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ABSTRACT 

Morphologically similar species likely consume similar resources and thus engage 

in competitive interactions. Competitive exclusion arises if a superior species causes the 

inferior species to become locally extinct. Alternatively, the populations may diverge in 

morphology and resource use, thus reducing competition and allowing coexistence. If 

competition is not intense enough to produce such patterns, it may nonetheless, have an 

effect on the population sizes of competitors by a mechanism known as density 

compensation. This deterministic mechanism should be expressed as a positive 

association between abundance and ecomorphological dissimilarity.   

Bats are ideal organisms with which to test hypotheses related to coexistence, 

especially in the Neotropics, where they reach their highest levels of taxonomic and 

functional diversity. In terms of species richness and abundance, the ensemble of 

frugivorous species is most dominant in those Neotropical assemblages. Herein, I use 

simulation models to evaluate the presence of interspecific competition, expressed as 

density compensation, in structuring the frugivore ensemble of the Iquitos bat assemblage 

in three habitats that differ in degree of modification. In each habitat, analyses were 

conducted with respect to four different scenarios based on proximity of morphological 

neighbors. In each scenario, parametric and non-parametric analyses were conducted, 

using multivariate and univariate metrics.  

 Evidence of density compensation was weak in primary and mixed forest, and 

nonexistent in secondary forest. As such, interspecific competition may not be the main 

factor structuring the ensemble of frugivorous bats in Iquitos. A state of non-equilibrium 
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produced by deforestation, a combination of mechanisms that operate at local and 

regional scales such as source-sink dynamics, or particular characteristics of the natural 

history of the bat species are possible factors that might account for the absence of 

evidence for strong deterministic mechanisms.  
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CHAPTER I 
 

INTRODUCTION 
 

Organization of Biological Communities 

 Organization of biological communities has been a fundamental theme in the 

development of ecological theory (Ricklefs and Travis 1980; Wilson 1997). The 

complexity in space and time of those communities has generated a continual search for 

new approaches to understand their properties and the mechanisms that contribute to their 

structure (Winemiller and Pianka 1990). Among those mechanisms, intraspecific and 

interspecific competition, predation, disturbance, environmental variability, mutualism, 

and chance have been explored intensively for a variety of organisms (Hero et al. 2001; 

Hulot and Loreau 2006; Ramirez and Hernandez-Cruz 2004; Rogovin and Surov 1990; 

Wasserberg et al. 2006). Although controversial (see Connor and Simberloff 1979; 

Hubbell 1979; Jackson et al. 2001; Mouillot et al. 2005; Strong et al. 1979, 1984; Willig 

and Moulton 1989), several studies have favored interspecific competition as a major 

determinant of structure in ecological communities (Bowers and Brown 1982; Jones and 

Barmuta 1998; Kennedy and Bruns 2005; Minton and Gochfeld 2001; Moulton and 

Pimm 1986; Tilman 1982).  

 The study of “communities” is difficult to accomplish as they are defined as 

associations of interacting populations (Ricklefs 1990). This would imply that a study of 

communities in a Neotropical environment comprises all of the species of bacteria, fungi, 

plants and animals that interact in a particular location. Consequently, it is important to 
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make the distinction between the terms “community” and “assemblage”. An assemblage 

indicates a subgroup of the community defined by taxonomic constraints (Patterson et al. 

2003). In the same context, the term “guild” is defined as species that consume the same 

resources in a similar way (Root 1967). This would mean that a study of an insectivore 

guild comprises all species (birds, mammals, amphibians, reptiles, etc.) that consume 

insects. This kind of investigation has never been conducted; rather, “ensembles”, a 

phylogenetically delineated group of species that exploit similar resources in a 

community (Fauth et al. 1996) are studied most frequently because of logistic constraints 

and taxonomic specialization of investigators.  

 

Interspecific Competition and Ecomorphology 

Interspecific competition occurs when interactions between two or more 

populations of different species adversely affect growth, survival, fitness or population 

size of each, when a common resource is in limiting supply (Giller 1984). Indirect 

evidence for understanding the role of competition has been provided by ecomorphology 

(Dayan et al. 1989), the field of study that investigates the relationship between 

morphology and ecological, behavioral or physiological functions (Peters 1983; Ricklefs 

and Miles 1994; Wiens 1989). Ecomorphology assumes that morphological differences 

among species are useful for drawing inferences about the partitioning of resources, or 

significant differences in diet or in spatial and temporal use of habitat (Ross 1986). Some 

level of resource partitioning should be evinced in assemblages structured by competitive 

interactions to ensure the coexistence of species (Peres-Neto 1999). 

2 
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Morphological Characters and Ecological Attributes 

Morphological characters, compared to ecological attributes (e.g., food habits, 

habitat selection, roosting affinities), are generally easier to estimate, are highly 

replicable (Stevens and Willig 1999), are independent from habitat structure (Ricklefs et 

al. 1981), and correlate well with resource utilization (Dumont 2006; Freeman 1998; 

York 2005). However, careful selection of morphological characteristics is necessary to 

make reliable inferences about corresponding ecological characteristics. Hutchinson 

(1959) suggested the use of elements of the trophic apparatus (e.g., bills in birds), 

considering them to be related directly to feeding ecology. The ecological significance of 

cranial and dental characters for bats was emphasized early in publications by Findley 

(1976), Findley and Wilson (1982), and Freeman (1979). Since then, several studies have 

recognized that those morphological features relate to size and hardness of food (Aguirre 

et al. 2003; Dumont 1999; Dumont 2003). 

The relationship between morphology and ecological exploitation of resources 

has been tested in many studies using the size of trophic structures, weight, or body size 

of the consumer as a morphological indicator of the utilization of foods of different sizes.  

Those studies demonstrated that variation in size of the consumer is well correlated with 

variation in size of its food (Brown et al. 1979; Dayan and Simberloff 1994; Emmons 

1980; Fenton 1989; Freeman 1981; McNab 1971; Pizzimenti 1980). In addition, many 

other studies have used morphological correlates of ecological function to analyze 

diverse aspects of assemblage structure, in birds (Altshuler 2006; Bohning-Gaese et al. 

2003; Case et al. 1983; Hertel and Lehman 1998; Miles and Ricklefs 1984; Ricklefs and 
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Travis 1980; Rodriguez-Flores and Stiles 2005; Stiles 1995), fish (Gatz 1979a, 1979b; 

Piet 1998), lizards (Herrel et al. 2001; Losos 1990; Ricklefs et al. 1981), and mammals 

(Ben-Moshe et al. 2001; Bowers and Brown 1982; Dayan and Simberloff 1994; Findley 

and Black 1983; Gannon and Rácz 2006; Kingston et al. 2000; Mares and Lacher 1987; 

Rhodes 2002; Saunders and Barclay 1992; Stevens and Willig 1999; Willig 1986; Willig 

and Moulton 1989; Zhao et al. 2003).  

 Early efforts (Brown and Wilson 1956; Hutchinson 1959; Van Valen 1965) to 

infer ecological relationships from morphology were based on single characters (e.g., 

width of culmen in birds). However, multivariate perspectives (e.g., Sokal and Sneath 

1963; Sneath and Sokal 1973) currently are the approach most commonly used in 

ecomorphological studies (e.g., Fenton and Bogdanowicz 2002; Kingston et al. 2000; 

Rogovin and Surov 1990; Stevens and Willig 1999; 2000a, 2000b) because they expose 

colinearity, reduce noise, elucidate relationships, and identify outliers (Gauch 1982).  

  

Competitive Exclusion, Character Displacement and Density Compensation 

 Two species competing for the same limited resources cannot stably coexist 

(Gause1934). Competitive exclusion will arise when the superior species consistently 

out-competes the other, leading to its extinction (Brooks 2003; Hume et al. 2002; Satoh et 

al. 2003; Stevens and Willig 1999). Alternatively, those individuals whose morphology 

allows them to use resources not used by other species will be favored and an 

evolutionary divergence in morphology and resource use should occur (Losos 2000). 

Such character displacement (Dayan and Simberloff 1998; Gannon and Racz 2006; 
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Giannasi et al. 2000; Pfennig et al. 2006) may reduce competition and facilitate 

coexistence (Brown and Wilson 1956). If competition is not intense enough or acts over a 

too short period of time to produce such morphological divergence and hyperdispersion, 

it nonetheless may have an effect on the population sizes of competitors (density 

compensation; MacArthur et al. 1972). Density compensation refers to the inverse 

relationship between abundance and degree of ecological similarity between competing 

species (MacArthur et al. 1972). This phenomenon has been explored in insular faunas 

(Burns 2004; MacArthur et al. 1972; Malmquist 1986; Rodda and Dean-Bradley 2002), 

as well as in a broad variety of continental organisms, including bats (Stevens and Willig 

2000b; Willig and Moulton 1989), rodents (Malmquist 1986; Stevens and Willig 2000a), 

insects (Purtauf et al. 2005), and microorganisms (Jiang 2007; McGrady-Steed and Morin 

2000).  

 

Bat Assemblages in the Amazon 

 The Order Chiroptera is one of the most ecologically, morphologically, and 

functionally distinctive groups of mammals (Hayssen and Kunz 1996). It represents the 

second largest order of mammals in term of number of species (Wilson and Reeder 

2005), and in many tropical systems, bats comprise up to 50% of the species in a 

mammalian fauna (Eisenberg and Redford 1999).  Because of their ecological and 

evolutionary radiation, bats consume a great variety of resources (Fenton et al. 1992; 

Patterson et al. 2003). They contribute to critical ecological processes, such as forest 

regeneration, and influence forest diversity through insectivory, seed dispersal, and 
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pollination, especially in the Neotropics (Arizaga et al. 2000a, 2000b; Charles-

Dominique and Cockle 2001; Fleming 2000; Giannini and Kalko 2004; Godínez-Alvarez 

and Valiente-Banuet 2000;  Herrera et al. 2001; Kay 2001; Lobova et al. 2003; Molina-

Freaner and Eguiarte 2003; Naranjo et al. 2003; Nassar et al. 2002; Nogueira and 

Peracchi 2003; Thies and Kalko 2004). 

 Considerable ecological interest focuses on whether bat assemblages are 

structured by deterministic or stochastic mechanisms, especially in the Neotropics where 

they reach their highest species and trophic richness (Giannini and Kalko 2004; Stevens 

and Willig 2002; Willig and Moulton 1989). Such studies initially centered on feeding 

ensemble affiliation and size (Fleming et al. 1972; McNab 1971; Willig 1986) or on 

ecomorphology (Fenton 1972; Findley 1976); however, they have been inconclusive, 

generally failing to support a dominant or pervasive effect coincident with expectations 

from theory. 

Feeding and flight of bats have been the subject of extensive study that has 

supported strongly the contention that ecomorphological approaches make reliable and 

precise predictions about the ecological relationships of species (Findley and Wilson 

1982). For example, differences in maneuverability associated with the morphology of 

the wing (Swartz et al. 2003) could directly influence habitat use (Aldridge and 

Rautenbach 1987) and foraging behavior (Norberg 1990; Norberg and Fenton 1988).  

Norberg and Rayner (1987) included 257 species of bats in an evaluation of flight 

performance, and demonstrated that mechanical constraints imposed by flight give rise to 

correlations between flight morphology, flight behavior, and ecological role. Fenton 
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(1972) compared bat assemblages by way of bivariate plots of ratios of external 

measurements (ear length/forearm length and metacarpal III length/metacarpal V length), 

and interpreted them from the perspective of flight behavior.  Similarly, Fenton and 

Bogdanowicz (2002) found significant associations between multivariate morphological 

features and foraging characteristics in Myotis. Moreover, a multivariate evaluation of 

ecological relationships between M. evotis and M. auriculus revealed that shape 

differences in jaw morphology were exaggerated in sympatry, suggesting active 

competitive interactions between these species (Gannon and Rácz 2006). 

 Although mechanisms of coexistence in bat assemblages are still unclear, the 

number of studies focused on bat ecology in the Neotropics has been growing rapidly. 

Extensive lists of species, along with ecological considerations, have been provided for 

some localities (Bernard and Fenton 2002; Bernard et al. 2001; Hice et al. 2004; 

Simmons and Voss 1998; Willig 1983). A plethora of other studies deal with assemblage 

structure (Aguirre 2002; Bernard et al. 2001; Kalko and Handley 2001; Kalko et al. 1996; 

Lim and Engstrom 2001a; Medellin 1993; Stevens and Willig 1999, 2000b; Willig 1983; 

Willig and Moulton 1989), reproductive phenology (Estrada and Coates-Estrada 2001; 

Willig 1983), diversity (Bernard and Fenton 2002; Lim and Engstrom 2001b; Medellin et 

al. 2000; Sampaio et al. 2003), niche partitioning (Aguirre et al. 2002; Willig et al. 1993), 

mobility (Bernard and Fenton 2003), roosting patterns (Bernard and Fenton 2003; Kalko 

et al. 1999), echolocation (Ibañez et al. 2002; Kalko and Condon 1998; Kalko et al. 1998; 

Thies et al. 1998) and conservation (Andelman and Willig 2002, 2003; Lim and 

Engstrom 2001b; Sampaio et al. 2003; Walker 2001). In those bat assemblages, 
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phyllostomids are the dominant group (Bernard et al. 2001; Giannini and Kalko 2004; 

Hice et al. 2004; Kalko et al. 1996; Willig 1983). 

