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Abstract. The stability of tropical microclimates has left 
microclimate use by tropical species little unexplored. At 
La Selva Costa Rica, I related foraging activity at seed 
baits to humidity in two forests types. I recorded 38 and 
35 ant species at seed baits in closed and open canopy 
forest. The microclimate 5 cm above the forest floor in 
the younger, Open Forest was warmer, drier, more vari- 
able, and more sensitive to current weather than in the 
older Closed Forest. Ant species within both forests 
foraged at different Vapor Pressure Deficits (kPa), a mea- 
sure of the drying power of the air. VPD use was not 
confounded with diel activity patterns. Body size ex- 
plained 46% of the variance in mean VPD use among ant 
species. Small ant species tended to forage in moist 
microclimates; large species tended to be microclimate 
generalists. Larger species were also more active in the 
drier Open Forest. Foraging activity by these assem- 
blages varies 4-fold, and peaks close to the mean VPD 
for each habitat. The behavior of these assemblages sug- 
gest that 1) small ant species at La Selva potentially 
compete with the entire range of ant body sizes, whereas 
large ants forage when and where small ants are inactive; 
and 2) seeds dispersed to the forest floor at dawn will be 
consumed or further dispersed by a larger suite of ants 
species than those falling in the heat of the tropical 
afternoon. 

Key words" Ants - Neotropics - Microclimate - Com- 
munity structure - Body size 

Microclimate has played an important role in theories of 
tropical diversity (Pianka 1966; MacArthur 1972; 
Stevens 1989). Adaptation to local microclimates along 
an altitudinal gradient may erect barriers to gene flow 
across mountains (Janzen 1967). Within a tropical forest, 
different habitats (e.g., forest understory, canopy, and 
treefall gaps) have different microclimates (Karr and 
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Freemark 1983; Fetcher et al. 1985). Specialization on 
microclimates particular to these habitats may enhance 
regional diversity summed across habitats (e.g., Janzen 
and Schoener 1968). 

This emphasis on climate at larger scales has left 
microclimate use within tropical habitats little explored. 
Small organisms are prone to desiccation; and thus a 
focus on microclimate may be especially useful in under- 
standing their distribution and abundance (Edney 1977). 
Microclimate differences are commonly shown in tem- 
perate zone arthropods (Andrewartha and Birch 1954). 
For example, desert ants may experience summer surface 
temperatures ranging from 25 to 50 ~ C. In these deserts, 
different ant species are active at different temperatures 
(Schumacher and Whitford 1976; Briese and Macauley 
1980; Morton and Davidson 1988). In contrast, it is not 
clear whether tropical habitats provide a large enough 
range of microclimates to separate species activity. 

Two factors, cuticle permeability and body size, are 
key to understanding moisture tolerances in small ar- 
thropods like ants. Arthropod cuticles are efficient at 
preventing desiccation and can be supplemented with 
lipids to enhance this effect (Wigglesworth 1945; Edney 
1977; Hood and Tschinkel 1990). Since surface area is 
proportional to mass 2/3 for organisms of a given shape 
(Calder 1984), small organisms tend to desiccate faster 
than their larger counterparts when the air is un- 
saturated. In lab studies, mass-specific water loss in ar- 
thropods is an inverse function of weight (Herreid 1969; 
Edney 1971; Crawford and Wooten 1973). In ants, de- 
siccation LD50's increase with species body size (Tal- 
bot 1934; Hood and Tschinkel 1990) and larger workers 
may be more active at higher temperatures (Rissing and 
Pollock 1984). 

These traits of individual organisms suggest two 
predictions about the distribution of species across mois- 
ture gradients. First, drier habitats should contain larger 
arthropod species. Second, within habitats, larger arthro- 
pod species should have broader microclimate niches 
since they can be active in drier microclimates unavail- 
able to smaller species. While the question of microcli- 
mate niche breadth and body size is still open, moisture 
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gradients appear  to shape the distribution of  ar thropods 
over the landscape (Janzen and Schoener 1968; Schoener 
and Janzen 1968; Janzen 1973; Levings and Windsor  
1984). 

In this paper,  I explore how microclimate shapes the 
foraging activity in a diverse guild of  granivorous ants. 
To this end, I 1) describe the microclimate of  forest floor 
in 7 and 17 year old regenerating tropical forests; 2) 
describe the degree to which the granivorous ant species 
of  the two assemblages are active at differing humidities 
and, 3) evaluate how body size may  act as a mechanism 
for these differences. 

