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Summary. Pre-dispersal seed predation of  the legumi- 
nous Acacia farnesiana by Mimosestes  nubigens and 
M. mimosae (Coleoptera: Bruchidae) was investigated in 
Santa Rosa National Park, northwestern Costa Rica. 
The purpose of the study was to determine the patterns 
of resource utilization by the seed predators and the 
mechanisms causing such patterns. Immature, mature, 
and fallen fruits were monitored during the dry seasons 
of 1987 and 1988 from different shrubs and areas. Param- 
eters describing plant size, fecundity, and relative plant 
isolation were measured on each shrub. No evidence of 
spatial or temporal segregation was found between the 
two species and the intensity of seed predation was in- 
dependent of the variables measured from each plant. M. 
mimosae was scarcer and always occurred with M. nub- 
igens. Both were present in areas with low and high 
densities of the host plant, and the frequency distribu- 
tions of their emergences from the fruits overlapped 
through the fruiting season. Urosigalphus sp., a 
hymenopteran parasitoid, represented ca. 40% of all in- 
sect emergences in 1987 and ca. 30% in 1988. This wasp 
attacked a greater proportion of bruchid eggs on pods on 
the shrub than on pods beneath it, and more on green 
than on mature fruits. Parasitism thus appears to select 
against bruchid females that oviposit at an early stage of 
pod maturation. The harsh conditions of the dry season, 
namely heat and desiccation, also accounted for a high 
level of bruchid pre-emergence mortality, especially in 
fallen fruits, where survival from egg to adult was only 
about 18%. Beneath the shrubs, bruchid females ex- 
hibited selectivity, ovipositing more on pods in the shade 
than on those exposed to direct sunlight. In contrast to 
parasitoids, abiotic factors probably impose a selective 
force against those bruchid females that oviposit at a late 
stage of maturation or on pods already dropped. Both 
bruchid species can have more than one generation 
during the fruiting period. The intensity of seed preda- 
tion did not, however, change during the season. The 
data obtained in this study suggest that factors like nat- 
ural enemies and severe weather are more likely to limit 
the bruchid population densities than intra- or inter- 
specific competition. 
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Seed predation by insects provides a good system for the 
study of interactions among species using a common 
resource that is potentially limited. Yet, despite the long 
list of plants that harbor more than one species of insect 
seed predator (e.g., Janzen 1980), little is known about 
how the insects co-occur (but see Janzen 1971a, 1977; 
Johnson 1981 ; Pellmyr 1989) and what factors determine 
the relative intensities of seed predation by the different 
species. Although interspecific competition among insect 
seed predators has been claimed in at least one study of 
a natural community (Johnson and Slobodchikoff 1979), 
no evidence exists of competitively structured insect 
guilds. In general, interspecific competition appears to be 
infrequent in insect communities (e.g., Strong et al. 1984 
and references therein; Fritz et al. 1987; Lawton and 
Gaston 1989; Juliano and Lawton 1990; Loreau 1990), 
and other factors such as parasitism, predation, plant 
phenology, weather, and migration probably play a more 
important role in insect population dynamics. 

This study investigated the interactions between two 
species of pre-dispersal seed predators on Acacia far-  
nesiana (L.) Willd. (Fabaceae: Mimosoideae) and aimed 
to determine the importance of different biotic and abiot- 
ic factors that affect their population dynamics. The 
questions addressed were the following: (1) Are the 
bruchid species spatially and/or temporally segregated 
through differences in their oviposition patterns? 
(2) How intense is parasitoid attack and how does it 
affect seed predation? (3)Do abiotic factors such as heat 
and desiccation influence bruchid survival in the seeds? 
(4) Since both insect species are multivoltine, does the 
intensity of seed predation vary through the fruiting 
season ? 

Study site and natural history 

The study was conducted in Santa Rosa National Park, 
Guanacaste Province, northwestern Costa Rica, during 
the dry seasons of 1987 and 1988 (some preliminary data 
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were gathered in 1986). Santa Rosa consists of  about  
10,800 ha (0-350 m elevation) of  mainly deciduous forest 
with small patches of  evergreen forest of  Quercus oleoides 
Cham. & Schlecht. and with large patches of artificial 
savannas (or pastures) in the upland plateau. These sa- 
vannas are dominated by the introduced African grass 
Hyparrhenia rufa (Mees.), and trees of  Crescentia alata 
HBK, and Acaciafarnesiana are usually found in them. 
A detailed description of  the habitats and vegetation of  
the Park can be found in Hartshorn (1983). 