 Previous research in the Iquitos area, northeastern Peruvian Amazonia, 

specifically in the Reserva Nacional Alpahuayo-Mishana (RNAM), has provided insight 

regarding patterns of habitat use (Lopez-Wong 2002), species richness (63 species) and 

reproductive patterns (Hice et al. 2004).  The bat assemblage at RNAM is dominated 

highly by one species, Carollia perspicillata (Hice et al. 2004). Species richness of 

frugivorous (28 species) and insectivorous bats (26 species) was nearly equal in that 

assemblage, but frugivores were much more abundant (88% of the captures). Willig et al. 

(2007) explored the effects of anthropogenic alteration of habitat on populations and 

assemblages in the environs of Iquitos, and confirmed that human activities primarily 

caused changes in abundance (e.g., Carollia spp., R. pumilio, and S. lilium) rather than in 

the presence of species. 

  The aim of this research is to characterize the ecomorphological structure of 

frugivorous bat ensembles in Iquitos using morphological characteristics of component 

species.  I assess the effects of interspecific competition on species coexistence and 

ensemble structure, and determine whether ecomorphological patterns are concordant 

with those found in other Neotropical bat assemblages (Lim and Engstrom 2001a; Willig 

1986). I do so from univariate and multivariate perspectives. 
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CHAPTER II 
 

MATERIALS AND METHODS 
 

Study Area 

 Research was conducted in the vicinity of Iquitos (3.74oS, 73.24o W), located at 

the convergence of the Amazon, Nanay and Ucayali Rivers in the Department of Loreto, 

northeastern Peru (Fig. 2.1). Climate in the region is tropical and wet all year without dry 

months. The average temperature in the region is 25°C and precipitation ranges from 

2400-3100 mm, with maximum records in the months between February and April, and 

minimum records in the months between June and August (Marengo 1998).  

The city supports a large population for Amazonia (261,648 inhabitants— INEI 1993). 

Agriculture and industrialization have led to significant deforestation along the periphery 

of the city and along major highways; thus, secondary tropical forest is a major cover 

type in the area.  

 Two main types of forest occur in the study area: flooded forest (land periodically 

covered by water of neighboring rivers) and non-flooded forest (uplands that never 

undergo inundation). These differences in hydrological characteristics are expressed in 

the structure and composition of associated forests (Ruokolainen and Tuomisto 1998). In 

flooded forests, trees are shorter than those of non-flooded forest because of the 

instability caused by the wet, poorly drained soils (hence it is sometimes known as 

"swamp forest"), and are characterized by tree species like Cecropia spp., Ceiba spp., and 

Mauritia palms. Non-flooded forest is noticeably taller and more diverse (> 400 
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species/ha in some areas) than is flooded forest. It only occurs on dry, well-drained soils 

and is characterized by species such as Bertholletia excelsa, Hevea spp., and many other 

tropical hardwood trees (Butler 2006).  

The study area for this research is restricted to habitats along the Iquitos-Nauta 

highway (Fig.2.1; Table 2.1) that were sampled intensively as part of two NSF-NIH 

funded projects: “Effects of Neotropical deforestation on arbovirus ecology” and 

“Leptospriosis transmission in the Peruvian Amazon”. Habitat types sampled during 

these projects include primary forest, secondary forest or “purma” (dominated by 

Cecropia spp., Pouroma spp.,Vismia spp., Miconia spp.), agricultural land or “chacra” 

(planted with banana, manioc, pineapple, papaya, palmito) as well as urban areas (Iquitos 

city) and human-dominated habitats in rural areas.   

Primary rainforest or mature forest is characterized by a full canopy and several 

layers of subcanopy. The understory is generally clear of dense vegetation because little 

light penetrates to the forest floor. Occasionally, when a canopy tree falls, a temporary 

light gap forms and allows growth of understory species (Butler 2006).  In Iquitos, such 

forest is characterized by the high diversity of tree species, as well by the presence of tall 

trees reaching 30-50 m. high (Vasquez 1997). Secondary forest is rainforest that was 

disturbed by natural or human processes. Secondary forest can arise from degraded forest 

that is recovering from selective logging, to areas that were cleared for slash-and-burn 

agriculture but are being reclaimed by forest through secondary succession. Generally, 

secondary forest has less closed canopy structure, smaller trees, and less diversity. 

10 
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Because of the lack of closed canopy, more light reaches the forest floor, supporting 

abundant ground vegetation (Butler 2006).  

 

Collection Schema 

 From July 2002 to May 2003, a non-manipulative experiment (see Willig et al. 

2007) was conducted in Iquitos. During this experiment, five replicate blocks were 

located along the Iquitos - Nauta Highway between 40 and 70 km SSW of Iquitos, and 

within 3 km E or W of the road. Each block contained 1 plot in mature forest (open 

squares in Fig 2.1) and 1 plot in secondary forest (i.e., purma; filled squares in Fig. 2.1). 

At each of the resultant 10 plots, twelve (12 m x 2.6 m) mist nets were erected, 8 at 

ground level and 4 in the upper understory. Nets remained open from 18:00 to 01:00 h, 

and no netting was conducted during heavy rain or within 2 nights of a full moon. Each 

plot was sampled during the dry season and during the wet season.  Because of 

differences in composition and abundance of species in upper and lower understory 

samples (Willig et al. 2007), records obtained from upper understory sampling were not 

included in analyses so as to be consistent with other sources of data (described 

hereafter). 

 From September 2004 to May 2005, a non-manipulative landscape structure 

experiment was executed in plots that contained various combinations of primary and 

secondary forest (hereafter, mixed forest; triangles in Fig. 2.1). During this experiment, 

fourteen sampling areas were established along the highway from Iquitos to Nauta. Each 

night, twelve mist nets (12 m x 2.6 m) were set at ground level and across open trails. 

11 
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Nets remained open from 18:00 to 11:30 h, and no netting was conducted during heavy 

rain or days immediately before, during, and following a full moon. Each location 

received three two-night surveys and each survey was separated by a minimum of 35 

days. Each location was sampled during the dry season and during wet season. 

 Specimens were identified to species. Six standard external measurements (Table 

2.2) and 8 cranial measurements (Table 2.3) were recorded on selected specimens. When 

possible, 4 adult males and 4 adult females were measured for each taxon from each focal 

area (primary forest, secondary forest, or mixed forest). Those 15 morphological 

characters reflect aspects of body size and potentially relate to resource utilization 

because. Forearm length was used as the indicator of body size because it is easy to 

measure and has been proposed to be a good surrogate of overall size, especially for 

families and subfamilies of bats within which species exhibit high similarity with regard 

to shape (Stockwell 2001). External measurements were made to the nearest 1 mm with a 

linear ruler. Mass was determined using a Pesola spring scale, accurate to 0.5 g. Cranial 

characters were measured to 0.01 mm using a Mitutoyo digital caliper. External and 

cranial characters are defined by Stevens (1996) and Willig (1986). Other registered data 

include location and time of capture, as well as sex, age, and reproductive condition.  

 I followed taxonomic recommendation of Simmons (2005), except in recognizing 

(1) the genus Dermanura; (2) the presence of Vampyressa thyone in the area instead of V. 

pusilla (Lim et al. 2003); (3) the presence of Vampyriscus bidens and Va. brocki (Hoofer 

and Baker 2006) in the area rather than V. bidens and V. brocki, respectively; and (4) the 

presence of Carollia benkeithi (Solari and Baker 2006) in the area rather than C. 
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castanea, and Artibeus planirostris rather than A. jamaicensis (Lim et al. 2004; Table 

2.4). Preserved specimens are deposited at the Museo de Historia Natural de Lima, Peru 

and at Texas Tech University, Lubbock, Texas, USA. 

 

Analyses 

 Analyses were conducted separately for data from primary forest, secondary 

forest, and mixed forest. The data for primary forest and secondary forest were obtained 

from the non-manipulative experiment, whereas data for the mixed forest were obtained 

from the landscape structure experiment. 

For standardization, capture effort is calculated as the product of net length 

(meters) and hours during which nets were open. All captured specimens, released or 

sacrificed, were considered in estimates of species abundance. 

Allocation of species to ensembles is crucial to the study of morphological 

relationships and should be scrutinized carefully because members of an ensemble use 

resources in a similar way and are likely to compete more strongly than would species 

using different resources or using the same resource in different ways (Dayan and 

Simberloff 1998). Species were assigned to the feeding ensembles (Table 2.5) following 

the classification provided by Stevens and Willig (2000b). Given that the determination 

of ensemble membership has been a source of debate (Connor and Simberloff 1983; 

Moulton and Pimm 1987; Simberloff and Dayan 1991), fecal data were used to support 

the assignation of the species to the frugivore ensemble (Table 2.6). More specifically, I 

collected fecal samples to corroborate diet of all individuals captured in the study area 

13 
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from September 2004 until May 2005. Captured animals were placed in individual paper 

bags for one or more hours to allow time for deposition of feces. Paper bags were dried, 

and contents stored for identification. Items in the feces were classified as seeds, insects, 

seeds and insects, or unidentifiable remains. Species were confirmed as frugivores if the 

percentage of individuals that defecated only seeds (“seeds” category in Table 2.6) was 

greater than or equal to 50% of the total, excluding from the total those specimens that 

did not defecate, whose feces contained only unidentifiable material, or those specimens 

whose feces contained “seeds and insects”. 

 The frugivore ensemble was selected for analysis because it is the dominant group 

in the study area in terms of number of species and number of individuals (Willig et al. 

2007). A more resolved classification of feeding behavior based on foraging habitats, 

foraging mode, and predominant diet (Kalko et al. 1996), or based on behaviors 

associated with food location, acquisition, and handling (Soriano 2000) was not 

attempted, mainly because of behavioral plasticity, individual variation, and insufficient 

local observations for many species would compromise accurate association of species 

into an ensemble (Norberg and Rayner 1987; Patterson et al. 2003). Moreover, the 

ensemble classification used in this research corresponds to those used in other studies 

(Stevens and Willig 2000b) of density compensation, thereby facilitating comparative 

study.  

 I applied a rarity index (see Willig et al. 2007) to categorize species as rare or 

common. This index considers a species to be rare if its relative abundance is less than 

14 
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the average relative abundance of species in a community, assemblage or ensemble (Rare 

< 1/S, where S = species richness). 

 

Species Accumulation Curves 

 Using EstimateS 7.51 (Colwell 2005), the expected species accumulation curve 

and sample-based rarefaction curve for frugivorous were estimated in each of the three 

habitats separately. Sampling nights were used to define units of effort in the 

accumulation of species richness (e.g., Fleming et al. 1972; Moreno and Halffter 2000). 

The sample-based rarefaction curve (Mao Tau function) was produced by repeatedly re-

sampling the pool of N samples, at random, and plotting the average number of species 

with respect to sample size. Sampling was done without replacement. The resultant 

smoothed rarefaction curve represented the statistical expectation of the corresponding 

accumulation curves (Gotelli and Colwell 2001). To corroborate the completeness of 

sampling, the ACE richness estimator was calculated using EstimateS 7.51 (Colwell 

2005) separately for each of the three habitats. 

 

Hypotheses 

Character displacement and competitive exclusion produce patterns of body size 

in an ensemble (Giannasi et al. 2000). If competition has not been intense or prolonged 

enough to produce differences in size, it might still be strong enough to affect population 

densities of morphologically similar coexisting species via density compensation. 

Because interspecific competition should be more intense between morphologically 
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similar species, species with high ecomorphological similarity to one or more potential 

competitors should suffer reduced abundance (Stevens and Willig 2000b).  

This gives rise to the hypotheses of interest: 

  

Ho: No association exists between morphological dissimilarity of species and 

their abundances in the frugivore ensemble of the Iquitos bat assemblage 

Ha: A positive association exists between morphological dissimilarity of 

species and their abundances in the frugivore ensemble of the Iquitos bat 

assemblage 

 

Multivariate Analyses.—Forearm length was not included in the multivariate analysis to 

insure independence with respect to the univariate perspective (see univariate analysis).  

Measures of juveniles as well as pregnant or lactating females were excluded from the 

analyses. Body mass of juveniles resembles the mass of smaller species, and body mass 

of pregnant females includes mass of parent and offspring. Otherwise, sexes were 

analyzed together to incorporate natural morphometric variation of the species in 

estimation of means (Willig 1986).   