The study site 

This study took place during 1990 at the Estacion Bio- 
ldgica La Selva (10.25' N, 84.01' W) on the Caribbean 
slope of  Costa  Rica. Holdridge et al. (1971) classify La 
Selva as tropical wet forest (see Har t shorn  1983 for 
further site description). ! studied these ants during the 
wet season of  1990 (mean monthly  rainfall, 1988-90: 
May  422 mm,  June 411 mm,  July: 391 mm). I chose the 
wet season, since activity of  tropical ground ants is great- 
ly reduced in the dry season (Levings and Windsor  1984). 

I studied the ant assemblages in two habitats, both  
recovering f rom disturbance and on the same alluvial 
soil. The two habitats were 0.5 km apar t  and separated 
by old pr imary  forest. The first (Closed Forest) was 
abandoned as cattle pasture 17 years before. This site had 
a closed canopy and a thick blanket of  understory palms. 
The forest floor was in deep shade save for occasional 
sunflecks. The second habitat  (Open Forest) was aban-  
doned as a cacao grove 7 years before, had a broken 
canopy, and contained patches of  grass and ferns. Sun- 
light was more variable, running f rom deep shade to 
intense sun. 

In each habitat,  I set up transects of  30 sampling 
stations, 10 m apar t  and 2 m off-trail. This distance ap- 
pears adequate to maintain independent discoveries by 
different ant colonies since colony densities in the litter 
typically exceeded 4 nests per m 2, and ants rarely walked 
more than 1 m to the nest f rom a station (Kaspari  1993). 

Methods 

I used seed baits to study the granivorous ant assemblage (as per 
Davidson 1977; Morton and Davidson 1988). I sorted milled pearl 
barley into 4 size categories using Taylor Sieves (0.25, 0.75, 1.2 and 
1.7 mm in diameter). I placed these seeds on a platform consisting 
of 2 glass microscope slides, taped together below and scored with 
sandpaper above. I arranged the seeds in piles of equal circum- 
ference (ca. 1 cm), 2 mm apart, on the platform. Over each station 
was a foil and hardware cloth shelter to keep out light rain. 

I set seed baits out at dawn (ca. 0600 h), and midday (ca. 
1200 h). These are the coolest and warmest times of day at La Selva 
(Fetcher et al. 1985). Starting times were approximate since dawn 
was often delayed by heavy cloud cover and rains sometimes post- 
poned or interrupted transect runs for up to 45 minutes. I began a 
day's observations by dispensing seeds at each station. Each station 
was then visited in sequence (beginning at either end of the transect 

equally) for 2 min. I collected any ants harvesting or mandibulating 
seeds and placed them in a vial unique for that station visit and 
particle size. 

After 2 minutes, I counted the number of ants of each species 
on the slide. I noted weather (cloudy, clear, partly cloudy or light 
rain). I recorded temperature (to 0.1 F) and relative humidity (to 
1%) from a Cole Palmer Hygrometer within 10 cm of the station. 
The hygrometer was mounted under a small roof to keep off water, 
and stood with its element 5 cm off the forest floor. The hygrometer 
reached 95% of its final value within 2 min. I transformed relative 
humidities into vapor pressure deficits using the formulae and tables 
from Cambell (1977). 

I ran each transect 8 times: 4 from 600-1100h, 4 from 
1200-1700 h. The first 4 runs included three station visits per day. 
The remaining runs visited stations twice. I ran transects from May 
through July. 

Ants were sorted to species or morphospecies. I measured max- 
imum head width to 0.01 mm with an ocular micrometer mounted 
on a dissecting microscope. Head width is a standard and accurate 
measure of overall body size (H611dobler and Wilson 1990 ; Kaspari 
1992). I only included species meeting the minimum requirement of 
10 microclimate observations in a habitat. I measured head width 
on 8 individuals each of these 25 species. Some ant species are 
unnamed or unidentified. Vouchers are deposited at the Harvard 
Museum of Comparative Zoology, the Los Angeles County Mu- 
seum, and the Instituto Nacional de Biodiversidad (INBio) in Costa 
Rica. 

