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COMPARISON OF LEPIDOPTERA DIVERSITY AND ABUNDANCE IN FOREST INTERIOR
AND EDGE AT FOUR SITES IN CosTA Rica

RicHARD W. HOFSTETTER, KRISTIN S. Nowak, KrisTEN N. PoboLak, Linpsay V. REYNOLDs,

BenjaMIN B. Risk, ROBERT F. ROGERS AND ERik R. SCHOEN

Abstract: A large percentage of the butterfly species from Central and South America can be
found in Costa Rica, and their distribution may be determined by differences in abiotic factors
and host plant distribution. We hypothesized that diversity and abundance would vary 1)
between forest sites, and 2) between forest edge and interior habitats. We collected butterflies
from four different tropical forest sites in Costa Rica: tropical dry forest, Pacific lowland tropical
forest, Atlantic lowland tropical forest, and mid-elevation cloud forest. At each site, we re-
corded butterfly abundance, species richness, geographic distribution and diet breadth (spe-
cialist vs. generalist), and whether the butterfly was caught in the edge or interior. Species
abundance and diversity increased with decreasing elevation and increasing temperature. Of
the 66 species collected, only ten species overlapped between the four sites and only five over-
lapped between the edge and interior. A greater diversity, but a lower abundance of butterflies
was found in the interior than the edge. Our results suggest that continued fragmentation of
Central American forests may lead to an increase in butterfly abundance, but a decrease in
diversity and a substantial change in Lepidopteran community composition.
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INTRODUCTION

Costa Rica is home to 540 butterfly spe-
cies (DeVries 1987a), a large percentage of all
the butterflies known to Central America and
the Amazon Basin. Butterfly species are un-
evenly distributed across the country and this

distribution may correspond to differences in
foresthabitats. Within Costa Rica, forest habi-
tats vary as a result of differences in tempera-
ture, rainfall, seasonality and elevation
(Janzen 1983).

As of late, butterfly diversity has also
been affected by anthropogenic disturbance
of forest habitat. A recent study determined
that butterfly abundance was greater but di-
versity was lower in pasture vs. forest inte-
rior habitats (Berg et al. 1998). In addition to
the conversion of forest to pastureland, frag-
mentation of forests in Costa Rica also leads
to increases in edge habitat. These habitat
types differ in light intensity, forest heteroge-
neity and host-plant diversity. Because many
butterflies are specialists that require specific
plant species for feeding or ovipostition sites,
they may be especially vulnerable to changes

in forest structure and composition.

We hypothesized that butterfly diver-
sity and abundance would vary 1) between
four distinct Neotropical forest types, and 2)
between forest interior and edge habitats. We
predicted that in the interior butterfly abun-
dance would be lower but diversity and the
proportion of specialist species would be
greater. Our results may help in understand-
ing the effects of human disturbance on tropi-
cal forests.

METHODS

We sampled butterfly populations at
four sites in Costa Rica: Palo Verde,
Monteverde, Corcovado and La Selva. On 10
January 2002, we sampled on the Pizote trail
0.5 km southwest of the OTS station at Palo
Verde National Park, Guanacaste. On 18 Janu-
ary we sampled on the Senderos Principal,
Coriblancos, and Jilguero trails and in nearby
fields within 400 m of the Estacién Biolégica
Monteverde, Puntarenas. On 1 February, we
sampled on the airstrip and the Espevales trail
near the Estaciéon Bioldgica Sirena in
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Corcovado National Park, Puntarenas. Fi-
nally, on 12 February, we sampled on the trails
and open areas near the station at Finca La
Selva, south of the Rio Puerto Viejo.

At each site, we captured butterflies
with butterfly nets and fruit-baited traps (il-
lustrated in DeVries 1987a) between 08:30 and
11:30. Six people sampled at each site, with
effort split equally between the forest interior
and edge habitats. For each species identi-
fied, we recorded the number and color of in-
dividuals captured in each habitat type. We
classified butterflies as specialists or general-
ists depending on whether they utilized one
or more than one genus of host plants (DeVries
1987a,1987b). We grouped species ranges into
three categories: Americas (North and South
America), Central America (southern United
States to Panama) and endemic (Costa Rica,
Nicaragua, and Panama).