 The mean of external and cranial characters for each species were estimated 

(Table 2.6) and normalized using log10 transformations (Ricklefs and Travis 1980).  

Logarithmic transformations facilitate adherence to statistical assumptions such as a 

normality and homoscedasticity. Euclidean distance (EDt) estimated dissimilarity of 

potential competitors to a focal species with respect to 4 different scenarios (Fig 2.3-2.5) 
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adapted from Stevens and Willig (2000a, 2000b). From a multivariate perspective, EDt 

can be estimated as: 

(1) distance to all other ensemble members (scenario n-1); 

               n-1      m 
EDt = ∑   ( ∑   (Xtj – Xij)2 )1/2 

              i=1      j=1 
 

(2) distance to all species in the ensemble, except its most morphologically different 

neighbor (scenario n-2);  

               n-2     m 
EDt = ∑   ( ∑   (Xtj – Xij)2 )1/2 

               i=1     j=1   
 

(3) distance to its two nearest morphological neighbors (scenario 2); and 

                2       m 
EDt = ∑   ( ∑   (Xtj – Xij)2 )1/2 

               i=1      j=1 
 

(4) distance to its nearest neighbor (scenario 1); 

                 m 
    EDt = ∑   (Xtj – Xij ) 
               i=1 
    

In each case, n is the number of species in the ensemble; t identifies a particular focal 

species; m is the number of characters on which ecomorphological distance is based; Xij 

represents morphological character j of species i; Xtj represents morphological character j 

of species t.  

 The level of association between the obtained values of morphological 

dissimilarity and abundances (Tables 2.7-2.9) was estimated using Pearson product 
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moment (PPM) and Spearman rank (SR) correlation coefficients (Sokal and Rohlf 1995). 

A function written to evaluate these correlations, ranked the abundances of species within 

the frugivore ensemble from most abundant to least abundant, and also ranked the values 

of dissimilarity for SR (Appendix A). This is particularly important because the errors in 

estimating species abundances might obscure relationships that exist over a narrow range 

of body sizes (Nee et al. 1991).   

 Simulated ensemble structure for frugivores was obtained by assigning 

randomized values of abundance to species without modification of empirical 

interspecific morphometric distances. Then, PPM and SR correlation coefficients were 

estimated. Because simulation analyses do not assume distributional attributes of the 

variates, as do classical correlation analyses, they avoid biases associated with assessing 

significance (Noreen 1989).  Thus, simulation functions produced a probability density 

function after 10,000 iterations of randomized associations between empirical 

morphometric distances and randomized abundances (Appendix B). The correlation 

coefficient of the empirical ensemble was compared to the probability density function 

obtained from the corresponding simulations. Significance was declared if the coefficient 

for the empirical ensemble occurs in the upper 10% of the simulated distribution. I chose 

a one-tail test because my alternative hypothesis set an a priori positive direction to the 

relationship between morphological dissimilarity and abundance. I chose a level of 

confidence of 90% because processes like mutualism, predation or disturbance, can 

conceal the effects of competition (Stevens and Willig 2000b). These simulation analyses 

were conducted separately for primary forest, secondary forest, and mixed forest.  
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Univariate Analyses.—These analyses were based on forearm length. Both sexes were 

analyzed together as a single group. In this case, only juveniles, for which forearm length 

resembles that of smaller species, were excluded from estimates of body size. Pregnant 

and lactating females were not excluded from the analyses because pregnancy and 

lactation have no effect on forearm length. Forearm length was normalized using a log10 

transformation and the mean (Table 2.6) of these transformed values was estimated for 

each species. For each species, EDt estimated dissimilarity with respect to four scenarios. 

These formulas are identical to those used in the multivariate analyses, where m, the 

number of characters on which ecomorphological distance is based, is 1 (see Fig 2.2-2.5): 

(1) distance to all other ensemble members (scenario n-1), 

             n-1        
EDt =   ∑   (Xt – Xi )  

            i=1      
 

(2) distance to all species in the ensemble, except the most morphologically different 

neighbor (scenario n-2),  

                          n-2        
EDt =   ∑   (Xt – Xi)  

             i=1       
 

(3) distance to its two nearest morphological neighbors (scenario 2),  

             2        
EDt =   ∑   (Xt – Xi ) 

             i=1        
 

 

 

19 



Texas Tech University, Lily C. Arias, May 2008 

(4) distance to its nearest neighbor (scenario 1), 

                            1        
EDt =   ∑   (Xt – Xi ). 

            i=1      
 

 The level of association between estimated values of morphological dissimilarity 

and empirical abundance (Tables 2.10-2.12) were assessed by the PPM coefficients. The 

level of association between rank abundance and rank morphological dissimilarity 

(Tables 2.10-2.12) was assessed by the SR coefficients. For simulated ensembles, the 

same coefficients determined the level of association between randomized abundances 

(obtained by permutation of actual abundance values) and empirical morphological 

dissimilarity. A probability density function was based on 10,000 iterations of this 

randomization. The correlation coefficient of the empirical ensemble was compared to 

the probability density function obtained via simulation.  Significance was considered as 

p ≤ 0.10 (Stevens and Willig 2000a, 2000b). These analyses were performed separately 

for primary forest, secondary forest and mixed forest.  
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Figure 2.1. Map showing the Iquitos-Nauta Highway (black line) and the collection sites 
for bats in primary forest (□), secondary forest (■) or mixed forest (▲) that were sampled 
from 2002 to 2005.  The general location of Iquitos in Peru, South America, appears as a 
black rectangle in the inserted frame 
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Figure 2.2. Schematic representation of competitive scenario n-1 based on 
multidimensional morphometric distances of a focal species to other species in the 
ensemble (spheres). Abundance of the focal species (i.e., small central sphere) is a 
function of its distance to all other ensemble members (larger spheres). 
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Figure 2.3. Schematic representation of competitive scenario n-2 based on 
multidimensional morphometric distances of a focal species (central sphere) to other 
species in the ensemble (peripheral spheres). The abundance of the focal species is a 
function of its distance to all species in the feeding ensemble except the most 
morphologically distant neighbor (i.e., white sphere). 
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Figure 2.4. Schematic representation of competitive scenario 2 based on 
multidimensional morphometric distances of a focal species (central sphere) to other 
species in the ensemble (peripheral spheres). The abundance of the focal species is a 
function of its distance to its two nearest morphological neighbors (i.e., black spheres). 
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Figure 2.5. Schematic representation of competitive scenario 1 based on 
multidimensional morphometric distances of a focal species (central sphere) to other 
species in the ensemble (peripheral spheres). The abundance of the focal species is a 
function of its distance to its nearest neighbor (i.e., black sphere). 
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Table 2.1.  Geographic coordinates (in decimal degrees) and locations of sampling sites along the 
Iquitos-Nauta Highway, Iquitos, Peru.  Habitats in which data were collected include primary forest 
(PF), secondary forest (SF), and mixed forest (MF).  

 
Code Specific locality Habitat Latitude Longitude 

1 Km 7 on Iquitos-Nauta Highway, Arboretum, Zungarococha SF -3.8337 -73.3730 

2 Km 12 on Iquitos-Nauta Highway SF -3.8831 -73.3318 

3 Km 18 on Iquitos-Nauta Highway SF -3.9045 -73.3707 

4 Km 21 on Iquitos-Nauta Highway, Otorongo/El Milagro SF -3.9423 -73.3715 

5 Km 28 on Iquitos-Nauta higway SF -3.9826 -73.4124 

6 Km 31.5 on Iquitos-Nauta Highway, field station SF -3.9997 -73.4419 

7 Km 34, on Iquitos-Nauta Highway SF -4.0366 -73.4286 

8 Km 39.5 on Iquitos-Nauta Highway SF -4.0739 -73.4569 

9 Km 44 on Iquitos-Nauta Highway SF -4.1182 -73.4512 

10 Km 47 on Iquitos-Nauta Highway, east of road PF -4.1693 -73.4607 

11 Km 48.3 on Iquitos-Nauta Highway, west of road PF -4.1514 -73.4742 

12 Km 48.6 on Iquitos-Nauta Highway, west of road PF -4.1471 -73.4898 
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Table 2.1.  Continued 

Code Specific locality Habitat Latitude Longitude 

13 Km 49 on Iquitos-Nauta Highway SF -4.1557 -73.4846 

14 Km 49.5 on Iquitos-Nauta Highway, west of road PF -4.1656 -73.4826 

15 Km 52 on Iquitos-Nauta Highway, east of road, Fundo 
Vargas 
 

PF -4.1850 -73.4719 

16 Km 52 on Iquitos-Nauta Highway PF -4.1902 -73.4655 

17 Km 55, on Iquitos-Nauta Highway SF -4.2083 -73.4879 

18 Km 60 on Iquitos-Nauta Highway SF -4.2566 -73.4859 

19 Km 61.6 on Iquitos-Nauta Highway, west of road PF -4.2557 -73.5095 

20 Km 62 on Iquitos-Nauta Highway, east of road PF -4.2545 -73.4870 

21 Km 62 on Iquitos-Nauta Highway, east of road PF -4.2570 -73.4969 

22 Km 63.7 on Iquitos-Nauta Highway, east of road PF -4.2790 -73.5059 

23 Km 66.5 on Iquitos-Nauta Highway SF -4.3009 -73.5258 

24 Km 75 on Iquitos-Nauta Highway SF -4.3663 -73.5531 
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Table 2.2.  Description of 6 external characters (Stevens 1996; Willig 1986) measured in 
mm (except body mass, in g) for frugivorous bats from the environs of Iquitos, Peru. 
 

Character Description 

Head and body length (TL) Greatest distance from the anterior-most portion 

of the snout to the angle made by the tail when 

positioned perpendicular to the body 

Hind foot length (HF) Distance from the heel of the foot to the tip of the 

longest toe including the claw 

Ear length (E) Distance from the basal notch of the ear to the 

further-most point on the edge of the pinna 

Tragus length (TR) Distance from the base of the tragus to its distal 

edge  

Forearm length (FA) Distance between the most distal edge of the 

elbow and wrist 

Body mass (TW) Mass of the fresh specimen 
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Table 2.3.  Description of 8 cranial characters (Stevens 1996; Willig 1986) measured in 
mm for frugivorous bats from the environs of Iquitos, Peru. 
 

Character Description 

Greatest length of skull (GLS) Distance between the anterior-most point on the 

rostrum and the most posterior point on the skull 

Condylocanine length (CCL) Distance between the anterior-most point of the upper 

canine  and the posterior most edge of the occipital 

condyles 

Postorbital constriction (POC) Least breadth across the frontals  posterior to the post 

orbital processes  

Breadth of braincase (BB) Greatest width of the braincase between the parietals 

Breadth across upper molars 

(BAM) 

Greatest distance between the widest set of upper 

molars 

Length of maxillary toothrow 

(MT) 

Length from the anterior edge of the first tooth 

present in the maxillae to the posterior edge of the 

last molar 

Zygomatic breadth (ZB) Greatest distance between the outer margins of the 

zygomatic arches 

Mastoid breadth (MB) Greatest width of the skull, including the mastoid 
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Table 2.4.  List of bat species collected from the environs of Iquitos, Peru, in primary 
forest (PF), secondary forest (SF) or mixed forest (MF). Taxonomy follows Simmons 
(2005) and ensemble classification follows Stevens and Willig (2000b). 
 

