-
brates). This trophic independence of offspring maxi-
mizes the body-size range over which one can
meaningfully examine feeding habits.

3. Snakes are gape-limited predators that consume
their prey whole, so that the head size of a snake sets
an upper limit to its maximum ingestible prey size
(e.g. Forsman 1991a,b). Gape-limitation increases the
likelihood of significant shifts in prey size with the
body size of the predator (Arnold 1993).

4. Sexual dimorphism in body size, and intrasexual
dietary divergence, are both common in snakes (Shine
1991, 1993).

Ideally, then, one might illuminate the dietary con-
sequences of body-size dimorphism by studying a
snake species with a very high intraspecific range of
body sizes. Species with large body sizes offer the
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Fig. 1. Theoretical scenarios to explain the underlying causes for sex divergence in
dietary traitsin asexually dimorphic predator. The graphs show adietary trait (e.g. prey
size) plotted against body size (eg. SVL) for maes (M) and femaes (F) within a
species. Indl three graphs, the mean values (for body sizeaswell asfor the dietary trait)
are the same within each sex but in each case, females are the larger sex and average a
larger value for the dietary trait. However, this dietary divergence has arisen in three
different ways: (a) the dietary divergence results purely from the body-size difference,
with both sexes following the same alometric relationship between body size and diet;
(b) the dietary divergence is unrelated to body size, with no alometry of the trait in
either sex; or (c) the dietary divergence results from the size dimorphism aswell as sex
differencesin the allometric relationship between body size and the dietary trait.

greatest opportunity in this respect: not only do they
show the largest range of body sizesin absolute terms,
but they also tend to mature at a smaller proportion of
maximum body size (Andrews 1982; Shine &
Charnov 1992). Thus, the size range of adult organ-
isms within such a population may be considerable.

Unfortunately, large snakes have attracted rela
tively little scientific attention. Very large snakes are
amost entirely tropical, probably because of thermal
constraints in temperate-zone climates (Shine &
Madsen 1996). Given the paucity of detailed ecologi-
cal information from tropical areas world-wide, the
lack of study of giant snakes is not surprising. Giant
reptiles of several taxa, however, are exploited in huge
numbers for the commercial leather industry, and it is
thus possible to gather data on animals brought in to
be killed and skinned as part of this operation (e.g.
Fitzgerald, Cruz & Perroti 1993; Shine et al. 1995,
1996). We took advantage of this commercial trade to
obtain the first detailed ecological information on
Reticulated Pythons (Python reticulatus), a giant
snake that most authorities rate as the longest and sec-
ond-heaviest snake species in the world (e.g. Pope
1975). The data were gathered in the course of our
studies to evaluate ecological sustainability of the
commercial trade in pythons.

Materialsand methods

Data were gathered during three trips to the city of
Palembang in southern Sumatra, Indonesia: from 29
July to 6 August 1993, 6-20 October 1994 and 3-19
April 1995. Live pythons (as well as acrochordid
snakes and varanid lizards: see Shine et al. 1995,
1996) are brought to commercia premises in
Palembang to be killed and skinned. The pythons are
collected over awide area, and the origin of individual
snakes was not determined. At the skinning factory,
snakes were weighed and measured as soon as they
were killed, and their carcasses were counted after
skinning. The snout-vent length (SVL) and head
length (along the lower jaw, from the tip of the snout
to the posterior edge of the quadrate-articular projec-
tion) of each individual were measured.

Any prey in the alimentary tract were recorded, and
removed for later analysisif they could not be identi-
fied at the time. Most such prey consisted of highly
digested materia in the hindgut. These prey were
identified by microscopic analysis, via comparison
with a reference collection of fur from mammals in
the Bogor Museum. Approximate prey masses were
estimated from mean adult masses of each prey
species, from published compendia. The total number
of parasitic worms (ascarid nematodes) penetrating
the stomach walls of the dissected pythons were also
counted. The gonads were examined to determine sex
and reproductive condition.