Santa Rosa receives an average annual rainfall of 
1500-2000 ram, virtually all of  which falls between mid- 
May and December. Winds are an important  component  
of the climate, especially during the first half of  the dry 
season. The average maximum temperature from Janu- 
ary to May during the 2 years of  the study was about  34 

~  and the highest temperatures were recorded in April 
(up to 40 ~ in the shade). 

Acacia farnesiana densities range from isolated in- 
dividuals (1 indiv./ha) to around 60-70 indiv./ha. They 
usually occur in small patches scattered through the 
savanna, but are sometimes at the very edge of the forest. 
This study was carried out in four different areas on the 
plateau of Santa Rosa. These areas are described in detail 
in Traveset (1989). 

Acacia farnesiana is native to Central America, al- 
though it currently ranges from southern United States 
to Argentina and has also been introduced into the Old 
World Tropics (Little and Wadsworth 1964). The growth 
form ranges from small shrubs of 0.5 m to highly 
branched and spreading trees up to 5-6 m tall. The plant 
begins producing tiny yellow flowers usually in Novem- 
ber-December but can start as earIy as September and 
continue until February-March.  Small green fruits are 
visible about  5-6 weeks after pollination and require 
approximately 1 month  to reach full size. Full-sized fruits 
take an average of  18.7 :k 2.4 (SD) days to mature (i.e. to 
turn brown and hard), and an average of  16.0 ~ 3.5 (SD) 
days to be dropped (n = 800 pods from 32 plants). Asyn- 
chrony in fruiting is widespread both within and among 
individuals. Fruit  crop per plant during 1987 and 1988 
ranged from less than 50 to around 2000 pods. Janzen 
(1975a) gives much higher estimates for plants in Palo 
Verde, Costa Rica. 

The dark brown pods are indehiscent, 4-12 cm long 
and 0.5-1.5 cm broad, thick-walled and only slightly 
constricted between the seeds. Up to five pods can be 
found on a stalk; if there are more, they usually abort. 
Pods contain sweetish and scented pulp. Inside each fruit 
there is an average of  11 seeds (n = 52 shrubs), ranging 
from 2 to 15. These seeds are elliptic and slightly flat- 
tened, 5-7 mm long, and are covered by a very thick 
endocarp. 

The main dispersers of A. farnesiana seeds in Santa 
Rosa currently are horses, white-tailed deer and cteno- 
saurs (Traveset 1990a). The proport ion of  undispersed 
fruits varies greatly among shrubs; often, large quantities 
of  pods accumulate beneath the plant during the season. 
The undispersed pods rot soon after it rains in May. 

Three species of  bruchid beetles feed upon the seeds 
of A. farnesiana: Mimosestes nubigens (Mots.), M. mimo~ 
sae (Fab.) and Stator vachelliae Bott. None  is restricted 

to a single host species (Janzen 1980; Johnson 1980, 
1983, 1984), but  the other known hosts do not  occur in 
Santa Rosa or within the habitat where A. farnesiana is 
found (pers. obs.). The two Mimosestes species are pre- 
dispersal seed predators, whereas S. vachelliae attacks 
the seeds after dispersal (Traveset 1990b). 

The two species of Mimosestes can have more than 
one generation per fruiting season (Janzen 1975a, and 
pers. obs.). Females oviposit only on full-sized fruits, 
usually on the sutures of  the pods, in crevices on the 
valves, and on or near wounds made by sucking hemip- 
terans. Eggs of both species are about  1 mm long, trans- 
parent and glued to the valve, isolated or rarely in 
clumps, and appear identical under a dissecting micro- 
scope. Within 5-10 days of oviposition, the eggs hatch 
and the larvae drill through the pods and then into the 
seeds where they pass through at least three instars 
(Hinckley 1960) during the next 4.5 weeks. After several 
days of  pupation, the adult emerges, cutting a round hole 
through the seed coat and another  one through the pod 
wall. Even if more than one larva enters a seed, only a 
single adult emerges. Soon after emergence, bruchids 
mate and females begin ovipositing; a single female can 
lay up to 120 eggs (unpubl. data). 

At least five species of parasitoid wasps attack the 
bruchids: Urosigalphus sp., Bracon sp. (Braconidae), 
Lariophagus sp. (Pteromalidae), Eupehnus sp. (Eupel- 
midae) and Horismenus sp. (Eulophidae). Their degree of 
host specificity is unknown. Females of Urosigalphus sp., 
by far the most common species, search on the pods for 
fresh bruchid eggs and oviposit inside them. The wasps' 
developmental time is the same as that of  the bruchids. 
The much scarcer Bracon sp. attacks the bruchid larvae 
within the green, tender pods. Eupelmus sp. was occa- 
sionally found emerging from mature A. farnesiana 
seeds. These three species are solitary wasps, whereas 
Lariophagus sp. and Horismenus sp. are smaller and 
gregarious, and up to eight individuals can emerge from 
a single seed (pers. obs.). 