Taxon 

Habitats 

Ensemble PF SF MF 

Emballonuridae 

Centronycteris maximiliani   X Aerial insectivore 

Cormura brevirostris  X X Aerial insectivore 

Peropteryx leucoptera   X Aerial insectivore 

Saccopteryx bilineata  X X Aerial insectivore 

Saccopteryx leptura   X Aerial insectivore 

Phyllostomidae   

Desmodontinae   

Desmodus rotundus X X X Sanguinivore 

Phyllostominae   

Chrotopterus auritus X  X Gleaning animalivore 

Glyphonycteris daviesi X X X Gleaning animalivore 

Glyphonycteris sylvestris X X X Gleaning animalivore 

Lophostoma brasiliense X  X Gleaning animalivore 

Lophostoma carrikeri X  X Gleaning animalivore 

Lophostoma silvicolum X X X Gleaning animalivore 

Micronycteris megalotis   X Gleaning animalivore 
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Table 2.4 (Continued) 

Taxon 

Habitats 

Ensemble PF SF MF 

Micronycteris minuta   X Gleaning animalivore 

Mimon crenulatum X X X Gleaning animalivore 

Phylloderma stenops X  X Gleaning animalivore 

Phyllostomus elongatus X X X Gleaning animalivore 

Phyllostomus hastatus X X X Gleaning animalivore 

Tonatia saurophila X X X Gleaning animalivore 

Trinycteris nicefori X X X Gleaning animalivore 

Trachops cirrhosus X X X Gleaning animalivore 

Vampyrum spectrum   X Gleaning animalivore 

Lonchophyllinae   

Lonchophylla mordax  X  Nectarivore 

Lonchophylla thomasi X X X Nectarivore 

Glossophaginae   

Choeroniscus minor X X X Nectarivore 

Glossophaga soricina X X X Nectarivore 

Carollinae   

Carollia benkeithi X X X Frugivore 

Carollia brevicauda X X X Frugivore 

Carollia perspicillata X X X Frugivore 
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Table 2.4  (Continued) 

Taxon 

Habitats 

Ensemble PF SF MF

Rhinophyllinae   

Rhinophylla fischerae X X X Frugivore 

Rhinophylla pumilio X X X Frugivore 

Stenodermatinae   

Artibeus concolor  X X Frugivore 

Artibeus lituratus X X X Frugivore 

Artibeus obscurus X X X Frugivore 

Artibeus planirostris X X X Frugivore 

Dermanura anderseni X X X Frugivore 

Dermanura gnoma X X X Frugivore 

Chiroderma trinitatum  X X Frugivore 

Chiroderma villosum X X X Frugivore 

Mesophylla macconnelli X X X Frugivore 

Platyrrhinus brachycephalus X X X Frugivore 

Platyrrhinus helleri X X X Frugivore 

Platyrrhinus infuscus   X Frugivore 

Vampyrodes caraccioli   X Frugivore 

Sturnira lilium X X X Frugivore 

Sturnira magna X X X Frugivore 
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Table 2.4  (Continued) 

Taxon 

Habitats 

Ensemble PF SF MF 

Sturnira tildae X X X Frugivore 

Uroderma bilobatum X X X Frugivore 

Uroderma magnirostrum X X X Frugivore 

Vampyriscus bidens X X X Frugivore 

Vampyriscus brocki X X X Frugivore 

Vampyressa thyone X X X Frugivore 

Thyropteridae   

Thyroptera lavali   X Aerial insectivore 

Thyroptera tricolor  X X Aerial insectivore 

Vespertilionidae   

Vespertilioninae   

Myotis nigricans X X X Aerial insectivore 

Myotis riparius X X  Aerial insectivore 
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Table 2.5.  Number of bat specimens per species in the environs of Iquitos, Peru, for 
which dietary data were collected from feces. “%” refers to the percentage that seeds 
represent in the diet. “Total” refers to the number of fecal samples containing seeds (S), 
insects (I), or seed and insects (S+I). 
 

Species 

Seeds 

(S) % 

Insects 

(I) S+I Total 

Artibeus concolor 3 100.00 0 0 3 

Artibeus lituratus 33 91.67 2 1 36 

Artibeus obscurus 56 96.55 2 0 58 

Artibeus planirostris 87 87.88 11 1 99 

Carollia brevicauda 469 88.16 45 18 532 

Carollia benkeithi 78 91.76 5 2 85 

Carollia perspicillata 665 78.70 141 39 845 

Chiroderma trinitatum 1 100.00 0 0 1 

Chiroderma villosum 0 0 0 0 0 

Dermanura anderseni 2 100.00 0 0 2 

Dermanura gnoma 6 85.71 1 0 7 

Mesophylla macconnelli 6 54.55 5 0 11 

Platyrrhinus brachycephalus 1 100.00 0 0 1 

Platyrrhinus helleri 6 100.00 0 0 6 

Platyrrhinus infuscus 0 0 0 0 0 

Vampyrodes caraccioli 0 0 0 0 0 

Rhinophylla fischerae 18 94.74 0 1 19 
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Table 2.5  (Continued) 

Species 

Seeds 

(S) % 

Insects 

(I) S+I Total 

Rhinophylla pumilio 74 92.50 4 2 80 

Sturnira lilium 48 97.96 1 0 49 

Sturnira magna 15 100.00 0 0 15 

Sturnira tildae 38 82.61 7 1 46 

Uroderma bilobatum 9 90.00 1 0 10 

Uroderma magnirostrum 0 0 0 0 0 

Vampyriscus bidens 12 100.00 0 0 12 

Vampyriscus brocki 7 100.00 0 0 7 

Vampyressa thyone 25 100.00 0 0 25 
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Table 2.6.  Mean (mm) of morphological characters measured for bats from the environs of Iquitos. Standard error of 
the mean is in parenthesis. Abbreviations are defined in Table 2.2 and 2.3. 

 

Species 

Mean of morphological characters 

GLS CCL ZB POC BB MB MT BAM TW TL HF E TR FA 

Artibeus concolor 
21.78 
(0.09) 

19.28 
(0.15) 

13.51 
(0.14) 

5.6 
(0.05) 

10.01 
(0.08) 

11.65 
(0.03) 

7.02  
(0.05) 

9.26 
(0.14) 

20.5 
(1.5) 65 (3) 

12.5 
(0.5) 18 (0) 6 (0) 50 (1) 

Artibeus lituratus 
31.67 
(0.17) 

27.83 
(0.10) 

19.28 
(0.12) 

6.77 
(0.09) 

13.29 
(0.11) 

17.2 
(0.14) 

11.15 
(0.06) 

13.76 
(0.1) 

74.33 
(3.13) 

91.5 
(2.17) 

17.17 
(0.60) 

22.83 
(0.83) 

8.67 
(0.49) 

73 
(0.65) 

Artibeus obscurus 
27.84 
(0.15) 

24.69 
(0.11) 

16.53 
(0.11) 

6.56 
(0.06) 

11.91 
(0.10) 

14.88 
(0.15) 

9.94 
(0.10) 

12.38 
(0.13) 

35.13 
(1.34) 

75.94 
(1.07) 

15.88 
(0.36) 

20.38 
(0.42) 

7.31 
(0.22) 

59.31 
(0.45) 

Artibeus planirostris 
31.33 
(0.15) 

27.89 
(0.12) 

19.53 
(0.08) 

7.53 
(0.05) 

13.46 
(0.08) 

17.08 
(0.14) 

11.59 
(0.07) 

14.21 
(0.09) 

56.5 
(1.6) 

87.42 
(1.4) 

17.71 
(0.51) 

22.75 
(0.35) 

7.79 
(0.38) 

68.54 
(0.73) 

Carollia benkeithi 
19.11 
(0.16) 

16.93 
(0.15) 

9.67 
(0.11) 

5.21 
(0.06) 

8.66 
(0.06) 

9.86 
(0.07) 

5.96 
(0.05) 

6.94 
(0.04) 

10.53 
(0.42) 

61.61 
(1.65) 

11 
(0.58) 

17 
(0.55) 

6.06 
(0.28) 

35.39 
(0.29) 

Carollia brevicauda 
21.16 
(0.19) 

19.02 
(0.17) 

10.53 
(0.10) 

5.3 
(0.04) 

9.16 
(0.06) 

10.47 
(0.08) 

6.7 
(0.10) 

7.35 
(0.07) 

13.35 
(0.26) 

64.54 
(1.08) 

11.75 
(0.31) 

18.38 
(0.18) 

7.29 
(0.19) 

38.02 
(0.29) 

Carollia perspicillata 
22.02 
(0.12) 

19.8 
(0.12) 

10.71 
(0.1) 

5.4 
(0.04) 

9.37 
(0.05) 

10.77 
(0.08) 

7.4 
(0.06) 

7.65 
(0.08) 

15.36 
(0.65) 

68.95 
(1.10) 

12.62 
(0.46) 

19.45 
(0.47) 

7.5 
(0.23) 

41.45 
(0.23) 

Dermanura anderseni 18.01 15.86 10.86 4.35 8.36 9.32 5.41 7.51 
10.27 
(0.50) 

48.67 
(2.40) 

9.67 
(0.67) 

14.17 
(0.17) 

5.83 
(0.17) 

35.67 
(1.20) 

Dermanura gnoma 
18.63 
(0.14) 

16.55 
(0.17) 

10.57 
(0.11) 

4.86 
(0.04) 

8.42 
(0.06) 

9.78 
(0.1) 

5.75 
(0.1) 

7.57 
(0.12) 

9.89 
(0.27) 

50.22 
(1.31) 

10.28 
(0.36) 

15.83 
(0.39) 

5.89 
(0.27) 

37.83 
(0.36) 

Chiroderma trinitatum 
21.28 
(0.16) 

18.96 
(0.15) 

13.03 
(0.1) 

5.26 
(0.07) 

9.49 
(0.1) 

10.38 
(0.24) 

7.04 
(0.7) 

9.66 
(0.13) 

14.25 
(3.25) 

54.5 
(0.5) 10 (1) 

15.25 
(0.25) 6 39 

Chiroderma villosum 
24.53 
(0.21) 

21.98 
(0.23) 

15.82 
(0.6) 

6.19 
(0.16) 

11.12 
(0.18) 

12.35 
(0.03) 

8.66 
(0.01) 

11.02 
(0.35) 

19.83 
(2.71) 

62.33 
(3.48) 

11.67 
(0.33) 

16.33 
(0.88) 

6.33 
(0.33) 

45.33 
(0.67) 

Mesophylla macconnelli 
17.57 
(0.15) 

15.61 
(0.10) 

9.85 
(0.11) 

4.3 
(0.06) 

7.81 
(0.11) 

8.9 
(0.09) 

5.84 
(0.03) 

6.91 
(0.6) 

6.98 
(0.19) 

45.67 
(0.94) 

8.71 
(0.3) 

13.25 
(0.28) 

5.13 
(0.20) 

31 
(0.21) 

Platyrrhinus brachycephalus 
21.04 
(0.09) 

18.66 
(0.07) 

12.16 
(0.14) 

5.39 
(0.04) 

9.39 
(0.1) 

10.67 
(0.5) 

7.12 
(0.09) 

8.64 
(0.10) 

12 
(0.53) 

58.33 
(1.09) 

10.17 
(0.40) 

15.67 
(0.42) 

6 
(0.45) 

37.08 
(0.45) 

Platyrrhinus helleri 
20.62 
(0.11) 

18.44 
(0.09) 

11.57 
(0.10) 

5.19 
(0.04) 

8.82 
(0.08) 

10.2 
(0.08) 

7.15 
(0.07) 

8.26 
(0.07) 

11.33 
(0.44) 

53.33 
(2.33) 

10.33 
(0.33) 15 

5.67 
(0.33) 

35.83 
(0.73) 

Platyrrhinus  infuscus 29.04 26.4 17.66 6.64 12.18 14.36 11.44 13.35 39 80 15 21 7 56 

Rhinophylla fischerae 
16.89 
(0.17) 

14.96 
(0.18) 

9.29 
(0.19) 

5.14 
(0.1) 

7.89 
(0.2) 

8.62 
(0.05) 

4.38 
(0.1) 

5.9 
(0.23) 

7.68 
(0.13) 

47.75 
(0.76) 

8.88 
(0.13) 

13.88 
(0.29) 

5.75 
(0.17) 

31.31 
(0.24) 

Rhinophylla pumilio 
18.3 

(0.11) 
16.36 
(0.10) 

9.68 
(0.10) 

5.22 
(0.05) 

8.08 
(0.09) 

8.97 
(0.07) 

5 
(0.04) 

6.34 
(0.07) 

8.98 
(0.12) 

50.25 
(0.90) 

9.33 
(0.36) 

14.71 
(0.44) 

5.38 
(0.14) 

34.96 
(0.37) 

Sturnira lilium 
22.75 
(0.27) 

20.69 
(0.27) 

13.23 
(0.21) 

5.9 
(0.07) 

10.3 
(0.16) 

12.01 
(0.22) 

6.45 
(0.15) 

8.13 
(0.06) 

22 
(0.83) 

67 
(1.83) 

12.67 
(0.37) 

16.33 
(0.55) 

6.28 
(0.19) 

44.22 
(0.68) 

Sturnira magna 
26.96 
(0.56) 

24.05 
(0.25) 

16.32 
(0.41) 

7.17 
(0.27) 

11.92 
(0.15) 

14.38 
(0.25) 

7.25 
(0.16) 

8.89 
(0.12) 

42.67 
(4.33) 

84.33 
(5.90) 

17 
(0.58) 

20.67 
(0.67) 8 

60.33 
(0.88) 
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37 

Table 2.6  (Continued) 

Species GLS CBL ZB POC BB MB MT BAM TW TL HF E TR FA 

Sturnira tildae 
23.89 
(0.34) 

21.56 
(0.27) 

14.52 
(0.23) 

6.18 
(0.05) 

10.95 
(0.05) 

12.75 
(0.16) 

6.91 
(0.08) 

8.29 
(0.08) 

24.13 
(2.13) 

72 
(3.08) 

14 
(0.41) 

18.75 
(0.48) 

7.5 
(0.65) 

47.25 
(0.75) 

Uroderma bilobatum 
23.2 

(0.17) 
20.95 
(0.19) 

12.81 
(0.10) 

5.42 
(0.06) 

9.68 
(0.08) 

11.18 
(0.07) 

7.93 
(0.08) 

8.99 
(0.07) 

17.4 
(0.43) 

61.67 
(1.41) 