We used a chi-square test to compare
(1) total number of species between sites, (2)
total number of individuals between sites, (3)
proportions of the number of species in edge

versus interior habitats between sights, (4)
proportions of the number of individuals in
edge versus interior habitats between sites, (5)
proportions of species that are generalist ver-
sus specialist herbivores between sites, and (6)

proportions of species that are generalist ver- .
sus specialist herbivores between edge and

interior habitats. Monteverde was not in-
cluded in the chi-square analysis of diet
breadth (specialist vs. generalist) across sites
because of small sample size (n = 9 species).
We calculated a Simpson Diversity Index for
edge vs. interior and for each of the four sites.

REesurts

We captured a total of 148 butterflies
representing 66 different species. Species rich-
ness and abundance varied between sites, and
was greatest at Corcovado, intermediate at
Palo Verde and La Selva, and lowest at
Monteverde (species richness: ¢ = 11.57, df =
3, P <0.01; Table 1 and abundance: ¥* = 25.15,
df =3, P <0.01; Table 2). Only 10 of 66 species

TABLE 1. Species richness of butterflies in edge and interior habitats at 4 sites in Costa Rica.

Corcovado La Selva

.Monteverde Palo Verde Total

Edge 20 11
Interior 10 7
Total 30 18

6 9 46
3 11 31
9 20 77

TABLE 2. Number of butterfly individuals in edge and interior habitats at each site.

Corcovado La Selva

Monteverde Palo Verde

Edge 32 26
Interior 24 6
Total 56 32

21 18
5 16
26 34

TABLE 3. Number of generalist and a specialist butterfly species at each site.

Corcovado La Selva

Monteverde Palo Verde

Generalist 9 5
Specialist 9 10
Unknown 12 3
Total 18

3 5
1 12
3

TABLE 4. Number of generalist and specialist butterfly
species in edge and interior habitats totaled over all sites.

Edge Interior Total
Generalist 9 13 22
- Specialist 21 11 32
Total 30 24 54

were found at more than one site (Appendix).
Species diversity was greatest at Corcovado
and Palo Verde, followed in order by La Selva
and Monteverde (Simpson Diversity = 13.7,
11.5,7.31, 4.31, respectively).

Only 5 species overlapped in edge and
interior habitats; however, the proportion of
species in edge versus interior was not sig-
nificantly different between sites (x> =2.57, df
=3, P =0.46; Table 1). For Corcovado, La Selva
and Monteverde the species richness was
greater in the edge than in the interior. How-
ever, since species composition was more even
in the interior, diversity for all four sites com-
bined was greater in the interior than the edge
(Simpson Diversity = 22.75 and 13.23, respec-
tively). Butterfly abundance in edge vs. inte-
rior was different between sites (y* = 15.1, df
=3, P = 0.002; Table 2). The abundance was
greater in the edge than the interior in all four
sites.

The number of generalist versus spe-
cialist species was not significantly different
between sites (2 = 1.37, df =2, P = 0.50; Table
3) or between edge and interior habitats (x> =
2.21,df =1, P = 0.14; Table 4).

DiscussioN

Of the 540 butterfly species found in
Costa Rica, we captured 66, or about 12%, in
the four forest sites. Abundance and species
richness varied between sites, and tended to
follow an elevation and temperature gradient.
Monteverde, a mid-elevation cloud forest,
with the highest elevation and coldest climate
had the lowest abundance and species rich-
ness while Corcovado, a Pacificlowland tropi-
cal forest, had the highest. La Selva, an At-
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lantic lowland tropical forest was intermedi-
ate in butterfly abundance and richness.
Many butterflies may be restricted to warm,
low elevation areas because their flight
muscles function poorly at temperatures be-
low 30 °C. This trend could also be influenced
by differences in weather during sampling at
the four sites. The relatively low butterfly
abundance at La Selva may be a consequence
of cool, overcast conditions during our sam-
pling at this site.

As predicted, butterfly abundance was
greater in edge than interior habitat. If ther-
moregulatory constraints determine butterfly
distribution on a local scale, the greater light
intensity of edge habitat should attract more
butterflies. We likely overestimated the abun-
dance of butterflies in edge habitat because it
was easier to catch butterflies there than in the
interior. However, our judgement is that this
bias had little effect on the pattern in our data.

