
NESTED SUBSET ANALYSIS: RANDOMIZATIONS WITH 

REGARD TO PLACEMENT OF SPECIES VERSUS INDIVIDUALS 

by 

JEFFREY CHARLES ROBERTS, B.S., M.S. 

A DISSERTATION 

IN 

BIOLOGY 

Submitted to the Graduate Faculty 
of Texas Tech University in 

Partial Fulfillment of 
the Requirements for 

the Degree of 

DOCTOR OF PHILOSOPHY 

Approved 

May, 2002 



ACKNOWLEDGMENTS 

As is the case with any degree, there are many people who contributed greatly to 

my research and successful completion. Each in their own way provided me with support 

or assistance that, had I to go without it, I would not be where I am today. 

My wife, Heather, and my parents deserve a great deal of thanks. They have all 

supported me through all ofthe events these past six years. Most importantly, Heather 

was there to listen to ideas and complaints, help with successes and failures, and remind 

me that, no matter what, there was a world outside of my work that helped provide some 

sanity, and distractions when necessary, through my entire time here. Saying thank you 

is not enough, and I can only hope I am there for you. 

Dr. Michael Willig, my advisor, took a big chance six years ago, and I thank him 

for that. Why he would take someone who was trained as an avian natural historian I still 

do not understand, but I think everything tumed out well. He taught me to think 

critically, which is probably the most important task an advisor can do. I may not have 

been the model student, but I hope I was not too much of a burden either. Thank you for 

everything you did. 

My advisory committee. Dr. Richard Strauss, Dr. Mark McGinley, Dr. Gene 

Wilde, and Dr. Kenneth Dixon, each provided assistance and guidance through various 

stages of my program. Whether it was in the classroom or one-on-one, I leamed and 

benefited from everyone of you. Dr. Strauss deserves an extra thanks for his assistance in 

developing the computer models. Besides his ability to take 15 lines of code and reduce 



it to two lines which worked much better, he helped reason out difficult problems and go 

through conversions every time I switched programming languages. Thank you also. 

The Department of Biological Sciences at Texas Tech University made it possible 

for me to be here. Funding provided by the department through grants and assistantships 

helped relieve some ofthe financial burden associated with graduate school. Other 

members ofthe faculty, both past and present, also helped with the development of my 

degree, most specifically Dr. Kent Rylander and Dr. Daryl Moorhead. There are many 

more people within the department that deserve recognition, but I will not list any for fear 

of omitting a few. Thank you to everyone. 

Finally, I need to thank the other graduate students, past and present, in Dr. 

Willig's lab who assisted in some aspect of my research and time at Texas Tech. Stephen 

Cox, Christopher Bloch, Donald Yee, Richard Stevens, Steven Presley, Dianne Hall, and 

Michael Cramer all helped in their own way, and to each I owe a generous thank you. 

Ill 



TABLE OF CONTENTS 

ACKNOWLEDGMENTS ii 

LIST OF TABLES vi 

LIST OF FIGURES vh 

CHAPTERS 

I. INTRODUCTION 1 

Nestedness 2 
Conditions Producing Nestedness 5 
Measuring Nestedness 8 
Tests of Nestedness 9 
Uses of Nestedness 12 
Proposed Study 14 
Literature Cited 15 

II. A HIERARCHICAL APPROACH TO ANALYSIS OF NESTED 
DISTRIBUTIONS 25 

Abstract 25 
Introduction 26 
Methods 30 
Results 33 
Discussion 34 
Literature Cited 37 

III. AN ALTERNATIVE METHOD FOR THE ANALYSIS OF NESTED 
SPECIES DISTRIBUTIONS 44 

Abstract 44 
Introduction 44 
Methods 48 
Results 53 
Discussion 54 
Literature Cited 57 

IV 



IV. ECOLOGICAL AND MECHANISTIC CONSIDERATIONS OF 
ANALYSES OF NESTEDNESS 65 

Abstract 65 
Introduction 65 
Methods 70 
Results 73 
Discussion 75 
Literature Cited 80 

V. AN ALTERNATIVE APPROACH FOR THE ANALYSIS OF NESTED 
SUBSETS: A CONSIDERATION OF SPECIES ABUNDANCES 88 

Abstract 88 
Introduction 89 
Methods 91 
Results 96 
Discussion 97 
Literature Cited 102 

VI. CONCLUSIONS 107 

Literature Cited 110 

APPENDICES 

A. DATA SETS ANALYZED 112 

B. COMPUTER PROGRAM CODES 156 



LIST OF TABLES 

2.1 Species abundance distributions (number of breeding pairs) from the islands 
of Lake Pymatuning 41 

3.1 A number of metrics have been developed for the analysis of nested subsets, 
each having its own strengths and weaknesses. The listed characteristics are 
some ofthe more important considerations related to model behavior 60 

4.1 Island type affects the degree of nestedness for mammals, birds, and plants 84 

4.2 Pooling years has little effect on degrees of nestedness for the avifauna of 
Lake Pymatuning or Illinois woodlots 85 

4.3 Differences in taxa with respect to dispersal abilities affect levels of 
nestedness in four island systems 86 

4.4 The effect of island type (tme or habitat) on degree of nestedness for birds, 
small mammals, bats, and amphibians 87 

5.1 Descriptive statistics for extinction and colonization metrics from analyses of 
the distribution of species within two fragmented systems 105 

A.l A list of all data sets used for nested subset grouped by taxon. A description 
of each system follows 112 

VI 



LIST OF FIGURES 

I. I Matrix representation of nestedness in that species (A through H) are 
arranged across columns in decreasing order of frequency of island 
occurrence and islands (1 through 6) are arranged across rows in decreasing 
order of species richness 21 

1.2 A hypothetical distribution of nine species (A through I), arranged across 
columns in decreasing frequency of occurrence, on a series of eight islands 
(I through 8), arranged across rows in decreasing frequency of species 
richness, for a total of 36 species-presences (Panel A) 23 

2.1 Graphical representation ofthe simulated probability density functions of 
nestedness as measured by the temperature calculator (Atmar and Patterson 
1993) 43 

3.1 Graphical representation of a distribution of deviation-from-nestedness 
scores to which the observed value is compared 62 

3.2 Null distribution of standardized deviation-from-nestedness scores for the 
mammalian data of Patterson and Atmar (1986) where the arrow indicates 
the value from the empirical matrix 63 

Vll 



CHAPTER I 

INTRODUCTION 

Pattems of species distribution and the mechanisms that underlie them are central 

themes in ecological and biogeographic studies. Historically, a diversity of approaches 

has been used to explain pattems that reflect species distributions (e.g., Wallace 1876, 

1880; Arrhenius 1921; Lack 1942). Most notable is the MacArthur and Wilson (1963, 

1967) equilibrium theory of island biogeography, which considers species richness to be 

a ftinction of a dynamic balance between colonization and extinction rates. These 

pattems in species distribution are, in part, determined by island area, degree of isolation, 

and other characteristics ofthe island system. Within this context, species-area 

relationships have been used to describe pattems of species distributions (e.g., Gilpin and 

Diamond 1976; Lomolino 1990; Peltonen and Hanski 1991) and to evaluate pattems of 

richness on oceanic islands (e.g., Hnatiuk 1980; Bengtson and Bloch 1983; Thomton et 

al. 1993) or within habitat fragments (e.g., Lomolino et al. 1989; Blake I99I; Patterson et 

al. 1996). 

Although the equilibrium model of MacArthur and Wilson is the most common 

perspective taken in biogeographic analyses of island systems, several aUemative 

approaches have been used as well. These include theories related to (1) disturbance 

(McGinness 1984); (2) habitat diversity (Abbott 1974; Martin et al. 1995); (3) random 

placement (Coleman 1981; Coleman et al. 1982); and (4) nested subsets (Patterson and 

Atmar 1986; Patterson 1987). The research presented herein combines aspects from the 



theories of nested subsets and random placement, using simulation modeling to evaluate 

pattems of species distribution. 

Darlington (1957) was the first to describe a nested pattem of species distribution 

within a fragmented system, although he did not use the term "nested" per se. Darlington 

(1957, p. 485) described an ordered arrangement of species within an island system 

where some species exhibit a relictual pattem (extinction influenced) whereas others are 

influenced by immigration (colonization). Ten years later, MacArthur and Wilson (1967) 

described a pattem of island stepping stones in which species could utilize islands, 

depending on their characteristics (e.g., distance to nearest land, hospitable habitat type), 

as stopover spots prior to colonizing other islands. If a species failed to colonize a 

particular island in the chain, it would be absent from all more-distant islands. 

Consequently, the resulting pattem of species distribution would be nested, with more 

and more distant islands containing fewer and fewer ofthe species found on islands 

closer to the source pool. Patterson and Atmar (1986) reintroduced this type of pattem 

analysis to modem biogeography, implementing the term "nested subsets" to describe the 

stmctured pattem of species presences within a system. 

Nestedness 

A nested distribution is one in which the biota of one island (or habitat fragment) 

is a proper subset of all larger, more species rich assemblages (Patterson and Atmar 1986; 

Patterson 1987; Patterson and Brown 1991). Perfect nestedness (Figure 1.1 A) exists 

when the biota on one island is an exact subset of all assemblages with higher species 



richnesses (Patterson and Atmar 1986; Bmaldi and Sanderson 1999). Most systems show 

some deviations from perfect nestedness and, when islands have the same species 

richness, the islands must be arranged in a conservative fashion to have a meaningful 

estimate of deviation. Maximal nestedness (Figure LIB) occurs if unexpected absences 

exist within the distributions of one or more species (discrepancies within a continuous 

species distribution), yet a reordering of islands with equal species richnesses will not 

produce a smaller number of deviations from perfect nestedness (Atmar and Patterson 

1993). 

The presence of a nested arrangement has been used to suggest that biological 

processes (e.g., extinction or colonization) are important in stmcturing the system, rather 

than the distribution of species being the result of random events (Blake 1991; Gaston 

1996; Conroy et al. 1999). Extinction often is cited as the predominant stracturing 

mechanism in most systems (e.g., Patterson and Atmar 1986; Bolger et al. I99I; Cutler 

1991). Nonetheless, differential colonization can have a significant effect on species 

distributions (e.g., Worthen and Rohde 1996; Taylor 1997; Conroy et al. 1999). 

Regardless of underlying deterministic mechanisms, nested subset analysis is a tool for 

quantifying pattems in species distributions (Honnay et al. 1999). 