11.29 
(0.48) 

17.21 
(0.27) 

6.54 
(0.13) 

42.46 
(0.49) 

Uroderma magnirostrum 
23.5 

(0.12) 
21.63 
(0.11) 

12.8 
(0.11) 

5.76 
(0.06) 

9.76 
(0.08) 

11.15 
(0.08) 

8.14 
(0.06) 

9.05 
(0.07) 

17.75 
(1.25) 

63.5 
(1.5) 12 

17.5 
(1.5) 7 44 

Vampyressa bidens 19.58 17.15 11.66 4.84 8.85 10.06 6.38 8.54 
11 

(0.14) 
53.25 
(0.77) 

9.94 
(0.17) 

15.5 
(0.29) 

5.5 
(0.18) 

36.44 
(0.22) 

Vampyressa brocki 
17.82 
(0.26) 

15.59 
(0.12) 

10.29 
(0.11) 

4.81 
(0.06) 

7.94 
(0.01) 

9.05 
(0.03) 

5.65 
(0.12) 

7.38 
(0.11) 

7.71 
(0.32) 

45.56 
(0.91) 

8.56 
(0.24) 

13.39 
(0.45) 

5.33 
(0.14) 

31.33 
(0.29) 

Vampyressa thyone 
17.6 

(0.20) 
15.85 
(0.08) 

10.37 
(0.05) 

4.62 
(0.08) 

7.76 
(0.18) 

9 
(0.17) 

5.56 
(0.04) 

7.2 
(0.12) 

7.51 
(0.25) 

46 
(1.03) 

8.44 
(0.34) 

13.67 
(0.37) 

5.17 
(0.12) 

30.89 
(0.39) 

Vampyrodes caraccioli 27.52 24.42 17.11 6.8 11.6 13.52 9.85 12.42 33.5 69 10 19 7.5 53 
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Table 2.7.  Abundance (Ab) and sum of morphological distances from a focal species to 
other species in the frugivorous ensemble of bats in primary forest. Morphological 
distances were based on a suite of 13 characters (multivariate perspective) and calculated 
for each of four competitive scenarios (n-1, n-2, 2, and 1, as defined in the text).  
 
  

Focal species Ab 

Competitive scenarios 

n-1 n-2 2 1 

Artibeus lituratus 22 19.74 18.35 0.52 0.14 

Artibeus obscurus 61 13.43 12.40 0.51 0.23 

Artibeus planirostris 79 18.23 16.92 0.42 0.14 

Carollia benkeithi 15 8.68 7.55 0.29 0.12 

Carollia brevicauda 52 8.26 7.28 0.27 0.10 

Carollia perspicillata 187 8.55 7.66 0.26 0.10 

Dermanura anderseni 12 9.27 8.06 0.23 0.09 

Dermanura gnoma 13 8.71 7.53 0.20 0.09 

Chiroderma villosum 3 9.79 9.06 0.35 0.17 

Mesophylla macconnelli 23 11.60 10.22 0.24 0.06 

Platyrrhinus brachycephalus 2 8.03 7.01 0.19 0.07 

Platyrrhinus helleri 9 8.18 7.11 0.15 0.07 

Rhinophylla fischerae 11 10.06 8.78 0.26 0.12 

Rhinophylla pumilio 72 12.09 11.22 0.56 0.26 

Sturnira lilium 5 14.03 12.98 0.53 0.23 

Sturnira magna 13 9.95 9.20 0.44 0.21 
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Table 2.7.  (Continued) 

Focal species Ab 

Competitive scenarios 

n-1 n-2 2 1 

Sturnira tildae 2 8.29 7.47 0.22 0.05 

Uroderma bilobatum 16 8.50 7.71 0.21 0.05 

Uroderma magnirostrum 1 8.31 7.21 0.19 0.08 

Vampyriscus bidens 12 11.54 10.23 0.50 0.25 

Vampyriscus brocki 4 10.97 9.63 0.20 0.06 

Vampyressa thyone 7 19.74 18.35 0.52 0.14 
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Table 2.8.  Abundance (Ab) and sum of morphological distances from a focal species to 
other species in the frugivorous ensemble of bats in secondary forest. Morphological 
distances were based on a suite of 13 characters (multivariate perspective) and calculated 
for each of four competitive scenarios (n-1, n-2, 2, and 1, as defined in the text).   
 

Focal species Ab 

Competitive scenarios 

n-1 n-2 2 1 

Artibeus concolor 1 9.06 8.30 0.26 0.13 

Artibeus lituratus 37 21.46 20.07 0.52 0.14 

Artibeus obscurus 63 14.44 13.41 0.51 0.23 

Artibeus planirostris 44 19.79 18.48 0.42 0.14 

Carollia benkeithi 58 9.33 8.20 0.29 0.12 

Carollia brevicauda 122 8.74 7.76 0.27 0.10 

Carollia perspicillata 624 9.02 8.13 0.26 0.10 

Dermanura anderseni 23 10.00 8.79 0.23 0.09 

Dermanura gnoma 16 9.38 8.20 0.20 0.09 

Chiroderma trinitatum 4 8.57 7.62 0.24 0.10 

Chiroderma villosum 6 10.24 9.51 0.35 0.17 

Mesophylla macconnelli 5 12.65 11.28 0.24 0.06 

Platyrrhinus brachycephalus 4 8.40 7.39 0.18 0.07 

Platyrrhinus helleri 32 8.64 7.57 0.15 0.07 

Rhinophylla fischerae 15 12.98 11.59 0.29 0.12 

Rhinophylla pumilio 67 10.94 9.67 0.26 0.12 
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Table 2.8.  (Continued) 

Focal species Ab 

Competitive scenarios 

n-1 n-2 2 1 

Sturnira lilium 24 12.89 12.02 0.56 0.26 

Sturnira magna 14 10.50 9.74 0.38 0.18 

Sturnira tildae 7 8.58 7.76 0.18 0.05 

Uroderma bilobatum 3 8.84 8.04 0.19 0.05 

Uroderma magnirostrum 17 8.82 7.72 0.19 0.08 

Vampyriscus bidens 4 12.54 11.24 0.50 0.25 

Vampyriscus brocki 9 11.96 10.62 0.20 0.06 

Vampyressa thyone 1 9.06 8.30 0.26 0.13 
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Table 2.9.  Abundance (Ab) and sum of morphological distances from a focal species to 
other species in the frugivorous ensemble of bats in mixed forest. Morphological 
distances were based on a suite of 13 characters (multivariate perspective) and calculated 
for each of four competitive scenarios (n-1, n-2, 2, and 1, as defined in the text).     
 

Focal species Ab 

Competitive scenarios 

n-1 n-2 2 1 

Artibeus concolor 5 9.94 9.17 0.26 0.13 

Artibeus lituratus 83 22.26 20.88 0.47 0.14 

Artibeus obscurus 218 14.76 13.73 0.32 0.10 

Artibeus planirostris 501 20.42 19.11 0.37 0.14 

Carollia benkeithi 176 10.92 9.79 0.29 0.12 

Carollia brevicauda 1058 10.04 9.06 0.27 0.10 

Carollia perspicillata 1573 10.16 9.27 0.26 0.10 

Dermanura anderseni 24 11.71 10.51 0.23 0.09 

Dermanura gnoma 40 11.03 9.86 0.20 0.09 

Chiroderma trinitatum 5 9.75 8.80 0.24 0.10 

Chiroderma villosum 4 10.93 10.21 0.35 0.17 

Mesophylla macconnelli 109 14.69 13.31 0.24 0.06 

Platyrrhinus brachycephalus 7 9.70 8.69 0.18 0.07 

Platyrrhinus helleri 18 10.05 8.99 0.15 0.07 

Platyrrhinus infuscus 1 16.16 15.05 0.33 0.10 

Rhinophylla fischerae 43 15.06 13.67 0.29 0.12 
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Table 2.9.  (Continued) 

Focal species Ab 

Competitive scenarios 

n-1 n-2 2 1 

Rhinophylla pumilio 186 13.68 12.82 0.56 0.26 

Sturnira lilium 35 15.77 14.71 0.52 0.23 

Sturnira magna 121 11.24 10.48 0.38 0.18 

Sturnira tildae 30 9.52 8.70 0.18 0.05 

Uroderma bilobatum 10 9.73 8.94 0.19 0.05 

Uroderma magnirostrum 26 10.31 9.20 0.19 0.08 

Vampyriscus bidens 15 14.45 13.14 0.50 0.25 

Vampyriscus brocki 63 13.92 12.58 0.20 0.06 

Vampyressa thyone 5 9.94 9.17 0.26 0.13 

Vampyrodes caraccioli 1 14.24 13.27 0.44 0.21 
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Table 2.10.  Abundance (Ab) and morphological distances from a focal species to other 
species in the frugivorous ensemble of bats in primary forest. Morphological distances 
were based on forearm length (univariate perspective) and calculated for each of four 
competitive scenarios (n-1, n-2, 2, and 1, as defined in the text).     
 

Focal species Ab 

Competitive scenarios 

n-1 n-2 2 1 

Artibeus lituratus 22 5.41 5.04 0.11 0.03 

Artibeus obscurus 61 3.75 3.47 0.07 0.01 

Artibeus planirostris 79 4.87 4.52 0.08 0.03 

Carollia benkeithi 15 1.96 1.65 0.01 0.00 

Carollia brevicauda 52 1.82 1.53 0.01 0.00 

Carollia perspicillata 187 1.89 1.65 0.04 0.01 

Dermanura anderseni 12 1.93 1.61 0.01 0.00 

Dermanura gnoma 13 1.82 1.53 0.01 0.00 

Chiroderma villosum 3 2.15 1.95 0.02 0.01 

Mesophylla macconnelli 23 2.77 2.40 0.01 0.00 

Platyrrhinus brachycephalus 2 1.84 1.54 0.02 0.01 

Platyrrhinus helleri 9 1.91 1.60 0.01 0.00 

Rhinophylla fischerae 11 2.69 2.33 0.00 0.00 

Rhinophylla pumilio 72 2.02 1.70 0.01 0.01 

Sturnira lilium 5 2.05 1.83 0.01 0.00 

Sturnira magna 13 3.87 3.58 0.06 0.01 
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Table 2.10.  (Continued) 

Focal species Ab 

Competitive scenarios 

n-1 n-2 2 1 

Sturnira tildae 2 2.37 2.18 0.05 0.02 

Uroderma bilobatum 1 2.03 1.81 0.02 0.00 

Uroderma magnirostrum 12 1.87 1.56 0.01 0.01 

Vampyriscus bidens 4 2.69 2.32 0.00 0.00 

Vampyriscus brocki 7 2.80 2.43 0.01 0.00 

Vampyressa thyone 22 5.41 5.04 0.11 0.03 
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Table 2.11.  Abundance (Ab) and morphological distances from a focal species to other 
species in the frugivorous ensemble of bats in secondary forest. Morphological distances 
were based on forearm length (univariate perspective) and calculated for each of four 
competitive scenarios (n-1, n-2, 2, and 1, as defined in the text).   
 

Focal species Ab 

Competitive scenarios 

n-1 n-2 2 1 

Artibeus concolor 1 2.70 2.49 0.05 0.02 

Artibeus lituratus 37 5.68 5.31 0.11 0.03 

Artibeus obscurus 63 3.84 3.55 0.06 0.01 

Artibeus planirostris 44 5.08 4.73 0.08 0.03 

Carollia benkeithi 58 2.32 2.01 0.01 0.00 

Carollia brevicauda 122 2.07 1.78 0.01 0.00 

Carollia perspicillata 624 2.04 1.80 0.04 0.01 

Dermanura anderseni 23 2.28 1.97 0.01 0.00 

Dermanura gnoma 16 2.08 1.79 0.01 0.00 

Chiroderma trinitatum 4 2.04 1.77 0.02 0.01 

Chiroderma villosum 6 2.23 2.02 0.02 0.01 

Mesophylla macconnelli 5 3.25 2.88 0.01 0.00 

Platyrrhinus brachycephalus 4 2.13 1.83 0.02 0.01 

Platyrrhinus helleri 32 3.06 2.82 0.07 0.03 

Rhinophylla fischerae 15 3.16 2.79 0.00 0.00 

Rhinophylla pumilio 67 2.40 2.08 0.01 0.01 
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Table 2.11.  (Continued) 

Focal species Ab 

Competitive scenarios 

n-1 n-2 2 1 

Sturnira lilium 6 3.97 3.68 0.06 0.01 

Sturnira magna 14 2.41 2.22 0.04 0.02 

Sturnira tildae 7 2.07 1.83 0.03 0.01 

Uroderma bilobatum 3 2.13 1.91 0.02 0.00 

Uroderma magnirostrum 17 2.19 1.89 0.02 0.01 

Vampyriscus bidens 4 3.16 2.79 0.00 0.00 

Vampyriscus brocki 9 3.28 2.91 0.01 0.00 

Vampyressa thyone 1 2.70 2.49 0.05 0.02 
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Table 2.12.  Abundance (Ab) and morphological distances from a focal species to other 
species in the frugivorous ensemble of bats in mixed forest. Morphological distances 
were based on forearm length (univariate perspective) and calculated for each of four 
competitive scenarios (n-1, n-2, 2, and 1, as defined in the text).   
 

