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Predation is an important component of temporary 
pond ecosystems and plays a critical role in the struc- 
ture of larval anuran assemblages in temporary hab- 
itats (Morin, 1983; Fauth and Resetarits, 1991; Werner 
and McPeek, 1994). Because of the absence of preda- 
tory fish and the often reduced density of other ver- 
tebrate predators, especially in temporary ponds 
which dry frequently, invertebrate predators may play 
an especially important role (Wellborn et al., 1996). 
Among the most abundant and widespread predatory 
larval insects in temporary ponds are dragonflies 
(Odonata) of the families Libellulidae and Aeschnidae, 
and beetles (Coleoptera) of the families Dytiscidae and 
Hydrophilidae. Dragonfly naiads are known to be im- 

portant predators of larval anurans (e.g., Brockelman, 
1969; Caldwell et al., 1980), especially in temporary 
habitats (e.g., Heyer et al., 1975; Smith, 1983; Van Bus- 
kirk, 1988). Van Buskirk (1988) showed that predation 
by larval dragonflies not only reduced the overall 
abundance of larval anurans, but reduced the diver- 

sity of larval anuran assemblages. Larval dytiscids 
have been implicated as potentially important preda- 
tors on larval anurans (Young, 1967; Formanowicz and 
Brodie, 1982; Brodie and Formanowicz, 1983), but less 
is known about their potential effects on larval anuran 
assemblages. 

The two types of predators have distinctly different 
predatory habits and life histories. Dragonfly naiads 
are visual predators that attack actively moving ani- 
mals (Pritchard, 1965; Oakley and Palka, 1967) and 
hunt using active or sit-and-wait modes (Van Buskirk, 
1988). Dragonfly eggs are deposited from spring 
throughout the summer and development may take 
several months to more than a year (Paulson and Jen- 
ner, 1971). Ponds may contain many different species 
during the summer and each species may be repre- 
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during the summer and each species may be repre- 
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sented by several size classes (instars) (Paulson and 
Jenner, 1971). Many larval dytiscid (and hydrophilid) 
beetles are extremely active cursorial predators that 
are in seemingly constant motion at times, capturing 
and consuming anything they encounter, including 
conspecifics, but they may also utilize a sit and wait 
mode (Formanowicz 1982; pers. obs.). Larval dytiscids 
may use visual, tactile, or chemical cues to detect prey 
(Formanowicz, 1987). Dytiscid eggs may appear at 
any time during the active season. The larvae grow 
rapidly and even relatively large species may leave the 
ponds in a matter of weeks (pers. obs.). Larval dytis- 
cids and hydrophilids tend to appear in the ponds in 
pulses, perhaps representing single clutches or adult 
emergence classes (pers. obs.), and many species may 
co-occur at individual sites (Juliano and Lawton, 
1990). 

Both types of predators are abundant in temporary 
aquatic habitats utilized by Cope's gray treefrog, Hyla 
chrysoscelis, in the North Carolina piedmont. Pachidi- 
plax longipinnis (Odonata: Libellulidae) and Ilybius sp. 
(Coleoptera: Dytsicidae) are especially common pred- 
ators in small temporary ponds used by H. chrysos- 
celis. Pachidiplax longipinnis uses primarily a sit-and- 
wait hunting mode, while Ilybius sp. is an extremely 
active hunter. Observations of natural predation by 
both species suggested that the two predators also dif- 
fered in their responses to early life stages of H. chry- 
soscelis, perhaps using different feeding cues. A sim- 
ple feeding experiment was performed to examine the 
relative predation rate of late instar larvae of P longi- 
pinnis and Ilybius on the eggs and newly hatched lar- 
vae of H. chrysoscelis. Differences between these pred- 
ators in their ability to exploit vulnerable early life 
stages of larval anurans would be expected to gener- 
ate very different effects on larval anuran populations. 

The experiment was conducted at the Duke Zoolo- 
gy Field Station (DZFS), Durham County, North Car- 
olina. Thirty-six 300 ml paper cups were used as ex- 
perimental containers and were filled with 150 ml 
aged tap water and arranged on a table under a can- 
opy. Fifty eggs of H. chrysoscelis approximately 24 h 
post oviposition (approx. Gosner stage 17, Gosner, 
1960) or 20 newly hatched tadpoles approximately one 
week post oviposition (approx. Gosner stage 24-25), 
both collected from wading pools at DZFS and each 
represented by several clutches, were randomly as- 
signed, each to half (18) of the containers. These two 
life stages provided a very clear contrast between the 
essentially inanimate and vulnerable eggs, and the 
mildly animate but equally vulnerable hatchlings, 
with other characteristics, such as mass and nutrient 
content, essentially equal. Three treatments were as- 
signed randomly to the two sets (one with eggs, one 
with larvae) of 18 containers, (1) eggs (or larvae) alone, 
(2) eggs (or larvae) plus one individual of Ilybius sp., 
and (3) eggs (or larvae) plus one individual of P lon- 
gipinnis. Individual predators were assigned random- 
ly to containers within the treatments. There were six 
treatments each replicated six times for a total of 36 
experimental units. Positions of all containers and 
treatments were completely randomized on the table 
top and screen was placed over the containers to pre- 
vent escape or invasion by other species. Predators 
were late instar larvae (all approximately 10 mm total 
length) also collected from wading pools at DZFS. 