Determining if colonization or extinction is a significant stmcturing mechanism 

underlying species distributions can be dependent on the resolution ofthe investigation. 

Lomolino and Davis (1997) concluded that mammalian distributions on mountain forest 

patches were significantly nested as a consequence of extinction events only. When they 

considered the distributions at a finer scale of resolution, using only that part ofthe 



distribution where species were in more similar ecological habitats, a colonization-

stractured pattem become identifiable but not significant. Using randomly generated 

communities. Matter (2000) identified differences in pattems of species distributions 

using a number of methods for the analysis of nestedness, concluding that the 

discrepancies in conclusions were due to density-area relationships. As habitat patches 

increased in area, the density-area relationship became more important and the likelihood 

of extinctions decreased. This arrangement of lower levels of extinction in larger 

habitats, with an associated increase in extinction as area decreases, promotes a nested 

distribution of species (Matter 2000). Honnay et al. (1999) concluded that neither 

extinction nor colonization stmctured plant distributions in habitat patches in Belgium. 

Instead, habitat diversity within each patch was the key factor influencing species 

distributions, with area or isolation having little impact. Based on these results, it would 

appear that a hierarchical approach to species distributions should be considered, 

regardless ofthe presumed stmcturing mechanism, whenever possible. 

Most biological systems are nested to some degree (Patterson 1990; Cook 1995; 

Wright et al. 1998), with the majority of analyses resulting in a high degree of significant 

nestedness (e.g., p « O.OOI). Altematively, Rohde et al. (1998) suggested that 

nestedness is the exception and not the mle for species distributions in ectoparasite 

communities, primarily because only one or two species colonize most hosts. Poulin 

(1996) found that the parasite communities occupying the gastrointestinal tracts of birds 

and mammals were non-nested, supporting the conclusion that, with respect to parasite 

communities, the presence of a nested distribution is rare (Poulin 1997). Identifying the 



system as exhibiting a stmctured (nested) distribution aids in understanding the 

mechanisms that underlie species distributions (Worthen et al. 1998). 

Conditions Producing Nestedness 

The two primary mechanisms cited as stmcturing species distributions within a 

fragmented system are extinction and colonization. Influences of extinction are related to 

area, whereas effects of colonization are related to the degree of isolation from other 

sources of colonists. For each mechanism, two ecological principles should be 

considered prior to analysis. 

The first factor influencing extinction is related to loss of habitat. As area 

decreases, the number of habitat types decreases. As habitats disappear, there is a 

corresponding decrease in the number of species, with the species disappearing first 

being those most dependent on the lost habitat type. This process, called faunal 

relaxation, will lead to a stmctured (nested) distribution of species. As habitats disappear 

in a deterministic manner, there will be an associated loss of species, resulting in the 

stmctured pattem of distributions. Because most fragmented systems are created via 

habitat shrinkages (e.g., rising water levels, habitat destmction by humans), extinction is 

cited as the predominant mechanism creating nested distributions. 

The second habitat-related mechanism relates to minimum viable population size. 

Every species has a threshold limit of population size below which it cannot maintain 

itself When the size of a population falls below this level, the probability of extinction 

increases. Even if a rescue effect (Kodric-Brown and Brown 1993) is included to help 



maintain populations on some islands, species densities are more likely to decline below 

their threshold on smaUer islands yet maintain viable populations on larger islands. As 

such, the species below their population threshold will become extinct on smaller islands 

while still being present on larger islands, resulting in a nested pattem of species 

distribution. 

Effects of colonization relate to the accessibility of an island to both new species 

and more individuals to maintain viable island populations. Species distributions are 

affected by colonization as a consequence ofthe spatial arrangement of islands as a series 

of stepping stones. As described by MacArthur and Wilson (1967), species are able to 

colonize islands that are distant from the mainland if they can disperse along a chain of 

islands, first colonizing the closer island then moving to the next island somewhat farther 

from the mainland. Assuming that species maintain populations on all successfully 

colonized islands, a stmctured (nested) pattem of species distributions will emerge. 

More generally, the distance from a source pool to an island will determine which 

species are present. Species that possess good over-water dispersal abilities likely will be 

on islands furthest from the mainland, as well as on all islands of shorter and intermediate 

distances from the source pool. Poorer dispersers will be limited to the islands closer to 

the mainland. Therefore, based on differences in dispersal abilities, species will be found 

on islands in a nested pattem dependent on the distance to the source pool. 

Four conditions enhance the likelihood of a nested distribution: (1) homogeneity 

of habitat types among islands; (2) islands of similar origin (e.g., oceanic vs. land-bridge 

vs. habftat fragments); (3) species with constant niche requirements regardless of island; 



and (4) islands with a common source pool. Differences in the types of habitat among 

islands (Atmar and Patterson 1993; Cutler 1994) would differentially influence the 

distribution of species within the system, particularly those species with narrow habitat 

requirements. Perfect nestedness of biotas is enhanced to the degree that habitat identity 

and number are related to island size, with habitat loss being entirely determined by 

island size. A system including both oceanic and land-bridge islands (Patterson 1987; 

Cutler 1994; Perry et al. 1998) will have some islands that favor good colonizers (oceanic 

island) compared to islands where extinction (faunal relaxation) is the predominant 

influence on distributions. A system comprising one island type is more likely to exhibit 

a nested stmcture due to uniform structuring mechanisms across all islands. If variable 

ecological relations exist (Atmar and Patterson 1993), such that the niche of a species 

differs from one island to the next (e.g., a shift from being a grassland to a forest species), 

then species cannot be expected to be absent from islands in a predictable manner. 

Similarly, variation in identity of source pools from which colonizations originate 

(Wright et al. 1998) would allow species to enter the system at muhiple colonization 

points. Because of this, species distributions that are the result of colonization events will 

demonstrate disjunct pattems within the system, resuUing in distributions that do not 

conform to a nested arrangement. In light of this, Harris (1984) noted that in systems 

stmctured by colonization, the time since isolation or colonization is important in 

determining where the species are found within the island system. Additional factors 

such as endemism and possible idiosyncratic histories of islands or species also will 

influence the likelihood of a nested distribution (Sfenthourakis et al. 1999). 



Measuring Nestedness 

Measures of nestedness are based on present-absence matrices, in that a I indicates 

the presence of a species on an island and a 0 its absence (Figure I.I). The matrix is 

arranged such that each column represents a different species, ordered from left to right 

in decreasing frequency of island occurrences (i.e., the number of islands on which the 

species is present, I). Islands are arranged across rows from top to bottom in decreasing 

order of species richness (i.e., the number of species on each island, S). This 

arrangement places the most common species on the most species-rich island in the upper 

left-hand comer ofthe matrix. This organization introduces a degree of nestedness to the 

system (Kadmon 1995) so that the challenge is to determine which pattems of species 

distribution are significantly different from arrangements produced by chance alone. 

Traditionally, presence-absence matrices are evaluated for gaps or unexpected 

absences within the distribution of a species as a method for quantifying the degree of 

nestedness (e.g., Patterson and Atmar 1986). In an attempt to better evaluate mechanisms 

that may stmcture the system. Cutler (1991) suggested the use of two counting indices to 

evaluate a matrix, holes and outliers. Holes are gaps within the distribution of a species 

when the matrix is arranged for maximal nestedness. In other words, when scoring the 

presence-absence matrix, holes are identified as Os (absences) that appear above the 

lowest I (presence) within the distribution (column) of each species. Holes are 

considered to be the result of extinction events and are the expected type of deviation 

from a perfectly nested arrangement when the system is influenced predominately by 

extinction (Cutier 1991, 1994). For example, species E (Figure I.2B) has 3 holes in fts 



distribution, whereas species I has 4. Outliers are considered to be unexpected presences 

within the distribution of a species when the matrix is ordered for maximal nestedness. 

When scoring the matrix, outiiers are identified as Is below Os within the distribution of a 

species. These outliers are the resuft of idiosyncratic colonization events (Cutler 1991, 

1994) and the type of arrangement expected if colonization stmctured species 

distributions. For example, species A has I outlier in its distribution, whereas species F 

has 3 (Figure 1.2C). For the application of this approach. Cutler (1991) used one index to 

evaluate one portion ofthe matrix and the other index for the remainder (each row in the 

matrix [which represented species in this model] was considered separately to minimize 

the number of holes in the left half and outliers in the right). Altematively, Lomohno 

(1996) considered the arrangement of Is and Os, and determine the number of changes 

from 0 to 1 that would be necessary to make a perfectly nested distribution. Results were 

compared to predictions based on extinction and colonization influences to identify likely 

stmcturing mechanisms. Both the Cutler (1991) and Lomolino (1996) methods provide 

useftil information relating to species distributions. The Cutler (1991) method, however, 

is thought to provide more information related directly to the stracturing mechanisms in 

species distributions on islands given the notion that holes and outliers are representative 

of extinction and colonization events, respectively. 

Tests of Nestedness 

Several different approaches and indexes have been used to test for significant 

pattems of nestedness. These include RANDOMO and RANDOM I (Patterson and Atmar 



1986), Wilcoxon 2-sample test (i.e., Mann Whitney U-test - Simberioff and Levin 1985; 

Simberloff and Martin 1991), logistic models (Ryti and Gilpin 1987), the U metric 

(Cutler 1991), the Nc metric (Wright and Reeves 1992), the C metric (Wright and Reeves 

1992; Worthen and Rhode 1996; Worthen et al. 1996), the nestedness temperature 

calculator (Atmar and Patterson 1993), Monte Carlo simulations (Lomolino 1996), 

MHITS, ROWFIT and MATFIT (Cook and Quinn 1998), discrepancy (Bmaldi and 

Sanderson 1999), and IN (McLain and Pratt 1999). The most commonly used methods 

are RANDOMO and RANDOM I (Patterson and Atmar 1986) and the temperature 

calculator (Atmar and Patterson 1993). During the simulation process used to generate 

random distributions to which the observed number of deviations from nestedness (N) is 

compared, RANDOMO is based on an equal likelihood of each species occurring on each 

island. Altematively, RANDOM 1 weights probability of occurrence of a species on an 

island by the observed frequency of occurrence within the system. In both models, the 

number of species on each island is constrained to equal that in the observed data (i.e., 

species richness is held constant for each island). The resulting N-value is compared to a 

normal distribution with a t-test to determine significance. The temperature calculator 

(Atmar and Patterson 1993) embodies the principles of entropy, wherein systems with 

cooler temperatures (T) have lower levels of disorganization (i.e., are more stmctured) 

and are therefore more nested. The significance of temperature is determined through 

Monte Carlo simulations, in which species are placed within randomized systems without 

constraints other than a constant number of presences in the system, and a null 



distribution of temperatures from these systems is used to assess the significance of 

nestedness in the original data (Atmar and Patterson 1993; Kelt 1997; Wright et al. 1998). 