Results 

Microclimate structure of the forest floor 

Temperatures  5 cm above the forest floor ranged from 
22.1-32.3 ~ C in the Closed Forest  and f rom 22.3-36.9 ~ C 
in the Open Forest. Vapor  pressure deficits (VPD) rarely 
exceeded 0.5 kiloPascals (kPa) and ranged f rom 0.032 to 
0.681 kPa in the Closed Forest  and 0 to 1.12 kPa in the 
Open Forest. Using a station's mean microclimate as a 
sample unit, the Closed Forest  was both cooler (26.3 
versus 27.2C, F1,59=244.4, p<0.0001)  and moister 
(0.24 vs. 0.34 kPa, F1,59 = 150.3, p<0.0001)  than Open 
Forest. The Open Forest  was more variable in both  
temperature (F3o,3o=2.57, p<0 .01 )  and humidity 
( F 3 o , 3  o = 11.26, p < 0.01). 

Temperature  and VPD were strongly positively cor- 
related near the forest floor of  La Selva. Principle com- 
ponent  analysis using correlation matrices showed that 
> 75% of the variance in the data was explained by this 
positive relationship in the Closed Forest,  88% in the 
Open Forest. Here I relate foraging activity to VPD only, 
acknowledging that  any such patterns mirror  patterns in 
temperature,  and mechanisms attributed to VPD may be 
confounded with mechanisms associated with tem- 
perature. This will be discussed later. 

To better understand why Open Forest  VPD's  were 
more  variable, I analyzed the contribution of  time of  day 
and weather to microclimate variation. I lumped ob- 
servations into six two-hour  time blocks, and four weath- 
er categories: "cloudy, clear sky, part ly cloudy sky, and 
light rain". A two-way A N O V A  shows that  VPD near 
the ground in the Closed Forest  varied significantly with 
time (p<0.0001) but not  weather (p<0.65,  Table 1). In 
contrast,  both  time (p < 0.0001) and weather (p < 0.0001) 
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Table 1. Vapor Pressure Deficits vary with weather and time of day in the Open Forest, and with time of day in Closed Forest (see Fig. I) 

Source Closed Forest Open Forest 

df SS F P r>  F df  SS F Pr>  F 

Weather 3 0.002 0.55 0.65 3 0.042 8.41 0.0001 
Time 5 0.250 40.16 0.0001 5 0.568 67.23 0.0001 
Interaction 4 0.008 1.72 0.14 8 0.572 42.31 0.0001 
Error 543 0.986 521 0.880 
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Fig. 1. Vapor pressure deficit, measured at La Selva Costa Rica, 
varies with weather and the time of day in Closed Forest (dot) and 
open forest (circle). Error bars are 95% confidence intervals 

significantly influenced VPD in the Open Forest 
(Table 1). Both habitats began with small VPD's at dawn 
but the Open Forest dried out more quickly toward 
midday (Fig. 1). Weather seemed to have little effect on 
VPD in Closed Forest, while VPD decreased steadily 
with increasing cloud cover in Open Forest (Fig. 1). A sig- 
nificant interaction (p<0.0001) suggests that weather 
may influence microclimate more at some times of the 
day, but only in the Open Forest. 

I examined VPD patchiness within each of  the five 
most-sampled time blocks with 1-way ANOVA's. The 
thirty Closed Forest stations were homogenous in VPD 
(F's < 0.76, p's > 0.79) for all time blocks except dawn 
(0600-0800 h) where there was considerable between sta- 
tion variation (F3o,s3 = 2.7, p < 0.0002). Likewise, VPD 
was usually homogenous in the Open Forest (F's < 0.53, 
p ' s<  0.97) except for midday (1200-1400 h), where sta- 
tions diverged in VPD (F3o,57 = 2.8, p < 0.0005). 

In sum, the Open Forest, exposed to greater vagaries 
of sun and weather, was warmer and more variable than 
the Closed Forest. Spatial variability within forests was 
present only at dawn (Closed Forest) and midday (Open 
Forest). 

Microclimate use by the granivorous ant assemblage 
at La Selva 

Ants were active on the forest floor, occurring at 83 % of 
all bait observations in both habitats during the 2-3 h 
observation periods. I collected 46 species during this 
study, 38 in Closed Forest and 35 in Open Forest (Kas- 
pari 1992). The granivorous ants were a subset of the 
entire litter ant fauna. Many ant genera common on the 
forest floor (e.g., the tribe Dacetini, and virtually all the 
Ponerines) were never recorded carrying away seed baits. 
Moreover, only a few of the species collected at seed baits 
were likely obligate granivores. This assemblage included 
the leaf-cutting Atta and Acromyrrnex and many om- 
nivorous species that collect insects and plant exudates 
(H611dobler and Wilson 1990; Byrne 1991, Kaspari, un- 
pub. data). I rarely observed aggressive interactions at 
baits. 

