
Introduction

In developing countries of Southeast Asia, includ-
ing Lao PDR, the supply of seed fish is one of the fac-
tors limiting the development of freshwater aquacul-
ture8, 10. It is desirable, when we consider the transporta-
tion facilities in Lao PDR, that seed producers in rural
areas be able to provide fish seed to rural aquaculture
farmers. However, the predation of larval fish in nursing
ponds by water insects presents a serious obstacle to
seed production in rural areas2, 4. Several previous stud-
ies have suggested countermeasures for the extermina-
tion of predatory water insects1, 2, but these have not
been used effectively to prevent predation. This is at
least partly due to the lack of basic information regard-
ing fish seed predation, including that in which preda-
tory species are involved.

The purpose of the present study was to collect ba-
sic information regarding predatory water insects in
nursing ponds using field surveys, and estimate the po-

tential impacts of such predatory insects using labora-
tory experiments.

Materials and methods

1. Field sampling survey
Field surveys were conducted on 3 occasions (from

August 7 to August 13, 2007; September 22 to Septem-
ber 28, 2007; and August 20 to August 26, 2009) at the
Namxouang Aquaculture Development Center (NADC),
located 40 km north of Vientiane City in Lao PDR. A
600 m2 nursing pond (20 m × 30 m, average depth 1 m)
was dried up for several days before being refilled with
water. The water was filtered with a mosquito net (mesh
size, approximately 1.0 mm2) set at the water inlet to
prevent contamination by aquatic insects during refilling
of the pond. Water insects that appeared in the pond
were sampled daily for 7 days, starting 3 days after it
had been refilled. Each sample was collected at noon.
The water insects were captured by dragging a sweep-
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net (0.5 × 0.5 m; mesh size, 750 μm) along a line 1.0
m from the pond wall. The sampled insects were stored
in ethanol (90%) for identification to the family level3, 6.
Predatory water insects were identified based on Wil-
liam and Feltmate (1992)11 from all sampled insects,
and the wet body weight (g) of each individual was
measured. The growth stages of the insects were identi-
fied as adult or larval respectively.

2. Laboratory predation experiment
As Anisops spp. made up the greatest biomass of

predatory species in the field surveys, A. bouvieri
(Kirkaldy, 1704) was selected as the predator for the
predation experiments. The larval fish of 3 species (pro-
duced at NADC), namely, Barbonymus gonionotus, Cir-
rhinus cirrhosus (Bloch, 1795), and Cyprinus carpio,
were used as prey. The experiments were conducted
twice (in August 2008 and June 2009) at NADC under
laboratory conditions. A single predatory A. bouvieri in-
dividual was placed in an aquarium (25 × 40 × 25 cm)
with 10 larval fish of 1 prey species, and the mortality
rates of the larval fish within 24 h were recorded. The
experiments were conducted every 3 days, with 4 repli-
cations per species, for 21 days after hatching. The
aquariums were covered with transparent plastic boards
and the water was gently aerated. During the experi-
ments, the mean water temperature was 28.9�C (stan-
dard deviation, 0.8), the mean pH was 7.5 (0.3), and the
mean levels of dissolved oxygen (DO) were 8.47 mg・
L−1 (0.47) during the experiments. The photoperiod was
controlled with light and dark periods of 12:12 h. A
control aquarium containing 10 larval fish with no
predator present was prepared for each experiment.
Adults of A. bouvieri were collected in nursing ponds in
NADC and cultured in a 30-L polycarbonate tank for 3

days before the experiments. One day before each ex-
periment, predators were transferred to the experimental
aquarium. At the beginning of the experiment, the larval
fish were transferred to the experimental aquarium using
a pipette. The total lengths of 10 larval fish, represent-
ing a batch of experimental fish species, were measured
simultaneously. Dead larval fish were collected from the
experimental and control chambers, 12 and 24 h respec-
tively after the onset of the experiment, and the number
of dead individuals within 24 h was recorded. The dead
larval fish were examined under a microscope (SZ4045,
Olympus), and the causes of death (predation by in-
sects) were confirmed. Two-way ANOVA was used to
examine marked interactions between fish species and
the age of the larval fish. When marked interactions
were observed, One-way ANOVA and Tukey’s HSD test
were performed to examine the significance of differ-
ences in larval fish age and mortality between each fish
species. Before this analysis, the numbers of dead larval
fish were log-transformed to standardize the variances.