Each approach has strengths and weaknesses (e.g., Simberioff and Martin 1991; 

Andren 1994; Gotelli and Graves 1996), but most, including RANDOMO, RANDOM I, 

and the temperature calculator, contain mathematical or stmctural design flaws. The first 

limitation is caused by holding row totals (the number of species present on each island, 

species richness) or column totals (the number of islands inhabited by each species, 

species occurrences) constant. As a consequence, the tme stochastic nature of random 

placement of species is compromised during simulations (e.g., Bmadi and Sanderson 

[1999] held row and column totals constant then failed to find significant nestedness). 

Because row totals are held constant, each island system is forced to maintain an 

expected arrangement with respect to richness such that species can be present only on an 

island from which they were absent at the cost of an altemative species becoming absent 

(i.e., reduces the simulation to a random placement of species on one island and not 

within the entire system). Gilpin and Diamond (1984) found that this type of imposed 

stmcture on a model was the reason Connor and Simberioff (1979) reached incorrect 

conclusions with their model of competition. 

The second problem common to most methods is that the nestedness index is 

inflated artificially because the model evaluates simulated matrices that have not been 

restractured for maximal nestedness (i.e., a matrix where it is not possible to re-arrange 

rows to produce a lower deviation-from-nestedness score) although the original matrix is 

nested maximally. Although the simulated matrix is held to a priori constraints related to 

II 



the number of species either in the system or on each island, a rearrangement of tied rows 

(those with equal species richness totals) could produce lower deviation-from-nestedness 

scores (Figure 1.1 C-D). Conclusions based on such results lead to inaccurate levels of 

significance and possibly incorrect conclusions conceming pattems of species 

distributions. This would be particulariy important when either S or I is small, or when 

the probability level is between 0.05 and 0.2 (marginal significance). 

Uses of Nestedness 

In the absence ofthe ability to manipulate species distributions or fragmented 

systems on a large scale, we have to look at pattems in an attempt to understand 

mechanism. As such, analyses of nestedness address two primary goals: identification of 

pattem and investigation of mechanism (Worthen 1996). Honnay et al. (1999) agreed, 

concluding that nested analyses are an appropriate method for attempting to understand 

pattems in species distribution. To this extent, nested analyses have been used to 

evaluate pattems of species distribution in a variety of taxa, including birds (e.g., Blake 

1991; Simberioff and Martin 1991; Bolger et al. 1991; Cutier 1991; Bird and Boecklen 

1998), non-flying land mammals (e.g., Patterson and Atmar 1986; Lomolino 1996; 

Skaggs and Boecklen 1996; Lawlor 1998; Nupp and Swihart 2000), bats (e.g., Wright 

and Reeves 1992; Arita 1996; Patterson et al. 1996), herpetofauna (e.g., Ryti and Gilpin 

1987; Hecnar and M'Closkey 1997; Yiming et al. 1998), fish (e.g., Kodric-Brown and 

Brown 1993; Taylor 1997; Rohde et al. 1998; McLain and Pratt 1999), ten-estrial isopods 

and land snails (e.g., Sfenthourakis et al. 1999), insects (e.g., Wright and Reeves 1992; 

12 



Worthen et al. 1998; Fleishman and Murphy 1999), parasites (e.g., Guegan and Hugueny 

1994; Poulin 1996; Rohde et al. 1998), and plants (e.g., Kadmon 1995; Cook and Quinn 

1995; Weiher et al. 1998; Honnay et al. 1999). As an altemative approach, Simonetti 

(1994) used the theory to evaluate caviomorph distributions through time (with time 

period being analogous to an island) to see how faunas changed through the geological 

record. 

Using nested subset analyses, several studies have addressed conservation issues 

(e.g., Blake 1991; Boecklen 1997; Honnay et al. 1999; Pressey et al. 1999). Cook (1995) 

concluded that nested subset analyses could be used to determine how the subdivision of 

a landscape will affect species diversity. When used in conjunction with measures 

relating richness to area, nested analyses provide information on the distribution of rare 

species and their distributional pattems among patches of different sizes. As part ofthe 

SLOSS (single large or several small) debate on the design of nature reserves, Blake 

(1991), Wright and Reeves (1992), and Hecnar and M'Closkey (1997) concluded that a 

single large reserve would be the optimum solution. Conversely, Simberioff and Martin 

(1991), Boecklen (1997), and Honnay et al. (1999) concluded that several small reserves 

are the best approach. Wright and Reeves (1992) and Hecnar and M'Closkey (1997) 

found that systems that were almost perfectly nested (no gaps within the species 

distributions) supported a single large area as the optimum design. AUematively, systems 

with lower levels of nestedness would be best conserved with several small reserves or 

with no advantage associated with either arrangement (Cutler 1994). In contrast, 

Boecklen (1997) suggested that nestedness is a poor indicator of reserve design with 
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respect to SLOSS because most fragmented systems are nested and, more often than not, 

a greater number of fragments will contain more species than one large plot of equal area. 

Proposed Study 

Four organizational elements constitute this dissertation. In Chapter II, I generate 

random distributions of species based on the random placement of individuals to 

determine, using the Atmar and Patterson (1993) temperature calculator, if the random 

placement of individuals can give rise to a non-random (nested) distribution of species. 

In Chapter III, I develop an improved method for the evaluation of nestedness of species. 

In Chapter FV. I evaluate several data sets representing different environmental or 

methodological characteristics in order to determine how the nature ofthe data relates to 

nestedness. In Chapter V, I develop a new method that uses species abundance data to 

evaluate the effects ofthe random placement of individuals on the nested distribution of 

species. A final summary chapter, Chapter VI, provides an overview and synthesis. A 

brief description of data sets used in analyses (with references) and the code for newly 

developed models are included in the Appendices. 
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Figure I.I. Matrix representation of nestedness in that species (A through H) are 
arranged across columns in decreasing order of frequency of island occurrence and 
islands (I through 6) are arranged across rows in decreasing order of species richness. 
Presence or absence of a species on an island is indicated by a one (1) or zero (0), 
respectively. Deviations from nestedness are calculated as the number of absences (0) 
above presences (I) in the species column. Perfect nestedness (Panel A) occurs when 
absences are not followed by presences within the distribution of any species (column). 
Most systems exhibit deviations from nestedness (Panel B), in that one or more absences 
are followed by at least one species presence (deviations from nestedness indicated by 
gray shading; deviations from nestedness score = 3). A system that is not perfectly 
nested may be represented by a number of altemative matrices if two or more islands 
have the same species richness (Panels C and D). Maximal nestedness occurs for a 
particular system if no rearrangement of tied rows produces a lower deviations from 
nestedness score. For example, the matrix representation in Panel D (deviations from 
nestedness = 5) has a lower nestedness score than does the matrix in Panel C (deviations 
from nestedness = 7) due to the rearrangement ofthe indicated rows (rectangle). 
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Figure 1.1. Continued. 
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Figure 1.2. A hypothetical distribution of nine species (A through I), arranged across 
columns in decreasing frequency of occurrence, on a series of eight islands (I through 8), 
arranged across rows in decreasing frequency of species richness, for a total of 36 
species-presences (Panel A). According to Cutler (1991), holes (Panel B) are identified 
as Os above Is within each column, whereas outliers (Panel C) are Is below Os. In this 
system, there are a total of 19 holes and 18 outliers. Each matrix is maximally nested 
with respect to each index. 
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Figure 1.2. Continued. 
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CHAPTER II 

A HIERARCHICAL APPROACH TO ANALYSIS OF 

NESTED DISTRIBUTIONS 

Abstract 

Traditional studies of nested subsets have considered only distributions at the 

level ofthe species in constmcting null models. As a consequence, the conclusion of 

most of these studies is that species have significantly nested distributions in nature. A 

hierarchical approach to nestedness expands the investigation to the level ofthe 

individual and provides added insight into the possible mechanistic bases of nestedness in 

nature. Using the temperature calculator as a measure of nestedness, I show that species 

distributions generated by the random placement of individuals on islands or fragments 

frequently give rise to conclusions of significant nestedness. This suggests that many 

systems appear nested because stochastic processes at the level of the individual may 

have a pervasive influence on the distribution of species. To reduce the liberal nature of 

null models based on the random distribution of species, I suggest that conclusions of 

nestedness should be based on a null model that is predicated on the random placement of 

individuals when such data are available. To guard against inflated significance when 

abundance data are not available, applications ofthe null model based on random 

placement of species should require smaller P-values than are currently used in the 

literature. Tests for nestedness based on both randomization approaches (individuals 

versus species) were applied to abundance data for bird species on islands in Lake 
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Pymatuning (USA). As expected, the null distribution based on the randomization of 

species is much more liberal than is the null distribution based on the randomization of 

individuals. Nonetheless, by either criterion, the birds of Lake Pymatuning have a 

significantly nested stmcture. 

Introduction 

Two major goals of geographical ecology are to determine where species occur 

and to identify mechanisms responsible for empirical pattems of species distribution 

(Myers and Giller 1988). Distinguishing the extent to which distributional pattems 

emerge as a consequence of stochastic processes is a critical first step to identifying 

underlying deterministic mechanisms (Gilpin and Diamond 1984). Indeed, stochastic 

processes at one level in the biological hierarchy could predispose a system to a particular 

stmcture that might enhance or diminish the likelihood of observing a particular pattem 

at another level. Consequently, because it is impossible to conduct manipulation 

experiments on a large scale such as these, approaches involving null models have been 

used to evaluate pattems in a growing number of studies in community ecology (e.g., 

Gilpin and Diamond 1984; Stevens and Willig 2000a,b), biogeography (e.g., Colwell and 

Winkler 1984; Lyons and Willig 1997; Willig and Lyons 1998), and macroecology (e.g.. 

