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ABSTRACT

The predation efficiency of the final and penultimate instar larvae of Urothe
assignata Selys, Palpoleura lucia (Drury) and Acisoma panorpoides Se1ys on six I
types was studied in the laboratory. Predation efficiency on tadpoles, zygopteran lar-
ephemeropteran larvae and ostracods was high (40 to 92%); it was highest
ep'hemeropteran larvae (76 to 92%) and lowest on zygopteranlarvae (40 to 720/0). Pred
efficiency was also low on fish fry (0 to 56%) and anisopteran larvae (24 to 500/0). '
prey type, the size of prey, the movement pattern of prey, the size of the libellulid lar
and their agility influenced predation efficiency.

Predation capacity was high; prey were still killed even after the larvae were satiated
seems that a regulation of food intake exists in the larvae of the three Iibellulid larvae.

INTRODUCTION

The predation mechanism in the larvae of dragonflies, particularly from temper
water, is well documented (Richard, 1960a, 1960b; Corbet, 1962; Pritchard, 191
Caillere, 1972). These authors showed that apart from the compound eyes, mechai
receptors, notably the antennae and tarsal segments, are important in the detection
their prey. Predation efficiency is generally higher in larvae that use the compound eyes
detecting their prey (Corbet, 1962; Pritchard, 1963), but movement of the prey is essent
to elicit the release of the labium (Pritchard, 1963; Heymer, 1973; Hassan, 1974).

The prey types of odonate larvae are highly diversified in the field (Pritchard, 19(
Benke, 1972; Hassan, 1976; Lamoot, 1977; Cloarec, 1977), whilst their rate of consurr
tion of the prey is affected by the prey type and size, amongst other parameters (Thorn
son, 1975; Lamoot, 1977).

The study reported here is based on laboratory experiments and observations on t
factors which influence the predation efficiency of the last two larval instars of thr
libellulid dragonflies: Urothemis assignata Selys, Pa/pop/eura /ucia (Drury) and Acisofj
panorpoides Selys. Their predatory capacity was also investigated. In these three libellul
larvae, only the compound eyes are used to detect their prey (Hassan, 1974).
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METHODS

Predatory efficiency

The penultimate and final instar larvae of the three libellulids were used in all the ex-
periments. The selection of these instars was based on the size ranges obtained from
previous studies (Hassan, 1977, 1978 and 1979). Instars XII and XIII of U. assignata,IX
and X of P. lucia and XI and XII of A. panorpoides were used. The prey types utilised
were fish fry (Tilapia spp., Hemichromis sp. and Alestes sp.), tadpoles (Bufo sp.),
anisopteran larvae (Trithemis spp. and Orthetrum spp.), zygopteran larvae (mostly
Pseudagrion spp.), ephemeropteran larvae (family Baetidae) and ostracods (Cypris sp.).

Prey types

The appropriate instar larvae were selected from the three libellulid species and reared
individually in perspex cages (30 x 21 x 15cm). Each Iibellulid larva was offered five in-
dividuals of each of the six different food types. The experiment was replicated five times
for each libellulid larva on each food type and lasted 48 hours. During this period, obser-
vations were made for two hours on the predatory activity of the libelluilid larva with par-
ticular reference to the behaviour of the prey types that might influence the level of preda-
tion. At the end of the 48 hours, the predation level was determined by counting the
number of each prey type left alive.

In a second series of experimentss, the prey types were offered in various combinations:

(i) fish fry, tadpoles, ephemeropteran larvae and ostracods;
(ii) fish fry, anisopteran larvae, zygopteran larvae and ephemeropteran larvae;

(iii) tadpoles, zygopteran larvae, ephemeropteran larvae and ostracods;

(iv) anisopteran larvae, zygopteran larvae, ephemeropteran larvae and ostracods; and

(v) all the six prey types.

In all the five combinations, five individuals of each prey were offered to each libellulid
larva.