Results

1. Field sampling survey
A total of 1450 predatory water insects represent-

ing 8 families were collected during the sampling pe-
riod. These included Coenagrionidae larvae, Libellulidae
larvae, Nepidae adults, Belostomatidae adults, Notonec-
tidae adults and larvae, Gerridae adults and larvae,
Dytiscidae larvae, and Hydrophilidae larvae (Table 1).
Coenagrionidae larvae made up 49.4% of the total of
predatory insects. However, the biomass (wet weight) of
Coenagrionidae larvae accounted for only 14.0% of the
total biomass of all sampled insects (4.60 g). Although
Notonectidae individuals accounted for 18.9% of the to-

Table 1. Mean number of individuals (standard deviation) and wet body weight per type of predatory water insect
collected during sampling (1.0 m2, 3 times) (7 days)

Order Family Number of individuals Wet body weight

Mean number Proportion of
individuals (%)

Mean weight (g) Proportion of
weights (%)

Odonata Coenagrionidae (larvae) 478.0 ± 203.66 49.4 ± 36.99 0.644 ± 0.34 14.0 ± 0.12

Libellulidae (larvae) 18.0 ± 014.73 1.9 ± 02.67 0.697 ± 0.57 15.1 ± 0.17

Hemiptera Nepidae (adult) 0.7 ± 000.58 0.1 ± 00.11 0.053 ± 0.05 1.1 ± 0.01

Belostomatidae (adult) 0.7 ± 000.58 0.1 ± 00.11 0.080 ± 0.07 1.7 ± 0.02

Notonectidae (adults and larvae) 183.3 ± 039.8 19.0 ± 06.43 1.975 ± 0.31 42.9 ± 0.17

Gerridae (adults and larvae) 52.7 ± 036.5 5.4 ± 07.11 0.070 ± 0.03 1.5 ± 0.02

Coleoptera Dytiscidae (larvae) 194.7 ± 168.59 20.1 ± 43.56 0.913 ± 0.79 19.8 ± 0.34

Hydrophillidae (larvae) 38.7 ± 008.08 4.0 ± 02.22 0.170 ± 0.03 3.7 ± 0.03
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tal, their biomass accounted for 42.9% of the total
biomass, which was the maximum among all families.
All Notonectidae species sampled were identified as An-
isops spp.

The total biomass of Coenagrionidae, Libellulidae,
and Dytiscidae larvae collected in 7 days accounted for
48.9% of the total overall biomass (Table 1). Coenagri-
onidae larvae biomass increased over time after refilling
of the pond; however, the biomass of Notonectidae had
reached a high level, relative to the other species, after 3
days (Fig. 1). The total number of individuals of Ani-
sops spp. was 275, comprising 81 larvae (29.5%) and
194 adults (70.5%). Within the samples, 135 (69.6%)
individuals were adult A. bouvieri. The mean density of
Anisops spp. adults in the pond throughout the observa-
tion period was 18.5 individuals per m2・day−1. The
biomass of Anisops spp. (Notonectidae) was the highest
of all the predatory insects sampled during the survey
(Table 1).

2. Laboratory predation experiment
According to the results of the field survey, A. bou-

vieri was selected as the experimental predator. The
mean body length of the predators used in the predation
experiment was 6.06 mm (standard deviation, 0.84). The
body size of the experimental prey changed over time as
follows. The total lengths of larval silver barb were 4.0
mm (standard deviation, 0.74) 3 days after hatching, 5.6
mm (0.56) 12 days after hatching, and 9.4 mm (1.03)
21 days after hatching respectively. The total lengths of
the larval Indian carp were 7.6 mm (0.43) 3 days after
hatching, 12.5 mm (0.00) 12 days after hatching, and
15.7 mm (0.41) 21 days after hatching respectively. The
total lengths of larval common carp were 7.9 mm (0.41)
3 days after hatching, 10.1 mm (0.25) 12 days after

hatching, and 14.6 mm (0.00) 21 days after hatching re-
spectively. The latter 2 species grew faster than the first
(Fig. 2). The mean number of larval fish that died per
day ranged from 2.5 to 5.5 for silver barb, 0 to 5.5 for
Indian carp, and 0 to 5.0 for common carp. Conversely,
the mean number of dead larval fish within 24 h in the
control group was 0.2 (standard deviation, 0.06; n =
28). A two-way ANOVA demonstrated that the mean
level of predation differed among fish species and with
fish age. The number of dead silver barb larvae was sig-
nificantly associated with age (one-way ANOVA, F6, 21 =
5.47, p < 0.01); however, no clear trend between mor-
tality and fish age was observed (Fig. 3). Conversely, a
clear trend was observed between the number of dead
Indian carp and common carp over time from hatching,
with mortality declining with increased age (Fig. 3).

Discussion

Among the 8 families that were sampled in the
pond, the number and biomass of Nepidae, Hydrophili-
dae, and Belostromatidae were very low, likewise the
biomass of Gerridae. Since adults and larvae of the Ger-
ridae family inhabit pond water surfaces, adult Gerridae
cannot prey upon fish that swim in the water. The re-
sults suggested that larvae of Coenagrionidae, Libelluli-
dae, and Dytiscidae and adults and larvae of Notonecti-

Fig. 1. Mean wet body weight of 4 families of
predatory insects collected during the sampling
period (7 days) on 3 separate occasions

: Coenagrionidae, : Libellulidae,
: Notonectidae, : Dytiscidae.

