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mal assemblages in many ways. Most studies have examined how species abun-
dance and richness change with increasing forest fragmentation (Quintela 1985;
Bierregaard and Lovejoy 1989; Klein 1989; Newmark 1991; Estrada et al. 1993; Kattan,
Alvarez-Lépez, and Giraldo 1994; Laurance 1994; Malcolm 1994; Didham, chap. 5;

Warburton, chap. 13; Lynam, chap. 15), or with the transformation of native forests into

’ I YRANSFORMATION of tropical landscapes by humans has influenced plant and ani-

second-growth or managed ecosystems (Holloway, Kirk-Spriggs, and Chey 1992; Johns
1992b; Lambert 1992; Thiollay 1992; Andrade and Rubio 1994; Escobar 1994). The
results of these studies, however, have varied considerably, probably reflecting the com-
plex relationships berween habitat modification and biodiversity loss, the inherent differ-
ences among study sites, and possibly a mismatch between the scale of the problems
being addressed and the methods used. As a consequence, it has often been difficult to
establish partterns reflecting the effects of habitat modification on biodiversity and, more-
over, how these factors interact to influence ecosystem processes (Vitousek 1990; Kruess
and Tschnarntke 1994; Pimm and Sugden 1994; Tilman and Downing 1994; Turner,
Gardner, and O’Neill 1995).

Holling et al. (in press) presented a novel conceptual framework that may help to
integrate the above issues. First, long-term research has shown that ecosystems are struc-
tured by a few processes that generate discontinuities at various spatial and temporal
scales (e.g., Clark, Jones, and Holling 1979; Harris 1980; Gunderson 1992). Second, the
discontinuous nature of ecosystems influences the behavior and morphology of organ-
isms. [n particular, Holling (1992) found that the body masses of boreal birds and mam-
mals are discontinuously distributed, such that species of similar mass tend to aggregate
or lump together, in a manner suggesting that they exploit a common suite of resources
(but see Manly 1996). Third, differences in the lump structure of animal body masses
reflect differences in ecosystem structure. Holling (1992) showed that the distribution of
body mass lumps of boreal forest and boreal prairie birds and mammals has a character-
istic signature, reflecting the structure of those ecosystems. Hence, a focus on body mass
lump structure offers a new way to investigate the complex relationships between land-
scape pattern, the structure of animal assemblages, and ecosystem processes at broad
scales.
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In this chapter we ask how changes in landscape pattern affect assemblages of frugivo-
rous birds in Neotropical mountains. We concentrate on frugivores because seed dispersal
by birds is especially important in Neotropical mountains as compared with the lowlands
(Terborgh 1977; Gentry 1983; Stiles 1985; Renijifo et al., in press), offering an oppor-
tunity to relate the process of seed dispersal to landscape pattern. We focus on mountains
because natural and human disturbances have generated complex landscapes over small
areas (Haslett 1994), offering an ideal opportunity to assess how changes in landscape
pattern influence animal assemblages.

We present four comparisons representing two different scales of inquiry to assess how
lump structure in body masses of frugivorous birds changes from areas covered mostly
by forest to areas covered by open vegetation. The first scale is defined by elevational
zones within the mountains of Colombia, and the second by sites within these elevational
zones that have been differently affected by human activities. We use body mass as an
attribute that reflects information on life history traits, such as fecundity and dispersal
ability, that can influence both a species’ response to habitat fragmentation (Laurance
1991a; Lawton et al. 1994; Brown 1995; Gaston and Blackburn 1995; Sieving and Karr,
chap. 11) and aspects of its foraging behavior, such as the size of seeds it can ingest and
disperse (Moermond and Denslow 1985).

METHODS
Study Area

Our study focused on the Andes of Colombia, South America. The Andes consist of
three mountain ranges of different geological origin, each running in a north-south di-
rection (Irving 1975). We defined montane habitats as those above the 800 m topo-
graphic contour line (fig. 12.1). In the absence of human disturbance this region would
be covered by forest, except for the paramo (above 3,400 m) and small areas affected by
rain shadows (Cuatrecasas 1958). Forest composition, structure, and physiognomy
change with elevation, from the complex lowland tropical forest to the simpler paramos
(Cuatrecasas 1958; Espinal et al. 1977).

The area encompassed by this study represents less than 35% of the total area of
Colombia (1,380,000 km?), yet harbors one of the richest biotas in all of the Neotropics
(Duellman 1979; Henderson, Churchill, and Luteyn 1991; Gentry 1992a,b; Renjifo
etal,, in press). It has been postulated thar the high levels of diversity and endemism in
this area are the result of an intense disturbance regime (Gentry 1992a; J. Luteyn, pers.
comm.). A complex topography and geology, combined with high precipitation, gener-
ates landslides, mudflows, avalanches, and volcanic eruptions, which continuously trans-
form these mountains (Mejfa et al. 1994; Veldsquez et al. 1994).

Superimposed on this natural disturbance regime are the effects of human acrivities.
At least 50% of the total population of Colombia (37 million people) has settled in
montane areas (Banguero 1993). Presently, less than 30% of this area is covered by forest,
most of which is found either at elevations above 2,500 m or on the wetter slopes of the
cordilleras (Cavelier and Etter 1995). The remaining area has been transformed into
pastures, cultivated fields, coffee and tree plantations, and urban areas. A recent surge in






















