Material and methods 

Frequency distributions of  the insects" 

During the dry season of 1987, I arbitrarily chose a total of 32 
A.farnesiana individuals from the four study sites (14 from area 1, 
9 from area 2, 2 from area 3, and 7 from area 4). In order to evaluate 
the bruchid and wasp incidence and distribution on green, mature 
and fallen fruits, I monitored three stages of pods from each plant 
as follows : 25 green pods were labelled when they had reached full 
size and were collected on the day of maturation; at this time, an 
other 25 green pods that were beginning to mature were marked, 
and they were collected subsequently on the day they were shed; 
finally, after most ripe marked fruits were shed, 25 pods that were 
ready to fall were collected and labelled, and then mixed with other 
fallen pods beneath the plant and left for a further 15 days_ Prelimi- 
nary observations indicated that 15 days was the average time 
needed for pods to become completely dry, and for the female 
bruchids to stop ovipositing on them. 

For each fruit collected I recorded the following variables: 
length, number of days exposed to bruchids, number of eggs on its 
surface, and number of insect exit holes already present. Pods were 
placed in individual bags and checked daily for emerging bruchids 
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or parasitoids. For every emergence I recorded the number of days 
since the pod had been collected. Once all insects had emerged, I 
dissected each pod and recorded the total number of seeds in it and 
the number of seeds damaged by larvae. 

The number of insects emerging from mature fruits but coming 
from eggs laid at the green stage had to be subtracted in order to 
determine the intensity of seed predation on ripe fruits. I estimated 
the time of egg laying with the following inequalities: 

if TAM+ Tz<D r, the egg was laid at the green stage, and 
if TaM + TE > Dr, the egg was laid at the ripe stage, where Dr = the 
average developmental time of bruchids, TE = the time that each 
bruchid took to emerge since pod was collected, and TaM = the time 
that the individual pod was available to bruchids at the mature 
stage. 

I did the same with the bruchid emergences from fallen pods. In 
this case, time that pods were available to bruchids was constant 
since all fruits were left beneath the shrub for 15 days. The appro- 
priate inequalities, therefore, were: 

if 15+ TE<Dr, the egg was laid on a green or ripe pod 
if 15+ Tz>Dr, the egg was laid on a fallen pod 

I estimated bruchid developmental time by rearing in the lab- 
oratory a total of 30 females (20 M. nubigens and 10 M. mimosae). 
Each female was allowed to oviposit on different mature pods. I 
reared bruchids twice during the fruiting season (in February and 
in May), using different females each time, to check for a possible 
change in the developmental time with environmental conditions. 

Height of the plant, canopy diameter, total fruit crop size and 
average distance to the nearest three fruiting A. farnesiana neigh- 
bors were recorded for all experimental plants. I also recorded the 
total number of pods beneath the shrub on the day on which pods 
were placed on the ground and on the day on which pods were 
collected, to determine whether the quantity of pods had an effect 
on bruchid oviposition on them. In order to know whether the 
exposure of fallen fruits to sun had an effect on oviposition and 
pre-emergence bruchid mortality, I gave one of three indices to each 
labeled pod : 1 = complete exposure, 2 = partial exposure, and 3 = no 
exposure (constantly under shade). 

In the dry season of 1988, I monitored the fruits of 20 in- 
dividuals of A. farnesiana. I chose two asynchronous groups of 10 
shrubs from the areas used in 1987. The first group had full-sized 
green pods in February (they were the first to produce fruits this 
season in the study areas) while the second did not have green pods 
until mid-March or beginning of April. Although all 32 shrubs used 
in 1987 fruited again in 1988, I monitored only 9 of them the second 
year. The methods employed were basically the same as in 1987 
except that I measured the incident light beneath the plant, to 
determine the exposure to sun of fallen pods, using a portable 
light-meter on two clear and consecutive days in April, between 
11:00 and 12:00 a.m. 

Bruchid survival at the three fruit stages 

Since the eggs of M. nubigens and of M. mimosae appeared indistin- 
guishable, bruchid survival was calculated for both species pooled. 
Egg survival per pod was the number of eggs that hatched on a pod 
relative to the total number of eggs present on it. Survival from 
larva to the adult stage was estimated as the number of adult 
emergences relative to the number of pod entrance holes made by 
the first-instar larvae. I determined bruchid survival at each of the 
three fruit stages from 8, 9, and 12 shrubs respectively, studied in 
1987. For the mature fruit sample, survival was underestimated 
since the number of eggs considered were both those laid a t  the 
green and at the mature stage. For the fallen fruit sample, the exact 
number of eggs laid at this stage couid be determined because the 
number of eggs present on the day of pod placement on the ground 
had been previously recorded. In 1988, I calculated survival only 
from the pods beneath the 20 shrubs monitored, again considering 
just the eggs laid at this stage. 