Brown and Maurer 1987; Gaston 1990; Blackburn et al. 1990). Similariy, null models 

have been used in the evaluation of nested subset pattems to determine if they reflect 

deterministic or stochastic processes (e.g., Patterson and Atmar 1986; Wright and Reeves 

1992; Atmar and Patterson 1993). 
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Analyses of nestedness consider the pattem of species distributions within a 

fragmented system. According to theory, when fragments (e.g., islands) are ranked in 

decreasing order of species richness, a species found on one fragment should be found on 

all fragments of greater or equal species richness (Patterson 1987). Patterson and Atmar 

(1986) suggested that a nested arrangement of species often resufts from extinction 

events, usually associated with faunal relaxation: as area of an island decreases, species 

become extinct in a deterministic manner related to minimum viable-population size and 

habitat requirements. Altematively, colonization along a stepping-stone arrangement of 

islands can result in a nested arrangement of species based on dispersal dynamics 

(MacArthur and Wilson 1967; Cutler 1991). The degree to which the mechanisms of 

extinction or colonization stmcture the distributions of species differs among systems 

(see Wright et al. 1998), suggesting that variability should characterize the magnitude of 

nestedness in natural systems. 

Nestedness 

According to hierarchy theory (Allen and Starr 1982; Kolasa 1989; O'Neill et al. 

1991) pattem or phenomenon observed at one scale or level (e.g., a community) may be 

affected by processes operating at that level as well as by mechanisms operating at higher 

or lower levels (e.g., the assemblage or population level, respectively). For example, 

Waltho and Kolasa (1994) considered the stmcture of coral reef assemblages off the coast 

of Jamaica to evaluate the role of hierarchies in community stability. They concluded 

that habitat stabihty resulted from a dynamic balance between the abundances of 
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particular kinds of species (i.e., habitat generalists and specialists), where each type 

affects processes at other hierarchical levels. 

Few distributional studies have considered the importance of species abundance 

in biogeographic analyses (but see Willig et al. 2000). In part, this is because estimating 

the abundance of all species in a community is a time- and labor-intensive undertaking 

that may be impractical for systems involving fragments or islands of either large areal 

extent or extensive distance between plots. In contrast, systems with small- to 

moderately-sized or closely clumped islands or fragments can provide insight into the 

effects of processes operating at the level of individuals. An example of a distributional 

study where species abundance was considered are the analyses of Coleman et al. (1982) 

who adopted a passive sampling approach to consider species distributions. The model 

(Coleman 1981) generated a random placement of individuals to evaluate if the resulting 

distribution of species corresponded with pattems predicted by the MacArthur and 

Wilson (1967) equilibrium theory and the power function (S = CA^ where S = species 

richness, A = island area, and C and z are constants fitted by least-squares regression of 

the logarithmic form ofthe function). Evaluating avian distributions ofthe islands on 

Lake Pymatuning (USA), they found that a model employing a random placement of 

individuals on islands was as good as, if not better than, traditional species-area models. 

This suggests that the stochastic processes operating at the level of individuals can give 

rise to a pattem at the level of species that is indistinguishable from the pattems caused 

by equilibrium between deterministically induced rates of extinction and colonization. 
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For the most part, nested subset analyses have considered stmcturing mechanisms 

operating only at the level ofthe species. A few notable exceptions include Rohde et al. 

(1998) who found that parasite abundance was not correlated with nestedness, and 

McLain and Pratt (1999) who considered differences in pattems of nestedness between 

juvenile and adult life stages of coral reef fish. To understand the nature of nestedness. 

Matter (2000) conducted analyses of species distributions using several different 

methods. Conclusions of nestedness were influenced by density-area relationships within 

systems, leading Matter (2000) to caution against considering pattems of community 

stmcture and species distributions without also including information on the density-area 

relationship. 

Null Models 

Null models often are used in ecological studies because of their ability to 

simulate or make predictions about pattems in natural systems. Often, null models are 

used in an attempt to determine if an observed pattem can be reduced to a simple model 

(Gotelli 2001). On broad scales such as those related to island systems, null models 

provide a tool to evaluate pattems and mechanisms that would be impossible to test via 

manipulation or experimentation. Moreover, because null models require a precise 

definition of parameters and their interactions (Gotelli and Graves 1996), model 

dynamics are subject to assessment, modification, and refinement. 

Gotelli and Graves (1996) provided a cogent review of simulation methods used 

in biogeographic and ecological studies, including several that have been used for the 
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analysis of nested pattems. Indeed, the number of algorithms for the analysis of 

nestedness has grown since the original models, RANDOMO and RANDOM 1, were 

proposed by Patterson and Atmar (1986). Other methods that have been used include the 

Nc metric (Wright and Reeves 1992), the U metric (Cutler 1991), ROWFIT and MATFIT 

(Cook and Quinn 1998), and the temperature calculator (Atmar and Patterson 1993). The 

temperature calculator (Atmar and Patterson 1993) is one ofthe more useful tools for the 

analysis of nestedness. Its popularity derives from its conceptual linkages to the theory 

of entropy, as well as from its broad availability on the world wide web and its ease of 

use. All methods currently employed to evaluate nestedness do so with respect to the 

random placement of species, essentially ignoring mechanisms that may relate to the 

distribution of individuals. The purpose of this chapter is to address the implications of a 

hierarchical approach to the analysis of nested subsets through a consideration ofthe 

random placement of individuals. 

Methods 

The temperature calculator (Atmar and Patterson 1993) determines the degree of 

nestedness of a system via a measure of entropy - the more disorder (noise) in the 

system, the warmer the species distribution and the less nested the system. The null 

model in the temperature calculator uses Monte Carlo randomizations to place species 

presences within a matrix (same number of rows and columns) without constraints other 

than holding the total number of presences within the system constant; that is, each cell in 

a presence-absence matrix has an equal probability of containing a species presence 
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during randomization. Each randomly created matrix represents distributions of species 

on islands and is evaluated for its temperature (Ts). The Ts scores are compiled to form a 

distribution of deviation from nestedness scores. Because we do not know the tme 

distribution of deviation from nestedness scores, the distribution of Ts scores is used as a 

simulated probability density ftinction to which the empirical value is compared to 

determine significance. The number of simulated deviations from nestedness as small or 

smaller than the T for the empirical data, divided by the total number of simulated 

systems in the distribution, represents the P-value (herein, the distribution is referred to as 

a probability density function and treated as such). If the observed temperature occurs in 

lower 5% ofthe distribution {a priori alpha = 0.005), then the system is nested 

significantly beyond expectations related to the random placement of species. 

Like all other methods developed to determine the significance of nestedness, the 

temperature calculator considers only the random placement of species in the evaluation. 

To develop an understanding ofthe influence ofthe random placement of individuals on 

the degree of nestedness of species, an algorithm was created using MatLab 5.0 (The 

Math Works 1999) that generates species distributions based on the random placement of 

individuals. More specifically, individuals are allocated randomly onto islands based on 

considerations ofthe species abundance distributions ofthe system and the relative 

number of individuals on each island. The approach is illustrated using empirical data 

from Lake Pymatuning, in that the presence-absence matrix consists of 27 rows (islands) 

and 38 columns (species). Each ofthe 1026 cells in the system matrix was assigned a 

probability used to determine the random placement of individuals. This probability (Py) 
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represents the likelihood of an individual of speciesj occurring on island /. More 

specifically. 

r C \ / r \ 

P.J = (2.1) 

where Sj equals the total number of individuals of speciesj within the system (column 

total), 7, is the total number of individuals on island / (row total), and 7 is total number of 

individuals in the system, regardless of species. This creates a situation in which islands 

that possess the most species and the species that are represented by the most individuals 

still retain these dominance characteristics after random placement, but without biases 

related to holding row or column totals constant (Chapter I). The only fixed constraints 

on the randomizations are that (1) the total number of individuals (T) is constant; and (2) 

species are not allowed to become extinct from the system (i.e., each species must have at 

least one presence on at least one island). Nonetheless, it is possible for an island to 

receive no species during the randomizations. 

Distributional data for the presence-absence matrix were obtained from the 

islands of Lake Pymatuning, located on the border between Ohio and Pennsylvania, 

USA. These islands were formed in 1932 by the damming the Shenango River and 

subsequent flooding ofthe river valley. The resulting system of 41 islands are higher-

elevational fragments of a once continuous terrestrial landscape (land-bridge islands). In 

1979, breeding bird densities were determined for 30 ofthe islands (Table 2.1). Breeding 

pairs of 38 species (excluding shorebirds, waterfowl, and raptors) occupied breeding 

territories on 27 islands (see Coleman et al. [1982] and Appendix A for system details). 

32 



In total, 2000 different species distributions were created through the random 

placement of individuals on islands. Each randomly created matrix of species 

abundances was converted to a binary arrangement of species. Each of these presence-

absence matrices was analyzed to detemiine its degree of nestedness (Ts) via the 

temperature calculator. In addition, each ofthe system temperatures resulting from the 

random placement of individuals was compared to the null distribution generated via the 

random placement of species (created through 2000 permutations ofthe species presence-

absence matrix and subsequent recording of Ts scores). This distribution is used to 

evaluate the null hypothesis that the distribution of species on the Lake Pymatuning 

islands is no different than that produced through a random distribution of individuals. 

Results 

Species-Level Approach 

Bird species exhibit a significantly nested distribution (P « O.OOI) based on a 

comparison ofthe systems empirical temperature (T = 3.01 degrees) to the distribution of 

temperatures from the null model (mean Ts = 50.80 degrees. Figure 2.1, right-hand 

distribution). Indeed, the empirical value of nestedness was more than an order of 

magnitude smaller than the smallest value from the simulation (Figure 2.1, right-hand 

distribution). Nonetheless, each ofthe 2000 species distributions created by the random 

placement of individuals onto islands were considered to be significantly nested using the 

null model approach of Atmar and Patterson (1993). Thus, a random process occurring at 
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the level of individuals consistently was considered to be stmctured when assessed by a 

null model created by randomization at the level of species. 

Individual-Level Approach 

The distribution of Ts scores resulting from the random placement of individuals 

was quite different from that based on the random placement of species (compare 

distributions in Figure 2.1). In fact, the mean temperature based on randomization of 

individuals (mean Ts = 10.2 degrees) was 20% of that based on the randomization of 

species (mean Ts = 50.8 degrees), and the distributions did not overlap. This suggests 

that analyses based on randomizations of species would be far more liberal at detecting 

nestedness than would analyses based on randomizations of individuals. Nonetheless, the 

empirical temperature for the Lake Pymatuning avifauna is still quite significant (P « 

0.001), even when compared to the null distribution based on stochastic processes 

operating at the level ofthe individual. 

