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Diet of the Australian Freshwater Turtle Emydura krefftiz
(Chelonia: Chelidae), in an Unproductive
Lentic Environment

ARTHUR GEORGES

The abundance of Emydura krefftii in the nutrient-deficient dune lakes of Fraser
Island, Australia, is explained in terms of the species’ broad food habits and its
ability to directly utilise foods of terrestrial origin. Small specimens of E. krefftii

are carnivorous, relying principally on aquatic and terrestrial insects, and small
crustaceans. As they grow, the turtles become omnivorous and eat larger varieties
of insect and crustacean. The changes in diet with increasing turtle size are
explained in terms of energetic efficiency, and by the fact that as the turtles grow,
more robust food items become available to them. The diets of mature males and
females of similar sizes do not differ appreciably.

HE diets of Australian freshwater turtles
have only recently been the subject of de-
tailed studies. Parmenter (1976) described the
diet and feeding behavior of the carnivorous
Chelodina longicollis, and Chessman (1978) com-
pared its diet with those of Fmydura macquarii
and Chelodina expansa. Legler (1976) reported
the feeding habits of Elseya dentata, Emydura
australis and an unnamed species of Emydura
from Kookabookra (New South Wales). There
are no detailed reports on the diet of Emydura
kreffti.

E. krefftii 1s widespread in Queensland where
it inhabits large rivers and the larger waterholes
and billabongs of their Hoodplains (Cogger
1975:133). In this paper | describe the diet of
E. krefft in an unusual environment—a dunc
lake on Fraser Island, otf the Queensland coast.
The study site, Lake Coomboo, is typical of the
tea-colored lakes of Fraser Is. They are oligo-
trophic, with very dilute, acidic waters contain-
ing high proportions of dissolved allochtho-
nous organic material (Bayly, 1964; Bayly et al.,
1975). 'Their brown coloration severely limits
penetration of sunlight, restricting photosyn-
thetic growth to surface waters (Bayly, 1975).
Limited photosynthesis, coupled with low con-
centrations of nutrients, results in low produc-
tivity. The invertebrate fauna of dunc lakes is
low in both diversity and numbers, when com-
pared with other freshwater lakes (I'imms,
1973). Molluscs, eaten by E. krefftii in mainland
water bodies, are absent from the dunc lakes of
Fraser Is., and fish are typically represented by
one or two species (Arthington, 1977).

Despite the low productivity, E. krefftic is
abundant in most of the permanent lakes of

Fraser Is. For example, in Lake Coomboo (8.8
ha accessible to the turtles), 683 E. krefftir, elev-
en Chelodina expansa and two Chelodina longicol-
lis were captured. The population density of
Emydura krefftti exceeds 81 turtles per hectare.

The aim of the present study was to deter-
mine the diet of E. krefftii in the dune lakes of
Fraser Is., and so gain some insight into their
surprising abundance in a seemingly unpro-
ductive environment.

MATERIALS AND METHODS

The stomach contents of 97 turtes from
Lake Coomboo (25°13'S, 1563°10’K, Fraser Is.)
provided data on the diet of E. krefftii during
the warmer months of 1978 and 1979; 13 were
caught in September, 28 in November, 11 in

January, 6 in February, 25 in March and 14 in

May. All specimens were captured in the late
afternoon (after 1500 hr) in hoop traps (Legler,
1960) baited with bread. The bait was enclosed
in perforated containers to prevent it from
being eaten.

Stomach contents were removed by stomach
flushing (Legler, 1977). Sixteen turtes yiclded
little or no material; either their stomachs were
empty, or their stomach contents had been only
partly dislodged. Data from these individuals
were not included in the analysis. All turtles
were flushed as soon as possible—and never
more than 3 hours—after capture.

Carapace length and sex were recorded for
each turtle before its release. Stomach contents
were preserved in FAA solution (Luna, 1968:4)
and later examined under a low-power binoc-
ular microscope. Sand and fragments of litter
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were assumed to have been accidentally in-
gested and were not included in the analysis of
food items.

Percentage composition by number and per-
centage composition by volume (Windell and
Bowen, 1978) were used to evaluate the relative
proportions of different foods caten by E. kreff-
ti. ‘The numerical method involves counting
the number of items belonging to each taxo-
nomic group. Aquatic insects and small crus-
taccans usually remained intact and were easy
to count. The numbers of terrestrial arthro-
pods, when fragmented, were determined from
the numbers of hind wings or other identifiable
parts. Solid plant material and the large deca-
pod crustacean Cherax robustus were seldom
eaten whole so the numbers of fragments (=
bites) were included in the analysis. Items which
did not occur as discrete units (such as filamen-
tous algae and Utricularia sp.) could not be
counted and were omitted from the numerical
analysis.

