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ABSTRACT

Small vertebrates were inventoried within three habitat types in a degraded dry forest region of Panama. Animals were classified as frugivorous if they were observed
foraging on fruit or if fecal samples contained mostly or exclusively seeds. Overall, we found that eight bat species and 21 bird species consumed fruit. The greatest
numbers of birds were observed within live fences and bird species richness was greatest within riparian forests. Bat assemblages were not significantly different between
habitats. The implication is that ecosystem services such as seed dispersal may still be functional in this landscape.

Abstract in Spanish is available at htep://www.blackwell-synergy.com/loi/btp.
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IN FRAGMENTED LANDSCAPES OF CENTRAL AMERICA, small verte-
brates play critical roles as seed dispersers in forest regeneration
(Fleming & Heithaus 1981; Guevara et al. 1986, 2004; Janzen
1986a; Estrada et 2/ 2000; Galindo-Gonzalez et 2/ 2000; Barrantes
& DPereira 2002; Martinez-Garza & Gonzalez-Montagut 2002).
Large rodents and monkeys are often the first animals to be hunted
out locally whereas smaller frugivorous birds, bats, and rodents are
less frequently targeted. Furthermore, some frugivorous bats, ro-
dents, and bird species are adaptable to habitat modifications and
forage in undisturbed as well as in disturbed habitats (Silva ez al.
1996, Estrada ez al. 2000).

Birds and bats may be especially important seed dispersers
in deforested ecosystems that have lost most of their flora and
fauna. Bat species of the genera Artibeus, Carollia, and Sturnira dis-
perse seeds of a wide range of plants including figs (Moraceae),
Piper (Piperaceae), Vismia (Clusiaceae), Solanum (Solanaceae),
and Cecropia (Cecropiaceae) underneath pasture trees (Fleming
& Heithaus 1981, Guevara et al. 1986, Janzen 1986a, Nepstad
etal. 1996, Estrada ez 2. 2000, Galindo-Gonzalez ez a/. 2000, Korine
eral. 2000, Giannini & Kalko 2004). The majority of these seeds are
small-seeded (Castilleja 1991) but occasionally, bats may disperse
large-seeded species (e.g., Andira inermis, Fabaceae) into pastures
(Janzen ez al. 1976). Rodents (Sigmodon hispidus and Liomys spp.)
may also carry larger seeds into pastures (Janzen 1986b) or move
seeds that have been previously dispersed by birds (Vander Wall
et al. 2005).

While field studies have shown that small vertebrates play an
important role in seed dispersal into open pastures in moist tropical
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forests (e.g., Guevara et @/.1986, 2004; Estrada ez al. 1993, 2000;
Nepstad ez al. 1996; Galindo-Gonzalez ¢t al. 2000; Barrantes &
Pereira 2002; Graham et 2/ 2002; Martinez-Garza & Gonzalez-
Montagut, 2002; Pizo 2004), their seed dispersal role within a
pasture matrix of dry tropical regions is less known. Frugivorous
bird assemblages within fragmented dry tropical forests were exam-
ined by Ortiz-Pulido ez a/. (2000) in Mexico. The most comparable
bat inventories are from the dry tropical forest in Guanacaste, Costa
Rica (Janzen 1983, Fleming 1988) and the most recent rodent in-
ventory was conducted when most of the Azuero peninsula was
still forested (Aldrich & Bole 1937). Thus, in this study, we con-
ducted inventories of birds, bats, and rodents in three habitat types
(forested riparian zones, open pasture, and within a live fences).
Riparian zones are often the most common forested habitats re-
maining in a pasture matrix (Graham & Blake 2001). This was also
observed in this study. In addition, we quantified animal foraging
behavior by observation in the field (birds) and by examining fecal
samples (bats) and cheek pockets (rodents). The goal was to identify
potential frugivorous species that may still inhabit the fragmented,
pastoral landscape.