Prey size

The libellulid larvae were provided with the six food types separately. The longest
axis of each prey served as an index of its size and was determined prior to its being of-
fered to the libellulid. This method differs from that of Pritchard (1963) who employed
circular drummy materials as an indication of sizes. This modification is based on the
author's previous observations that the libellulids react to an estimated size along a plane.
An atttack on the prey by the libellulid was an indication of its capacity to capture the
prey, i.e. the prey is within a tolerable size range to be captured. Ten individuals of both
instars were assessed for each prey type and each libellulid was offered at least 10 prey of
the same type.
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A second experiment was designed to investigate the influence of prey size on the
predatory habit of the larvae. Two sizes of four prey types (fish fry, tadpoles, zygopteran
larvae and ephemeropteran larvae) and only one size range of ostracods were offered as a
mixed group to the larvae of the three libelluids. Ten individuals in each prey size were of-
fered to each predator. The number of individuals of each prey size eaten after 36 hours
was noted as an index of their susceptibility to predation by the libellulid larva.

Predatory capacity

only the final instar larvae of the three libellulid species were assessed in this study. Ten
larvae of each species, which had been starved for 24 hours, were each provided with ten
individuals of either fish fry, tadpoles, ephemeropteran larvae or ostracods to estimate
their predatory capacity. There were ten replicates. The total number of prey captured
and those eaten within 36 hours of introduction of the prey were noted.

RESULTS

The percentage predation on each prey type and the different prey type combinations
offered to the libelluliu larvae are shown in Table 1. Both the final and penultimate instars
of A. panorpoides did not eat or attack fish fry and tadpoles, and the penultimate instar
of P. lucia did not prey on fish fry. All the other food types were preyed upon, albeit tc
varrying degrees. The percentage predation indicates the predation efficiency of a par-
ticular larval instar of a given libellulid species.

Predation efficiency was fairly high (more than 40%) in most cases. Among the pre)
types, fish fry were the least (0-56070) and the ephemeropteran larvae were the mos
(76-92070) preferred. In general, A. panorpoides caught fewer prey than did U. assignatt
or P. lucia.

Table I. Predation efficiency" of the penultimate and final instar larvae of three libellulid dragonflies on
ferent prey types

Prey types and Total number Urothemis Larval types Actsoma pOI

combinations of individuals assignata Palpopleura lucia poides

XIII XII X IX XII X
Fish fry (A) 25 56· 24 28 0 0 C
Tadpoles (B) 25 84 60 72 40 0
Anisopteran larvae (C) 25 40 48 48 56 28 24
Zygopteran larvae (D) 25 64 64 72 48 40 4(
Ephemeropteran larvae (E) 25 88 84 92 76 84 7(
Ostracods (F) 25 64 60 64 72 72 8(
A+B+C+F 20 80 70 75 65 50 4~
A+C+D+E 20 85 80 70 65 60 5:
B+D+E+F 20 70 75 80 70 70 6C
C+D+E+F 20 70 85 80 85 70 65
A + B + C + D+E+F 30 77 67 70 60 53 47

• Converted into percentages of predation success.
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It thus seems that prey type influences the predation efficiency of these libellulid larvae.
However, results obtained from the prey size experiments indicate that the size of prey
might also be important-in assessing predation efficiency (Tables 2, 3 and 4). The final in-
star larvae of the three species caught larger prey than did the penultimate
larvae, even though preY'of smaller size were still within their reach (Table 4). However,
the upper size of prey that could be caught varied with prey types (Tables 2 and 3); for in-
stance, the penultimate instar larvae of U. assignata could catch fish fry up to 11. 0 mm
in length, zygopteran larvae of up to 8.5mm, but could not catch anisopteran larvae ex-
ceeding 7.0 mm.in length.

Table 2. Range of sizes (in rnm) of prey caught by the penultimate instar larvae of three libellulid dragonflies

Range of prey Range of sizes prey caught by Acisoma panorPrey type of Urothemis larvae poidessizes provided
assignata Patpopleura lucia

Fish fry 8.u - 16.0 8.0 - 11.0 NIL NIL
Tadpole 3.0 - 8.0 3.0 - 6.5 3.0 - 5.5 NIL
Anisopteran larvae 3.0 - 9.0 3.0 - 7.0 3.0 - 6.0 3.0 - 5.5
Zygopteran larvae 3.0 - 11.0 3.0 - 8.S 3.0 - 7.0 3.0. - 6.0
Ephemeropteran larvae 3.0 - 9.0 3.0 - 9.0 3.0 - 8.0 3.0. - 7.0
Ostracod 1.0 - 2.5 1.0 - 2.5 1.0 - 2.5 1.0 - 2.5

Mean size. of larvae 15.63 9.21 8.43

Table 3. Range of sizes (in mm) of prey caught by the final instar larvae of three libellulid dragonflies