It is emphasized that no animals were killed for our
project; all were part of the existing commercial trade.
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Results

Data were obtained from 1070 Reticulated Pythons.
Our data show strong correlations between body size
and dietary traits, and significant differences between
the sexes for many characteristics. Data are provided
below on morphology (sex differencesin size and pro-
portions), and on the effects of sex and body size on
several variables related to the trophic ecology of
these animals.

MORPHOLOGY
Sexual dimorphism

Female Reticulated Pythons grow much larger than
males, and mature at a larger body size (Fig. 2).
Thus, our sample consisted primarily of adult males
and juvenile females (Fig. 2). In terms of feeding
habits, head size may be more important than body

size, and in some snake species the sexes diverge in
head sizes relative to body length (Shine 1991). To
check this possibility, single-factor analysis of
covariance was used, with sex as the factor. Male
and female pythons did not differ in head length rela-
tive to SVL (slopes F1 353=0-34, P=0-56; intercepts
F1.354=0-28, P=0-60). Body shape might also influ-
ence a snake's ability to overpower large prey, so
mass relative to length was examined in the same
way. Male pythons were heavier than females at the
same body length (using In mass to overcome vari-
ance heterogeneity: slopes F; 7,6=29-36, P <0-0001).
However, further analysis showed that sex differ-
ences in body shape (mass relative to SVL) varied
between trips, perhaps in relation to reproductive
state. Both sexes were in better body condition (i.e.
were heavier relative to length) in April 1995 than in
October 1994, and this difference was greater in
males than in females.
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Fig. 2. Body sizes and sexual size dimorphism in Reticulated Pythons from southern Sumatra. Stippled columns show

juvenile snakes, whereas open columns show adults.
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FEEDING HABITS

Our data paint a complex picture in terms of the fac-
torsthat influence feeding frequency and overall com-
position of the diet in Reticulated Pythons. Both
factors change only dlightly with season, but depend
upon the sex and body size of the snakes. Because of
the significant sexual size dimorphism in Reticulated
Pythons, effects of sex and size are not independent,
and must be disentangled.

Frequency of feeding

The frequency of feeding can only be judged from the
proportion of snakes containing food. There are at
least four potential problems with this index. First,
snakes may move about more when they are hungry,
and so they are more likely to encounter humans, and
be captured. Second, some snakes may have been held
in captivity for along time prior to slaughter, and so
may have emptied their alimentary tracts during this
period. On the other hand, snakes may retain rectal
contents for very long periods after feeding, and so
some of the prey remains that we recorded may have
been held in the hindgut for along time. And fourth,
larger prey (which are more likely to be eaten by
larger snakes) may be morelikely to leaveidentifiable
remains than smaller prey. For al of these reasons,
absolute values cannot be calculated for feeding fre-
guency. Nonetheless, under the assumption that these
factors should apply equally to snakes of different
sizes, collected at different seasons, the proportion of
snakes with prey can be used as an approximate index
of feeding frequency.

Effect of season: The proportion of adult male snakes
containing food varied among the three trips
(X* = 24-64, 2 df, P < 0-0001) but no significant varia-
tion was detected for juvenile males, or for adult or
juvenile females (x* with 2 df, P > 0-10 for each of
these groups). Hence, our most important result is that
feeding continues throughout the year (as is evident
from freshly ingested prey seen during all three trips),
rather than minor seasond differencesin feeding rates.