Fieldwork was conducted in the Los Santos province on the
Pacific side of Panama (7°15’30” N, 80°00'15” W), 1-2 km from
the coast. Spaniards arrived to the Los Santos province in the 17th
and 18th century and introduced cattle to the region. The last land
to be cleared in the province was the hilly, relatively steep topography
at the tip of the Azuero peninsula where our study took place. In the
1940s—1950s, clearance of the original dry tropical forest began for
subsistence agriculture and cattle ranching. Currently, cattle farms
are going up for sale and being purchased by landowners. Many of
these new landowners are interested in reforesting the land, restoring
biodiversity, and establishing connectivity between forest fragments.
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The study site falls into the dry tropical forest ecosystem clas-
sification of Holdridge (1967). The dry season is pronounced with
4 mo of the year receiving almost no rain (December through
March). Rain begins in late April and ends in late November. Dur-
ing the course of this study (2002), the annual rainfall was 1300
mm. The undulating terrain, ranging in elevation from 10 to 100
m, is a mosaic of pastures planted with African grasses (Hyparrhe-
nia rufa (Nees) Taphf and Panicum maximum L.), forested riparian
zones, isolated trees, and live fences.

Animals were inventoried in at least two of the three main
habitat types (forested riparian zone, open pasture, and live fences)
within the cattle pasture matrix (Table 1). Live fences were classified
as habitat because they were a combination of remnant trees as well
as trees propagated by farmers. If animals were not inventoried in a
particular habitat, it was due to constraints of the steep topography.
Consistency in inventory design was achieved when possible. We
do not attempt to make direct comparisons of relative abundance
and completeness of samples between birds, bats, and rodents as
methodology and intensity were different in each case.

Birds were observed during the dry season from a hilltop using
binoculars from 0600 h (sunrise) to 0900 h (2.5 h total) in the
three habitat types. The distance from hilltop observation position

TABLE 1.  Total and mean values for number of captures/observations and species
richness of birds, bats, and rodents within three habitat types: forested
riparian zones, within live fences, and open pasture in a dry tropical

Jorest region of Panama.

Forested Riparian Zone Live Fence Open Pasture
Birds
Totals
Observed 547 637 333
Species 30 24 21
Means
Observed 109 £ 24.1 127 +26.4 66 £29.5
Species 20£29 18+2.7 14+25
Bats
Totals
Captured 122 117
Species 10 13
Means
Captured 24.4+11.9 23+£6.8
Species 5405 6+0.7
Rodents
Totals
Captured 14 — 41
Species 3 — 3
Means
Captured 5+4.5 — 14+ 45
Species 2+1 — 3.£.6

to the closet tree within each of these habitats was approximately the
same (~20 m). Birds were recounted and identified every half hour
from the same observational position for a total of five time periods
(0630-0700, 0700-0730, 0730-0800, 08000830, 0830-0900 h).
Birds were identified using Ridgely and Gwynne (1989). The same
individual could have been counted twice within a different time
period as individuals could not be easily distinguished. Observations
were made for five consecutive mornings at each site for a total of
15 morning observations.

During the rainy season, bats were captured in six 12 m long,
38 mm mesh polyester mist nets for five consecutive nights at each
site for a total of ten nights starting at 1830 h and ending mist
netting at 2230 h. Attempts were made to capture bats during the
dry season but the high winds made the mist net setup and bat
capture unsuccessful. Captured bats were placed in numbered cloth
bags and identified to species using Reid (1997). Information was
collected on sex, forearm length, and weight. Forearm length was
measured with Plasti-cal® digital calipers (0.1 mm) and weight was
determined using Pesola® Micro-line spring scales (0.1 g). Fecal
samples were collected in glassine envelopes, and dried in the sun.
Each fecal sample was carefully examined for seeds. Seeds were
counted and identified with a reference collection of mature fruit
collected at the study site.

Rodents were captured in two habitat types (riparian forest
and open pasture) during the wet season. Fifteen Tomahawk® Col-
lapsible Single Door traps (16 x 5 x 5") and ten small Sherman®
Aluminum Folding Live Capture traps (2 x 2.5 x 6.5") were setup
for three consecutive days in each habitat. Traps were spaced 15
m apart along a 750-m transect. Traps were baited with one-half
teaspoon of peanut butter, whole oatmeal, and a slice of banana.
Traps were opened at 1600 h and closed at 0900 h the following
morning. The only rodent with cheek pockets (Liomys adspersus)
was checked for seeds.

Significant differences in numbers of observations or captured
individuals and in species richness between habitats were analyzed
with nonparametric Mann—Whitney U and Kruskal-Wallis tests
(H). Means and standard deviations were calculated by averag-
ing the capture/observation days or nights within each habitat
type.