Intensity of seed predation per shrub 

I estimated this parameter as the proportion of damaged seeds 
present in the 25 pods collected beneath each shrub once all bruch- 
ids and wasps had emerged. Damaged seeds did not include those 
aborted or sucked by hemipterans, but only those that had a bruch- 
id or wasp exit hole and those where the insect had died at a late 
stage of development (identifiable by a dark spot on the seed coat). 
Since larvae that died at an early stage were not detected, the 
intensity of seed predation per shrub was probably underestimated. 
If the larva has not eaten the embryo or most of the cotyIedons, 
however, the seed may still germinate (cf. Lamprey et al. 1974). 

Data analysis 

All ANOVAs were carried out using the GLM procedure in SAS 
(SAS 1985). The relationships among the variables measured for 
each individual plant were analyzed by Pearson's correlation (unless 
otherwise indicated). 

ResuLts 

Spatial and temporal distribution of the two bruchid 
species 

The  m e a n  b ruch id  d e v e l o p m e n t a l  t ime was 3 3 . 6 i 2 . 4 1  
days ,  and  d id  no t  differ be tween  the two species, season-  
al ly or  a m o n g  females.  Signif icant  differences in D r  were 
f o u n d  on ly  a m o n g  pods  ( P <  0.01), sugges t ing  tha t  some 
trai t (s)  o f  the ind iv idua l  fruits  or  seeds de te rmine  how 
long  the b ruch ids  t ake  to  emerge.  F r o m  the frui ts  m o n -  
i t o red  in the  field, M. nubioens emerged  m u c h  m o r e  
f requen t ly  than  M. mimosae in bo th  years  o f  the s tudy 
(Fig.  1). In  1987, a b u n d a n c e s  d id  no t  differ a m o n g  the 
fou r  a reas  for  e i ther  species,  bu t  d id  differ s ignif icant ly 
a m o n g  shrubs  wi th in  each  a rea  (Table  1A);  some shrubs  
were a t t a c k e d  only  by  M. nubigens, a l though  m o s t  also 
bo re  M. mimosae. M. nubigens emerged  wi th  the  same 
f requency  f rom the three  f rui t  stages,  whereas  M. mimo~ 
sae emerged  m o r e  f requent ly  f rom green pods  than  f rom 
pods  col lected at  the o ther  s tages (Table  la) .  F o r  bo th  
species, there  was a s ignif icant  i n t e rac t ion  be tween  shrub  
and  p o d  s tage wi th in  an a rea ;  i.e., shrubs  wi th in  an  a rea  
differed in the p o d  s tage at  which  b ruc h id  a t t a c k  was the 
greatest .  

The  1988 results  were s imi lar  to  those  o f  1987, except  
t ha t  no signif icant  differences were f o u n d  a m o n g  stages 
in the n u m b e r  o f  emergences  o f  M. mimosae per  p o d  
(Table  lb) .  The  f requency  o f  b ruc h id  emergences  pe r  p o d  
d id  no t  va ry  du r ing  the f ru i t ing  season ei ther  (Table  1B). 
M. mimosae was poss ib ly  m o r e  a b u n d a n t  in the first t han  
in the second  ha l f  o f  the season,  a l t hough  the difference 
was no t  s ignif icant  ( P =  0.08), pe rha ps  due to the  very  
low n u m b e r  o f  emergences.  

The  n u m b e r  o f  emergences  was no t  co r re l a t ed  wi th  
p l a n t  height ,  c a n o p y  d iamete r ,  f rui t  c rop  size, average  
frui t  length,  average  n u m b e r  o f  seeds pe r  pod ,  o r  average  
pe r iod  t ha t  green and  m a t u r e  pods  were ava i lab le  to 
b ruch ids ,  for  e i ther  species and  e i ther  yea r  (all P values  
>0 .05) .  In  I988, re la t ive  p l a n t  i so la t ion  seemed to be 
co r re l a t ed  wi th  the  n u m b e r  o f  M. nubigens emergences  
(r = 0.48, P < 0.05, n = 20), b u t  the  s ignif icance was  los t  
when  the o the r  p l a n t  var iab les  were con t ro l l ed  in a pa r -  