Effect of body size and sex: The proportion of spec-
imens containing prey was higher in females (49 of
109, 45%) than in males (176 of 476, 37%), but the
reasons for this difference are complex. The propor-
tion of snakes containing prey in their guts increased
with body size in both sexes, but did so at afaster rate
in females than in males. Comparing 200-mm SVL
intervals, and restricting analysis to the size range
common to both sexes, a single-factor heterogeneity
of dlopes test with sex as the factor yielded a signifi-
cant interaction term between sex and SVL category
(F124 = 665, P < 0:017). Thus, there are two reasons
why females contained food more frequently than did
males: (i) larger snakes (in both sexes) were more
likely to contain food, and females grow larger than
males, and (ii) feeding rate increased more rapidly

with body sizein femalesthan in males. These results
mean that the sex difference in feeding rate is partly,
but not entirely, an epiphenomenon of sexua size
dimorphism. The same result holds true for dietary
composition (see below).

Dietary composition

Table 1 liststhe prey speciesthat were identified from
the aimentary tracts of Reticulated Pythons. The
pythons consumed awide variety of prey, with the 15
identified prey species representing a diverse array
both taxonomically and ecologicaly (Table 1).
Mammals were the most frequent prey, with murids
(rats) the main prey of small pythons. The prevalence
of commensal rats and domestic chickens suggests
that many prey items were taken from disturbed habi-
tats close to villages, but other prey may have come
from more pristine forest environments. Some of the
prey consumed were relatively large and formidable
creatures (e.g. wild pigs, porcupines), as might be
expected from the massive body sizes of the preda
tors. Although general dietary composition was con-
sistent across all of our samples, detailed analysis
revealed several significant patterns:

Effect of season: for statistical analysis, the prey
were divided into three categories. murids (rats),
birds (mostly domestic chickens) and ‘other prey’ (a
taxonomically diverse array). The proportions of the
diet composed of each of these prey categories
remained relatively consistent among the three trips,
varying significantly among trips only in juvenile
females (x° = 13-81, 2 df, P < 0-01; for the other three
snake groups, P > 0-40). Inspection of the raw data
indicates that the seasonal shift in dietary composi-
tioninjuvenilefemale pythons reflected a higher pro-
portion of birds taken in April 1995 (i.e. trip 3) than
on the other two trips.

Effect of body size and sex: body size strongly
affected dietary composition in both male and female
pythons, with a consistent ontogenetic shift from rats
to larger mammals in both sexes. Rats were virtualy
the only prey recorded in the guts of small pythons,
but were rarely found in snakes > 4 m long (Tables 1
and 2). The proportion of the diet composed of birds
was low in all size groups, and showed no consistent
shifts with snake body size in either sex. Although the
shift from rats to other mammals was evident in both
sexes, males and females differed in the rate at which
this dietary shift occurred with increasing body size.
Females began switching away from rats at a smaller
body size than did males (Fig. 3: with analysis
restricted to the size range common to both sexes, het-
erogeneity of slopesF; ,, = 4-30, P < 0-05).

Prey size

Approximate masses of prey were estimated from
mean adult masses of each prey species (Table 1).
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Given the enormous size range of Reticulated Pythons
in our sample, and the ontogenetic shift among prey
categories (see above), it is not surprising to find that
larger snakes consume larger prey. However, the pat-
ternisof interest because it suggests athreshold effect
rather than a gradual increase in prey size with
increasing snake size (Fig. 4). Small snakes ate very
small prey (primarily rats), but mean prey size shifted
suddenly at intermediate body sizes (SVLs around
3 m). Snakes between 3 and 4 m took a wide range of
prey sizes (i.e. rats as well as other mammals) but
snakes >4 min size (almost entirely females) stopped
taking small prey (Fig. 4).