A total of 1517 birds were counted and 34 bird species were
identified (Table S1). There was a significant difference in bird
counts (Hs s s = 47.9; P < 0.001) and in species richness between
habitat types (Hs, 5,5 = 48.40; P < 0.001). Bird counts were greatest
within the live fence and species counts were greatest within the
riparian forest habitat (Table 1). Twenty-one of these species were
observed foraging on Bursera simaruba (L.) Sarg. (Burseraceae) fruit
(Table 1). This was the only tree species found with fleshy fruit at
this time of year and has been cited in the literature as an important
fruit resource for birds across Mexico and Central America (Trainer
& Will 1984, Greenberg e al. 1995).

A total of 241 bats representing 16 species were captured in
the riparian forest zone and along a live fence (Table S2). No bats
were captured in the open pasture. Estrada et a/. (1993) had sim-
ilar results in pastures in Los Tuxlas, Mexico. The number of bats



captured between habitats (forested riparian zone and live fence)
was not significantly different (Us s = 11.5; P > 0.05) (Table 1).
Artibeus jamaicensis and Carollia perspicillata were the two most fre-
quently captured bat species (Table S2). Eight of the 16 captured
species had seeds of three plant species in their feces. Cecropia peltata
L. (Cecropiaceae) was the most frequent plant species represented
in fecal samples (found in feces of eight species) in the riparian
forest whereas Piper marginatum Jacq. (Piperaceae) was the most
common plant species identified in bat feces within the live fence
habitat (found in feces of two species) (Fig. 1). Solanum ochraceo-
ferrugineum (Dunal) Fernald (Solanceae) seeds were found in a few
samples.
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A total of 55 rodents representing four species were captured
(Table S2). The number of captured rodents was significantly dif-
ferent between riparian forest and pasture habitats (Us 3 = 0.00; P
< 0.05) (Table 1). However, species richness did not differ signif-
icantly. Within the pasture site, S. hispidus was the most common
species captured while L. adspersus was the most common species
captured within the riparian habitat.

Bat assemblages were more similar between habitats than ei-
ther bird or rodent assemblages. Carollia perspicillata and A. ja-
maicensis are often abundant in disturbed ecosystems because they
specialize on secondary plant species, such as Piper, Cecropia, and
Ficus (Moraceae) growing in these habitats (Goodwin & Greenhall
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FIGURE 1.

Number of captured bat species with seeds of Cecropia peltata, Piper marginatum, or Solanum ochraceo-ferrugineum identified in their feces. Bats were

captured in a forested riparian zone (A) and along a live fence (B) in the dry tropical region of the Azuero peninsula, Panama.
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1961, Fleming er al. 1972, Howell & Burch 1974, de Foresta
et al. 1984, Charles-Dominique 1986, Fleming 1986, Peckham
2000, Lobova et al. 2003, Thies & Kalko 2004, Giannini & Kalko
2004). Piper marginatum, classified as a gap specialist (Thies &
Kalko 2004), was frequently found regenerating in the experimental
natural regeneration plots whereas C. peltata was rare after two years
(Griscom 2004). The open structure of P marginatum may facili-
tate the regrowth of tree species by ameliorating harsh microclimatic
conditions of the open pasture.

Birds were most numerous within the live fence habitat. Many
tree species with fleshy fruit were identified within these fences
(e.g., Byrsonima crassifolia [L.]. Kunth [Malpighiaceael, Spondias
mombin L. [Anacardiaceae], Eugenia coloradoensis Standl. [Myr-
taceae], Sciadodendron excelsum Griseb [Araliaceae]). However, only
B. simaruba was in fruit at the time of the study. Birds foraged
on the fruit in the parent tree and dropped the seeds below, a
behavior observed in other studies (Pratt & Stiles 1983, Stiles
& White 1986, Murray 1988, Thies & Kalko 2004). In addi-
tion to live fences, forested riparian zones are an important habi-
tat for birds and bats (Estrada ez 2/ 2000, Barrantes & Pereira
2002,Galindo-Gonzalez & Sosa 2003). The greatest bird diversity
was observed in these areas. Unfortunately, trees along streams are
often selectively removed by girdling; farmers view certain trees
species as directly competing with cattle for water during the dry
season.