Random samples of eggs and larvae of H. chrysoscelis 
(identity based on call and distribution; H. versicolor is 
not known from this area) and random samples of 
larvae of both P longipinnis (Huggins and Brigham, 
1982) and Ilybius sp. (Brigham, 1982) were preserved 
as vouchers (currently held by author). The experi- 
ment was begun at 2400 h on 15 July and ended with 
removal of the predators at 2000 h the following day. 
The surviving eggs and hatchlings were then counted. 

Data were analyzed using separate analyses of vari- 
ance on the completely randomized designs for each 
life stage. Survival proportions were arcsine square- 
root transformed to meet the assumptions of the anal- 
ysis of variance. Tukey's procedure for multiple com- 
parisons was used to compare consumption of eggs 
and tadpoles by larvae of the two families (SAS Insti- 
tute, 1988). 

Analysis of variance revealed a highly significant 
effect of treatments on the survival of Hyla tadpoles 
(F2,5 

= 63.11, R2 = 0.894, P = 0.0001). Mean tadpole 
survival was 97.5% (mean + 1 SE: 19.5 + 0.34 tad- 
poles) in the predator-free controls, but was reduced 
to 62.5% (12.5 ? 2.08) with dragonfly naiads and to 
0.84% (0.17 + 0.17) with dytiscid larvae (Fig. lb). Tu- 
key's procedure showed that both the dragonfly and 
dytiscid treatments were significantly different from 
the controls, and that the dytiscid treatment was sig- 
nificantly different from the dragonfly treatment. 
Dragonfly naiads and dytiscid larvae were both sig- 
nificant predators of newly hatched Hyla tadpoles in 
the experiment, but the predation rate by dytiscid lar- 
vae was much greater than that of dragonfly naiads. 

There was also a highly significant effect of treat- 
ments on the survival of Hyla eggs (F2,, = 62.20, R2 
= 0.892, P = 0.0001). Mean egg survival was 97% 
(48.7 + 0.49 eggs) in the controls and 89% (44.3 + 
1.96) in the dragonfly treatment, but was reduced to 
only 16% (7.83 ? 2.6) in the presence of dytiscid lar- 
vae (Fig. la). In contrast to the results for tadpoles, 
the control and dragonfly treatments were not signif- 
icantly different from each other, but the dytiscid 
treatment was significantly different from both the 
dragonfly treatment and the control. Therefore, only 
dystiscid larvae were important predators on the eggs 
of H. chrysoscelis. 

Several factors contribute to the overall effect of a 
predator on populations of a prey species. Size, den- 
sity, feeding mode, and other characteristics of the 
predator are most frequently discussed in this regard, 
along with specific characteristics of the prey (Morin, 
1983; Formanowicz, 1986; Van Buskirk, 1988). One im- 
portant factor is the relative vulnerability of different 
life stages of a species to different predators. The ef- 
fects of a particular predator must be integrated over 
the life cycle of the prey to assess the net effect on 
prey populations and prey life histories. Predators that 
prey on several life stages of a prey species may have 
a greater impact on prey populations than those that 
are limited to a particular life stage or size range. 

Though the vulnerability of prey species is often de- 
pendent on the relative sizes of the predator and the 
prey (Wilbur, 1988), it may also depend upon the 
hunting mode used by the predator. For instance, 
many sit-and-wait visual predators often require the 
stimulus of moving prey, while actively hunting pred- 
ators may utilize other modes for prey location and 
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B A mals for experiments, larval dytiscids were often seen 
in large numbers on newly laid clutches of H. chry- 
soscelis, consuming the majority of eggs (extracting 
them from the jelly) in individual clusters of 30-100 
eggs (pers. obs.). Because the upper limits of tadpole 

i s | size taken by the late instar larvae of small dytiscids 
and small odonates are similar (pers. obs.), the local 

. 1 . I effects of dytiscids may be more dramatic than those 
of odonates in the same ponds. In addition, the pres- 

....... j. - j ence of larval dytiscids may decrease the survival of 
individual clutches and the fitness of individual fe- 

77, '. Il . males because significant predation may occur before 
. | . . . any mixing of larval cohorts can occur. Thus, although 

X XI ii CiXX larval odonates are more common and generally more 

IS~~ v f X abundant predators than larval dytiscids, the latter 
I . M} - Xibllie Xmay have dramatic effects on populations of larval 

tIpyius Pachydiplax anurans when periods of high larval dytiscid abun- 
dance coincide with egg laying by anurans. The rapid 
development of larval dytiscids, coupled with high ac- 

B C tivity levels and high consumption rate of eggs, hatch- 
lings, and larger tadpoles of H. chrysoscelis, implicate 
larval dytiscids as potentially important predators on 
larval anurans early in the development of temporary 
pond communities. They may be particularly impor- 
tant in small ephemeral pools where a few clutches of 
dytiscids, or perhaps even a single clutch, could sig- ------ 

^ ~ g 
' 

nificantly affect larval anuran populations and alter 
the structure of the larval anuran assemblage. 