Focal species Ab 

Competitive scenarios 

n-1 n-2 2 1 

Artibeus concolor 5 2.90 2.69 0.05 0.02 

Artibeus lituratus 83 6.11 5.73 0.11 0.03 

Artibeus obscurus 218 4.08 3.80 0.03 0.01 

Artibeus planirostris 501 5.45 5.10 0.08 0.03 

Carollia benkeithi 176 2.53 2.21 0.01 0.00 

Carollia brevicauda 1058 2.26 1.98 0.01 0.00 

Carollia perspicillata 1573 2.24 1.99 0.04 0.01 

Dermanura anderseni 24 2.48 2.17 0.01 0.00 

Dermanura gnoma 40 2.27 1.98 0.01 0.00 

Chiroderma trinitatum 5 2.24 1.97 0.02 0.01 

Chiroderma villosum 4 2.42 2.21 0.02 0.01 

Mesophylla macconnelli 109 3.57 3.20 0.01 0.00 

Platyrrhinus brachycephalus 7 2.32 2.03 0.02 0.01 

Platyrrhinus helleri 18 3.25 3.01 0.05 0.02 

Platyrrhinus infuscus 1 3.63 3.37 0.05 0.02 

Rhinophylla fischerae 232 2.61 2.29 0.01 0.01 
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Table 2.12.  (Continued) 

Focal species Ab 

Competitive scenarios 

n-1 n-2 2 1 

Rhinophylla pumilio 186 2.33 2.12 0.01 0.00 

Sturnira lilium 35 4.23 3.94 0.04 0.01 

Sturnira magna 121 2.60 2.41 0.04 0.02 

Sturnira tildae 30 2.26 2.02 0.03 0.01 

Uroderma bilobatum 10 2.32 2.10 0.02 0.00 

Uroderma magnirostrum 26 2.38 2.08 0.01 0.01 

Vampyriscus bidens 15 3.47 3.10 0.00 0.00 

Vampyriscus brocki 63 3.61 3.23 0.01 0.00 

Vampyressa thyone 5 2.90 2.69 0.05 0.02 

Vampyrodes caraccioli 1 2.45 2.15 0.01 0.00 
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CHAPTER III 
 

RESULTS 
 

Effort, Specimens, and Species 

Sampling effort was appreciable in all three habitats. In primary forest, effort was 

20,160 meter-net-hours (8 nets x 12 meters x 7 hours x 15 nights x 2 seasons). In 

secondary forest, effort was 20,160 meter-net-hours (8 nets x 12 meters x 7 hours x 15 

nights x 2 seasons). In mixed forest, effort was 133,056 meter-net-hours (12 nets x 12 

meters x 5.5 hours x 84 nights x 2 seasons). In total, 7,313 specimens representing 56 

species and 31 genera of five feeding ensembles (aerial insectivore, frugivore, 

nectarivore, sanguinivore, gleaning animalivore) were captured during this study (Table 

2.4). More specifically, 758 specimens and 41 species were captured in primary forest, 

1,309 specimens and 43 species were captured in secondary forest, and 5,246 specimens 

and 53 species were captured in mixed forest.   

Twenty-six frugivorous species were recorded in all three habitats. Based on 

analysis of feces, individuals of only 4 species did not leave any remains at all. Almost all 

of the other species were predominantly frugivorous; at least 75% of their diets were 

seeds only. The only exception was Mesophylla macconnelli; the percentage of seeds in 

its diet was 50% (Table 2.5). 

Twenty-two frugivorous species were recorded in primary forest. Seventeen of 

those species were found to be rare according to the rarity index (Table 3.1). In addition 

to those 22 species, Chiroderma trinitatum and Artibeus concolor were recorded in 
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secondary forest. Nineteen of them were classified as rare in this habitat, the same 17 rare 

species in primary forest plus the two additional records (Table 3.1). In addition to those 

24 species, Platyrrhinus infuscus and Vampyrodes caraccioli were recorded in mixed 

forest. Twenty of them were classified as rare in this habitat, the same 19 species in 

primary forest but Artibeus planirostris plus the two additional records (Table 3.1).  

 Mao Tau sample-based rarefaction curves and empirical species accumulation 

curves were estimated. In primary forest, the number of species collected was equal to the 

number of species expected to be present in the area by the Mao Tau estimator, 22 

species after 32 sampling nights (Fig. 3.1). In secondary forest, the number of species 

collected was equal to the number of species expected to be present in the area by the 

Mao Tau estimator, 24 species after 31 sampling nights (Fig. 3.2). In mixed forest, the 

number of species collected was equal to the number of species expected to be present in 

the area by the Mao Tau estimator, 26 species after 168 sampling nights (Fig. 3.3). 

Species richness in each of three habitats approached an asymptote. These results were 

corroborated by the ACE species richness estimator. In primary forest, this estimator 

predicted the presence of 22.48 species after 32 nights of sampling. In secondary forest, 

this estimator predicted 24.21 species after 31 nights of sampling. In both cases, the 

number of species expected was recorded. In mixed forest, the estimator predicted the 

presence of 27.09 species. In this forest, 26 species were recorded, only one species less 

than the number of species predicted.  
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Ecomorphological Distance and Abundance 

In primary forest, only univariate analyses detected a significant positive 

association between morphological dissimilarity and abundance under scenario 2 from 

both parametric (p = 0.099) and non-parametric (p = 0.1) perspectives (Table 3.2). No 

evidence of density compensation was found in secondary forest, for any of the four 

scenarios, based on univariate or multivariate metrics (Table 3.3). In mixed forest, 

density compensation was detected only from a multivariate perspective based on non-

parametric analyses for the n-1 (p = 0.092), n-2 (p = 0.074), and 2 (p = 0.093) scenarios 

(Table 3.4).  
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Figure 3.1.  Species accumulation curves for frugivorous bats in primary forest of Iquitos, 
Peru. Mao Tao sample-based rarefaction curve is indicated by a solid line (—) and 
empirical species accumulation curve is indicated by a dashed line (----). 
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Figure 3.2.  Species accumulation curves for frugivorous bats in secondary forest of 
Iquitos, Peru. Mao Tao sample-based rarefaction curve is indicated by a solid line (—) 
and empirical species accumulation curve is indicated by a dashed line (----).   
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Figure 3.3.  Species accumulation curves for frugivorous bats in mixed forest of Iquitos, 
Peru. Mao Tao sample-based rarefaction curve is indicated by a solid line (—) and 
empirical species accumulation curve is indicated by a dashed line (----).   
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Table 3.1.  Rarity index assigned to species in each of three habitats (PF, primary forest; 
SF, secondary forest; and MF, mixed forest). Numbers in bold indicate that the species is 
rare in a particular habitat; an “X” indicates that the species is not present in a habitat. 
 

Focal species PF SF MF 

Artibeus concolor 
X 0.001 0.001 

Artibeus lituratus 
0.035 0.031 0.019 

Artibeus obscurus 
0.098 0.053 0.050 

Artibeus planirostris 
0.127 0.037 0.115 

Carollia benkeithi 
0.024 0.048 0.040 

Carollia brevicauda 
0.084 0.102 0.243 

Carollia perspicillata 
0.301 0.520 0.361 

Dermanura anderseni 
0.019 0.019 0.006 

Dermanura gnoma 
0.021 0.013 0.009 

Chiroderma trinitatum 
X 0.003 0.001 

Chiroderma villosum 
0.005 0.005 0.001 

Mesophylla macconnelli 
0.037 0.004 0.025 

Platyrrhinus brachycephalus 
0.003 0.003 0.002 

Platyrrhinus helleri 
0.014 0.027 0.004 

Platyrrhinus infuscus 
X X 0.000 

Vampyrodes caraccioli 
X X 0.000 

Rhinophylla fischerae 
0.018 0.013 0.010 
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Table 3.1  (Continued) 

Focal species PF SF MF 

Rhinophylla pumilio 
0.116 0.056 0.043 

Sturnira lilium 
0.008 0.020 0.008 

Sturnira magna 
0.021 0.012 0.028 

Sturnira tildae 
0.003 0.006 0.007 

Uroderma bilobatum 
0.026 0.003 0.002 

Uroderma magnirostrum 
0.002 0.014 0.006 

Vampyriscus bidens 
0.019 0.003 0.003 

Vampyriscus brocki 
0.006 0.008 0.014 

Vampyressa thyone 
0.011 0.001 0.001 

 

 

 

 

 

 

 

 

 

 
 

57 



Texas Tech University, Lily C. Arias, May 2008 

Table 3.2.  Pearson product moment (PPM) and Spearman rank (SR) correlation 
coefficients (r) between morphological dissimilarity and abundance for each of four 
competitive scenarios in primary forest. Level of significance is indicated by p, with an 
asterisk (*) indicating significance at the 0.10 level. 
 

Competitive 
scenario 

  

Univariate 
____________________________ 

Multivariate 
_____________________________ 

PPM 
_____________ 

SR 
_____________

PPM 
______________ 

SR 
_____________ 

r 
  

p 
 

r 
 

p 
 

r 
 

p 
  

r 
 

p 
 

 
n-1 0.0895 0.3530 0.0806 0.3710 0.0790 0.3650 0.2362 0.1450

 
n-2 0.0934 0.3190 0.1226 0.2770 0.0820 0.3620 0.1684 0.2250

 
2 0.2740 0.099* 0.2650 0.100* <0.0010 0.4950 0.1447 0.2560
 
1 0.2544 0.1250 0.2138 0.1710 -0.0540 0.6070 0.0470 0.4210
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Table 3.3.  Pearson product moment (PPM) and Spearman rank (SR) correlation 
coefficient (r) between morphometric distances among species and species abundance in 
the four competitive scenarios in secondary forest. Level of significance is indicated by p. 
 

Competitive 
scenario 

  

Univariate 
____________________________ 

Multivariate 
_____________________________ 

PPM 
_____________ 

SR 
_____________

PPM 
______________ 

SR 
_____________ 

r 
  

p 
 

r 
 

p 
 

r 
 

p 
  

r 
 

p 
 

 
n-1 0.1446 0.750 0.0435 0.421 -0.1158 0.702 0.2007 0.172

 
n-2 -0.1418 0.748 0.0348 0.439 -0.1106 0.696 0.1528 0.240

 
2 0.0656 0.385 0.1502 0.241 -0.0529 0.601 0.2316 0.134
 
1 0.0247 0.451 0.0826 0.350 -0.0793 0.647 0.1650 0.223
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Table 3.4.  Pearson product moment (PPM) and Spearman rank (SR) correlation 
coefficient (r) between morphometric distances among species and species abundance in 
the four competitive scenarios in mixed forest. Level of significance is indicated by p, 
with an asterisk (*) indicating significance at the 0.10 level. 
 
 

Competitive 
scenario 

  

Univariate 
____________________________ 

Multivariate 
_____________________________ 

PPM 
_____________ 

SR 
_____________ 

PPM 
______________ 

SR 
_____________ 

r 
  

p 
 

r 
 

p 
 

r 
 

p 
  

r 
 

p 
 

 
n-1 0.0862 0.664 0.0990 0.313 -0.0768 0.647 0.2726 0.092*

 
n-2 -0.0851 0.664 0.0917 0.328 -0.0731 0.633 0.2941 0.074*

 
2 0.0971 0.321 0.0062 0.489 -0.0241 0.550 0.2674 0.093*
 
1 -0.0021 0.497 -0.0822 0.652 -0.0773 0.645 0.1325 0.2590
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CHAPTER IV 
 

DISCUSSION 
 

 Community ecologists long have discussed the role that different factors play in 

determining the composition and structure of assemblages (Hölldobler and Wilson 1990; 

Wiens 1989). During this controversy, null model simulations were generated to compare 

occurrence patterns of species in the absence of competition to the structure of empirical 

communities. Although most of those initial debates concluded that competition is a 

powerful and pervasive force in evolutionary ecology (Diamond 1975), the current view 

is that the importance of competition has been overestimated (Szabo and Meszena 2006) 

and that other factors may be important. Few of the examples that have detected effects 

of interspecific competition by assessing ecological character displacement have 

withstood careful examination (Adams and Rohlf 2000). Although competition might not 

result in character displacement or competitive exclusion, it might affect the abundances 

of the competing species, thereby producing ensemble-level or assemblage-level structure 

(Stevens and Willig 2000b). More specifically, if density compensation is dictating the 

rules of species assembly, a positive correlation will exist between the abundance of 

species and morphological dissimilarity to other species in the ensemble.  