Many species in these assemblages were rare (Kaspari 
1992). To increase the statistical power of between- 
species comparisons, I focus on ant species with at least 
10 observations in a habitat (Table 2). This results in 19 
species in the Closed Forest and 16 in the Open Forest 
for a total of 25 species. Three tribes, the Attini, Pheidoli- 
ni and the Solenopsidini, dominated this group (Table 2). 

Given the small size and high density of neotropical 
ant colonies, it is unlikely that workers from a colony 
forage at more than one station (Kaspari 1993). To 
calculate species means for VPD, I thus used station 
means as sample units. This resulted in 4-21 (averaging 
11) samples for the 19 species in the Closed Forest, and 
3-22 (averaging 13) samples for the 16 species in the 
Open Forest. There are significant between-species dif- 
ferences (Fig. 2) in VPD use in the Closed Forest 
(F18,192 = 1.92 p=0.0163). In the Open Forest, the spe- 
cies were more spread out along the VPD axis (Fig. 2), 
with corresponding increase in statistical significance 
(F15,1ss, = 3.15, p < 0.0001). 

Causes of microclimate use among species 

A species' body size may influence its risk of desiccation 
and hence its activity at different VPD's. I tested the 
hypothesis that the maximum VPD exploited by an ant 
species should increase with its body size. I pooled the 
assemblage data across both habitats, yielding 25 species, 
and used linear regression to see how a species' maxi- 
mum, mean, and minimum VPD varied with its head 
width. Both the maximum and mean VPD for a species 



Table 2. Granivorous ant species at La 
Selva, Costa Rica represented by > 10 ob- 
servations and used in this study. "Name" 
is an abbreviation used in Fig. 2. Number 
of observations in Closed and Open 
canopy second growth forest are given 

Tribe Species Name Closed Open 

Ectatommini Ectatomma ruidum ecru 22 64 

Attini Trachymyrmex saussurei trsa 27 57 
T. cornetzi trco 56 12 
Sericomyrmex aztecus seaz 176 175 
Apterostigma GR apgr 19 35 
Cyphomyrmex cornutas cyco 17 
C. minutus cymi 39 
Acromyrmex octospinosa acoc 19 
Atta cephaIotes atce 17 42 

Pheidolini Aphaenogaster araneoides apfe 15 20 
Pheidole mga pmga 13 
P. rain pmin 83 10 
P. neb pneb 26 
P. sim psim 16 
P. spe pspe 23 34 
P. SS pssp 15 
P. opa popa 20 

Ochetomyrmecini Wasmannia auropunctata waau 28 32 

Solenopsidini Solenopsis 9eminata soge 22 31 
Solenopsis (Diplorhoptrum) RP dirp 28 
S. PO dipo 13 
S. CO dico 19 
S. SO diso 10 14 
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Fig. 2. Mean vapor pressure deficits used by ant species (=k 1 stan- 
dard error) vary among common ants in both closed and Open 
Forests of La Selva, Costa Rica. Species codes are defined in 
Table 2. The dark horizontal line is the mean VPD for the habitat 

increased with head width (p's < 0.01, Table 3, Fig. 3). 
Over 40% of  variation in VPD could be attributed to 
body size. In contrast,  the minimum VPD used did not 
vary with body size (p = 0.24, r 2= 0.06, Table 3). I used 
an Analysis of  Covariance to tease apart the effects of  
phylogeny (membership in one of  the three dominant  
tribes) from body size for maximum and mean VPD use 
(Table 4). Mean VPD use is unconfounded by tribe 
membership-once body size is removed, the class vari- 
able "tribe" does not explain a significant amount  of  
variation in either the intercepts or slopes of  the body 
size/VPD curve. This is not true for maximum VPD 
(Table 4). There are significant differences in the intercept 
(tribe effect, p < 0.004) and marginal differences in the 
slope (interaction, p < 0.09) of  the maximum VPD/body 

size relationships. Separate linear regressions for each 
tribe (Table 4) suggest that the intercepts increase from 
the small tribe Solenopsidini, through the mid-size Phei- 
dolini through the large Attini (Fig. 3). Concurrently, 
slopes appear to decrease from tribes with small body 
size to large, causing the curve for the assemblage to 
plateau (Fig. 3). In sum, the breadth of  microclimates 
used by ants tends to increase with body size, as larger 
an t s~r imar i ly  attines-use drier microclimates without 
decreasing their use of  moist microclimates. The correla- 
tion between body size and mean VPD is uncomplicated 
by phylogeny, while the correlation with maximum VPD 
varies among tribes. 