This abrupt shift to larger prey, and the apparent
lack of any increasein prey size in very large snakes,
means that relative prey mass (prey/predator mass)
was maximized for snakes at intermediate body sizes
(Fig. 4). However, it remains possible that the individ-
ual prey taken by very large pythons were larger than
conspecific prey consumed by intermediate-sized
snakes. For example, wild pigs attain body masses
several times larger than the mean estimate we have
used for records of this taxon (Table 1, Fig. 4), and
one snake-skinner told us that he had found a 60-kg
wild pig in the stomach of a large python. Although
overal mean prey mass was higher for females
(1-35 kg, SD = 2:70, n = 158 prey items) than for
males (0-75 kg, SD = 1.71, n = 163 items: unpaired
t = 238, P < 0:02), this difference is entirely
atributable to the sexual size dimorphism of
Reticulated Pythons. When predator mass is taken
into account, relative prey mass did not differ signifi-
cantly between the sexes (mean for females=0-17, for
males = 0-14, unpaired t = 1.47, P = 0-14). Single-fac-
tor ANcova (with sex as the factor, SVL as the covari-
ate, and prey mass as the dependent variable)
confirmed that prey mass increased with predator size
(F1.202 = 53-12, P < 0-0001), and that this relationship
wassimilar in the two sexes (restricting analysisto the
Size range common to both sexes: slopesF; g, = 0-06,
P =0-81, intercepts F; 593 = 0-78, P = 0-38).

PARASITE NUMBERS

Levels of parasite infestation may be biologically
important, and presumably reflect the feeding history
of the predator. The proportion of pythons containing
macroscopically visible gut nematodes was higher in
males (127 of 353, 36%) than in females (91 of 316,
29%), although this difference fell just short of statis-
tical significance (x> = 3-59, 1 df, P = 0-058). The
mean number of parasites per individual was similar
in males (mean = 5:65, SD = 23-2, n = 353 snakes)
and females (mean = 4.97, SD = 2093, n = 316
snakes; unpaired t = 0-40, 669 df, P = 0-69). Single-
factor ANcova with sex as the factor showed that par-
aste numbers increased with body size
(F1e67 = 1396, P < 0-001) and that males and
females did not differ in the relationship between

SVL and parasite burden (slopes Fjgs7 = 0-82,
P =0-37; intercepts F; ggg = 0-41, P = 0-52).

Discussion

Our study provides the first quantitative ecological
information on giant tropical snakes, and shows that
Reticulated Pythons offer an excellent system in
which to examine the waysin which body size and sex
interact to affect the trophic ecology of apredator. The
tropical environment inhabited by these snakes also
facilitates our analysis, for two reasons. First, we did
not see any major seasonal changesin feeding rates or
prey types (see above analyses), presumably because
of the relative aseasonality of the area. Second, the
high species diversity of potential prey in Sumatra
means that the snakes are exposed to prey of a wide
range of body sizes (e.g. see Table 1). In temperate-
zone habitats, snakes encounter a prey species diver-
sity considerably lower than that available in Sumatra
(Arnold 1972; Vitt 1987). If only two or three prey
taxa are available, the snakes may thus encounter a
limited size range of prey, or highly discontinuous
prey-size distributions. Allometric relationships
between predator size and prey size may be obscured
by such complications (e.g. Mushinsky, Hebrard &
Vodopich 1982).

The enormous body-size range of Reticulated
Pythons is accompanied by major size-associated
shifts in al of the dietary traits measured. Feeding
rates, the size and species of prey taken, and levels of
parasite infestation in the alimentary tract, all shifted
with body size, and differed between the sexes.
However, the mechanisms responsible for this ecolog-
ica divergence between the sexes differed among
traits, asfollows:

1. The sex divergence in prey sizes was caused by
strong allometry combined with sexual size dimor-
phism: that is, the first of the hypothetical patterns
depicted in Fig. 1. Our data suggest that there is no sex
effect per se on these traits, so that the significant
divergence in mean values between adult male and
female pythons was caused by body-size differences.
Thus, even major sex differences (approximately
twofold for mean prey mass) can be induced by sexual
size dimorphism alone.