Discussion 

Nested analyses that consider only the distribution of species are, in many ways, 

ignoring information about mechanisms that may give rise to pattems of species 

distribution, namely those affecting the distribution of individuals. Although a species 

may colonize an island or go extinct from that island, it is the individuals ofthe species 

that are primarily responding to the ecology, geography and history ofthe system. As 

such, analyses of nestedness in which null models are constmcted at the level ofthe 
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species can lead to inflated estimates ofthe degree of significance compared to null 

models derived from the random distribution of individuals (see Figure 2.1 for the 

difference between species- and individual-based distributions). 

Indeed, previous methods of analyzing nestedness have not taken a hierarchical 

approach to evaluate stmcture, having only evaluated pattems at the level ofthe species 

to generate null models. The results herein demonstrate that incorporation of a 

hierarchical approach to nested subset analyses, namely the randomization of individuals 

to generate a probability density function, may decrease the likelihood of reaching 

erroneous conclusions conceming pattems of nestedness. As such, this supports the 

conclusion of Kolasa (1989) that ecological pattems are better understood through a 

hierarchical analytical approach (i.e., considering pattems at the level of species and 

individuals). 

Unfortunately, data necessary to conduct nested subset analyses ofthe distribution 

of individuals are collected infrequently. Few studies (e.g., Blake 1991; Estrada et al. 

1993; Hofer et al. 1999) publish species densities within fragmented habitats. The more 

common scenario is to publish only presence-absence information (e.g., Simberioff and 

Levin 1985; Crowell 1986; Yiming et al. 1998). Ignoring possible denshy-based 

relationships within a community could resuft in inaccurate conclusions conceming the 

mechanistic basis of pattems (Matter 2000). To the extent that the Pymatuning data are 

representative of species distributions in general, species-based null models maybe far 

too liberal at detecting significance. Consequently, when individual-based null models 

cannot be applied because abundance estimates are unavailable, the use of a more 
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conservative alpha instead of 0.05 as the level of significance should be carefully 

considered by the investigator. 

Previous examination ofthe distributions of birds in Lake Pymatuning (Coleman 

et al. 1982) found that the random placement of individuals gave rise to a distribution of 

species richness not different from a typical species-area curve. This suggests that, 

although the underiying mechanism was random placement of individuals, at the level of 

the species the distribution of richness appeared to be deterministic (following 

mechanisms that account for the power function). Similarly, when individuals were 

placed randomly in 2000 systems to create species distributions, they were all nested 

significantly. The combined conclusions of these two approaches, that randomness can 

be obscured at coarser levels of resolution (i.e., the level of species), suggests that (1) a 

hierarchical approach should be incorporated into distributional, as well as ecological, 

studies whenever possible; and (2) if abundance data are not available for analysis, 

extreme caution should be observed when interpreting results. 

Stmcturing mechanisms that operate at the level ofthe individual may be different 

from those operating at the level ofthe species. How each level responds to different 

mechanisms warrants ftirther consideration. No longer can species-based approaches be 

used to make absolute conclusions conceming species distributions. In fact, the detection 

of nestedness may reveal little about pattems in nature or their stmcturing mechanisms 

unless null distributions based on stochastic placement of individuals can be rejected with 

confidence. 

36 



Literature Cited 

Allen, T. F. H., and T. B. Stan-. 1982. Hierarchy: perspectives for ecological 
complexity. University of Chicago Press, Chicago, Illinois. 

Atmar, W., and B. D. Patterson. 1993. The measure of order and disorder in the 
distribution of species in fragmented habitat. Oecologia 96: 373-382. 

Blackbum, T. M., P. H. Harvey, and M. D. Pagel. 1990. Species number, population 
densfty and body size relationships in natural communities. Joumal of Animal 
Ecology 59: 335-345. 

Blake, J. G. 1991. Nested subsets and the distribution of birds on isolated woodlots. 
Conservation Biology 5: 58-66. 

Brown, J. H., and B. A. Maurer. 1987. Evolution of species assemblages: effects of 
energetic constraints and species dynamics on the diversification ofthe North 
American avifauna. American Naturalist 130: 1-17. 

Coleman, B. D. I98I. On random placement and species-area relations. Mathematical 
Biosciences 54: 191-215. 

Coleman, B. D., M. A. Mares, M. R. Willig, Y. H. Hsieh. 1982. Randomness, area, and 
species richness. Ecology 63: I I2I-II33. 

Colwell, R. K., and D. W. Winkler. 1984. A null model for null models in 
biogeography. Pp. 344-359 In Strong, D. R., Jr., D. Simberioff L. G. Abele, and A. 
B. Thistle (Eds.). Ecological communities: conceptual issues and the evidence. 
Princeton University Press, Princeton, New Jersey. 

Cook, R. R., and J. F. Quinn. 1998. An evaluation of randomization models for nested 
species subsets analysis. Oecologia 113: 584-592. 

Crowell, K. L. 1986. A comparison of relict versus equilibrium models for insular 
mammals ofthe Gulf of Maine. Biological Joumal ofthe Linnean Society 28: 37-64. 

Cutler, A. 1991. Nested faunas and extinction in fragmented habitats. Conservation 
Biology 5: 496-505. 

Estrada, A., R. Coates-Estrada, and D. Meritt, Jr. 1993. Bat richness and abundances in 
tropical rain forest fragments and in agricultural habitats at Los Tuxtlas, Mexico. 
Ecography 16: 309-318. 

37 



Gaston, K.J. 1990. Pattems in the geographical ranges of species. Biological Reviews 
65: 105-129. 

Gilpin, M. E., and J. M. Diamond. 1984. Are species co-occurrences on island non-
random, and are null hypotheses useful in community ecology? Pp. 297-315 In 
Strong, D. R., Jr., D. Simberioff, L. G. Abele, and A. B. Thistle (Eds.). Ecological 
communities: conceptual issues and the evidence. Princeton University Press, 
Princeton, New Jersey. 

GoteUi, N. J. 2001. Research frontiers in null model analysis. Global Ecology and 
Biogeography 10: 337-343. 

GoteUi, N. J., and G. R. Graves. 1996. Null models in ecology. Smithsonian Institution 
Press, Washington, D.C. 

Hofer, U., L. F. Bersier, and D. Borcard. 1999. Spatial organization of a herpeto fauna 
on an elevational gradient revealed by null model tests. Ecology 80: 976-988. 

Kolasa, J. 1989. Ecological systems in hierarchial perspective: breaks in community 
structure and other consequences. Ecology 70: 36-47. 

Lyons, S. K., and M. R. Willig. 1997. Latitudinal pattems of range size: methodological 
concems and empirical evaluations for New World bats and marsupials. Oikos 80: 
292-304. 

MathWorks, The. 1999. MatLab reference guide, v5.0. The Math Works, Inc, Natick, 
Massachusetts. 

Matter, S. F. 2000. The importance ofthe relationship between population density and 
habitat area. Oikos 89: 613-619. 

MacArthur, R. H., and E. O. Wilson. 1967. The theory of island biogeography. 
Princeton University Press, Princeton. 

McLain, D. K., and A. E. Pratt. 1999. Nestedness of coral reef fish across a set of 
fringing reefs. Oikos 85: 53-67. 

Myers, A. A., and P. S. Gtiler. 1988. Process, pattem and scale in biogeography Pp. 3-
21 In Myers, A. A., and P. S. Giller (Eds.) Analytical biogeography: an integrated 
approach to the study of animal and plant distributions. Chapman and Hall, New 
York, New York. 

38 



O'Neill, R. v., R. H. Gardner, B. T. Milne, M. G. Tumer, and B. Jackson. 1991. 
Heterogeneity and spatial hierarchies. Pp. 85-96 In Kolasa, J., and S. T. A. Pickett 
(Eds.) Ecological heterogeneity. Ecological Studies 86. Springer-Veriag, New York, 
New York. 

Patterson, B. D. 1987. The principle of nested subsets and it implications for biological 
conservation. Conservation Biology 1: 323-334. 

Patterson, B. D., and W. Atmar. 1986. Nested subsets and the stmcture of insular 
mammalian faunas and archipelagos. Biological Joumal ofthe Linnean Society 28: 
65-82. 

Rohde, K., W. B. Worthen, M. Heap, B. Hugueny, and J. F. Guegan. 1998. Nestedness 
in assemblages of metazoan ecto- and endoparasites of marine fish. Intemational 
Joumal of Parasitology 28: 543-549. 

Simberioff, D., and B. Levin. 1985. Predictable sequences of species loss with 
decreasing island area - land birds in two archipelagos. New Zealand Joumal of 
Ecology 8: 11-20. 

Stevens, R. D., and M. R. WiUig. 2000a. Community stmcture, abundance, and 
morphology. Oikos 88: 48-56. 

Stevens, R. D., and M. R. Willig. 2000b. Density compensation in New World bat 
communities. Oikos 89: 367-377. 

Waltho, N., and J. Kolasa. 1994. Organization of instabilities in multispecies systems, a 
test of hierarchy theory. Proceedings ofthe National Academy ofScience 91: 1682-
1685. 

Willig, M. R., and S. K. Lyons. 1998. An analytical model of latitudinal gradients of 
species richness with an empirical test for marsupials and bats in the New World. 
Oikos 81: 93-98. 

Willig, M. R., S. J. Presley, R. D. Owen, and C. Lopez-Gonzalez. 2000. Composition 
and stmcture of bat assemblages in Paraguay: a subtropical-temperate interface. 
Joumal of Mammalogy 81: 386-401. 

Wright, D. H., and J. H. Reeves. 1992. On the meaning and measurement of nestedness 
of species assemblages. Oecologia 92: 416-428. 

Wright, D. H., B. D. Patterson, G.M. Mikkelson, A. Cutler, and W. Atmar. 1998. A 
comparative analysis of nested subset pattems of species composition. Oecologia 
113: 1-20. 

39 



Yiming, L, J. Niemela, and L. Dianmo. 1998. Nested distribution of amphibians in the 
Zhoushan archipelago, China: can selective extinction cause nested subsets of 
species? Oecologia 113: 557-564. 