Species may be active at different times of  the day for 
reasons unrelated to VPD, yet resulting in spurious spe- 
cies differences in VPD. To evaluate this, I calculated the 
time spent foraging at midday versus dawn for each 
species (i.e., // observations the species was present 
at baits from 1200-1400 h / b a i t  observations at 
600-800 h+1200-1400 h). ! correlated this value with 
the species' mean VPD. A positive correlation suggests 
time and microclimate use are confounded in the two 
assemblages. This was not the case (Closed Forest 
r19=0.17, Open Forest  r16=0.6, p ' s>0.10) .  Diel 
preferences do not appear to drive VPD use in these 
assemblages. 

Finally, VPD preferences of  ant species may shift 
be tween habitats. This could cause the rank order of  
species means, arrayed on VPD axis, to vary between 
habitats. VPD use is inconsistent among the 12 species 
common to Open and Closed Forest (Fig. 2). Some 
species use the same microclimate in both habitats (e.g., 
"pmin" and "diso" are confined to moister and drier 
microclimates, respectively). Other species show dramatic 
shifts in microclimate use (e.g., "trsa" uses the moistest 
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Table 3. Maximum and mean VPD (vapor pressure deficits), but not minimum VPD, increases with ant head width 

Source df Maximum VPD Mean VPD Minimum VPD 

SS F Pr> F SS F PR> F SS F Pr> F 

Head width 1 0.487 17.6 0.0003 0.03279 20.6 0.0001 0.00149 1.45 0.2405 
Error 24 0.662 0.03085 0.02462 

Total 25 1.149 0.07085 0.02610 

Max VPD = 0.481 + 0.296 (head width), r 2 = 0.42 
Mean VPD = 0.241 + 0.077 (head width), r z = 0.46 
Minimum VPD = 0.061 - 0.016 (head width), r 2 = 0.06 
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Fig. 3. The maximum and mean vapor pressure deficit increases 
with body size in granivorous ants of La Selva, Costa Rica. Mini- 
mum VPD does not vary with ant size. Symbols represent different 
tribes; "Asst." are Ectatommini (the right-most dot) and 
Ochetomyrmecini (the left-most dot) 

microcl imate  in the Closed Fores t  and  a m o n g  the driest 
in  the Open  Forest) .  Species' VPD use is no t  correlated 
between habi ta ts  (Spearman  r12=0.04,  p = 0 . 9 1 ) .  So 
VPD use for an  an t  species at La Selva is no t  fixed, bu t  
is to some extent  hab i ta t  dependent .  
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Fig. 4. Smaller ants are more active in Closed Forest in La Selva, 
Costa Rica. Frequency distribution of species, lumped into size 
classes and weighted by the number of individuals that show up at 
baits 

Microclimate and rates of granivory 

One consequence  of  body  size cons t ra in ts  on  VPD is that  
larger g ran ivorous  ants  ma y  be more  active in drier, 
Open  Forest .  I l umped  species into size classes of  0.5 m m  
increments  and  plot ted foraging act iv i ty- the  total  n u m -  
ber  of  ants  recorded at the end of  a s ta t ion 's  2 minu te  
obse rva t ion - fo r  each size class (Fig. 4). In  bo th  habitats ,  
in te rmedia te  sized ants  were the mos t  active. However,  
smaller ants  were more  active in the Closed Fores t  
(X22,5  = 488, p < 0.001). This is likely a l iberal test, since 
one o f t e n  cells (2.0-2.5 m m  ants  in Closed Forest)  lacked 
the largest species entirely. Gran ivo re  activity appears  
skewed toward  smaller  ants  in the cooler, mois ter  hab-  
itat. 