The volumetric method relies on estimating
the volume of taxonomically similar items from
each stomach. In this study, the volume of a
food item was taken to be proportional to the
product of its length, width and depth. These
linear measurements were obtained using a cal-
ibrated eyepiece or vernier calipers. When
large numbers of prey items of similar size were
tound, only representative items were mea-
sured. The lincar dimensions of fragmented
items were either estimated from those of an
intact item of similar size, or the fragments
were measured separately. The volume of fil-
amentous plant material was estimated by re-
moving excess moisture and measuring the
material's displacement in a graduated cylinder
of water.

To investigate variation in diet with turtle
size, stomach samples were grouped according
to the size of the turtles from which they were
taken (cach size-class contained samples from
at least ten turtles). The proportions of differ-
ent foods in each size-class were then com-
pared. The mean length of food items for
which the entre length could be determined
was also compared among different size-classes.

To examine differences in diet due to sex,
mature specimens were first divided into males
and females, then new size-classes within each
sex-class were computed. The data were then
adjusted so that data for each size-class contrib-
uted equally to the overall result for the sex-
class. These measures were necessary to remove
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effects due to the particular size distribution of
the turtles examined.

RESULTS

The food E. krefftii in Lake Coomboo is listed
in Table | together with an indication of the
relative importance of each major food type. E.
kreffie 1s clearly an omnivorous species with
both plant and animal material contributing
substantially to the diet. The plant food consists
principally of the freshly sprouted shoots of
sedges (Lepironia articulata and Baumea spp.)
cxposed when the turtles dig in the sand at the
bases of these plants. Algae and the bladder-
wort, Utricularia sp., although contributing lit-
tle to the overall diet of the Coomboo popula-
tion, were found in substantial quantities in a
few individuals. Caddisfly larvae (Leptoceri-
dae), midge larvac and pupae (Chaoborinae,
Chironomidae, Ceratopogonidae), dragonfly
nymphs (Anisoptera), decapod crustaceans
(Cherax robustus and Caridina indistincta) and ter-
restrial arthropods are the major animal com-
ponents of the diet. Mayfly nymphs (Leptophe-
biidae), damselfly nymphs (Zygoptera), alderfly
larvae (Sialidae) and beetle larvae (Gyrinidae)
were also present in substantial quantities in the
stomachs of a few individuals. The colonial cil-
iate, Ophridium sp. (in association with Zoochlo-
rella parasitica) and tubificid oligochaetes dete-
riorate rapidly once in the stomach, so it was
impossible to gauge their importance to the
diet.

Variation wn diet with body size.—Larger turtles
tend to eat larger food items than do smaller
turtles. ‘The significance of this relationship is
indicated by the non-overlap of the 95% con-
fidence intervals in Fig. 1, and by the fact that
a positive correlation between the mean length
of food items (by mdividual) and turtle length
proved significant (r = 0.35, P < 0.001, N =
81). In addition, food items taken from large
turtles varied more in size than those from
small turtles. These changes in food item size
with turtle size are sufficient to explain changes
in the qualitative composition of the diet.
Difterences in composition between the diets
of turtles in different size groups are presented
in Fig. 2. There is an obvious trend away from
eating aquatc insects as turtle size increases.
Turtes less than 100 mm in length cat large
numbers of small caddisfly larvae (principally
the sand-grain encased Oecetis spp.) and the
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‘TABLE 1.

ITEMS FROM THE STOMACHS OF 81 SPECIMENS OF Emydura krefftic, WITH AN INDICATION OF THE

RELATIVE IMPORTANCE OF EAcH Foop TyPE 1O THE OVERALL D1E1 OoF THE CooMBOO LAKE PorurLaTiON. An

asterisk indicates a contribution to the diet of less than 1%. Percentage by occurrence gives the number of

stomachs that contained one or more items of a particular food type, expressed as a percentage of the total
number of stomachs examined. Abbreviations: L, larvae; P, pupae; N, nymphs; A, adults.

Percent- Percent-

by Percent- age by

:gcl Y age by occur-

Food type umber volume rence

PLANT MATERIAL 20 30 56
Div. RHODOPHYTA Batrachospermaceae Batrachospermum sp.

Div. CHLOROPHYTA  Oocystaceac Zoochlorella parasitica 7 6
Zygnemaceae Zygogonwum ericetorum T ’
Zygogonium kumaoense
Div. MAGNOLIO- Cyperaceae Baumea spp.
PHYTA Lepironia articulata 20 23 55
Lentibulariaceae Utricularia sp.