2. The sex divergence in feeding rates and the kinds of
prey taken is a consequence of two processes. Thefirst
of these is sexua size dimorphism: both traits showed
strong allometry, so that the sexes would have differed
strongly even if they had followed the same allometric
relationship between body-size and the dietary trait in
question. In both cases, however, the sexes displayed
significantly different allometries, so that the overall
divergence between males and females was greater
than would have been produced from sexua size
dimorphism alone. Thus, these traits displayed the
third of the hypothetical patternsshowninFig. 1.
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Table2. Numbersof the three main prey typesidentified from Sumatran Reticulated Pythons as afunction of the sex and body
size (snout—vent length) of the snake. The table also provides information on the relative numbers of snakesin each category
that contained identifiable prey remainsin their alimentary tracts. Seetext for statistical analyses of these data

Males Females
SVL (mm) Bird Rat Other prey No food Bird Rat Other prey No food
1000-1200 0 0 0 0 0 0 0 1
1200-1400 0 2 0 7 0 9 0 3
1400-1600 1 10 1 19 1 14 1 22
1600-1800 0 16 1 24 0 19 2 36
1800-2000 2 17 1 44 2 17 3 37
2000-2200 2 21 2 41 4 15 3 38
2200-2400 3 19 4 38 3 12 1 31
2400-2600 5 18 1 32 1 10 1 27
2600-2800 3 12 3 36 2 9 2 17
2800-3000 4 11 8 35 2 14 2 20
3000-3200 3 12 4 31 2 4 7 22
3200-3400 1 7 6 24 1 5 6 15
3400-3600 0 3 1 9 0 3 6 12
3600-3800 1 1 1 2 0 2 3 8
38004000 0 1 0 0 1 1 1 4
40004200 0 0 0 0 0 2 1 4
42004400 0 0 0 1 0 0 1 1
44004600 0 0 0 0 0 0 3 2
46004800 0 0 0 0 0 1 5 0
4800-5000 0 0 0 0 0 0 1 0
5000-5200 0 0 0 0 0 0 0 0
5200-5400 0 0 0 0 0 0 0 0
5400-5600 0 0 0 0 0 0 1 0
5600-5800 0 0 0 0 0 0 0 0
58006000 0 0 0 0 0 0 1 2
6000+ 0 0 0 0 0 0 1 0
1.0 - o relatively invariant over significant subsets of the size
‘g range of our Reticulated Pythons. For example, prey
S 08 O Males size showed little change over the python body-size
§ @ Females rangefrom 1to 2:5m, or from 3-5to 6 m SVL (Fig. 4).
é 06 | If males ceased growing at 25 m, and females delayed
S maturation until 3-5 m, we would have concluded that
g . prey size in adult males and femal es conformed to this
5 047 second pattern. More generally, species that cover a
é smaller size range are likely to show less marked size-
g 021 related shifts in dietary traits, and thus may be more
& likely to exhibit this kind of ‘non-allometric’ sexual
0.0, v . —0-0—6r *e————— divergencein food habits.
100 200 300 400 500 600 700

Midpoint of snout-vent length interval (cm)

Fig. 3. Size-related shifts in dietary composition in male and female Reticulated
Pythons from southern Sumatra. The proportion of the diet composed of rats declines
with the body size of the snakes, but this decline occurs more rapidly in malesthanin
females. Seetext for statistical analysis.
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None of the traits we measured showed the second
pattern in Fig. 2 (i.e. sex divergence without alome-
try), but it seems likely that this pattern will aso occur
in nature. The huge size range of Reticulated Pythons
undoubtedly madeit easier for usto detect size-associ-
ated ecological shifts, and it isdifficult to envisage any
dietary trait that would not change with body size over
such a vast range. Nonetheless, many traits remained

Despite the profound differencein dietary composi-
tion and mean prey size between male and female
Reticulated Pythons, no indication of any sex diver-
gence in trophic morphology (i.e. head sizerelative to
body length) was detected. This result is consistent
with the observation that relative prey mass (i.e. prey
mass as a proportion of snake mass) did not differ
between the sexes. Disproportionate enlargement of
feeding structures would be expected to evolve only if
one sex consumed prey that were larger relative to
their own body size (Slatkin 1984; Shine 1989;
Forsman 1991b). Nonetheless, it isinteresting to note
that the sexes diverged in prey species, but not in prey
size, over an intermediate range of python body sizes
(note the analyses showing a similarity between sexes
in prey mass relative to body size, but adivergencein