Table 1. ANOVA of the number of emer- 
gences per pod of Mimosestes nubigens, 
M. mimosae, and Urosigalphus sp. in 1987 
(above) and 1988 (below). Area and shrub 
are random effects whereas time and stage 
are fixed effects, a (b) means that a is nest- 
ed within b. Data are square-root trans- 
formed 
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Source df M. nubigens 

MS F 

M. mimosae 

MS F 

Wasps 

MS F 

1987 

Area 3 2.33 0.82 
Shrub (Area) 28 2.85 11.88"** 
Stage 2 1.99 2.88 
Area x Stage 6 0.69 0.93 
Stage x Shrub (Area) 56 0.74 3.08*** 

Error 2303 0.24 
b 
1988 

Time 1 0.10 0.06 
Shrub (Time) 18 1.68 6.00*** 
Stage 2 0.09 0.11 
Time • Stage 2 0.55 0.70 
Stagex Shrub (Time) 36 0.79 2.82*** 

Error 1405 0.28 

0.02 
0.29 
0.79 
0,08 
0.15 

0.06 

0.13 
0.04 
0.02 
0.02 
0.03 

0.016 

0.07 
4.83*** 
9.88* 
0.53 
2.50*** 

3.25 
2.50*** 
0.67 
0.67 
1.88"* 

0.48 0.79 
0.61 4.07*** 

16.43 34.23*** 
0.48 1.23 
0.39 2.60*** 

0.15 

0.002 0.003 
0.72 6.37*** 
3.43 14.29"** 
0.34 1.42 
0.24 2.12"** 

0.113 

*** P<0.001; ** P=0.001; * P=0.01 

0.5 
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0. l 
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A 
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0.1.  

0.O 

t 

GREEN MATURE FALLEN 

POD STAGE 

Fig. 1A, B. Number of Mimosestes nubigens (m), M, mimosae (w), 
and parasitoid wasps (Urosigalphus sp.) (A) that emerged per pod 
from eggs laid at each of the three fruit stages during the dry seasons 
of A 1987 and B 1988. Two-standard-error bars are shown above 
and below the mean 

Table 2. Mean and standard error of the proportions of (1) bruchid 
eggs that survived to larvae, (2) larvae that survived to adults and 
(3) eggs that survived to adults, at the three pod stages. Data from 
1987 dry season. At each stage 25 pods from each shrub are con- 
sidered. For each variable, means with the same superscript letter 
are not significantly different (GT2 test) 

Stage n (shrubs) ( I ) •  (2)• (3)• 

Green 8 0.55_+0.09" 0.85• a 0,45_+0.08 a 
Mature 9 0.56_+0.06" 0.60• b 0.36_+0.07" 
Fallen 12 0.36• 0.54• b 0.20• b 

t ial  co r r e l a t i on  analysis .  N e i t he r  the n u m b e r  o f  eggs la id  
on  fal len pods  or  the  n u m b e r  o f  b ruch ids  tha t  emerged  
f rom them were assoc ia ted  wi th  the  quan t i t y  o f  pods  
benea th  a p lant .  

Parasitoids 

In  the 2 years  o f  the s tudy,  the in tens i ty  o f  pa r a s i t i sm  by  
Urosigalphus sp. was s ignif icant ly  different  a m o n g  p o d  
stages (Table  la ,  b). This  wasp  a t t a c k e d  s ignif icant ly  
m o r e  b ruc h id  eggs la id  on the shrub  t han  benea th  it, a n d  
m o r e  on  green t han  on  m a t u r e  frui ts  (Fig.  1). N o  dif- 
ferences were  found  a m o n g  areas  (Table  1 a) or  be tween  
the first and  second  ha l f  o f  the f ru i t ing season  (Table  lb) .  
The  a b u n d a n c e  o f  Urosigalphus sp. va r i ed  s ignif icant ly  
a m o n g  shrubs  in b o t h  years .  In  1987, this  wasp  represen t -  
ed on average  38.7_+2.49% ( n = 3 2  shrubs)  o f  all  insect  
emergences  pe r  shrub ,  r ang ing  f rom 10 to 69%. In  1988, 
the range  was 5-56% wi th  an average  o f  30.4___3.1% 
( n - - 2 0  shrubs) .  In  some shrubs ,  the n u m b e r  o f  wasps  
emerg ing  even su rpassed  tha t  o f  bruchids .  F u r t h e r m o r e ,  
no t  all shrubs  wi th in  an  a rea  (Table  l a )  and  at  a given 
t ime o f  the season  (Tab le  l b )  had  the same  in tens i ty  o f  
pa r a s i t i sm  at  a pa r t i c u l a r  p o d  stage. 