40 
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Figure 2.1. Graphical representation ofthe simulated probability density functions of 
nestedness as measured by the temperature calculator (Atmar and Patterson 1993). The 
distribution on the right represents the of system temperatures (Ts) of 2000 permutations 
of the Lake Pymatuning data based on the randomizations of species. Average system 
temperature of this distribution is Ts = 50.8 degrees. The distribution on the left 
represents system temperatures (Ts) of 2000 species distributions generated through the 
random placement of individuals (average temperature, 10.2 degrees). The arrow 
indicates the value for the empirical data (T = 3.01 degrees). Using either distribution of 
Ts scores, the birds of Lake Pymatuning are nested significantly (P « O.OOI). 
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CHAPTER III 

AN ALTERNATIVE METHOD FOR THE ANALYSIS 

OF NESTED SPECIES DISTRIBUTIONS 

Abstract 

Since the mid-1980s, several methods have been developed to quantify the degree 

of nestedness within a fragmented system. The most commonly used methods are 

RANDOMO, RANDOM I and, more recently, the temperature calculator. However, 

mathematical biases characterize these methods, largely because ofthe nature ofthe 

simulations used to create null distributions. An altemative model is developed to correct 

these biases in the assessment of nestedness. Using species richness and occurrence 

values from a fragmented system, a model is developed that determines significance of a 

pattem in empirical data via comparison of a metric to a null distribution. Moreover, this 

new approach allows empirical systems to be evaluated with respect to the contribution 

of extinction and inmiigration to non-random pattems, an improvement over many ofthe 

currently used models. 

Introduction 

Many approaches have been used to evaluate pattems of species distribution. 

Perhaps the most commonly used model for the analysis of species distributions in 

fragmented systems is the MacArthur and Wilson (1963, 1967) equilibrium theory of 

island biogeography. This approach contends that species richness on an island or habitat 
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fragment is a dynamic balance between colonization and extinction rates. Within this 

context, pattems of species richness are a consequence of island area and distance to 

sources of colonization (Gilpin and Diamond 1976; Lomolino 1990; Martin et al. 1995). 

Nonetheless, the traditional approach to species distributions based on the power function 

(S = cA^, where S = species richness, A = island area, and C and z are constants fitted by 

least-squares regression) is limited because the identity of species on each island is 

irrelevant. Moreover, the model requires a constant tumover of species on each island, 

with the overall number of species remaining constant. Altemative models that 

incorporate the identity of species to an assessment of island biogeographic stmcture are 

few, with nested subset analyses being a notable exception. 

Although the concept of nested subsets can be traced to the works of Darhngton 

(1957) and MacArthur and Wilson (1967), Patterson and Atmar (1986) introduced the 

idea to modem biogeography. A nested species distribution is one in which the species 

composition of one island (or habitat fragment) is a proper subset of all larger, more 

species rich habitats (Patterson 1987; Patterson and Brown 1991). In analyses of 

nestedness, species identity on each island is an important characteristic in that the 

composition of each fragment explicitly determines whether the system exhibits a nested 

distribution. The presence of a nested arrangement suggests that biological processes are 

important in structuring the system rather than apparent stmcture emerging as the result 

of random events (Blake 1991). Although most systems are nested to some degree 

(Patterson 1990; but for an exception see Rohde et al. 1998), the mechanisms producing 
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nestedness are less well understood for empirical distributions on islands or fragmented 

habitats (Chapter I). 

Perfect nestedness exists when the biotic composition of one island is an exact 

subset of all islands with greater species richness (Patterson and Atmar 1986); however, 

perfectly nested biotas are rare in nature (Cook 1995). Deviations from perfect 

nestedness can be identified through analyses of species distributions when data are 

arranged in a island-by-species matrix of presences and absences. Islands are arranged 

across rows in decreasing order of species richness and species are arranged across 

colurrms in decreasing order ofthe number of island occurrences. This arrangement 

resuUs in a distribution that is described as being maximally nested for that system 

(Atmar and Patterson 1993). More specifically, a maximally nested species distribution 

is one in which a re-ordering of islands (rows) that have equal species richnesses will not 

result in fewer deviations from nestedness. Deviations from nestedness typically are 

evaluated by counting Os (absences) that are above Is (presences) within the matrix. 

As noted by Worthen (1996), nested analyses have two primary goals: 

identification of pattem and investigation of mechanism. In addition, nested subset 

analyses can be used to identify pattems in the distribution of rare species within 

fragmented systems (Cook 1995; Poulin 1996). Several quantitative models have been 

created to evaluate the degree of nestedness. The first, and most commonly used 

methods are RANDOMO and RANDOMl (Patterson and Atmar 1986). In RANDOMO, 

all species are equiprobable with respect to assignment to a particular island, whereas in 

RANDOMl, the likelihood of a species being present on an island is weighted by the 
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number of island occurrences for that species in the observed data. In both approaches, 

the number of species on each island (or fragment) is constrained to be equal to empirical 

species numbers. The significance ofthe resulting N index (degree of deviation from 

nestedness) is determined with reference to a normal distribution. 

In addition to the RANDOM programs, several altemative models have been 

suggested as a means to assess nestedness. These include the Wilcoxon 2-sample test 

(i.e., Mann Whitney U-test ~ Simberioff and Levin 1985; Simberioff and Martin 1991), 

logistic models (Ryti and Gilpin 1987), the U metric (Cutier 1991), the Nc metric, 

including the C standardization (Wright and Reeves 1992), Monte Carlo simulations 

(Lomolino 1996), MHITS, ROWFIT and MATFIT (Cook and Quinn 1998), and the 

temperature-based measure of unexpectedness (Atmar and Patterson 1993). These 

models each have strengths and weaknesses (Table 3.1 - also see Simberioff and Martin 

1991, Andren 1994, Gotelli and Graves 1996; Chapter I). In addition, all contain either 

mathematical or mechanistic problems that affect conclusions of nestedness. 

A problem found in some ofthe methods is introduced by holding row (or 

column) totals constant during random placement of species in simulation algorithms. 

Holding row totals constant reduces the tme probabilistic nature ofthe simulation, 

resulting in a random placement of species by island only but not within the entire 

system. In addition, the nestedness index typically is inflated in these algorithms because 

simulated matrices are not rearranged to exhibit maximal nestedness while the empirical 

matrix is rearranged to exhibit maximal nestedness. Rows from simulation matrices are 

arranged in decreasing order of species richness prior to evaluation, yet rows tied in 
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species richness frequently could be rearranged to produce lower deviation-from-

nestedness scores. Failure to use the most conservative arrangement of rows for each 

simulated matrix, especially when some form of rearrangement is applied to the observed 

matrix, results in inflated levels of significance. 

The purpose of this chapter is to present a modified method for the analysis of 

nested subsets in species distributions. The proposed method is free from the 

methodological problems that characterize many current approaches, by incorporating 

algorithms that determine the maximally nested arrangement for each matrix, real or 

simulated. This method is used to evaluate the mammalian distributions from mountain-

top habitat islands in the southwestern United States (Patterson and Atmar 1986). 

Methods 

A program to assess nestedness was designed (NestedSp) using MatLab v4.2 for 

the Macintosh (The MathWorks, Lac. 1995). Code for the NestedSp program and all 

subroutines can be found in Appendix B. Input data must be in the form of vectors that 

represent row and column totals from a presence-absence matrix. In the presence-

absence matrix, species presences are indicated by a I and absences by a 0. The matrix 

of empirical data is arranged such that each column represents a different species, ordered 

from left to right in decreasing rank (i.e., based on the number of island on which the 

species occur). Islands are arranged across rows from top to bottom in decreasing order 

of species richness (the number of species on each island). This arrangement puts the 

most common species on the most species rich island in the upper left-hand comer ofthe 
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matrix. The simulation program requires input of a species richness vector and an island 

occurrence vector for the system of interest, as well as a variable defining the number of 

iterations conducted (default of IOOO). 

During each simulation, a randomly generated presence-absence matrix is 

produced. The only constraint on the simulation is that the total number presences from 

the empirical matrix is maintained in each simulated matrix. Species are randomly 

placed within the matrix based on the probability (Py) that island^' contains species /'. 

More specifically. 

P. = — * -J- = 
0 rp rr. 

fSl*lJ^ 

V 
(3.1) 

T-

where 5, equals the number of islands on which species / exists (species occurrence), Ij 

equals the number of species on islandj (species richness), and Tis the ES, for all islands 

(total number of presences within the matrix). This produces an unconstrained (random) 

placement of species within the system while maintaining important characteristics ofthe 

observed distribution (i.e., cell probabilities will be highest for those species and islands 

that had the larger occurrences and species richnesses, respectively, in the real world). 

Prior to the evaluation of nestedness, the matrix is rearranged such that the rows 

are in decreasing order of species richness. It is not necessary to rearrange the order for 

the columns because the matrix is evaluated by columns and an altemative order will not 

change the evaluation. Rows tied in species richness are then considered in a subroutine 

that finds the most conservative arrangement ofthe tied rows (i.e., the one most nested). 

In other words, all possible arrangements of tied rows are evaluated to find the order that 
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produces the lowest deviation-from-nestedness score possible with respect to each 

scoring technique (extinctions or colonizations) independently. This step is important in 

the algorithm. Based on simulation trials, the initial format ofthe matrix is usually not 

the most conservative, and conclusions based on these matrices would yield inflated 

estimates of significance. A rearrangement of rows is done to find the maximally nested 

format, and these matrices are used to generate the null distribution. Similariy, it is 

important that the observed matrix be evaluated in an identical format for estimates of 

significance to be reliable. A rearrangement of rows to find the lowest deviation from 

nestedness score is done when the observed matrix is evaluated (e.g., Patterson and 

Atmar 1986; Cutler 1991), although the mles used to determine the arrangements are 

suspect at times (e.g., rearranging only part of a row to produce a lower score than what 

was observed in nature). Regardless, these modifications are not included in the 

evaluations of simulated matrices, thus exaggerating observed levels of significance. 

This proposed method differs from those of Cutler (1991) and Cook and Quinn 

(1998). In these two methods, rows tied in species richness are effectively combined, and 

considered as one overall distribution, thus removing potential deviations from 

nestedness. For example, if three rows with equal richnesses exhibit differences within 

their species distributions such that unexpected absences are created, these absences are 

ignored as artifacts of matrix arrangement, thus lowering the observed nestedness score. 

This is not a justifiable action, in part because the stmcturing forces underlying species 

distributions are not understood, species have different habitat requirements, and will 

respond to perceived differences in a taxon-specific manner. Suggesting that species that 
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are combined are equivalent may remove the biological realism from the analyses. 