ANIMAL MATERIAL 80 70 98
Ph. PROTOZOA Ophrydiidae Ophrydium sp. 7* : _2
Ph. ANNELIDA Tubificidae
Ph. ARTHROPODA

Cl. Crustacea Parastacidae Cherax robustus .
. e 5 25 64
Atyidae Candina indistincta
Cl. Insecta
O. Coleoptera Dytiscidae (A) Gyrinidae (1,A) N # 10
O. Diptera Ceratopogonidae (1), Chironomidae (L)
Culicidae (L.,P) 12 1 19
O. Ephemeroptera  Leptophlebiidae (N) 5 9 I;l
O. Hemiptera Corixidae (N,A) Naucoridae (N,A) * . 5
O. Megaloptera Sialidae (L) 9 9 14
0. Odonata Corduliidae (N}, Libellulidae (N),
Gomphidae (N) Miscellaneous Zygop- 5 18 48
tera
O. Trichoptera Leptoceridae (L) 42 9 51
Miscellaneous Terrestrial Arthropods 3 1 a8
Raw total A
A oS 1,960 5469 8l
(items) (cm?) (I:I;)

equally small midge larvae and pupae (princi-
pally chaoborids and chironomids). These small
insects contribute negligibly to the diets of tur-
tles exceeding 140 mm in length. Instead, the
larger dragonfly nymphs make up most of the
insect matter eaten by this group, and of the
caddisfly larvae eaten, most are the larger Tr-
plectides sp. (stick-encased type).

A trend toward omnivory is also obvious
from the data presented in Fig. 2. Turtles less
than 100 mm in length are almost totally car-
nivorous with items of plant material compris-

ing less than 2.5% of the total number of items
eaten by this group. This represents 7.2% of
the volume of food eaten. Only 2.6% of the
volume of food eaten by the 11 individuals
smaller than 85 mm was plant material. The
quantity of plant material increases, both in vol-
ume and in terms of the number of plant items
(=bites) eaten, as turtle size increases. It ex-
ceeds 50% of the food eaten by turtles between
140 and 180 mm in length. In the largest size-
class, however, the trend toward herbivory is
overshadowed by a sharp increase in the con-
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Fig. 1. The relationship between food item size

and turtle body size for Emydura krefftii. Only data
from whole items are included. The vertical bars rep-
resent two standard errors either side of the means.
The numbers of food items are given above each
mean, and the numbers of turtles from which the
items were taken are given below each mean.

sumption of the relatively large crustacean
Cherax robustus (Parastacidae)—a tood resource
that appears to be available only to turdes long-
er than 140 mm.

Terrestrial insects contribute substantially to
the diets of turtles of all sizes (Fig. 2). They
consisted primarily of winged insects (probably
blown onto the water), though some were ter-
restrial larvae that likely dropped from the
branches of overhanging trees.

Variation in diet with sex.—Males and females of
similar sizes (carapace lengths 130-190 mm) ate
similar foods, both in terms of percentage com-
position by number and volume, and in terms
of the size of items eaten (14 males, mean food
item length = 9.34 + 0.58, N = 54; 12 females,
mean = 9.19 = 0.80, N = 48).

However, males from Lake Coomboo mature
at a length of about 110 mm and are not known
to exceed a length of 200 mm. Females mature
at the larger size of 155 mm and can reach 250
mm in length. In view of the relationship be-
tween diet and body size, mature males and fe-
males would be expected, solely on consider-
ation of their differing body sizes, to eat
different foods. Differences in the diets of ma-
ture males and females are shown in Fig. 3.
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CARAPACE NUMERICAL VOLUMETRIC
LENGTH METHOD METHOD
60 - I00mm

(24 turtles, 829 items)

100 - 140 mm
(28 turtles, 78l items)

140 - 160 mm
(IBturtles; 277 items)

2180 mm
(Hturtles; I0Bitemns)

Fig. 2. Variation in the composition of the diet of
Emydura krefftii with increasing body size. Food types
are abbreviated as follows: ATY = atyid crustaceans;
COL = coleoptera larvae; DIP = diptera larvae and
pupac; EPH = ephemeroptera nymphs; MEG =
megaloptera larvae; MISC = miscellaneous aquatic
insects; ODO = odonata nymphs; PAR = parastacid
crustaceans; TER = terrestrial arthropoda; TRI =
trichoptera larvae.