Tota l  granivore  activity varied four-fold across the 
range of  possible microclimates.  I broke  VPD into 

Table 4. Regression intercepts decrease 
from the Attini to the Solenopsidini for 
Maximum VPD. Membership in the three 
dominant tribes does not affect body size 
regression for Mean VPD. Attini: Max 
VPD = 0.92--0.012 (head width) r 2 =0.00 
Pheidolini: Max VPD = 0.38 + 0.324 
(head width) r2= 0.29 
S olenopsidini: Max VPD = 0.28 +0.340 
(head width) r 2 =0.56 

Source 

Head width 
Tribe 
Interaction 
Error 

DF Maximum VPD Mean VPD 

SS F P R > F  SS F P R > F  

1 0.1074 6.18 0.0229 0.0316 6.84 0.0176 
2 0.2605 7.50 0.0043 0.0072 1.74 0.2043 
2 0.1012 2.91 0.0802 0.0037 1.25 0.3093 

23 13.32 0.0689 
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Fig. 5. Ant activity, measured as the mean number of ants per bait 
station (+95% confidence intervals), peaks at intermediate vapor 
pressure deficits in open and Closed Forests of La Selva, Costa 
Rica. Numbers in bold are mean VPD's available in each habitat 

0.10 kPa blocks, comparing the total number of ants as 
before. Ant activity varied strikingly with VPD in the 
Closed Forest (Kruskal Wallis X27,sso = 32.2 p = 0.0001) 
and less so in the Open Forest (KW X211,58o = 19.5, 
p=0.0338). In both cases, activity started at about 
4 ants/station near vapor saturation (VPD = 0, Fig 5). 
Activity then doubled to 8 ants/station and gradually 
declined to about 2 ants/station. Peak activity in both 
forests occurred near the mean VPD for that habitat 
(Closed Forest: 0.20-0.30, habitat mean=0.24, Open 
Forest: 0.30-0.40, habitat mean = 0.34). 

Discussion 

Between-habitat microclimate specialization is key to 
some models of tropical diversity (Janzen 1967; Stevens 
1989). This paper takes the next step and asks if tropical 
species use different microclimates within a tropical hab -  
itat. Two Costa Rican lowland forests, in different stages 
of regeneration, had different microclimates 5 cm above 
the litter. Temperature and vapor pressure deficit (VPD), 
a measure of the drying potential of the air, were highly 
correlated. An Open-canopy Forest abandoned as a ca- 
cao plantation 7 years before had a warmer, drier and 
more variable microclimate than a Closed-canopy forest 
abandoned as cattle pasture 17 years before. Microcli- 
mate was similar at dawn (and presumably overnight) 
but diverged three-fold by midday (Fig. 1, see also Geiger 
1965). This divergence seems linked to the buffering effect 
of the Closed Forest's canopy: increasing cloud cover 
dramatically lowered VPD in the Open Forest but had 
no detectable effect in the older, Closed Forest (Fig. 1). 
In contrast, sample stations within habitats were relative- 
ly homogenous. 

Microclimate patterns 5 cm off the ground are similar 
to those measured 70 cm off the ground at La Selva, 
Costa Rica (Fetcher et al. 1985). At that height, VPD and 
temperature were more variable in open second growth 
forest compared to primary forest understory. One key 
difference was the magnitude of the rise of VPD toward 
mid-day. At 70 cm the mean peak in VPD was about 
twice that found at 5 cm (ca. 1.2 kPa, interpolated from 

Fig. 2 in Fetcher et al. 1985, versus 0.55, this study). This 
highlights a measurement bias of this study since ants 
experience the microclimate at the forest floor, while I 
measured microclimate 5 cm higher (since the element of 
the hygrothermograph couldn't get wet !). Vapor diffuses 
from the ground in daylight hours, creating a gradient of 
decreasing vapor pressure with increasing height (Geiger 
1965; Rosenberg 1974). Differences in VPD use reported 
here likely reflect even smaller differences in VPD used 
at the litter layer. 

Species in both habitats differed in the VPD they 
exploited for foraging (Fig 2). About half the variance in 
mean VPD could be attributed to body size. As predicted 
by the surface area/volume hypothesis, larger ant species 
exploited drier microclimates than smaller ants (Fig. 3). 
In lab studies, larger ant species withstand desiccation 
better than small species (Talbot 1934; Hood and 
Tschinkel 1990). This is the first study to my knowledge 
that links body size to microclimate niche breadth in the 
field. 