The seed-dispersal role of rodents is less well defined because
they function more as seed and seedling predators than as seed
dispersers. Sigmodon hispidus and Liomys spp., the two most abun-
dant species in the dry forest in Guanacaste, Costa Rica (Flem-
ing1983a,b) were also the most abundant species within the pasture
matrix at this study site. Rodents contributed to high mortality
of planted tree seedlings (Enterolobium cyclocarpum [Jacq.] Griseb
[Fabaceae]) in an experimental study conducted at the same loca-
tion (Griscom ez al. 2005). Liomys adspersus have been reported to
move seeds, such as E. cyclocarpum, S. mombin, Cochlospermum viti-
Jolium, and Guazuma ulmifolia in pastures (Fleming 1983a, Janzen
1983, Sanchez-Cordero & Fleming 1993). However, their infre-
quent captures in the open pasture imply that they are not com-
mon seed dispersers or predators outside of the forested riparian
zone.

In conclusion, we identified small frugivorous vertebrates that
persist within this dry tropical region and may serve as seed dis-
persers within the fragmented landscape. We suggest that rodents
have a limited seed-dispersal role in this system and appear to have
a more negative impact on forest succession, given the evidence
of rodent predation on planted tree seedlings. On the other hand,
birds and bats may be effectively dispersing seeds of pioneer shrubs
and trees. Most species of frugivorous birds and bats were observed
and/or captured in both open pastures as well as within forest frag-
ments, suggesting mobility of the current fauna. Live fences, isolated
trees, and forested riparian zones disrupt the homogeneity of open
pasture and help maintain bird and bat diversity. In addition, we
suggest that B. simaruba may be an especially important component
of the landscape when food resources are limiting, as has been also
found by Graham ez 4/. (2002) in Mexico.

ACKNOWLEDGMENTS

We thank the Achotines Laboratory of the International Tropical
Tuna Commission and manager Vernon Scholey for use of their
research and lodging facilities and O. Batista and P. Batista for
permission to conduct experimental research on their land. Logis-
tical support was provided by PRORENA (Panama Native Species
Reforestation Project), a joint program between the Smithsonian
Tropical Research Institute, and the Yale School of Forestry and
Environmental Studies. We thank M. DeAngelo for her help with
rodent trapping and identification and the field assistants, D. Man-
cilla and L. Herrera, for their help with animal captures. Financial
support was provided to HG by an USDA fellowship through the
Yale School of Forestry and Environmental Studies and The New
York Botanical Garden, the Graduate fellowship through the Yale
Graduate School of Arts and Science, and Yale departments of In-
ternational Area Studies and Ecology and Evolutionary Biology.

LITERATURE CITED

ALDRICH, J. W., AND B. P. BOLE. 1937. The birds and mammals of the western
slops of the Azuero Peninsula. Scientific publications of the Cleveland
Museum of Natural History. Vol. 7.

BARRANTES, G., AND A. PEREIRA. 2002. Seed dissemination by frugivorous birds
from forest fragments to adjacent pastures on the western slope on
Volcano Barva, Costa Rica. Rev. Biol. Trop. 50: 569-575.

CASTILLEJA, G. 1991. Seed germination and early establishment in a sub-tropical
dry forest. PhD Dissertation, Yale University, New Haven, Connecticut,
USA.

CHARLES-DOMINIQUE, P. 1986. Inter-relations between frugivorous vertebrates
and pioneer plants: Cecropia, birds, and bats in French Guiana. /n A.
Estrada and T.H. Fleming (Eds.). Frugivores and seed dispersal, pp.
119-135. Dr. W. Junk Publishers, Dordrecht, The Netherlands.

DE FOREsTA, H., P CHARLES-DOMINIQUE, C. ERARD, AND M. E PREVOST.
1984. Zoochorie et premiers stades de la régéneration naturelle apres
coupe en forét Guyanaise. Revue d’écologie; la terre et la vie. 39: 369—
400.

ESTRADA, A., P CAMMARANO, AND R. COATES-ESTRADA. 2000. Bird species
richness in vegetation fences and in strips of residual rain forest vegetation
at Los Tuxlas, Mexico. Biodivers. Conserv. 9: 1399-1416.

ESTRADA, A., R. COATES-ESTRADA, AND D. MERITT Jr. 1993. Bat species rich-
ness and abundance in tropical rain forest fragments and in agricultural
habitats at Los Tuxlas, Mexico. Ecography 16: 309-318.

