CHAPTER 14

LONG-TERM MONITORING PROTOCOL
FOR BATS: LESSONS FROM THE LUQUILLO
EXPERIMENTAL FOREST OF PUERTO RICO

Michael R. Gannon and Michael R. Willig

- INTRODUCTION

Population studies are necessary to understand community- and ecosystem-
jevel interactions. The fundamental theories of population, community, and
ecosystem ecology involve growth and composition of populations, the ways
n which these affect other populations, and how they are in turn affected by
sthem. As conservation of biodiversity becomes of increasing world-wide
concern, management schemes designed to conserve populations and ensure
gcosystem stability need to consider the consequences of temporal variation of
populations, whether it be cyclic, directional, episodic, or catastrophic. Only
long-term monitoring of populations can examine such variation.

In many tropical ecosystems, bats are keystone species by virtue of their
roles as pollinators and as seed dispersal agents (Charles-Dominique, 1986;
Fleming, 1988). In the Luquillo Experimental Forest of Puerto Rico, bats are
¢ritical in dispersing seeds for a number of plant species (Devoe, 1990; Gannon
and Willig, 1994, Willig and Gannon, 1996), thus helping maintain seed banks
that are a source of colonists in recently disturbed areas (Uhl et al., 1981, Swaine
and Hall, 1983; de Foresta et al., 1984). Bats also play an important role as
pollinators of flowers in tropical systems (Howell, 1974; 1978, Stuart and
Marshall, 1976; Gould, 1978; Ng, 1978; Sazima and Sazima, 1978). As a result
of these roles, both frugivorous and nectarivorous bats likely have a large impact
on plant populations by affecting their spatial distribution and genetic structure.
Monitoring of bat populations presents its own unique and inherently difficult
problems. Taxa such as birds often can be counted visually or by their
vocalizations. This is not true of most species of bats, which are nocturnal,
highly mobile creatures that exhibit variable behaviors. In most cases, researchers
imst employ special equipment to operate within the nocturnal domain of bats,
including bat detectors to detect the ultrasonic calls bats emit while navigating,
io telemetry or night vision scopes to locate bats in the dark, and mist nets or
harp traps to capture the bats. These apparatuses are costly. As a consequence
of cost and logistics, most studies that have examined bat populations in the
otropics have been short term — one or two years at most — in duration (e.g.
Thomas and Fenton 1978; Bonaccorso, 1979; Willig, 1983; Willig and Moulton,
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1989). These studies are effectively a snapshot in ecological time that reveal
little about long-term trends. With few notable exceptions (Fleming, 1988;
Handley et al., 1991a), there has been little opportunity or effort to evaluate
long-term dynamics and interactions in bat populations or communities,
determine how disturbance regimes (anthropogenic or natural) might affect bats
over time, or examine the role bats play in ecosystem maintenance or recovery.

Study site

Puerto Rico, located 1500 km southeast of Miami, Florida, in the Caribbean
Sea, is the eastern most and smallest of the Greater Antilles (Figure 14.1). The
Lugquillo Experimental Forest (LEF), also known as the Caribbean National
Forest, is located in the northeastern corner of the island within the Luquillo
Mountains (18°10'N, 65°30'W). The LEF has a standing tradition of long-term
ecological research, dating back to the early 1960s with the Rainforest Project
(Odum and Pigeon, 1970). The LEF has been an MAB Biosphere Reserve since
1976, and in 1988 it became part of the US National Science Foundation’s
Long-term Ecological Research (LTER) network.

In this forest, four different subtropical life zones occur (Ewel and Whitmore,
1973; Brown et al., 1983). They differ in a variety of ways, including elevation,
climate, soil, and vegetative composition. The largest life zone, the tabonuco
rain forest, is found on lower mountain slopes below 650 m in elevation. Rainfall
is considerable, averaging between 2000 and 4000 mm annually.

Like that of most Caribbean islands, the mammal fauna of Puerto Rico is
depauperate when compared to areas of similar size and habitat diversity on the
mainland. Bats are the only native mammals (Anthony, 1918, 1925; Diaz-Diaz,
1983; Willig and Gannon, 1996), with 13 species currently found on the island.
Because of low bat species diversity in the LEF and because bat predators are
not common on Puerto Rico, one might expect bat populations to be found at
elevated densities when compared to similar mainland species. This has been
noted with other vertebrates such as frogs and lizards (Reagan, 1992; Woolbright,
1992), but not for any bat species in the LEF (Willig and Bauman, 1984; Gannon
and Willig, 1994; Willig and Gannon, 1996). Three species dominate the bat
fauna of the tabonuco rain forest. Stenoderma rufum (red fig-eating bat) and
Artibeus jamaicensis (Jamaican fruit bat) are principally frugivorous, whereas
Monophyllus redmani (greater Antillean long-tongued bat) is nectarivorous,
feeding primarily on flower nectar.

The LEF is a disturbance-mediated system (Crow, 1980; Doyle, 1981, 1982)
in that natural disturbances play a significant role in molding structural and
process-oriented characteristics of the forest. These disturbances differ in both
frequency and intensity and include tree falls, landslides, and hurricanes. Since
1988, the two primary research goals at the LEF have been to address the relative
importance of different disturbance regimes within the forest and investigate
the role of the biota in ecosystem recovery. The effects of Hurricane Hugo,
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