Moreover, whatever the modifications applied to the empirical data, the same 

modifications are not applied to simulated distributions. 

In the model proposed here, each matrix is evaluated using the two indices 

described by Cutler (1991), holes or outliers. The holes metric measures the unexpected 

absences from the system as a result of stochastic extinction events, whereas the outliers 

metric measures unexpected presences of species within the system as a result of 

idiosyncratic immigration events. These indices are based on the holes and outlier 

indices of Cutler (1991, 1994), but are apphed differently and then standardized to 

facilitate comparisons among systems. Cutler (1991) applied the indices in combination, 

using holes to determine the number of deviations from nestedness on the left portion of 

the matrix and outliers on the right, done in such a way as to minimize the total number 

of deviations from nestedness tallied for the system. Herein, each metric is applied 

separately to the entire matrix after the matrix has been packed maximally with respect to 

each metric separately. 

At this point it is important to note that the holes and outliers metrics are linked -

to have a hole (0 above a I) there must be an outlier (I below a 0). Because of this 

linkage, it is not possible to assign a mechanism to either metric with confidence. As 

applied by Cutler (1991), the metrics were used in a manner that minimized the number 

of deviations from nestedness and allowed the investigator to determine if the deviation 

was the resuU of an unexplained absence (hole) or an idiosyncratic colonization (outlier) 

within each distribution. Although these metrics are reasonable representations of 
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deviations from nestedness (and are used as such in this model), conclusions cannot be 

made as to which mechanism (colonization or extinction) is primarily affecting the 

species distributions. If either the holes or outliers metric results in a significant 

conclusion, the system is considered significantly nested. If the situation arises where 

only one metric is significant, then it is up to the investigator, based on knowledge ofthe 

system and species, to determine if nestedness is a reasonable conclusion. 

A common problem with the other methods (excluding Nc and the temperature 

calculator) is a lack of standardization to allow comparison of levels of nestedness across 

systems that differ in species richness, number of islands, or both. To avoid this, 

deviation from nestedness scores for holes and outliers are standardized (Std.Holes and 

Std.Outliers, respectively). More specifically, the holes score is divided by the total 

number of empty cells in the matrix: 

where h is the number of deviations from nestedness in a simulated matrix for the holes 

metric, r is the number of rows, c the number of columns, and Tthe total number of 

presences within the observed matrix. This adjusts the holes index with respect to the 

number of potential Os (absences) in the matrix. A similar calculation is performed for 

outliers: 

Std.Outliers = - (3.3) 

T 

where o is the number of deviations from nestedness for each simulated matrix from the 

outliers metric and Tis the total number of presences within the observed matrix. This 
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adjustment standardizes the colonization-based deviations with respect to the potential 

number of presences that could be outliers. 

Output from simulations includes moment statistics for each metric. In addition, a 

null distribution of deviation from nestedness scores is produced. Because we do not 

know the tme distribution of deviation from nestedness scores, the distribution of 

standardized scores was used as an empirical estimate ofthe probability density ftinction 

to which the empirical value is compared to determine significance (herein, the 

distribution is referred to as a probability density function and treated as such). If fewer 

than 5% ofthe simulated deviation from nestedness scores are as small or smaller than 

the score from the empirical data (a priori alpha = 0.05), then the system is considered to 

be significantly nested (Figure 3.1). 

The new model and simulation algorithms were validated using mammalian data 

previously analyzed for nestedness by Patterson and Atmar (1986). Mammalian 

distributions from the mountain-top habitat islands in the American Southwest (Patterson 

and Atmar 1986) were determined to be a significantly nested system using RANDOMO 

and RANDOMl. 

Results 

Manunalian distributions on mountain tops were significantly nested (p « O.OOI) 

with respect to holes (observed score = 0.150, simulation range 0.459 - .0730; Figure 

3.2a). The same was tme for outliers (observed score = 0.259, simulated range 0.527 

0.847; Figure 3.2b). 
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Discussion 

ResuUs from the model developed here (NestedSp) suggest that the mammals 

from the mountain tops ofthe American Southwest exhibited a significantly nested 

distribution of species with respect to both metrics. This conclusion is in agreement with 

that of Patterson and Atmar who originally found a significant nested distribution of 

species using both RANDOMO and RANDOMl (Patterson and Atmar 1986) and again 

more recently with the temperature calculator (Atmar and Patterson 1993). 

The model developed here finds the most conservative arrangement of rows in the 

simulation matrices prior to evaluation with each metric. Failure to do this results in 

biased models and inflated estimates ofthe degree of nestedness. RANDOMl is the 

most conservative model for the evaluation of nestedness (Worthen and Rhode 1996) and 

Cook and Quinn (1998) suggest that models such as RANDOMl are biased towards 

lower estimates of nestedness. Based on design (holding row totals constant and not 

using maximally nested matrices during randomization steps), the RANDOM models are 

not as conservative as is the NestedSp model. Although using a conservative model 

could resuh in a Type II error (failure to reject the null hypothesis ofthe presence of a 

random, or non-nested, distribution when it is false), not rejecting a random species 

distributions when it is tme could result in inappropriate management of threatened or 

endangered species. More specifically, if assumptions about nestedness are used to make 

decisions about establishment of nature preserves (Chapter I), then a single large preserve 

may be erroneously favored over the large number of smaller preserves (Simberioff and 

Martin 1991; Boecklen 1997; Honnay et al. 1999). 
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Some indices (e.g., N and Nc) cannot be used for comparing the degree of 

nestedness between systems because the metrics are sensitive to the matrix dimensions 

(Cook and Quinn 1998). In response, Wright and Reeves (1992) proposed the C metric 

to remove the effect of matrix size and allow for more reliable comparisons among 

systems (Cook and Quinn 1998; Bird and Boecklen 1998). Similariy, the temperature-

based model (Atmar and Patterson 1993) removes matrix size from index estimation and 

presents a measure that can be compared among all systems. Cook and Quinn (1995), 

however, suggested that the actual significance ofthe C modification is difficult to 

determine. In addition, all three methods (N, Nc and C) are biased towards higher 

estimates of nestedness because they fail to use the most conservative matrix arrangement 

in simulations. The NestedSp method contains corrections for both of these problems, 

utilizing the most conservative arrangement ofthe matrix and producing standardized 

scores that allow for comparisons between systems. 

Most studies of nestedness have taken the approach that nested subsets are the 

result of extinction influences. In his original analyses of nested pattems, Patterson 

(1987) attributed species presences and absences to being the result of extinction forces. 

The RANDOM models were designed with this in mind, counting only absences within 

the system. In contrast, Cutler (1991) included the mechanisms for colonization in his 

models (outliers), but the influence of colonization on the nested distribution within a 

fragmented system has received minimal attention (e.g.. Cook and Quinn 1995). This 

deficiency in the consideration of colonization is surprising in that most bird distributions 

will be impacted yearly by recolonization of any species that are migratory (e.g.. 
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passerines), and these groups are analyzed most often for nestedness. Conversely, non-

volant mammals as well as reptiles and amphibians are more limited in dispersal ability, 

and thus are more subject to extinction influences. The NestedSp model attempts to 

correct this limitation by incorporating mechanisms for the analysis of holes and outliers 

separately. But due to the confounded nature ofthe nature ofthe two metrics, it is 

impossible to ascribe a structuring mechanism to the system with confidence in this 

model or any model that uses a metric based on the same principles. When a correction 

for this linkage is developed, it will be possible to obtain a better understanding ofthe 

mechanisms underlying species distributions within fragmented systems. 
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Table 3.1. A number of metrics have been developed for the analysis of nested subsets, 
each having its own strengths and weaknesses. The listed characteristics are some ofthe 
more important considerations related to model behavior. A plus sign (+) indicates that a 
particular attribute characterizes a method or metric of nestedness, whereas a negative 
sign (-) indicates that a particular attribute does not characterize the method or metric. 
Situations where a particular attribute cannot be evaluated for a method or metric are 
indicated by NA. The metric and method codes are: 1, RANDOMO, Patterson and Atmar 
(1986); 2, RANDOMl, Patterson and Atmar (1986); 3, Wilcoxon 2-sample test, 
Simberioff and Levin (1985); Simberioff and Martin (I99I); 4, Logistic model, Ryti and 
Gilpin (1987); 5, U metric, Cutler (1991); 6, Nc metric with C standardization, Wright 
and Reeves (1992); 7, Monte Cario simulations, Lomolino (1996); 8, MHITS, Cook and 
Quinn (1998); 9, ROWFIT, Cook and Quinn (1998); 10, MATFIT, Cook and Quinn 
(1998); I I , Temperature calculator, Atmar and Patterson (1993). 

Metric/Method Code' 

Attribute 1 2 3 4 5 6 7 8 9 10 II 

Individually examines . . -i- + 

species 

Species placed in + NA + NA^ -^ + + + 

simulation with respect to 

observed values 

Species presences drawn + NA + + NA^ + + 

at random in simulation 

Significance levels not + + + + + 

overestimated 

Simulated metrics . . . 

arranged for maximal 

nestedness 
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Table 3.1. Continued. 

Attribute 

Metric/Method Code' 

9 10 11 

Results are comparable 

among systems 

Metric considers 

extinction 

Metric considers 

colonization 

Matrix row or column 

totals held constant 

-I- + 

+ •+• 

+ + NA 

-I- -I-

-I-

•^ + + 

-I- -I- -f -I- -I- + 

t entire rows were rearranged, species were not. 

* indirect assessment is possible. 
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Nested I Not Nested 

Figure 3.1. Graphical representation of a distribution of deviation-from-nestedness 
scores to which the observed value is compared. If the observed value occurs within the 
lower 5% ofthe distribution, the system is nested significantly. 
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Figure 3.2. Null distribution of standardized deviation-from-nestedness scores for the 
mammalian data of Patterson and Atmar (1986) where the arrow indicates the value from 
the empirical matrix. Panel A represents the distribution of deviation from nestedness 
scores from the holes metric (ranged 0.459 to 0.730, observed value 0.150, P « O.OOI). 
Panel B represents the distribution of scores from the outliers metric (ranged 0.527 to 
0.847, observed value 0.259, P « O.OOI). 
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CHAPTER rv 

ECOLOGICAL AND MECHANISTIC CONSIDERATIONS 

OF ANALYSES OF NESTEDNESS 

Abstract 

Biogeographic studies consider the distribution of species over space and time. 