FLEMING, T. H. 1983a. Liomys salvini. /z D.H. Janzen (Ed). Costa Rican natural
history, pp. 490-492. The University of Chicago Press, Chicago.
FLEMING, T. H. 1983b. Sigmodon hispidus. /z D.H. Janzen (Ed). Costa Rican

natural history, pp. 490-492. The University of Chicago Press, Chicago.

FLEMING, T. H. 1986. Opportunism versus specialization: The evolution of feed-
ing strategies in frugivorous bats. /z A. Estrada and T.H. Fleming (Eds.).
Frugivores and seed dispersal, pp. 105-118. Dr. W. Junk Publishers,
Dordrecht, The Netherlands.

FLEMING, T. H. 1988. The short-tailed fruit bat. The University of Chicago
Press, Chicago.

FLEMING, T. H., AND E. R. HEITHAUS. 1981. Frugivorous bats, seed shadows,
and the structure of tropical forests. Biotropica 13: 45-53.

FLEMING, T. H., E. T. HOOPER, AND D. D. WIiLSON. 1972. Three Central
American bat communities, structure, reproductive cycles and move-
ment patterns. Ecology 53: 555-569.

GALINDO-GONZALEZ, J., AND V. SOSA. 2003. Frugivorous bats in isolated trees
and riparian vegetation associated with human made pastures in a frag-
mented tropical landscape. Southwest. Nat. 48: 579-589.



GALINDO-GONZALEZ, J., S. GUEVARA, AND V. SOSA. 2000. Bat and bird generated
seed rains at isolated trees in pastures in a tropical rainforest. Conserv.
Biol. 14: 1693-1703.

GIANNINL, N. P K., and E. K. V. Katko. 2004. Trophic structure in a
large assemblage of phyllostomid bats in Panama. Oikos 105: 209-
220.

GOODWIN, G. G., and A. M. GREENHALL. 1961. A review of the bats of Trinidad
and Tobago. Bull. Am. Mus. Nat. Hist. 122: 187-301.

GraHAM, C. H., AND J. G. BLAKE. 2001. Influences of path and landscape
level factors on bird assemblages in forest patches and edge in Veracruz,
Mexico. Ecol. Appl. 11: 1709-1721.

GRrAHAM, C. H., J. E. MARTINEZ-LEYVA, AND L. CRUZ-PARADES. 2002. Use of
fruiting trees by birds in continuous forest and riparian forest remnants
in Los Tuxlas, Veracruz, Mexico. Biotropica 34: 589-597.

GREENBERG, R., M. FOSTER, AND L. MARQUEZ-VALDELAMAR. 1995. The role
of the white-eyed Vireo in the dispersal of Bursera fruit on the Yucatan
peninsula. J. Trop. Ecol. 11: 619-639.

GRriscoM, H. P. 2004. Rehabilitation of a dry tropical forest ecosystem in a cattle
pasture matrix on the Azuero Peninsula, Panama. PhD Dissertation, Yale
University, New Haven, Connecticut, USA.

GriscoMm, H. P, P. M. S. ASHTON, AND G. P. BERLYN. 2005. Seedling survival
and growth of three native species in pastures: Implications for dry forest
rehabilitation. For. Ecol. Manage. 218: 306-318.

GUEVARA, S., J. LABORDE, AND G. SANCHEZ-RIOS. 2004. Rain forest regeneration
beneath the canopy of fig trees isolated in pastures of Los Tuxtlas, Mexico.
Biotropica 36: 99-108.

GUEVARS, S., S. PURATA, AND E. VAN der MAAREL. 1986. The role of remnant
forest trees in tropical secondary succession. Vegetatio 66: 77—84.

HOLDRIDGE, L. R. 1967. Life zone ecology. Tropical science center, San Jose,
Costa Rica.

HOWELL, D. J., AND D. BURCH. 1974. Food habits of some Costa Rican bats.
Rev. Biol. Trop. 21: 281-294.

JANZEN, D. H. 1983. Costa Rican natural history. The University of Chicago
Press, Chicago.

JANZEN, D. H. 1986a. Tropical dry forests: The most endangered major tropical
ecosystem. /n E.O. Wilson (Eds.). Biodiversity, pp. 130-137. National
Academy Press, Washington D.C.