256 prey species). This result suggests that femal es shifted
R. Shineet al. to some aternative habitat, or some aternative forag-
ing tactic, at asmaller body size than males. One obvi-
ous possibility is that females moved from disturbed
habitats to more pristine forest, with a consequent
decreasein rat abundance and an increased availability
of larger mammals. Behavioural ecology studies to
evaluate this hypothesis would be of vaue
Regardless, this putative shift was not accompanied by
any increase in absolute prey size, perhaps because of
gape-limitation. Relative prey mass was highest at this
‘transitional’ SVL (Fig. 4), and the snakes may not be
physically capable of swallowing even larger prey.
Some of the dietary allometries detected in
Reticulated Pythons are relatively easy to interpret,
but others remain obscure. For example, the apparent
increase in feeding frequency with larger body size
(especialy in females) may reflect greater energy
needs of reproductive animals than their juvenile con-
specifics. The ontogenetic shift from rats to larger
mammals is presumably related to prey size.
Inevitably, thisincrease in prey size requires ashiftin
prey species, because the size range of Reticulated
Pythons is so massive compared with the size range
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Fig. 4. Prey size compared with predator size in Reticulated Pythons. Larger snakes
take larger prey items (upper graph), but relative prey mass (i.e. prey mass divided
by snake mass) is highest for intermediate-sized snakes (lower graph). See text for
statistical analysis.

within any one prey species. In smaller snake species,
by contrast, the full size range of animals may be
small enough (in absolute terms) that a single prey
species spans the entire size range of appropriate prey
(e.g. Forsman 1991ab). Thus, such species can
‘afford’ to be highly specialized. Specialization on
one (or, at most, a few) prey species has been identi-
fied as a distinctive ecological feature of snakes as a
whole (e.g. Toft 1985; Mushinsky 1987). It would be
interesting to know how much of this putative dietary
specidization reflects a bias of studies towards tem-
perate-zone snake species. Compared with tropical
species, temperate-zone snakes tend to be smaller,
with arelatively small range in adult body sizes, and
they live in an environment with fewer potential prey
species. Information on Australian snakes indicates a
greater dietary diversity (and stronger ontogenetic
shifts in prey type) among large species (mostly
pythons) than among smaller taxa (mostly elapids and
typhlopids; see Shine & Slip 1990; Shine 1994).
Additional data on large tropical snakes are needed
before we can accept the generalization that dietary
specidlization is a consistent feature of the ecology of
snakes.

Our data on the abundance of parasitic nematodes
in python stomachs provide the first quantitative
information on this topic. Presumably, the level of
parasite abundance is related to an animal’s previous
feeding history, as well as to its defence mechanisms
against parasite attachment. A general increasein par-
asite numbers with python body size may simply
reflect the age of the snake (and, hence, the cumula-
tive opportunity for infestation), or the physical size
of the stomach (and, hence, of the available habitat for
the nematodes). More detailed studies might well find
species-level differences in the nematode faunas of
Reticulated Pythons of different body sizes or sexes
(owing to differences in dietary composition; see
Table 2), but this issue was outside the scope of our
study. Our data do, however, demonstrate an allomet-
ric increase in parasite abundance with body size of
the predator, and suggest a sex difference in the fre-
gquency of infestation. As we learn more about the
potential importance of parasites in natural popula-
tions, such information may prove to be extremely
valuable.