Range of prey Range of sizes prey caught by Acisoma panorPrey type sizes provided of Urothemis larvae poides
assignata Palpopleura lucia

Fish fry 8.0 - 16,-0 8.0 - 15.0 8.0 - 11.0 NIL
Tadpoles 3.0 - 8.0 3.0- 8.0 3.0 - 8.0 NIL
Anisopteran larvae 3.0- 9.0 3.0 - 8.0 3.0 - 7.0 3.0-7.0
Zygopteran larvae 3.0 - 11.0 ·3.0 - 11.0 3.0 - 9.0 3.0 - 7.0
Ephemeropteran larvae 3.0- 9.0 3.0- 9.0 3.0- 9.0 3.0 - 9.0
Ostracod 1.0- 2.5 1.0. - 2.5 1.0 - 2.5 1.0 - 2.5

Mean size of larvae 20.08 12.81 10.91

«.esults obtained on the predatory capacity of the final instar larvae of the libellulids in-
::':=ice that the larvae killed more prey than they ate (Table 5). This wanton killing of prey
.e: :0 high rates of predation. There was less wastage of the epherneropteran larvae and
:'5 .racods, as more of these were eaten with less wastage, than the two other prey types of-
: ••-0. ....;
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Table 4. Size preference during predation on prey" by penultimate and final instar larvae of three libellulid
dragonflies as indicated by the number of each prey type eaten within 36 hours

Libellulid species Fish fry Tadpoles Zygopteran Ephemeropteran Ostrac
and instar larvae larvae

Urolhemis assignala 8.0-12.0 12.0-16.0 3.0-5.05.0-8.0 3.0-7.07.0-11.0 3.0-6.06.0-9.0 1.0-:
final 4 3 4 4 5 6 3 7
penultimate 5 0 5 2 5 3 5 4
Palpopleura lucia
final 4 0 6 4 3 3 6 6
penultimate 0 0 6 0 4 0 7 4
Acisoma panorpoides
final 0 0 0 0 6 0 8 3.

penultimate 0 0 0 0 5 0 8 2

·Prey input was 10 individuals for each prey size.

Table 5. The predatory capacity of the final instar larvae of three libellulid dragonflies within 36 hours
laboratory

Fish fry Tadpoles Ostra

Caught Eaten Caught Eaten

Epherneropteran
larvae

Caught Eaten Caught
Libellulid species

Urothemis assignata
Palpopleura lucia
Acisoma panorpoides

4.5·
3.5
0.0

3.8
3.0
0.0

3.6
5.8
0.0

2.1
3.3
0.0

8.3
7.6
9.3

7.9
7.4
8.9

6.9
7.7
8.6

·Complete catch is equal to 10.0

DISCUSSION

Results obtained in this study indicate that most Iibellulid larvae are capable of ut
the various prey in the field. Similar results have been obtained by various a
(Corbet, 1962; Pritchard, 1964; Benke, 1972; Hassan, 1975, 1976a; Lamoot, 1977,:
others). However, there are species differences in their ability to utilise the varioi
types. Attack and stalking by odonate larvae do not always result in the capture of.
It appears from the observations that the agility and size of the Iibelluilid larvae, as
prey type, prey size and the movement pattern of the prey, are important factors
determine the predation efficiency of the different Iibellulid larvae on the variou
types.
The larvae of U. assignata and P. lucia are quite agile while those of A. panorpoi.

sluggish. The larvae of U. assignata were the largest in size; the final instar
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measured 20.08 .±. 0.85mm in length with a head width of 6.20mm; the penultimate larvae
measured 15.63.±. 0.48 mm in length with a head width of 5.09 mm (Hassan, 1977). In P
lucia, final ins tars measured 12.81 ± 0.54mm with a head width of 4.49 mm and the
penultimate instar measured 9.21 .±. 0.37mm in length with a head width of 3.39mm
(Hassan, 1976b). The final instar larvae of A. panorpoides had a length of 10.91 .± 0.48
mm and a head width of 3.56mm while the penultimate instar length was 8.43 ±. 0.54mm
and the head width was 2.55 mm being the smallest of all. It appears that the degree of
agility exhibited by the larvae coupled with their various sizes might regulate the type and
size of prey they can attack.