Body size does not perfectly predict VPD use in ants 
(e.g., see diso, trsa in Fig 2). The tribe Solenopsidini 
possess many small species that use a variety of microcli- 
mates (Fig. 3, Adams and Traniello 1981; Morton and 
Davidson 1988; Cotter, pers. comm.) and are abundant 
from the moist rain forest understory soil to the drier 
canopy (Longino and Nadkarni 1990, Kaspari unpub. 
data). Other traits, like lighter integument color (Morton 
and Davidson 1988) thicker epicuticular waxes (Hood 
and Tschinkel 1990) or underground foraging tunnels 
(Tennant and Porter 1991) may allow small ants to 
forage in drier microclimates. The factors determining 
microclimate use in arthropods are complex, but body" 
size appears to play a major role. 

One intriguing result from this study was the shifting 
of mean VPD's among species shared between the Closed 
and Open Forest. VPD use is not fixed, but fairly malle- 
able at least for some species. The causes of these niche 
shifts, be they random or due to population interactions, 
lies in further study of these hyper-diverse assemblages. 

What factors might confound this study's correlation 
between body size and VPD use? Recorded responses to 
VPD may be responses to temperature. However, tem- 
perature and VPD should have complementary effects 
since cuticle permeability in arthropods increases with 
cuticle temperature (Edney 1977). A second possibility is 
that larger species may have colonies with larger energy 
budgets, forcing them to forage a larger percentage of the 
day to meet daily requirements. At the present, I have no 
data to evaluate this hypothesis. Finally, apparent micro- 
climate differences may simply reflect differences in the 
time of day that species prefer to forage. However, there 
is little relationship between a species' diel activity and 
its mean VPD. This is consistent with other studies, 
where microclimate preferences in a changing environ- 
ment generate shifting daily activity schedules (Whitford 
and Ettershank 1976; Briese and Macauley 1980; Porter 
and Tschinkel 1987; Andersen 1992). 

One characteristic of any assemblage of species is the 
distribution of species body sizes (Hutchinson and 
MacArthur 1959; Schoener and Janzen 1968; Brown and 
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Maure r  1986). Small species o f  a r t h ropods  were mos t  
abundan t  and diverse at the wet end o f  a mois ture  gra- 
dient in a Cos ta  Rican  dry forest  (Janzen and Schoener  
1968). Small ant  species were more  active in the moister  
Closed Fores t  at La  Selva (Fig. 4) compared  to a nea rby  
Open Forest .  I f  desiccation is a ma jo r  risk to small 
invertebrates (Edney 1977), and if  smaller species can 
mainta in  larger popula t ions  and subdivide the environ- 
ment  better than  larger species (Hutch inson  and  
M a c A r t h u r  1959; M a y  1978; Kaspar i  1992), then wet 
sites-even in the wet t r op i c s -m a y  be local centers o f  ar- 
t h ropod  species diversity and  critical refugia dur ing dry  
episodes. However ,  o ther  factors  associated with mois- 
ture gradients,  no tab ly  product iv i ty  (Whi t taker  1970) 
and plant  species diversity (Gent ry  1988), m a y  c o n f o u n d  
this interpretat ion.  More  quant i f icat ion o f  mois-  
ture-divers i ty  trends and  their mechanisms is needed. 

In  conclusion,  microcl imate  can be an  impor t an t  de- 
terminant  o f  ant  activity even in the "stable t ropics"  
where tempera ture  and  humidi ty  vary  little c o m p a r e d  to 
temperate  zone habitats .  An t  activity is highest at the 
mos t  c o m m o n  microcl imate  in bo th  habitats .  Smaller 
ants tend to be more  active in cooler,  mois ter  microcli- 
mates ;  larger ants  tend to be microcl imate  generalists. 
Tropical  ants  are speciose ( >  150 species in < 1 ha, 
H611dobler and  Wilson 1990), dest roy 12 17% o f  the an- 
nual  leaf p roduc t ion  (Cherret  1986), rearrange seed 
shadows (Beattie 1985; Levey and  Byrne 1993; Kaspar i  
1993) and  shape a r t h r o p o d  popula t ions  (Franks  and 
Bossert  1983). The rules determining the distr ibution,  
and activity pat terns  o f  ants  should  help us unders tand  
popu la t ion  interactions.  F o r  example, if  seeds are limit- 
ing, small ants m a y  compete  with the entire ant  assemb- 
lage, while large ants spend some o f  their time foraging 
only amongs t  themselves. Second, as ants are the rapid 
and p r imary  removers  o f  small seeds in this forest  (Levey 
and Byrne 1993 ; Kaspar i  1993), seeds deposi ted at dawn  
will be dispersed and depredated  by a larger suite o f  ants  
than those seeds falling in the heat  o f  a tropical  after- 
noon.  
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