Previous analyses of the relationship between
predator size and prey size in snakes have identified a
trend for larger snakes to consume larger prey, and a
wider range of prey sizes, than do smaller con-
specifics (seereview by Arnold 1993). There has been
considerable interest in the question of whether larger
snakes actively select larger prey (i.e. ignore smaller
prey items), or continue to take small as well as large
prey. Our data set on Reticulated Pythons clearly
shows the former situation: large pythons cease feed-
ing on rats, and take only very large prey (Fig. 4).
However, our data also show that this result reflects
the huge range of body sizesin this species. If analysis
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was restricted to pythons < 4-m SVL, the strong con-
clusion would be that larger snakes simply expand the
range of prey sizesthey consume (i.e. they continue to
take small aswell as large prey; see Fig. 4). Thus, the
size range of snakes within a population determines
the degree to which the largest individual s continue to
take small prey. Earlier studies on a range of snake
species have revealed several cases wherelarger spec-
imens cease to feed on small prey (e.g. Tantilla gra-
cilis, Cobb 1989; Enhydrina schistosa, Voris &
Moffett 1981; Nerodia rhombifera, Plummer & Goy
1984; Cerberus rynchops, Jayne, Voris & Heang
1988), but other cases in which larger specimens con-
tinue to take smal as well as large prey (e.g.
Austrelaps ramsayi, Notechis scutatus, Pseudechis
porphyriacus, Shine 1977; Regina grahamii and R.
septemvittata, Godley, McDiarmid & Rojas 1984).
Arnold (1993) has suggested a number of reasons for
this diversity in alometric relationships between
predator and prey. One additional factor may simply
be the absolute range of body sizes of the species
under study, rather than any other biological differ-
ences between these systems.

Although most previous work on the alometry of
snake diets has not investigated sex differences, there
have been detailed analyses of the interplay between
body size, sexua dimorphism and prey attributes in
four North American watersnake species (Nerodia,
Mushinsky et al. 1982) and one Australian filesnake
(Acrochordus, Houston & Shine 1993). There are a
number of significant differences between these
species and our Reticulated Pythons. For example,
feeding frequency tended to decrease rather than
increase with body size, and males showed less
dietary shift with body size than did conspecific
females. Also, the two sexes show strong morphologi-
cal divergencein al of these taxa (males have smaller
heads than females, at the same body length: Shine
1991). Such head-size differences between the sexes
are likely to be accompanied by dietary divergence
between males and females at the same body length,
rather than sex differences in diet resulting entirely
from sexual size dimorphism (as in Fig. 1a). Such
interspecific differences in the details of trophic
alometry are likely to be widespread. Nonetheless,
these studies also detected some of the same patterns
that we found in Reticulated Pythons; for example,
females grow larger than malesin al five species, and
tend to eat larger prey in three of these five taxa. The
two exceptions involved anuran-eating species, in
which the restricted size range of available prey
means that males and females eat similar-sized prey,
despite the significantly larger body sizes of females
(Mushinsky et al. 1982).

Another generality concerns the interplay between
habitat selection and ontogenetic and sexual shiftsin
diet. Our data on Reticulated Pythons suggest that
some of the significant shifts in dietary composition
(prey type and prey size) in this speciesreflect the fact

that different-sized prey arelikely to occur in different
habitats. The same kinds of spatial separation of prey
of different sizes may drive ontogenetic dietary shifts
in a diverse array of snake species, ranging from
Gartersnakes feeding on Minnows in North American
lakes (Arnold 1993) to acrochordids consuming fish
in Australian billabongs (Houston & Shine 1993).
Further studies would be valuable, particularly with
other species of large snakes. The massive intraspe-
cific rangein body sizes provides an ideal opportunity
to investigate allometries in ecological traits. Ideally,
we also need detailed studies of the behavioural ecol-
ogy of free-ranging specimens, to evaluate the possi-
bility of sizerelated shifts in foraging tactics and
habitats. Such shifts have been documented in several
taxa of gape-limited predators (e.g. Cott 1961; Shine
1986) and our data on Reticulated Pythons suggest
that the same phenomenon may also occur in these
giant snakes.
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