Butterfly species diversity was greater
in the interior than the edge, but the propor-
tion of specialists did not differ between the
edge and interior. Greater structural hetero-
geneity and diversity of host plants could ex-
plain the greater butterfly diversity in the for-
est interior. We likely overestimated butter-
fly diversity, especially in the edge, because
we focused on catching new species and
sometimes did not attempt to catch species
that had been caught previously. To better
estimate diversity, future studies could record
the time of catch to construct species-effort
curves.

Surprisingly few species overlapped
between the four sites and between the edge
and interior habitats, which suggests that
there are many butterflies in Costa Rica with
very specific habitat requirements, and that
we sampled only a small fraction of the spe-
cies present. Our results suggest that contin-
ued fragmentation of forest habitat may in-
crease butterfly abundance, but could poten-
tially decrease diversity and drastically
change community composition.
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Sit Abundance Col Hesperiidae Unidentified 1 U U u
lte Family Butterfly species Range Diet o'or
(Date) Edge Interior type
Nymphalidae Anartia /atina 2 CA G D
Corcovado , .
(1 Feb) Hesperiidae unidentified Calgo altreus donysos 1 A G D
Calgo etnitochus 1 G D
Nymphalidae Ackppla bosota bosota G D Caligo oneus oberon 1 G D
Aevia eurinivs agna S A Clssia aleinoe 10 A G D
Anarta faima G D Clissia hesione 1 CA s D
Anarta jatrophae G D Clssia libye 1 A S D
Anthanassa spp. U U Eueides fbia olympia 5 A s A
Anithanassa tiess U D Gooyris zygia 1 E S A
Aptvissa bolsduvalli u L Helcornius cyono galaniius 1 A S A
Clssiz alohoe G D bj/,ooscéo’a' VIinana evenioes 1 A S A
5@ hermes G D Megeuplychia antornoe 2 A S D
Dryas il S A Oleria paula 1 A S A
Helcorius b hboides U A
HeNeonius imefpomerne rosing S A Pieridae LNSImOnfg amplhiona praxiioe 2 A S
Heleonius sara thoudels S A Disimonplva thetieharmna fortunala 1
Maipesia aleibiades U D Riodinidae Emesis o 1 A S D
AMapesia Oerara U D
Mopho peleldes hinpidta G D MonteVerde
s % (18 Jan) Hesperiidae Pyrous spp. 2 U U u
Sproela stelenes bplagiata G D
Nymphalidae Anartia 1auma 9 CA G D
Pierid Aplirissa sialia G
eridas “ Clssiia hermes 7 A G D
Lnaniz femia marion
HHEHCOMUS ClYSAMYITIUS MoniEmnus 2 CA S A
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; Abundance .~
SD'te Family Butterfly species Range Diet Color
(Date) Edge Interior type
MonteVerde
(18 Jan) Nymphalidae Helerosals eabssa nephele 2 A U
Manata1z macthala 50 A G
Pleronymia fumioa 1 A u A
Pieridae LEure/ma spp. 1 u U u
Riodinidae 7/600e spp. 1 U U U
Palo Verde
(10 Jan) Hesperiidae unidentified , 4 u u U
Nymphalidae Adkpha basioraes 1 CA G D
Anartia jatropfie 1 G D
Ascla fosepluna joseoha 2 3 S L
Ascla mornusire 1 A G L
LDanaus grpous 10 CA G A
Lanaus plexpous 1 A S A
Lione jurno 1 A S A
Dryadtia phaetusa 1 A S A
HEmaoyas 1eroma 1aminenta 1 A S D
Megeuyplye/na antornoe 1 1 A S D
Memplis prosepmea 1 CA U D
Sproeta stelenss bplagiaia 2 G D
7qygels anaromeaa 1 3 G D
Papilionidae Batius polyoamas polyoarmas 1 A S D
Lurytioes branchus 1 CA
FPaofo H08s nealkces 1 A S A
Pieridae Aporas Drusila 1 1 A G L
Eurema oang 1 3 A G L
Lurema 1mise 1 A S L
Eurema profenpra 1 A S A
faballa cemaplie centials 3 A S L
FPhoebis plifea plilez 1 A S L
Fhoebis tite 1 A S L
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