Control tlybius Pachydip/ax 

Treatment 

Fig. 1. Survival of eggs (a) and hatchlings (b) of 
H. chrysoscelis under predation by larval dragonflies, 
P longipinnis, and larval dystiscid beetles, Ilybius sp. 
The individual bars represent the six replicates of each 
treatment. Letters at the top of each graph indicate 
which treatments were significantly different (indicat- 
ed by different letters) using Tukey's procedure. 

identification (Pritchard, 1965; Formanowicz, 1987). 
This difference is important for anuran amphibians, 
which lay large numbers of highly vulnerable, im- 
mobile eggs that hatch into highly vulnerable, but mo- 
bile, hatchling tadpoles. 

The two species of predators used in this study have 
markedly different predatory habits, though they are 
generally thought of as generalist predators on much 
the same range of prey. The results indicate that while 
larval P longipinnis and Ilybius sp. both take significant 
numbers of hatchling H. chrysoscelis, only larval Ilybius 
sp. can be considered an important predator of H. 
chrysoscelis eggs (Fig. 1). This difference is important 
because the eggs are both a vulnerable and concen- 
trated prey resource. Larval Pachidiplax took signifi- 
cantly fewer hatchlings than Ilybius and destroyed 
eggs only incidentally by walking over them in the 
confines of the containers. In extra wading pools set 
out at DZFS to observe colonization and collect ani- 
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The majority of anuran larvae are opportunistic om- 
nivores, supplementing their primarily herbivorous 
diet with alternate food items when available (Was- 
sersug, 1974, 1975; Wilbur, 1980; Alford, in press). The 
eggs of con- and heterospecific anurans are one such 
alternate source of nutrition (for recent reviews see 
Crump, 1983; Polis and Myers, 1985; Alford, in press). 
In most instances such predation is opportunistic, al- 
though at least one anuran species is known to feed 
unfertilised eggs to its tadpoles (Weygoldt, 1980; 
Brust, 1993). 

Although the eggs of many anuran species may 
provide an energetically rich food source for tadpoles, 
the eggs of some species (e.g., Bufo spp.) possess tox- 
ins (Licht, 1967, 1968, 1969; Akizawa et al., 1994) 
which may have adverse effects on tadpoles that con- 
sume them. Several studies have documented preda- 
tion on Bufo eggs by anuran larvae. Bufo calamita eggs 
are preyed upon by tadpoles of Rana temporaria (Heus- 
ser, 1970; Banks and Beebee, 1987), Bufo bufo (Beebee, 
1977; Banks and Beebee, 1987), Pelobates cultripes (Te- 
jedo, 1991), and Pelodytes punctatus (Tejedo, 1991). 
Heusser (1970) reported predation on Bufo bufo eggs 
by Rana temporaria tadpoles. Wells (1979) observed 
Leptodactylus pentadactylus tadpoles preying upon eggs 
of Bufo typhonius. Hearnden (1991) found Bufo marinus 
tadpoles to be important predators of conspecific 
eggs, while Petranka et al. (1994) demonstrated that 
Rana sylvatica tadpoles are voracious predators of Bufo 
americanus eggs. None of these studies report post-in- 
gestive ill effects to tadpoles following the consump- 
tion of Bufo eggs. However, recent studies have dem- 
onstrated that all egg stages (from fertilization 
through to hatching) of the introduced toad Bufo mar- 
inus are highly toxic to oophagous native Australian 
tadpoles (Crossland, 1997; Crossland and Alford, 
1998. 

Many native Australian tadpoles appear unable to 
detect the highly toxic nature of B. marinus eggs 
(Crossland and Alford, 1998) and often consume them 
despite the presence of alternate non-toxic food 
(Crossland, 1997). Therefore, any factor that prevents 
native tadpoles from consuming B. marinus eggs 
should enhance tadpole survival in the presence of B. 
marinus eggs. One such factor may be tadpole size. 
Previous studies have noted that small tadpoles are 
often less effective predators of anuran eggs than 
large tadpoles (Crump, 1983; Tejedo, 1991; Petranka 
and Thomas, 1995). If certain size classes of native 
Australian tadpoles are unable to consume B. marinus 
eggs, these individuals are likely to experience higher 
survival rates in the presence of B. marinus eggs than 
larger tadpoles that are capable of consuming B. mar- 
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