The  n u m b e r  o f  wasp  emergences  pe r  shrub  was no t  
co r re l a t ed  with  any  o f  the  p l a n t  p a r a m e t e r s  m e a s u r e d  
(P  > 0.05), b u t  was pos i t ive ly  co r re l a t ed  wi th  the  n u m b e r  
o f  M. nubigens emergences ,  in 1987 ( r = 0 . 6 7 ,  P < 0 . 0 0 1 ,  
n = 3 2 )  and  in 1988 ( r = 0 . 5 5 ,  P = 0 . 0 1 ,  n = 2 0 ) .  This  cor-  
r e l a t ion  was  also s ignif icant  in a p a r t i a l  co r r e l a t i on  
analysis .  However ,  no  evidence o f  d e n s i t y - d e p e n d e n t  
p a r a s i t i s m  was found ,  i.e., the  p r o p o r t i o n  o f  insect  emer-  
gences tha t  were  wasps  was n o t  a s soc ia t ed  wi th  the num-  
ber  o f  b ruc h id  emergences .  

The  r ema in ing  wasp  species were ra re ly  found ,  repre-  
sent ing less t han  1% o f  all insect  emergences  in b o t h  
years .  
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Table 3. Mean and standard error of the number of bruchid eggs 
laid and the number of emergences, on a pod basis, for each index 
of exposure to sun. Data from 1987 dry season. For each variable, 
means with the same superscript letter are not significantly different 
(GT2 test) 

Exposure n 20vip. 2 Emerg. 
to sun (pods) pod + SE pod_+ SE 

Total 437 0.93_+0.143 0.33_+0.06" 
Partial 337 1.55_+ 0.22 u 0.38 _+ 0.073 
None 26 4.23+_1.70 c 0.85+_0.50 b 

Effect of  abiotic factors on bruchid survival 

Egg survival did not vary significantly among pod stages 
(F2,28=2.04, P=0.15),  whereas survival from larva to 
adult was significantly higher in green than in mature or 
fallen pods ( F 2 , 2 7  = 5.03, P =  0.01), and survival from egg 
to the adult stage was significantly lower in fallen fruits 
than in fruits on the shrub ( F 2 , 2 8  = 4.57, P =  0.02) (Table 
2). Exposure of fallen fruits to sun significantly affected 
the number of bruchid eggs laid on them and the number 
of bruchid adults emerging from them (Fz,31 = 7.27 and 
Fz.31 = 5.25, respectively, P <  0.01; Table 3). In 1988, the 
incident light measured under the shrubs was also nega- 
tively correlated with both bruchid oviposition 
( r~=-0 .53 ,  P=0.02,  n = 2 0  shrubs) and emergences 
( r~=-0 .52 ,  P=0.02,  n = 2 0  shrubs). Egg survival was 
independent of  incident light level (rs = - 0.002, P >  0.05, 
n = 15), but survival from larva to adult decreased with 
increasing light (rs = -0 .77,  P<0.001, n = l l  shrubs). 
Only an average proportion of  0.16 + 0.04 of the eggs laid 
on fallen pods in 1988 survived to adults. 

The number of eggs laid on a fallen pod was 
sometimes higher than the seeds available inside (up to 
86 eggs were found on a pod). In all such cases, the pods 
were protected from direct sunlight. However, only 
16.2 • 5.4 % (n = 15 pods with eggs) of the eggs laid on the 
unexposed pods survived to adult. It is unknown whether 
all eggs on a pod had been laid by a single female; this 
seems unlikely, however, since all the eggs were not laid 
on the same day, but throughout the 15 days pods were 
on the ground (unpubl. data). 

Shrubs differed in the number of eggs laid by bruchids 
on fallen pods (F2,33 = 10.64, P =  0.001), and in the num- 
ber of adult insects that emerged from them 
(F2,33=10.56, P=0.001). There was also a significant 
interaction between shrub and exposure in bruchid ovi- 
position (F33,733 = 2.80, P = 0.001), but not in emergences 
(F33,7~3=1.19, P>0.05).  The shrubs that produced a 
denser canopy, or were near trees of  other species that 
cast shade on the fallen pods, usualty suffered most 
predation at this stage. 

Intensity of seed predation per shrub 

Shrubs varied greatly in the intensity of seed predation 
in both fruiting seasons, with no apparent seasonal pat- 
tern. The values ranged from 0.33 to 36.59% in 1987, and 
from 0.01 to 37.82% in 1988. There was no consistency 
between years in the nine shrubs used both in 1987 and 
1988, and intensity of seed predation was not correlated 
with any of the variables measured from each plant. 