 This is the first study to evaluate the effects of competition on the ensemble 

structure of frugivorous bats in an Amazonian locality. Stevens (1996) and Stevens and 

Willig (2000b) evaluated the bat assemblage of an Amazonian locality (Jenaro Herrera, 
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Loreto, Peru), but did not evaluate the frugivore ensemble because of the presence of an 

unknown species of Artibeus (R. Stevens pers. comm.).  

Several studies have examined the organization and structure of bat assemblages, 

assuming that the morphological divergence of species results from the partitioning of 

resources during competitive interactions.  In a Neotropical savanna in Bolivia, the 

structure of the bat assemblage was addressed by evaluating species richness, relative 

abundance, and species accumulation curves (Aguirre 2002), by evaluating the 

relationships between diet and cranial structure mediated through bite-force performance 

(Aguirre et al. 2002), and by studying the relationship among food hardness, food size, 

and bite force (Aguirre et al. 2003). In a similar study Dumont (1999) quantified the 

relationship between food hardness and feeding behavior. However, those studies did not 

consider the abundance of the species when evaluating the effects of interspecific 

competition. By overlooking the abundance of species important information may be lost 

regarding competitive interactions that are not intense enough to produce morphological 

dispersion of characters or the extinction of the competitors. Several studies have claimed 

that abundance of the species is controlled by interspecific competition in several groups 

of organisms such as fish (Robertson 1996), coyotes (Murray Berger and Gese 2007), and 

bats (Arlettaz et al. 2000; Timpone et al. 2006). Kingston et al. (2000) included 

abundance as a factor in analyses, but predicted that interspecific competition should be 

most intense between the more abundant species, and that these species should 

consequently show the greatest degree of morphological adjustment to avoid overlap. In 

contrast, I assumed that the more abundant species are those avoid competition by being 
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more morphologically different. Regardless, Kingston et al. (2000) found no evidence 

that morphological differences were influenced by relative abundances. 

 Lowland rainforests in the Neotropics maintain bat assemblages with the greatest 

number of sympatric bat species (Voss and Emmons 1996) and the highest functional 

diversity (Stevens and Willig 1999). These forests occupy a small part of North America 

and a large part of Central and South America (Soriano 2000), and alpha-diversity has 

been documented for several of such localities (Hice et al. 2004; Simmons and Voss 

1998; Willig 1983). However, knowledge of the mechanisms that influence the 

composition or structure of bat assemblages at different localities is needed, especially 

when many sites are facing an alarming rate of habitat loss, degradation and 

fragmentation (Estrada et al. 1993) caused by deforestation and logging (Gascon et al. 

2001). Furthermore, the nature of interactions among component species of an 

assemblage in such Neotropical environments can be quite different from one habitat to 

another, and can even differ among ensembles within the same assemblage. For example, 

in an evaluation of five feeding ensembles in nine assemblages (45 cases), no feeding 

ensemble was structured deterministically at all locations and no assemblage was 

characterized consistently by deterministic structure in all its constituent feeding 

ensembles (Stevens and Willig 2000b). Consequently, processes and patterns identified in 

an ensemble or assemblage at a single locality should not be extrapolated to other 

localities or regions without empirical confirmation. 

 In the Iquitos region, evidence to reject the null hypothesis stated in this study, 

was quite weak. Based on 48 simulation analyses, only 5 resulted in significance and 4 of 
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those five were only marginally significant (0.092, 0.093, 0.09, and 0.1). Indeed, at a α-

level of 0.10 an average of 4.8 analyses would be expected to yield significance by 

chance alone, a number only slightly less than the number of observed significant results 

(5). These results do not allow more precise conclusions with respect to the scenarios (n-

2, n-1, 2, 1) where the significant cases were found, or with respect to the analyses 

(multivariate or univariate, Pearson or Spearman correlation tests) that led to them. 

A variety of circumstances, explored below, could contribute to the observed 

unimportance of density compensation in the Iquitos area. The first set of factors 

(availability of resources and neutrality) explains the weak evidence for density 

compensation to corroborate the absence of competition. The second set of factors 

(sampling, ecomorphology, spatial domain, organismal domain, equilibria, and rarity) 

considers that deterministic mechanisms operate in the Iquitos bat assemblage, but other 

circumstances conceal their effects. 

 

Considerations of Availability of Resources 

 The simplest explanation to the lack of support for competitive interactions 

determining the composition of bat assemblage is that the species are not resource-

limited. Diverse resources are abundant all year long eliminating the effects of 

competitive pressures. A detailed assessment of the feeding ecology of frugivorous bats 

would be needed to verify this situation. 
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Considerations of Neutrality 

 My results corroborate predictions of the unified neutral theory of biodiversity 

and biogeography (Hubbell 2001). This theory states that births and deaths are random 

events, species turnover is produced by local extinction and immigration, and that 

random speciation, dispersal, and global extinction produce large-scale changes.  

Consequently, in the absence of immigration or speciation, stochastic models should 

produce patterns of diversity in ecological communities. If the relative abundance of the 

species is the outcome of stochastic events, then models that try to detect density 

compensation will fail to find any relationship between morphological dissimilarity and 

such random abundances.   

 Competition theory assumes that if different species are limited by the same 

resource, the best competitor will eventually exclude all others. By assuming that 

individuals are ecologically similar and species are competitively equivalent, the neutral 

theory contradicts this fundamental premise in community ecology and does not require 

interspecific mechanisms (character displacement and density compensation) to produce 

patterns.  

 By considering ecological and evolutionary mechanisms at different spatial and 

temporal scales, this theory has been efficient in predicting species richness and 

abundances in a variety of organisms, including tropical bats (Hubbell 2001). However, 

the theory ignores and even contradicts the fact that individuals differ in size and form, 

which are important factors in most biological systems. 
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Considerations of Sampling 

The efficacy of simulation analyses to detect density compensation is predicated 

on three criteria (Stevens and Willig 1999). First, sampling should be conducted during 

all seasons that bats are active (e.g., dry and wet seasons). The climate in Iquitos is wet 

all the year suggesting that bats are active 12 months a year and were sampled 

accordingly. Second, sampling should include species that, because of their proximity, 

have the potential to interact. In this study, sampling plots within primary forest were 

close enough (≤ 30 km)  to allow the travel of species and individuals from one plot to 

another, allowing the interaction of the species (the average distance among patches was 

3.6 km). The same was true in secondary forest. In mixed forest, sampling sites were at 

least 5 km apart with a maximum inter-site distance of 68 km, potentially failing to meet 

the second criterion of the model in all cases. Paradoxically, more cases of density 

compensation were detected in this forest than in the other two forests. Third, sampling 

should be conducted for at least one year. In primary and secondary forest, sampling was 

conducted for more than twelve months but for only 9 months in mixed forest. 

Regardless, capture effort in mixed forest was almost four times that in primary or 

secondary forest. Species accumulation curves (Fig 3.3) show that the species richness of 

this ensemble equaled the asymptotic expectation at this habitat, suggesting that sampling 

was sufficiently intensive and extensive to accurately represent the species in the area. 

This result was corroborated by the ACE richness estimator. All the three habitats were 

extensively sampled and the number of species collected represented the actual number 

of species present in each habitat (see Results). Moreover, even rare species were 
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detected in mixed forest. Their inclusion in analyses that precisely address whether 

deterministic or stochastic processes dictate the composition and structure of an 

assemblage is crucial because their rarity is just the expression of a reduction in 

abundance caused by the negative effects of competition.  

 

Considerations of Ecomorphology 

 In this study, morphological and cranial characteristics that relate to feeding 

ecology evaluated the existence of density compensation. Alternatively, echolocation 

characteristics or wing morphology might be good indicators of resource partitioning 

(Aldridge and Rautenbach 1987). This is particularly true in insectivorous species that 

possess a highly-specialized echolocation system (Fenton 2004) and wing morphology to 

chase and capture preys. Frugivorous species do not require such a highly efficient 

echolocation system because they do not confront the problems associated with tracking 

mobile prey items. They mostly use echolocation to orient in space or to guide the 

approach to a site with food (Denzinger et al. 2004). In relation to morphological 

differences in the wings that could suggest ecological separation in frugivorous species, 

the evidence is contradictory. For example, some differences have been found in species 

of Carollia that are associated with maneuverability (Stockwell 2001). C. castanea is 

better suited than is C perspicillata to fly in dense vegetation and to forage on foods that 

are less exposed or harder to reach. Comparable differences in flight performance did not 

characterize Artibeus lituratus and A. jamaicensis, even though a greater size difference 

exists between them. In Panama, V. thyone, Platyrrhinus helleri, Vampyrodes caraccioli, 
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and species of Artibeus and Chiroderma, share a preference for feeding on fruits from 

trees above 3 meters tall (Bonaccorso 1978). Within this group, differences in the use of 

foraging space produce segregation within the ensemble and are reflected in wing 

morphology (Norberg and Rayner 1987). Species of Carollia were classified in a 

different group, “groundstory frugivores”, because of their preference for foraging in 

lower stature vegetation (i.e. brushes).  

 The complete array of ecological characteristics that distinguishes the niches of 

species are not necessarily reflected in morphological characteristics alone (Saunders and 

Barclay 1992, Wiens and Rotenberry 1980), in part because bats exhibit highly flexible 

behavior (Fenton 1990). Although morphological features are useful in separating 

chiropteran species into foraging ensembles, they may be incomplete surrogates for fine-

grained ecological information (Nicholls and Racey 2006) that represents critical niche 

parameters. Characteristics of wing morphology might more accurately reflect such 

parameters (Kingston et al. 2000; McKenzie and Rolfe 1986). 

 

Considerations of Organismal Domain 

 Effects of competition may extend to species outside the frugivorous ensemble. 

Competition among species in different feeding ensembles is possible because many bat 

species feed opportunistically according to the abundance of preferred or alternative 

resources. For example, nectarivores consume fruits and insects in addition to nectar and 

pollen, and foliage gleaners and omnivores consume fruits in addition to other food items 

(Gardner 1977). Moreover, frugivorous birds might share resources with bats. In an 
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analysis of dietary overlap between bats and birds in a Neotropical locality, Gorchov et 

al. (1995) found that six fruits were eaten by bats and by birds. Another study conducted 

in Costa Rica revealed that birds and bats generally feed on different fruits; however, 

some dietary overlap (fruits of several Piper species) characterized a species of tanager 

and three species of Carollia (Palmeirim et al. 1989). Alternatively, obtaining sufficient 

protein from fruits may represent a problem for frugivores that may be solved by 

consumption of insects (Thomas 1984). Indeed, some frugivorous species may be more 

dependent on insects (about which they compete), than on fruits, per se. Thus, their 

abundance may not be related to the abundances of the other members of the frugivorous 

ensemble. In Iquitos, insects represented up to 45.45% of the diet of frugivorores bats 

(Table 2.5), suggesting that such a scenario may account for lack of density 

compensation among members of the frugivorous ensemble especially when the 

abundance of the most insectivorous species (e.g., Mesophilla macconnelli, Carollia 

perspicillata) are included in measures of morphological distances. 

 

Considerations of Spatial Domain 

 Local and regional habitat characteristics affect assemblage structure of different 

organisms (Pearman 2002). For example, the local abundance of species may be a 

consequence of regional mechanisms such us the source-sink dynamics or the multiple-

use of space phenomenon (Gorrensen et al. 2005). Thus, a local mechanism such as 

competition (Moreno et al. 2006) might have been countermanded by broad scale spatial 

dynamics. Those mechanisms are explored below.  
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 The use of space by species for multiple activities is a common phenomenon 

since a variety of habitats attributes may determine the presence of a species. In 

particular, bat species can have distinct habitat preferences associated with different 

activities. The availability of food resources is not the only factor influencing the 

persistence of individuals in a particular environment. For example, availability of 

roosting sites is also important (Altringham 1996; Findley 1993; Kunz 1982; Kunz and 

Lumsden 2003; Neuweiler 2000). In colonial bat species, large concentrations of 

individuals often are centered on roosting sites that are quite different from foraging areas 

(see O’Donnell 2001). In the Neotropics, bats could feed on plants in secondary forest, 

but have roosting sites in primary forest. Even species such as Sturnira lilium, a specialist 

in consuming resources of secondary forest, may prefer to roost in primary forest (Evelyn 

and Stiles 2003). Thus, we can not be sure that the individuals that were captured at a 

particular site are actually feeding on resources of that site, or are traveling to a different 

foraging area, or are using the habitat because of the availability of roosts. The degree to 

which roost-site availability rather than food resources, limits bat behavior and 

population dynamics is still unknown (Schulze et al. 2000), and consequently, its effects 

on assemblage structure can not be measured.  