DiscussioN

E. krefftii, though primarily carnivorous when
young, is an omnivorous species that draws on
a wide variety of food resources. It obtains most
of its food in the lake’s littoral zone, although
planktonic dipteran larvae and terrestrial ar-
thropods are important components of its diect.
The fishes Rhadinocentrus ornatus and Hypseleo-
tris sp., both common in Lake Coomboo, are
conspicuously absent from the diet, and few
adult aquatic coleopterans and hemipterans are
eaten. Presumably E. kreffti, a short-necked
species, finds it difficult to catch these relatively
fast prey species.

The results show a shift away from small food
items as the turtle grows, and this was used to



GEORGES—AUSTRALIAN TURTLE DIET

explain the qualitative changes in diet with size
and the differences between the diets of mature
males and females. Dietary changes from youth
to maturity are common among turtles. In gen-
eral, omnivorous species tend toward carnivory
when young and toward herbivory as they grow
older (Carr, 1952; Clark and Gibbons, 1969;
Moll and Legler, 1971; Moll, 1976). Reports of
variation in the size of food items with turde
size are also common. The kinosternid turtles
studied by Mahmoud (1968) fed predominantly
on small aquatic insects, algae and carrion when
small, while large individuals fed on prey of all
sizes. Similarly, Graptemys pseudogeographica
ouachitensis, Chelodina longicollis and Chelodina
expansa tend to eat larger food items as they
grow (Moll, 1976; Chessman, 1978).

Most of the variation in diet with size/age ex-
hibited by these species can be explained in
terms of energetic efﬁ("iency and the fact that
as the turtles grow in size and strength, more
robust food items become available to them. In
Lake Coomboo, small turtles probably lack the
strength to uncover and bite off the fibrous
shoots of sedges, and a very small turtle might
find the tables turned if it attempted to secure
a meal by contronting a large Cherax robustus.
As the turtle grows, the energetic return from
small prey items is less able to offset the energy
expended in obtaining them. Hence it may be
cnergetically inefficient for larger turtles to for-
age tor small prey items. However, the smallest
food items are available to large turtles since
they were found in small quantities in the stom-
achs of turtles in the larger size-classes. Clearly,
small turtles eat small food items by necessity;
large turtles cat larger items by preference and
cat small items when encountered by chance.
However, more complex factors may also be
involved. For example, Clark and Gibbons
(1969) proposed that shift in the diet of Pseud-
emys scripta with increasing body size may be
related to the changing calcium requirements
of the turtles as they grow.

The dense population of E. krefftiz in the un-

productive, nutrient-deficient environment of

Lake Coomboo is testimony to the species’ ef-
ficiency in using the available food resources.
The dune lakes of Fraser Island are unable to
maintain large concentrations of waterfowl
(Kikkawa et al., 1979), and the obligate carni-
vores,Chelodina expansa and Chelodina longicollis,
arc present there in much lower numbers than
E. krefftu, although further study is required to
determine whether the relative abundance of
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NUMERICAL
METHOD

VOLUMETRIC
METHOD

MALES
{20 turtles; 505 items)

FEMALES
(15 turtles, li4items)

Fig. 3. Differences in the composition of the diets
of mature male and female specimens of Emydura
krefftii. Abbreviations are the same as for Fig. 2.

the three turtle species differ from those in
more productive mainland lakes.

Terrestrial arthropods are a major food
source for E. krefftir, contributing up to 20% to
the dicts of turdes in the smallest size group
(Fig. 3). Wind-blown insects contribute to the
success of other species inhabiting water bodies
of low productivity. Terrestrial insects and pol-
len are a major food source for the melano-
taenid Rhadinocentrus ornatus (Bayly et al., 1975)
common in the lakes of Fraser Is., and were
also for the fishes Galaxius pedderensis and Gal-
axius parvus in Lake Pedder, T'asmania, before
its destruction (Bayly et al., 1972). The Ouachi-
ta map turtle, Graptemys pseudogeographica
ouachitensis, inhabits a portion of the Mississippi
River with a moderate current and turbid
water, almost no aquatic vegetation, a constant-
ly shifting inorganic sand bottom, and widely
fluctuating water levels (Moll, 1976). It 1s able
to survive in its harsh environment by relying
on terrestrial plants and msects looded when
the water level is high, and on occasional car-
rion, insects and vegetable matter which fall
upon the water when the water level is low.
Similarly, the broad tood habits of E. krefftii
and its ability to directly utlise food resources
of terrestrial origin have no doubt contributed
to its success in invading the unproductive dune
lakes of Fraser Is.
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