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INTRODUCTION 

The quantity of food resources used by predators often changes both in space and 

time. As a result, the effectiveness of foraging strategies for many predators is especially 

important to the fitness of these animals. There are wide variety of predatory foraging 

tactics, from sit-and-wait tactics to widely-foraging tactics (PIANKA, 1978). Among 

them, pit-building antlion larvae are typical sit-and-wait predators, and several aspects 

of their prey capture have been investigated recently (GRIFFITHS, 1980, 1986; LUCAS, 

1982, 1985; WILSON, 1974). However, the relation between energy gain and pit move- 

ment has received little attention. An antlion larva requires energy to change an 

ambush-site in traveling and constructing a new pit. LuoAs (1985) reported that the 

metabolic expenditure during pit constructions in antlion larvae (Myrmeleon carolinus 
and M. crudelis) was about 10 times as great as resting metabolic rates. This suggests 

that they should move less compared with other arthropod predators whose movement 

costs are lower (JANETOS, 1982b). 

In order to test this hypothesis, I conducted three experiments, using pit-making 

antlion larvae, Myrmeleon bore TJEDER. This species is small-sized (approximate body 

weight of the 3rd instar larva, 30-60 mg) and lives mainly in the seaside dunes in Japan. 

I first released the antlion larvae in artificial sands, and observed the construction and 

the relocation of pits under the condition that antlions were capable of capturing prey 

freely. Secondly, I examined the difference of pit relocation rate between fed and 

nonfed antlions in the laboratory. Thirdly, I reared M. bore larvae separately without 

food supply, and examined pit relocation, pit enlargement and survival periods. 

FORAGING BEHAVIOR OF M. BORE LARVAE IN ARTIFICIAL SANDS 

Artificial sands (135 • 135 cm) were made in the middle of the ground under a semi- 

cylindrical frame (5 X 6 • 3 m), covered with vinyl sheet on the roof. The frame was 

built in a grass field at the campus of Kyoto Kyoiku University. Twenty-three antlions 

(3rd instar larvae) were released uniformly on the sands. They were satiated fully by 

feeding on large bagworms (Clania variegata) the day before. Two antlions did not 

burrow into sand and died on the Surface of the sands, probably because of extreme high 

temperature on the sand surface in the daytime. 
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Fig. 1. Artificial sands constructed in the ground to research the pit relocation of the antlions. 

A frame in which threads were stretched at a 15 cm interval was set above it to measure the 
position of the pits. 

I set a square  f rame in which  th reads  were s t re tched a t  a 15 cm in terva l  above  the 

sands (Fig. 1), a n d  recorded  posit ions and  sizes o f  pits o f  the ant l ions every  day .  O b -  

servat ion was car r ied  out  a t  10 :00- I  2:00, then corpses of  p rey  d i scarded  a t  the pe r iphe ry  

o f  pits were  collected.  Var ious  kinds o f  a r th ropods  en te red  onto  the  sands because the  

lower pa r t  o f  the su r round ing  walls o f  the  f rame was' opened  50 c m  from the ground.  

F igure  2 shows changes in the  n u m b e r  of  pits constructed,  the  n u m b e r  o f  pits moved  

and  the cumula t ive  n u m b e r  o f  p u p a t e d  antl ions.  A l though  some ant l ion  l a rvae  d id  not  

construct  pits  for a few days  after  the  release possibly because  o f  sat iat ion,  all  the ant l ions 

const ructed  pits on the  5th day.  Pit  re loca t ion  occur red  du r ing  the ini t ia l  5 days  except  
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Fig. 2. Changes in the number of pits constructed by the antlion larvae (--), and the cumu- 
lative number of pupated antlion larvae (A). Shaded columns show the number of pits 
moved. 



Table 1. Species composition of prey captured by the 3rd instar 
larvae of M. bore on the artificial sands. 

No. of 
Prey type individuals % Frequency 

Ants 127 58, 0 
Isopods 33 15. I 
Beetles 20 9. 1 
Hemlpterous insects 18 8. 2 
Spiders 10 4, 6 
Others I l 5.0 

Total 219 100. 0 
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for one pit movement  on the 15th day. However, the total pit relocations was only six 

times. Decrease in the number  of pits was mainly due to the pupation of the larvae. 

Nine of 10 anflions which had not pupated yet on the last day of the experiment had 

ambushed at the same positions for 50 days. 

Two hundred and nineteen corpses of prey were collected during the experiment 

(Table 1). About 60% of the prey items were ants (Tetramorium caespitum and Formica 

japonica). The average daily number  of prey captures per antlion larva was estimated by 

dividing the number  of prey corpses collected by cumulated number  of  pits. The  value 

was 0.3, i.e. the anflions captured one prey per about  3 days on the average. Small- 

sized corpses of  prey, however, might be blown off  and might not have been collected. 

Accordingly this estimate of  prey capture may  be slightly underestimated. 

DO ANTLIONS CONCENTRATE INTO THE AREA WHERE THEY CAN CAPTURE MORE PREY? 