  Moreover, the movement of individuals from one habitat to another habitat could 

be a reflection of source-sink dynamics (Pulliam 1988). For some ecological 

requirements, patches of secondary forest could be a source or good quality habitat for 

species in sink habitats or patches of primary forest, thus, mitigating the effects of 

competition. Disturbed habitats in secondary forest can provide excellent foraging 
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opportunities for species in a number of genera (Sturnira, Carollia, and Artibeus) that 

consume fruits of early successional plants such as Solanum, Piper and Cecropia 

(Brosset et al. 1996; Fleming 1986; Gorrensen and Willig 2004; Willig et al. 1993; Willig 

et al. 2007).  Higher abundance of resources in secondary forest compared to primary 

forest has been observed in Costa Rica (Levey 1988), where the monthly abundance of 

understory plants bearing ripe fruits, species diversity of understory fruiting plants, and 

abundance of understory ripe fruit, were significantly higher in second growth sites and 

in gap sites than in intact forest. For other ecological requirements, patches of primary 

forest could be a source for species in sink habitats or patches of secondary forest. 

Moreover, the fact that a species forages in a disturbed habitat does not mean it does not 

require comparatively good quality, undisturbed areas to satisfy other requirements for 

survivorship and reproduction. 

    Vagility of bats permits exploitation of food resources with a patchy distribution 

(McNab 1971). This characteristic makes bats able to escape competition pressure if 

resources become scarce. Rodents, for example, because of their low travel distances and 

small home ranges, are forced to stay in a small area despite limited resources and 

competition (Brown 1989; Stevens and Willig 1999). Mobility or dispersion especially in 

small-scale studies like this could influence greatly the consequences of competition at 

the assemblage or ensemble level. 
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Considerations of Equilibria 

 Population of bats may be in a state of non-equilibrium or instability, probably 

due to the recent nature of disturbance in the Iquitos region (Willig et al. 2007). In 

equilibrial assemblages, component species attain carrying capacities. That is the ideal 

scenario in which to detect deterministic mechanisms on assemblage structure. When a 

system is exposed to disturbance events it may be distant from competition-induced 

equilibria. For instance, as it was showed in a community of marsh species, as abiotic 

stress increased, competition became less of a limiting factor in regulating the abundance 

of a species (Greiner La Peyre et al. 2001). Disturbance can have a strong effect on local 

populations of Neotropical vertebrate assemblages (Bierregaard and Stouffer 1997; 

Malcolm 1997; Peres 2001; Tocher et al. 1997) that can override the influence of 

competition. In Brazil, for example, it has been predicted that, as an outcome of 

deforestation, the number of threatened mammal species by 2020 will be 5-18% of the 

total number of endemic mammal species (Grelle 2005). In bat assemblages, 

deforestation may reduce the abundance of some species (Fenton et al. 1992; Stoner et al. 

2002) while others increase (Estrada et al. 1993; Gorrensen and Willig 2004; Willig et al. 

2007) in deforested areas. Fragmentation of habitat also can create non-equilibrial 

conditions at the level of functional or trophic groups. For example, as a consequence of 

fragmentation in the Paleotropics, insectivorous microchiropteran species showed a huge 

decline, with their proportional richness changing from 82% in undisturbed forest to 54% 

in logged forest. However, plant-visiting megachiropteran species increased from 

between 15% and 18% of species in primary forest to 46% of the species in logged forest 
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(Lane et al. 2006). If human disturbances are promoting non-equilibrial conditions, it 

could be obscuring the effects of competition. In Iquitos, disturbance associated with 

logging may produce non-equilibrial densities and thus explain why density 

compensation was not detected in secondary forest, under any scenario.  

 

Considerations of Rarity 

As in many other Neotropical bat assemblages (Lim and Engstrom 2001a; 

Stevens and Willig, 2002), the Iquitos bat assemblage comprises many rare species and 

few common species. According to the rarity index, only four species were common in 

all three habitats (C. perspicillata, C. brevicauda, A. planirostris, and R. pumilio). All of 

the other 22 species were classified as rare or absent. The rarest species were Ch. 

trinitatum, and A. concolor in secondary forest and mixed forest, and P. infuscus, and 

V.caraccioli in mixed forest. The presence of Ch. trinitatum and A. concolor in secondary 

forest, and their absence from primary forest can not be explained by differences in 

capture effort as the same effort was accomplished in both forest types. Consequently, 

those differences are probably due to the habitat requirements of the species. In Central 

Amazonia, A. concolor visited flowers of Ceiba petandra (Gribel et al. 1999), Parkia 

cachimboensis, and P. pendula (Hopkins 1984).  In French Guiana, A. concolor disperses 

seeds of Cecropia obstusa (Charles-Dominique 1986), and seeds of this tree have been 

found in the feces of individuals captured from primary and secondary forest (Lobova et 

al. 2003). C. petandra, is an emergent tree (up to 60 m. high), occurring in lowland, 

seasonally flooded habitats. P. pendula, is an emergent tree (up to 50 m. high) with 
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widespread distribution in Amazonian terra firme forests (Peres 2000). P. cachimboensis, 

a tree or shrub (up to 5 m. high), of white sand habitats, has been recorded only in Pará 

and Manaus, Brazil (Hopkins 1982, 1984). Only the first two species occur in the study 

area, suggesting that of A. concolor includes in its diet flowers of emergent trees, which 

are usually more common in primary forest.  This preference could explain, at least 

partially, the absence of A. concolor from primary forest, where common ground level 

inventories probably underestimate its presence. Records of Cecropia seeds for A. 

concolor suggest that in secondary forest, this taxon is an important dietary constituent 

making it easier to capture individuals at ground level while feeding. Few studies have 

documented the diet of Chiroderma trinitatum. Shanahan et al. (2001) reported that it 

consumes fruit of Ficus popenoei, a tree distributed in Central and South America (Brako 

and Zarucchi 1993; Sutherland 2001). 

Mechanisms such us competition for resources could produce a restriction of 

species from otherwise suitable habitats or low population densities. As it was 

demonstrated experimentally in a Costa Rican nectar-feeding butterfly assemblage, 

resource competition with dominant species may exclude many species from 

communities, lowering diversity and skewing species abundance distributions (Kunte 

2007). The inclusion of rare species in studies, such as this one, that precisely try to 

determine the presence of competition by assessing the relationship between abundance 

and morphological dissimilarity, is crucial.  
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Conclusion 

The interactions that take place among species of an assemblage are complex 

because of the effects of intrinsic characteristics of the species per se, and because of 

external processes that operate at different temporal and spatial scales. This complexity is 

evident in subsets of assemblages, such as ensembles that exploit the same resources. I 

conclude that unique characteristics of bats such as vagility, need for resources found in 

different habitats, and consumption of food items other than fruits, as well as the effects 

of disturbance and source-sink dynamics, might conceal or eliminate the effects of 

deterministic interactions on the frugivore ensemble of the Iquitos bat assemblage.  
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APPENDIX A 
 

SIMULATION FUNCTION (MATLAB) 
 

% SimGuildVector= Creates a probability density function of the Spearman and Pearson 

% correlation values between a vector of simulated abundances and a vector of actual 

%sum of morphometric distances. Finds the p value for the Spearman and Pearson 

%correlations between a vector of the sum of morphometric distances and a vector of 

%actual rank abundances 

% dist= vector of the sum of morphometric distances  

% iter= number of iterations; 

% AcAb= vector of actual abundances 

% tail = optional variable indicating the direction of the 

%                 test [default = two-tailed test]: 

%                   -1 = left-tailed test. 

%                    0 = two-tailed test. 

%                   +1 = right-tailed test. 

%----------------------------------------------------------------- 

% p_Sr_value = signficance of the Spearman correlation (tail probability). 

% p_Pr_value = signficance of the Pearson correlation (tail probability). 

% Sr= Spearman correlation coefficient between morphometric distances and actual  

% abundances 

% Pr= Pearson correlation coefficient between morphometric distances and actual  
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% abundances 

 function [Pr, p_Pr_value, Sr, p_Sr_value ]= SimGuildVector (dist, iter,  AcAb, 

 tail) 

if (nargin < 4) tail = []; end; 

  if (isempty(tail)) tail = 0; end; 

dist=dist(:); 

N=length(dist); 

AcAb=AcAb(:); 

distrib_S=zeros (iter, 1); 

distrib_P=zeros(iter,1); 

   for i=1:iter 

    abund=randperm(N); 

     abund=abund(:); 

     SpearmanCorr=spearman (dist, abund); 

    j=randperm(N); 

     abundP=AcAb(j); 

     abundP=abundP(:); 

    PearsonCorr=corr(dist, abundP); 

     distrib_S(i)= SpearmanCorr; 

    distrib_P(i)=PearsonCorr; 

end; 

AcAb=AcAb(:); 
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M=length(AcAb); 

if (M~=N) 

    error ('SimGuildVector: data vectors must have the same length'); 

end; 

    Sr= spearman(dist, AcAb); 

  abs_Sr_hat = abs(Sr); 

 if (tail >= 0) 

%     p_Sr_right = sum(distrib_S >= abs_Sr_hat)/iter ; 

         p_Sr_right =  (sum (distrib_S >= Sr)/ iter); 

    p_Sr_value = p_Sr_right; 

    end; 

     if (tail <= 0) 

%     p_Sr_left = sum(distrib_S <= -abs_Sr_hat)/iter ; 

       p_Sr_left = sum (distrib_S <= -Sr)/ iter; 

     p_Sr_value = p_Sr_left; 

    end; 

     if (tail == 0) 

         p_Sr_value = p_Sr_left + p_Sr_right; 

       end; 

        AcAb=AcAb(:); 

  Pr=corr(dist, AcAb); 

 abs_Pr_hat = abs(Pr); 
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 if (tail >= 0) 

%     p_Pr_right = 0.9.*(sum(distrib_S >= abs_Pr_hat)/iter) ; 

      p_Pr_right = (sum (distrib_S >= Pr)/ iter); 

     p_Pr_value = p_Pr_right; 

  end; 

   if (tail <= 0) 

%     p_Pr_left = sum(distrib_S <= -abs_Pr_hat)/iter ; 

          p_Pr_left = sum (distrib_S <= -Pr)/ iter; 

     p_Pr_value = p_Pr_left; 

    end; 

    if (tail == 0) 

    p_Pr_value = p_Pr_left + p_Pr_right; 

  end; 

  figure; 

 histgram (distrib_S); 

xlabel ('Distribution of the Spearman Correlation values'); 

ylabel ('Frequencies') 

title ('Probability density function'); 

figure; 

histgram (distrib_P); 

xlabel ('Distribution of the Pearson Correlation values'); 

ylabel ('Frequencies') 
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title ('Probability density function'); 

 return; 
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APPENDIX B 
 

MORPHOMETRIC FUNCTION (MATLAB) 
 

% Simulation: Given an N x P data matrix (FA) containing the morphometric averages 

% (either a vector or a matrix), produces four vectors, one containing the 

%distances from the focal species to all the neighbors in the feeding ensemble (ALL), 

%other containing the distances from the focal species to all the members in the ensemble 

%except the most morphologically distant (ALLBUT), other one containing the 

%distance from the focal species to the two nearest neighbors (TWON), and 

%other one comprising the distances from the focal species to the nearest 

%neighbor (NN). 

 

%     Usage: [NN, TWON, ALL, ALLBUT] = Simulation(X) 

%         FA = [N x P] matrix for morphometric averages 

%           (either a vector or a matrix), 

%   ______________________________________________________ 

%            NN= distances from the focal species to the nearest neighbor  

%         TWON= other one containing the distance from the focal species to the two  

% nearest neighbors  

%         ALL= distances from the focal species to all the neighbors in the feeding 

 % ensemble 
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%         ALLBUT= distances from the focal species to all the members in the ensemble 

except the most morphologically distant 

 

function [NN,TWON,ALL,ALLBUT]=Simulation (FA) 

logFA=log10(FA); 

X = eucl (logFA,logFA); 

  P = length(X); 

  distrib =zeros (P, 6); 

    for c = 1:P  

        S=sort(X); 

        A= S(2,c);      % distance to the nearest neighbor  

        B= S(3,c);      %distance to the second nearest neighbor 

%         if (S(2,c) ~= S(3,c))                   

            C= sum (A+B);        %distance to the two nearest neighbors if first and second are 

different 

%             G=0; 

%             H=0; 

%          else       

%             C=0;  

%             G=S(4,c);        %distance to third nearest neighbors if first and second are equal 

%             H= sum (A+G);       %distance to the two nearest neighbors if first and second 

are equal 
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%           end; 

            D= S(P,c);          %distance to the most different neighbor 

            E= sum(S(:,c));     %distance to all the neighbors 

            F= E-D;             %distance to all the neighbors but the most different                     

                      distrib(c,:)= [ A, B, C, D, E, F]; 

                    M=distrib; 

          NN=M(:,1);        % distance to the nearest neighbor  

          TWON= M(:,3);      %distance to the two nearest neighbors if first and second are 

different 

          ALL=M(:,5);       %distance to all the neighbors 

          ALLBUT= M(:,6);   %distance to all the neighbors but the most different 

          end; 

       return; 
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