JANZEN, D. H. 1986b. Mice, big mammals, and seeds: It matters who defecates
what where. /n A. Estrada and T.H. Fleming (Eds.). Frugivores and
seed dispersal, pp. 251-273. Dr. W. Junk Publishers, Dordrecht, The
Netherlands.

JANZEN, D. H., A. MILLER, J. Hackforth-jones, C. M. POND, K. HOOPER, AND
D. P. JaNos. 1976. Two Costa Rican bat-generated seed shadows of
Andira inermis (Leguminosae). Ecology 57: 1068-1075.

KoriNg, C., E. K. V. KaLko, AND E. A. HERRE. 2000. Fruit removal by bats
and birds from a community of strangler figs in Panama. Oecologia 123:

560-568.

Short Communications 5

Losova, T. A., S. A. Morl, E BLANCHARD, H. PECKHAM, AND P. CHARLES-
DOMINIQUE. 2003. Cecropia as a food resource for bats in French Guiana
and the significance of fruit structure in seed dispersal and longevity. Am.
1. Bot. 90: 388-403.

MARTINEZ-GARZA, C., and R. GONZALEZ-MONTAGUT. 2002. Seed rain of fleshy-
fruited species in tropical pastures in Los Tuxtlas, Mexico. J. Trop. Ecol.
18: 457-462.

MURRAY, K. G. 1988. Avian seed dispersal of three Neotropical gap-dependent
plants. Ecol. Monogr. 58: 271-298.

NEPSTAD, D., C. UHL, C. A. PEREIRA, AND J. M. DA SILVA. 1996. A comparative
study on tree establishment in abandoned pasture and mature forest in
eastern Amazonia. Oikos 76: 25-39.

ORTIZ-PULIDO, R., ]J. LABORDE, AND S. GUEVARA. 2000. Frugivoria por Aves
en un Paisaje Fragmentado: Consecuencias en la Dispersion de Semillas.
Biotropica 32: 473-488.

PECKHAM, H. 2000. Dietary overlap and relative abundance of two sympatric
bat species in Central French Guiana. Tropical Resources Institute (TRI)
News. 19: 32-35.

P1zo, M. A. 2004. Frugivory and habitat use by fruit eating birds in a fragmented
landscape of southeast Brazil. Ornitol. Neotrop. 15: 117-126.

PratT, T. K. and E. W. STILES. 1983. How long fruit-eating birds stay in the
plants where they feed: Implications for seed dispersal. Am. Nat. 122:
797-805.

REID, F. 1997. A field guide to the mammals of Central America and Southeast
Mexico, p. 343 Oxford University Press, New York.

RIDGELY, R. S., AND J. A. GWYNNE. 1989. A guide to the birds of Panama.
Princeton University Press. Princeton, New Jersey.

SANCHEZ-CORDERO, V., AND T. H. FLEMING. 1993. Ecology of tropical het-
eromyids. /n H.H Genoways and J. H. Brown (Eds.). Biology of het-
eromyidae. Special Publication. No 10, pp 596-615. The American
Society of Mammalogists. 10: 1-719.

SiLva, J. M.C., C. UHL, AND M. GREGORY. 1996. Plant succession, landscape
management, and the ecology of frugivorous birds in abandoned Ama-
zonian pastures. Conserv. Biol. 10: 491-503.

STILES, E. W., AND D. W. WHITE. 1986. Seed deposition patterns: Influences
of season, nutrients, and vegetation structure. /z A. Estrada and T. H.
Fleming (Eds). Frugivores and seed dispersal, pp. 45-54. Dr. W. Junk
Publishers, Dordrecht, The Netherlands.

THies, W., AND E. K. V. KALKO. 2004. Phenology of Neotropical pepper plants
(Piperaceae) and their association with their main dispersers, two short-
tailed fruit bats, Carollia perspicillaza and C. castanea (Phyllostomidae).
Oikos 104: 362-376.

TRAINER, J. M., AND T. C. WILL. 1984. Avian methods of feeding on Bursera-
Simaruba (Burseraceae) fruits in Panama. Auk 101: 193-195.

VANDER WALL, S. B., K. M. KUHN, AND J. R. GWOREK. 2005. Two phase
seed dispersal linking the effects of frugivorous birds and seed catching
rodents. Oecologia 145: 282-287.