To examine whether M. bore larvae concentrate into an area in which prey density 

is relatively high, I conducted the following experiment. Eight 3rd instar larvae of 

M. bore collected in the field were released into a container (30 • 30 • 10 cm) filled with 

sand to a depth of 5 cm. Six replications were made. The  hunger level of the antlions 

was not regulated. A larva of Chironomus sp. (average body weight~s.d .  ; 22.1 =t=3.9 rag) 

was given every 4 or 5 days to each pit which had been built in the left half (called 'fed 

area')  of the containers. No prey was given to the other pits built in the right half 

( 'nonfcd area ') .  I measured the position of the pit center and the pit diameter before 

prey was given. The  experiment was conducted in the laboratory under the conditions 

of  2 5 • 1 7 6  50--60% R H  and 12L : 12D. 

Antlions were fed first on the 4th day after release, when the number  of  pits con- 

structed in the fed area was 3 .0+ l .1  (mean~s .d . )  and that  in the nonfcd area was 

3 .5~0 .8  (Fig. 3). During 48 days the movement  of  a pit occurred only 7 times. No 

movement  from thc nonfed area to the fed area was observed, and movement  from the 

fed area to the nonfed area occurred only once. The  remainder was movement  within 

the same area. Concentration of the pits into the fed area was never observed (Fig. 3). 
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T h e  number  o f  pits in the fed area decreased due to pupat ion  o f  the antlion larvae (Table 

2). Decrease in the number  o f  pits in the nonfed area was mainly due to death by 

starvation. 

F O R A G I N G  B E H A V I O R  UNDER T H E  STARVED CONDITIONS 

In  the experiment described above, there is a possibility that  foraging behavior  o f  

M. bore larva was influenced by the existence o f  other  individuals. Also the experiment  

was ended in 50 days ,  and  thus the behavior  of  antlions wi thout  food > 5 0  days was 

unknown.  I a imed to clarify their behavior  under  starved conditions and  their tolerance 

to starvation by rearing them separately without  food till their death.  

Second instar larvae of  M. bore were collected from the habitat ,  and  fed Chironomus 

larvae and  mealworms. Newly moul ted 3rd instar larvae were given mealworms every 

day  for 3 days till satiation. Th i r ty  antlions were released separately into containers 

(13.5 x 20.5 • 7.5 cm) filled with sand to a depth o f  4 cm. I examined the position o f  

pits and  measured the pit diameters with vernier calipers every day. Death  of  each 

Table 2. Comparison of the mortality rate and the number of pupae in M. bore larvae 
on the 48th day after the release between the fed and the nonfed antlions. 

Total no. No. of 
of antlions antlions dead % Mortality No. of pupae 

fed area 27 1 3.7 10 

nonfed area 21 12 57.1 0 
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Fig. 4. The survival curve of M. bore larvae under starved conditions, fitted by eye. A solid 
column shows a pit relocation. 

an t l ion  l a rva  was ind i ca t ed  by  a f la t tened p i t  base. Occas iona l ly  the  corpse a p p e a r e d  

on  the sand surface. W h e n  the dea th  o f  l a rva  was uncer ta in ,  I p icked  i t  up  a n d  examined  

direct ly.  I t  was p u t  aga in  on  the center  o f  p i t  i f  alive, bu t  such a n  emac i a t ed  l a rva  never  

moved  a w a y  from the re leased position. This  expe r imen t  was conduc ted  unde r  the  

condi t ions o f  25:~1~ 5 0 - 6 0 %  R H  a n d  14L : 10D. 
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Fig. 5. Survival period of M. bore larvae under starved conditions. 
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Fig. 6. Pit-enlargement by the antlion larvae with a progress of starvation. The pit size 
was expressed by a ratio of the pit diameter to that of the first constructed pit. 

Since 5 of  the 30 antlions used in the experiment became pupae, I omitted them from 

the calculation. This fact, however, suggests that  some M. bore larvae can become 

pupae if they feed on enough prey during a few days after the second moult  and even if 

they gain no food thereafter. 

Figure 4 shows the survival curve of M. bore larvae and the frequency of pit relocation 

under starved conditions. Satiated antlion larvae survived for 83.9 days on the average 

under starved conditions, which suggests M. bore larvae are extremely tolerant of star- 

vation (Fig. 5). The  max imum survival period was 116 days. Although the antlions 

were given no water during the experiment, the survival period might have been prolonged 

still more if water had been given to them. 

I t  is remarkable that  pit relocation occurred only 8 times during the experiment 

of  more than 100 days (Fig. 4). Since one anflion larva relocated twice, 7 antlions 

changed the position of pits. Tha t  is, 72% of the antlions (18/25) used in the experiment 

have never relocated their pits. M. bore larvae which never changed the ambush-sites 

died of starvation at the bot tom of pit in the end. 

Though M. bore larvae rarely changed their ambush sites, they flipped sand at the 

bot tom of pit, as a result the pits were enlarged with the progress of  starvation (Fig. 6). 

The  pit size was saturated because of the limitation of sand-flip capacitY and weakening 

from starvation. 
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DISCUSSION 

In general, even for ambush-type predators, the frequency of change in position of 

the ambush-site is higher in areas of low prey density and lower in high prey density areas. 