Discussion 

Distribution in space and time of  M. nubigens and 
M. mimosae 

The patterns of seed utilization by the two bruchid spe- 
cies appeared to be quite similar. Although data from the 
dry season of 1987 suggested that M. mimosae might 
attack more A. farnesiana green fruits than mature or 
fallen fruits, the trend did not occur in 1988. Moreover, 
no preferences for green or mature pods were observed 
in the laboratory in females of either Mimosestes species 
(unpubl. data). At a larger scale, no segregation was 
found among shrubs or areas either. When M. mimosae 
was present in a shrub, it always co-occurred with 
M. nubigens; additional laboratory tests showed that 
there was no preference for pods of a given shrub by 
either of the two species (unpubl. data). 

The relative isolation of plants did not have any effect 
on intensity of seed predation by any of the species. Plant 
isolation has been reported in some studies to contribute 
to a lowered seed predation rate (e.g., Vandermeer 1974); 
in other studies, however, this pattern has not been found 
(e.g., Moore 1978; De Steven 1981) or has been found 
only in interaction with individual plant fecundity (De 
Steven 1983). I f  adult bruchids did not fly much among 
shrubs and stayed near the plant where they were born, 
isolated plants might suffer a higher intensity of  seed 
predation than plants in clumps. We know nothing about 
adult bruchid movements but it is unlikely that they stay 
close to one plant since they feed on pollen and nectar, 
and these are not always nearby. 

Both bruchid species overlapped from the beginning 
to the end of the season. During both years, M. nubigens 
abundance did not vary through the season while 
M. mimosae was more abundant at the beginning of the 
fruiting season in 1987, but not in 1988. In general, 
temporal segregation of  bruchid species that attack fruits 
before they are dropped has rarely been found (Hopkins 
1984), since very few species are able to develop in young 
green fruits (Bridwell 1920; Kingsolver et al. 1977; Hop- 
kins 1983, 1984). 

Parasitoids 

Urosigalphus sp. was abundant in all areas and through- 
out the fruiting season, representing 39 and 30% of all 
insect emergences per shrub in 1987 and 1988, respective- 
ly, and reaching up to 70% in some shrubs. Although the 
frequency of  wasps varied among individual plants, it 
was not associated with any of  the plant variables mea- 
sured. 

There is no evidence that Urosigalphus sp. distin- 
guishes between the eggs of the two Mimosestes species. 
In the lab, this wasp oviposited equally in eggs laid either 
by M. nubigens or by M. mimosae (unpubl. data). 

Urosigalphus sp. attacked more bruchid eggs on pods 
on the shrub than on those beneath it, and their emer- 
gences were greater from green than from mature pods. 
Two, not mutually exclusive, possibilities that might ac- 
count for this are: (1) the probability of emergence may 
be higher before the pod valves are too hard (most pods 
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in which dead adult wasps were found had unusually 
hard valves), and (2) the bruchid pre-emergence mortal- 
ity due to heat and desiccation is lower in unripe pods 
(see next section). Due to their abundance and to their 
higher number of emergences from green pods, therefore, 
the parasitoids are favoring those bruchid females that 
oviposit at a late stage of pod maturation or once the 
fruits are already on the ground. 

Influence of abiotic factors on bruchid survival 

Approximately 50% of the bruchid eggs laid on green or 
mature pods died presumably due to the effect of high 
temperature and desiccation. Adding this to the loss due 
to wind blowing away eggs prior to hatching (ca. 30%; 
Traveset 1990c) it seems likely that abiotic factors 
provide a major limit to bruchid population growth. Egg 
survival on fallen pods was also very low (ca. 37%), not 
significantly lower than at the previous stages, possibly 
because most eggs are laid on the unexposed valve. High 
egg mortality in M. nubigens presumably due to tem- 
perature and desiccation was also reported by Hinckley 
(1960) in Hawaii. 

A large proportion of the larvae that entered the pods 
died before completing development. More larvae sur- 
vived to the adult stage in green than in mature or fallen 
fruits. The high mortality (ca. 50%) inside fallen fruits 
might be due to the high temperature to which the pods 
are exposed. There is little air movement at ground level, 
mainly because of the tall grass around the shrubs, and 
the soil surface can reach temperatures of 50-70 ~ 
(Janzen 1975a, and pets. obs.). 

Beneath the plant, bruchids preferred to oviposit on 
shaded pods rather than on pods fully exposed to sun. 
The number of eggs on the "cooler" pods could be almost 
10 times the number of seeds they contained. In these 
cases, there was presumably larval interference inside the 
seeds, since only one adult can emerge per seed. Canni- 
balism has been suggested in some species (e.g., Janzen 
1971b, 1975b, 1985), although larvae might just kill with- 
outh eating (Hinckley 1961). 

