


















Mogi & Chan: Predatory Diptera in Nepenthes pitchers 

attacked Megaselia, but did not describe the attack behaviour. Lestodiplosis Singapore 
attacked neither Megaselia nor Tr. tenax, and appeared to be a specialist predator of 
Dasyhelea. 

Mogi & Yong (1992) divided aquatic dipteran predators in Nepenthes pitchers into "nipper 
type" (Nematocera) and "hook type" (Brachycera). The present study indicates that the actual 
predatory behaviour is more diverse than such a simple grouping. Mogi & Yong (1992) 
included a nematoceran cecidomyiid predator, Lestodiplosis, in the hook type, because its 
reduced mouthparts do not allow grasping in a typical nematoceran manner (Gagne, 1981). 
As described above, this predator with piercing mouthparts, belongs to neither the "nipper" 
type nor the "hook" type but represents a third feeding type, namely, "sucker". Further studies 
on the feeding morphology and behaviour of dipteran nepenthebiont predators could reveal 
more diverse feeding habits than are currently recognized. 

Predation among predators was not examined in the present study; but in Nepenthes cups 
the predators themselves, especially of small size or younger stages, are constantly exposed 
to predation by larger predators of the same and different species. Except for two small 
predators (Lestodiplosis, Corethrella calathicola), the mature larvae of nepenthebiont 
predators are usually singletons (Beaver, 1979a; Mogi & Yong, 1992), due probably to 
intraspecific predation. Cannibalism by nepenthebiont Toxorhynchites klossi (Edwards) of 
Peninsular Malaysia was observed to be so severe that mass rearing was impossible even 
under conditions of ample prey supply (Horio, 1991). Corethrella calathicola with aggregated 
inter-pitcher distribution (Beaver, 1979a; Mogi & Yong, 1992) was considered not to be 
cannibalistic under usual conditions (Beaver, 1979a). However, the present study shows 
that cannibalism in this species can also occur under conditions of prey shortage. In contrast, 
cannibalism among Lestodiplosis larvae was not observed and seems unlikely. Lestodiplosis 
larvae, like Corethrella calathicola, are distributed aggregatedly among pitchers (Beaver, 
1979a). Often, a group of the mature larvae enter a narrow space such as the hollow femur 
of a fragmented and digested insect before they pupate 'in a group' on the wall above the 
fluid. The present study shows that they also feed on the prey in a group. Whether the feeding 
success rate of coexisting Lestodiplosis larvae is higher than that of a single larva is an 
interesting subject for future study. 

The terrestrial predator, Xenoplatyura beaveri, never shared the pitcher with con specifics 
nor with aquatic Nepenthomyia larvae (Beaver, 1979a). The latter was observed often to 
crawl over the pitcher wall and to destroy Xenoplatyura webs (Beaver, 1979a). Thus, 
interspecific interaction also occurs between aquatic and terrestrial predators through 
behavioural interference. 

An important conclusion from the observations described is that predation is very severe 
in at least some Nepenthes pitchers. This suggests that Nepenthes pitcher inhabitants, 
irrespective of predators or nonpredators, must have the ability to escape from predation. 
One such adaptive trait is to remain motionless. Larvae of the nepenthebiont mosquitoes 
Tripteroides, Uranotaenia and Culex usually stick to the pitcher wall upside down with 
their head directed downwards, and remain motionless in this position for long periods, 
except for some filtering movements of their mouthbrushes. An exception was Tr. tenax 
larvae, which more frequently lay on the detritus upside down or stayed at the water surface 
when not disturbed. Dasyhelea larvae actively crawled on the bottom of bottles used for 
prey selection experiments. These behavioural differences may partly explain the results of 
selection experiments in which Dasyhelea and Tr. tenax were more vulnerable to predator 
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attacks than were the other prey species. Although phorid larvae were not included in the 
selection experiments, they may also be susceptible to predation due to their mobility and 
presence at the water surface when not disturbed. Susceptibility of substitute prey may also 
be attributed to the active movements of these species in the pitcher fluid which probably 
was stimulative for them. Extended survival times of a few last individuals also indicated 
the importance of movement as a key stimulus triggering predator attacks. When density of 
prey, including mobile ones, is high, disturbance would force even less mobile species to 
move. In the present selection experiments prey were exposed to predators without refuges. 
In the field, chitinous parts of victim arthropods accumulate densely on the pitcher bottom. 
Under such conditions, Dasyhelea larvae may be more able to escape predation. Experiments 
with the prey in field pitchers or under semi-natural conditions are required for a more realistic 
evaluation of their vulnerability to predator attacks. 

Vulnerability of Tr. tenax, one of the most common Tripteroides species inhabiting 
Nepenthes pitchers from Southern Thailand through Indonesia, is noteworthy. This species 
is so very close to Tr. aranoides (Theobald) inhabiting bamboo stumps that it has often been 
confused with the latter which is known from India through Indonesia (Mattingly, 1981). 
These facts might suggest the relatively recent invasion of pitcher habitats by Tr. tenax or 
vice versa. 

The role of regional and local processes in determining community structure is currently 
a subject under debate in ecology (for review see Cornell & Lawton, 1992). Beaver (1985) 
and Kitching (1987) emphasized the importance of regional (biogeographical) processes 
determining the richness of communities in Nepenthes pitchers: communities in regions near 
the evolutionary centre of Nepenthes are richer. Later, Kitching & Beaver (1990) recognized 
three levels (biogeographical, population, and stochastic) for the analysis of the processes 
determining community structure in patchy habitats. They demonstrated geographical (largest 
scale) and stochastic (smallest scale) level processes for aquatic communities in Nepenthes 
pitchers and tree holes. On the other hand, Bradshaw & Holzapfel (1983) and Mogi & Yong 
(1992) suggested the importance of population-level interactions (predation and competition) 
in the organization of aquatic communities in such phytotelmata as well. The present study 
further suggests the importance of species interactions in determining the structure of 
communities in Nepenthes pitchers. In a separate paper, the role of predation in the 
organization of communities in Nepenthes pitchers in Singapore will be examined by 
comparing communities with and without predators. Nepenthes pitchers are habitats suitable 
for analysing the significance of processes acting on community organization at various 
levels, but present knowledge is rather fragmentary. More extensive and intensive studies 
are necessary. 
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