This has been shown with such predacious arthropods as orb-weaving spiders (OLIVE, 

1982; JANETOS, 1982a), a diving beetle larva (FoRMANOWICZ, 1982) and a praying 

mantid (INouE and MATSURA, 1983). However, Myrmeleon bore larvae rarely relocate 

their pits, i.e. they do not adopt a flexible tactic which changes an ambush-site in response 

to a change in prey capture rate. 

Though I have not examined the pit-relocation rate of M. bore larvae in nature, I 

infer that there will be no relation between the pit-relocation rate and the prey capture 

rate. According to WILSON (1974), HEINRICH and HEINRICH (1984) and MATSURA 

(1986), ants are the most important prey ofandion larvae occurring in open sandy habitat. 

Nevertheless it has never been observed that antlions concentrate near entrances of ant 

nests where more ants are walking about (HEINRICH and HEINRmH, 1984; MATSURA, 

unpublished). Pit relocation of M. bore larvae in a natural habitat would not be due to 

a decline of prey capture rate but  probably due to other factors, for example, heterogenity 

of temperature or water content of sand among microhabitats. It  is necessary hereafter 

to examine the distribution of their pits in the field in relation to microclimafic factors. 

I t  would be surely wasteful for antlions occurring in such a uniform and stable 

habitat as open sands to relocate their pits frequently. This is because under such 

environmental conditions they could not expect an increase in prey-capture rate unless 

they moved a long distance. However, I have rarely observed long distance tracks by 

M. bore larvae in nature. Unlike other ambush predators that use no traps, the energetic 

cost accompanied with movement of ambush-site in antlion larvae includes expenditure 

not only in traveling but  also in constructing a new pit, and the latter requires a much 

higher energy expenditure (LucAs, 1985). Antlion larvae cannot travel while sampling 

prey, and neither can they capture prey unless building a pit. From a viewpoint of 

cost-benefit relations, it seems non-adaptive to respond sensitively to a decline of prey- 

capture rate and to relocate the pits frequently. 

In order to adopt a tactic that does not change a position of ambush-site even if food 

resource becomes poor for a long period, the animal should have a trait highly tolerable 

to starvation. -4I. bore larvae were highly tolerable of starvation compared with other 

arthropod predators (e.g. 26.7 days in a praying mantid; MATSURA, 1981): they lived 

for 83.9 days without food. M. bore larva may have a tactic that endures starvation by 

reducing greatly the metabolic rate, as do the net-spinning spiders (ANDERSON, 1974). 

Prey capture by M. bore larvae completely depends upon prey mobility because they 

cannot pursue prey. However, they are unlikely to go without prey for long periods of 

time. Actually, they had captured one prey/3 days/pit in the artificial sands constructed 

in the field as shown in my first experiment, and the feeding rate of the 3rd instar larvae 

in a natural habitat  was estimated to be 1.03 prey/day/pit (MATSURA, 1986). PIANKA 
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(1978) pointed out that  the existence of prey in high density was one of the necessary 

conditions for a sit-and-wait tactic by a predator to be successful. M.  bore is univoltine 

antlion (MATSURA, unpublished) whereas most other antlions in J a p a n  require 2 or 

3 years to complete their development (BABA, 1953; FURUNISm and MASAKI, 1982). 

This shorter duration of the development in M .  bore suggests that the food resource is rich 

in the habitat, i.e. open sands, although it may also be related to its small size at matu-  

ration. M .  bore is the most common antlion larva occurring in high density at seaside 

dunes in Japan.  Prosperity of this species might suggest that  its extremely sedentary 

foraging tactic is not unsuccesful under the current environmental conditions. Since 

the population density of M .  bore, however, would be governed by various factors, we can- 

not conclude it. More detailed population study of M.  bore is necessary hereafter. 

SUMMARY 

Foraging behavior of a pit-building antlion larva, Myrmeleon bore TJEDER WaS in- 

vestigated experimentally to elucidate the relation between the feeding level and pit 

relocation. 

1. In  artificial sands constructed in the field the 3rd instar larvae of M .  bore rarely 

changed the positions of  their pits, though several antlions had moved actively until they 

constructed pits. The  average feeding rate was 0.3 prey/day/pit,  and about  60% of prey 

captured were ants. 

2. To  examine whether or not M.  bore larvae concentrate into the area where they 

can capture more prey, 8 antlions were released into each of 6 boxes filled with sand. 

I divided the sand surface of each box into two half  areas, then gave prey to the pits built 

in a half  area and gave no prey to the pits built in the other half. During the 50-day 

observation period, nonfed antlions never moved into the area where prey were given. 

3. The  3rd instar larvae were reared separately without food. Even under starved 

conditions they rarely relocated their pits until death. The  average duration of survival 

period was 83.9 days. 

4. The  experimental results indicate that M .  bore larvae adopt  a tactic of  sedentary 

ambushing. These larvae exhibit low movement  rates which are independent of prey 

capture rates. 
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