Some species of bruchids are said to minimize larval 
competition within hosts by accurately assessing the 
number of eggs on a seed and using this information to 
produce a near uniform distribution of egg-loads (Wilson 
1988 and references therein; Messina and Mitchell 1989). 
This is certainly not the case here. Regardless of the 
quantity of fruits available beneath the shrub, the highest 
number of eggs was observed on "good quality" (fresh, 
recently fallen, unexposed to direct sunlight) fruits. This 
suggests that bruchid females are choosing among pods 
because of the strong selective pressure exerted by harsh 
abiotic factors. Nevertheless, it is not clear why, in many 
cases, bruchid females continue to oviposit on the same 
pod even after all the seeds have been damaged. 

Janzen (1975a) also found a high number of bruchid 
eggs laid on the unexposed valve of fallen pods of A. far- 
nesiana, and suggested that bruchids probably stop ovi- 
positing about the time of pod dropping but continue 
once pods are on the ground, thereby reducing the 
probability that a fresh egg is exposed when a pod is 
dropped. However, plotting the emergence of each 

bruchid against time passed since the pod was dropped 
showed that most of the larvae (about 70%) are at a 
young stage of development when the fruit falls to the 
ground. Whether the older larvae have a higher probabil- 
ity of surviving the harsh conditions of the environment 
than the young ones (which have to survive these con- 
ditions for a longer period) is unknown, but seems a 
likely possibility. 

High pre-emergence bruchid mortality has also been 
found in other plants. Mitchell (1977) reported that 
about 40% of the eggs laid by Mimosestes amicus in 
Cercidiumfloridum were lost to heat and desiccation, and 
that this made it advantageous for the bruchid female to 
lay one egg on top of another. Abiotic factors were also 
probably responsible for the 32% of the bruchid larval 
mortality observed in the pods of the leguminous Pith- 
ecelobium saman by Janzen (1977) who reported this 
mortality as due to unknown reasons. Most pods of this 
tree are also exposed to sun in the habitats where it lives 
(pers. obs.). Other causes of larval mortality may be 
disease, hardness of the endocarp (e.g., Janzen 1971a, b), 
intense cannibalism and deficient amount of food (e.g., 
Janzen 1985). 

Intensity of seed predation per shrub 

The intensity of seed predation varied notably among 
shrubs, without showing any seasonal pattern. Assuming 
that adult bruchids move among shrubs and knowing 
they can live up to 3 months (at least in laboratory 
conditions, pers. obs.) and have several generations with- 
in the 5-6 month fruiting season, an increase in seed 
predation might be expected during this period. The 
greatest bruchid mortality appears to be due to the harsh 
weather conditions, although biotic factors such as par- 
asitism and egg predation by arboreal ants (Traveset 
1990c) seem also to be important in reducing population 
size. Other limiting factors such as predation by birds or 
microbial diseases may act on the adults. Unfortunately, 
we know almost nothing about the adult stage of bruchid 
beetles in nature or about the mortality factors to which 
they are exposed. 

The highest intensity of seed predation in a shrub was 
about 40 %, and much lower values were usual. Appar- 
ently, seeds were never in short supply; large proportions 
of them remained intact despite appearing suitable for 
bruchid development (not aborted or intensively sucked 
by hemipterans). Once on the ground, however, the 
amount of seeds suitable for bruchid oviposition may be 
substantially reduced depending on local conditions be- 
neath the plant; few seeds within shaded pods survived 
bruchid predation compared with seeds within exposed 
pods. Intraspecific competition (especially in M. nub- 
igens, since M. mimosae appeared to be scarce) might 
thus occur in shaded pods, limiting bruchid population 
growth. Nevertheless, this phenomenon should be unim- 
portant compared with the effects of weather and parasit- 
oids. 

From an evolutionary perspective, the effects studied 
here of parasitoids and abiotic factors appeared to exert 
antagonistic forces, the first selecting for bruchid females 
that oviposit on already dropped fruits and the second 
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for  those  females  tha t  ov ipos i t  on  the hang ing  fruits.  I t  
is pe rhaps  the o p p o s i n g  select ion p r o d u c e d  by  these for-  
ces - and  p r o b a b l y  by  o thers  exer ted  by,  for  ins tance ,  egg 
p r e d a t o r  an ts  or  ve r t eb ra t e  f rugivores  - t ha t  p rec ludes  
ov ipos i t ion  jus t  on or  benea th  the  shrub.  H o w  deter-  
minis t ic  the choice  by a pa r t i cu l a r  ov ipos i t ing  female  
which  faces tha t  env i ronmen ta l  he te rogene i ty  m a y  be is 
u n k n o w n .  This  is ce r ta in ly  an  aspec t  t ha t  deserves fur-  
ther  s tudy.  
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