Fig. 2. Changes in the mean body lengths of predated
fish species over time (days after hatching)

Error bars represent standard deviations of the
mean.

: Silver barb (Barbonymus gonionotus),
: Indian carp (Cirrhinus cirrhosus),
: Common carp (Cyprinus carpio).
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dae are potential predators of fish seed in nursing
ponds. In this survey, predatory water insects were re-
moved by drying the pond, and then filtering water us-
ing fine mesh nets after the pond had been refilled. The
biomass of Coenagrionidae, Libellulidae, and Dytiscidae
larvae was low 3 days after refilling and increased
gradually over time (Fig. 1), which suggests that the
drying and filtering methods were effective for the re-
moval of larvae of these 3 families, because they cannot
fly. Coenagrionidae, Hydrophillidae and Dytiscidae indi-
viduals spawn the eggs on vegetation growing in the
water7, 11. The removal of plants may therefore be more
effective for the extirpation of these water insects than

drying the pond. The larvae of water insects that gradu-
ally increased in size to some extent, yet remained very
small after refilling the pond, were not considered to re-
flect predation pressure. However, adults of Anisops
spp. were sampled only 3 days after the refilling of
water in the pond. Anisops larvae reach adult size
within approximately 2 months3. It is clear that the adult
Anisops spp. collected in the pond had migrated by fly-
ing there from other habitats. Our field survey conclu-
sively showed that Anisops spp. represented the most
abundant water insects at the study site and were as-
sumed to be the most important causative species for
the mass mortality of larval fish by predation in nursing

Fig. 3. Changes in the mean numbers of fish predated by Anisops bouvieri at different ages of larval fish
Error bars represent standard deviations of the means. Letters (a, b, c) above bars indicate signifi-
cant differences based on Tukey’s HSD test.
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ponds in Lao PDR.
In the predation experiments, the mean number of

dead fish within 24 h in the control group was very low
(0.2 larval fish). The mean number of larval fish that
died per day in the experimental groups ranged from 2.5
to 5.5 for silver barb, 0 to 5.5 for Indian carp, and 0 to
5.0 for common carp. From the results, we can con-
clude that the mortality in the experimental groups was
caused by predation by A. bouvieri. This can be sup-
ported by our direct observation of predation of larval
fish by A. bouvieri, and by observation of dead fish un-
der a microscope. Although the mortality of silver barb
fluctuated throughout the experimental period, the mor-
tality rates of the Indian carp and common carp de-
creased with increasing size (Fig. 3). The growth rates
of the latter 2 species exceeded that of the silver barb.
The Indian carp and common carp reached total lengths
of 8.8 and 7.8 mm 6 days after hatching, and 12.0 and
9.4 mm 9 days after hatching, respectively. The mortal-
ity of these 2 species decreased with growth and the
number of dead fish was less than 2 larval fish per day
9 days after hatching. There are 2 possible interpreta-
tions for this decrease. One is that the predators become
satiated by eating a smaller number of larger prey due
to the increased body mass of the latter. The other is
that predation pressure may decline as the size of the
prey increases. It is not possible to evaluate the ade-
quacy of these 2 hypotheses based on the results pre-
sented in this study. However, assuming the triplicate ra-
tio of total prey length reflects the level of predation,
the relative daily predation can be estimated by multi-
plying body size by the number of prey and the esti-
mated relative total predation would be constant with
the growth of the prey. The relative level of predation
decreased with growth in the Indian carp and common
carp. This simple and provisional calculation supports
the latter hypothesis, although further experimental con-
firmation is required.

Previous studies have shown that an adult A. bou-
vieri kills 1 larval fish every 2 h5, and that the mean
predation rate of A. bouvieri on mosquito larvae remains
stable over a 6-day feeding period9. In the present study,
a single A. bouvieri preyed on a mean of 2.8, 5.5, and
4.8 larval fish (3 days after hatching) of silver barb, In-
dian carp, and common carp, respectively, within a 24-h
period. When we ignore the encounter rate between
predator and prey, Anisops spp. have the potential to
prey upon 51.8 larval fish (3 days after hatching)/m2 of
silver barb, 101.8 larval fish/m2 of Indian carp, and 88.8
larval fish/m2 of common carp when the mean density
of Anisops spp. is 18.5 individuals/m2 (observed in the
present study). These estimates suggest that daily mor-

talities may reach 10.4, 40.7, and 46.7%, at larval densi-
ties of 500, 250, and 190 larval fish/m2 (the standard
recommended densities by FAO), respectively. This re-
sult clearly reveals the serious negative impacts of Ani-
sops spp. on seed production in Lao PDR.
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