The ability of the larvae to handle the smallest size range of their prey, as reported in
this study, reinforces the earlier works of Thompson (1975) and Lamoot (1977). The con-
clusions of Pritchard (1963) and Mokrushov (1972) that prey larger than the size which the
libellulid larvae could handle were rejected or avoided also agree with the findings of this
study. The lengths and widths of the labial masks of the last two ins tars of U. assignata
are bigger and the masks themselves are stronger than those of the other two species, those
of A. panorpoides being the smallest and the most fragile (Hassan, 1977b, 1977, & 1979).
This could be responsible for the variations in the predation efficiency on different prey
types amongst the penultimate and final ins tar larvae of the three species. It could
therefore be inferred from observations made during this study that the upper limit with
regard to the size of prey is imposed by the width of the labial mask, which is
characteristic of each larval instar of a species. These results thus indicate that differences
in the composition of the diet of the various instars may exist in the field.

Observations also showed that the movement pattern of the various prey might in-
fluence the degree of predation on them. The fish have continuous, fairly rapid move-
ment; the tadpoles exhibit a wriggling, show movement, interspaced by resting periods;
the anisopteran larvae have rapid but brief movements; the zygopteran larvae move fairly
slowly; the ephemeropteran larvae move fairly evenly with occasional resting periods;
while the ostracods exhibit slow movement which may be continous or inters paced with
resting periods. The rapid and darting movements of both the fish fry and the anisopteran
larvae seem responsible for the low predation recorded on them (see Tables 1 and 4), while
the movement pattern of the ephemeropteran larvae and the ostracods possibly make
:hem readily available for capture.

Dragonfly larvae have been described as voracious and obligate predators by various
authors-Corbet (1962), Pritchard (1964), Lawton (1971), Benke (1972), Beesley (1972) and
Cummins (1973). Results and observations on the predatory capacity of the final instar
.arvae of the three species under study confirm this. The figures obtained for the prey cap-
.ured, when compared with the number eaten, revealed that occasionally wanton killing
:~- prey occurs. Pritchard (1963) observed that "With abundant food at hand in the
zboratory, dragonfly larvae often feed voraciously until they are satiated" An inspec-
:'')D of the ventral surface of the larvae at the incipient point of prey rejection revealed
.rar the gut spaces, except the region occupied by the lamellate rectal gills, were filled with
~_~ested food. It therefore seems that the rejection of prey after it had been caught was
:-Je to lack of space in the gut to accomodate it. Although this seems a wasteful
~=ia\iour, it might have survival values in the field for larvae living in temporary pools
2-~_':where seasonal variations in the abundance of available food exists. In both cases, the
'.:~ ..ival of the larvae is guaranteed. Temporary pools are known to have high productivi-
::.: consequently they have a wide range of possible prey for the Iibellulid larvae. Since the
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amount of food available to the larvae is known to affect their rate of development
(Hassan, 1976a), it implies that with abundant food in the habitat, the larvae will possibly
develop to the imagines before the pool dries out. This has been observed to be the case by
Gambles (1963) in temporary pools of northern Nigeria. Equally, the seasonal variations
in the abundance of food will have little effect on their development, since they are
capable of utilising various prey types; hence there will always be food in their habitats.
It appears from these observations that a regulation of food intake eAiJts, a condition

possibly imposed by the nature of the rectal breathing apparatus, aided by a inervousor
feed-back control, which does not, however, completely inhibit the predatory instinct
Earlier studies on some insects by other workers also suggest the existence of the regula;
tion of food intake. The regulation of food intake in Phormia regilUJ, a blow' fl)
(Gelperin, 1971), implies the existence of a,feed-back loop in.the nervous syst~ controll-
ing feeding,' while Bernays and Chapman 1 (1973) concluded that .the regulation OJ
feeding in Locusta migratoria is controlled by chemoreceptors and stretch receptors of thl
foregut.
Field observations showed that in nature predation is not. as rush as observed' ln:

laboratory. It seems that the laboratory studies on feeding habits of odonate larvae in
dicate their potential consumption pattern, while actual consumption of prey in the flek
is only a small proportion of their potential consumption (Benke, 1972). However
Lawton (1971)is of the opinion that field consumption might be as high as 70%0
laboratory (potential) consumption, An increase in prey density generally results in an ir
crease in food consumption (Besley, 1972).However; maximal food supply in nature doc
not necessarily increase the capture success and consequent consumption of prey' by tb
larvae but it auarantees their survival.
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