This study considers the consequence of pooling distributional data with respect to taxa, 

fragment types, or time. Analyses demonstrated that island type, either land-bridge or 

oceanic, has an impact on conclusions of nestedness. Moreover, conclusions of 

nestedness can be affected by differences in the dispersal abilities as well as whether a 

patch is a tme or habitat island. Although pooling across time did not alter conclusions 

of nestedness, it did obscure conclusions about the dominant stmcturing mechanisms. 

Caution needs to be exercised when conducting nested analyses, especially when pooling 

data across time, considering islands of different origin, or considering species with 

markedly different life history characteristics. 

Introduction 

Most theories and hypotheses in science are based on data or observations. In 

many ways, the resuUs and conclusions depend on the how and why data are collected. 

Ideally, data are collected with a goal (or at least type of analysis) decided on prior to 

collection (Jager and Looman 1995). Nonetheless, the more common scenario is that 

approaches and analyses are developed, or at least altered, in response to the quantity and 
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quality of data that have been amassed in a study. In addition, broad-scale 

macroecological analyses often use heterogeneous data, collected independently for 

different purposes. The same situation can be observed in biogeographic studies such as 

those involving analyses of nested subsets. Although this can be beneficial and may be 

practical, the stmcture ofthe data or system often are overlooked or ignored, and as such, 

analyses can be misleading. 

In biogeographic studies, the most common type of data pertain to the presence or 

absence of a species over a particular area (e.g., I square meter plot or 10 hectares) 

during a specific time period (e.g., I week or 10 years). These data are then subjected to 

a variety of diversity and distributional models to evaluate trends, mostly with respect to 

species richness or range size. There are literally hundreds of methods for analyzing 

species occurrence data for trends in distribution across space and time (e.g., see 

Magurran 1988; Jongman et al. 1995; and Gotelli and Graves 1996). Although the 

consequences of spatial scale to pattem recognition has been a growing concem in 

biogeographic studies (e.g., Kaufman and Willig 1998; Waide et al. 1999; Lyons and 

Wilhg 1999, 2001; Gross et al. 2000; Scheiner et al. 2000; Mittelbach et al. 2001), the 

importance of time scales has been relegated mostly to the domain of paleontologists (see 

Lyons [1994] for a brief discussion). Analyses of nestedness, however, have not, for the 

most part, included time or space as confounding variables related to mechanisms of 

species distribution. 

Nested subset analyses evaluate pattems of species distribution within a 

fragmented system, typically based on species presences-absence data. A nested species 
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distribution is one in which the species composition of one island (or habitat fragment) is 

a proper subset of all larger, more species-rich habitats (Patterson 1987; Patterson and 

Brown 1991). Although most systems are nested to some degree (Patterson 1990; Cook 

1995; but for a taxonomic exception see Rohde et al. 1998), the mechanisms producing 

nestedness are not well understood. 

The two primary mechanisms likely to determine species distributions within a 

fragmented system are extinction (related to areal effects) and colonization (related to 

degree of isolation). Extinction influences on species distributions are related to the 

unexpected absence of a system from an island (e.g., the absence of an abundant species 

from an island with a high species richness), whereas colonization affects appear as 

unexpected presence of a species on an island (e.g., the presence of a species with limited 

dispersal ability on an isolated island). In addition to these mechanisms, four conditions 

enhance the likelihood of a nested distribution: (I) homogeneity of habitat types among 

islands; (2) islands of similar origin (e.g., oceanic vs. land-bridge vs. habitat fragments); 

(3) species-specific niche characteristics regardless of island; and (4) islands sharing a 

common source pool (see Chapter I for details). Violations of these conditions diminish 

the likelihood of nestedness. 

Variation in nestedness, its significance, and its linkage to extinction or 

colonization, may be related to a variety of factors associated with attributes of biota or 

the nature of islands. Differences in nestedness may arise among taxa because of 

phylogenetic or dispersal characteristics. Altematively, differences in nestedness may 

arise between tme and habitat islands, or between oceanic and land-bridge islands. 
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Consideration of these factors, or the failure to do so, can affect conclusions of 

nestedness. 

Patterson (1987) and Cutler (1994) suggested that land-bridge island systems 

should be stmctured more by extinction (e.g., faunal relaxation) than by colonization; as 

land becomes submerged due to flooding or rising sea levels, the amount of usable 

habitat decreases. As habitat types decrease in area or even disappear from an island, 

species should also disappear. Using the assumption that land-bridge islands are formed 

from a once continuous habitat system, the species will become extinct in a pattem 

related to the decrease in island area. On oceanic islands, species distributions should be 

the result of colonization (Patterson 1987; Cutler 1994). As new islands are created, 

species presences on these islands will be dictated by their dispersal and colonization 

abilities. Those species that are better over-water dispersers should be present on distant 

islands as well as those closer to the mainland; as dispersal abilities decrease, so does the 

number of species on islands. Considering the differences in the effects of these two 

mechanism, nested subset analyses that hope to ascribe a stmcturing mechanism to 

species distributions often do not consider the history ofthe island system (notable 

exceptions include the works of Patterson and Atmar [1986], Lomolino [1996], and 

Cutler [1991, 1994]). 

A related consideration is the characteristics of species in the data set. For 

example, if the data analyzed for species distribution include pocket gophers, deer, and 

bats, this will provide a broad-scale view of mammalian distribution in a region but will 

most likely obscure pattems dependant on dispersal ability or habitat use. An awareness 
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ofthe natural history ofthe species in the system, and a subsequent pooling and analysis 

of taxa with similar characteristics, will result in conclusions of pattem and mechanism 

that are more biologically grounded than would conclusions based on altemative 

approaches (sensu Gotelli et al. [1997]). Few studies make these kinds of salient 

distinctions, although Gotelli and McCabe (submitted) found important differences in 

distributional pattems between poikilothermic and homeothermic species. 

Concem about characteristics of data has been noted in the literature. For 

example, Patterson (1987) and Wright et al. (1998) evaluated the degree of nestedness in 

island distributions of birds from New Zealand using data that were compiled over a 40-

year period by Diamond (1984). An obvious question prior to analysis would address 

whether data compiled over 40 years was in any sense a representation of 

contemporaneous species distributions. That is, local extinctions and recolonizations 

could have occurred, such that the 40-year summary gives little evidence of co

occurrence, especially for species with low densities. Similarly, Arita (1996) examined 

the degree of nestedness in bat distributions within cave systems in the Yucatan during 

1990. Although this removes the possibility of inaccuracies related to interannual 

variation in species presences, sampling spanned wet and dry seasons. Such pooling of 

species across seasons could resuU in inaccuracies regarding species co-occurrences. The 

degree to which pooling across years by Patterson (1987) and Wright et al. (1998) or 

across seasons by Arita (1996) affected conclusions of nestedness is not known. 
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The goal of this chapter is to consider how a variety of factors (e.g., island type, 

species dispersal ability, number of years in the data set, and characteristics ofthe 

intervening matrix) affect conclusions of nestedness. 

Methods 

Twenty-eight data sets from the literature were categorized with respect to island 

type, taxonomic focus, or temporal domain. Some island systems (e.g.. Sea of Cortez) 

were represented by multiple taxa (e.g., birds, non-volant mammals, and plants) or 

different island types (land-bridge and oceanic), and are divided into subsets for analyses. 

A brief description of each data after division into analytical categories appears in 

Appendix A. 

Island-Type Effect 

Systems comprising land-bridge islands were compared to those comprising 

oceanic islands with respect to nestedness. The first series of comparisons considered 

mammalian distributions of oceanic islands in Lake Michigan (Hatt et al. 1948) and land-

bridge islands from the coast of Maine (Crowell 1986). The second series of 

comparisons is from the Sea of Cortez, where distributions on nine oceanic and eight 

land-bridge islands were compared for mammals (Lawlor 1983), birds (Cody 1983), and 

plants (Moran 1983). 
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Temporal Effect 

A series of analyses was conducted to evaluate the effect of temporal variation on 

the degree of nestedness. This was accomplished by analyzing each year separately as 

well as pooled into a single matrix. Avian distributions from the islands on Lake 

Pymatuning from 1978 and 1979 (Coleman et al. 1982; supplemented by M.R. Willig) 

and from woodlots in Illinois during 1979 and 1980 (Blake 1991) were used to assess 

temporal effects. 

Dispersal Effect 

Biotas with different dispersal abilities may differ in the degree to which they are 

nested as a consequence of colonization or extinction events. Herein, taxonomic 

comparisons are made within the same fragmented system. Comparisons include; (1) 

avian and mammalian distributions from habitat islands ofthe Great Basin region (Brown 

1978); (2) avian (Diamond and Jones 1980), chiropteran (Brown 1980), and reptilian 

(Wilcox 1980) distributions from the Califomia Channel Islands; and (3) mammalian 

(Lawlor 1983), avian (Cody 1983), and plant (Moran 1983) distributions from islands in 

the Sea of Cortez. Data from the Sea of Cortez are the same as those used for analyses of 

island type, with the distinction between land-bridge and oceanic islands maintained. 

Landscape Effects 

Nested subset analyses have been applied to both tme islands (land surrounded by 

water) and habitat islands (patches of habitat surrounded by a dissimilar terrestrial 
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matrix). Differences in the degree of nestedness associated with these two types of 

islands were evaluated for mammals, birds, and amphibians. For birds, nestedness on 

habitat islands (i.e., bogs and wet meadows in Sweden; Gotmark et al. 1986) are 

compared to that on tme islands (i.e., coastal islands in New Zealand and the Cyclades 

Islands; Simberioff and Levin 1985). For mammals, nestedness on habitat islands (i.e., 

mountain tops in the American southwest [Patterson and Atmar 1986]; rain forest patches 

in Veracmz, Mexico [Estrada et al. 1993]) is compared to tme islands (i.e., islands in 

Lake Michigan [Hatt et al. 1948] and islands in the Antilles [Griffiths and Klingener 

1988]). For amphibians, habitat islands (i.e., elevational transects in Cameroon; Hofer et 

al. 1999) are compared to tme islands (i.e., coastal islands of China; Yiming et al. 1998). 

Matrix Analvsis 

Analyses of nestedness were performed using the NestedSp model for species 

distributions (Chapter III). The standardized scores from each metric (holes and outliers) 

were compiled to form separate distributions of deviation from nestedness scores. 

Because we do not know the parametric distribution of deviation from nestedness scores, 

the distribution of simulated standardized scores was used as a representation ofthe 

underlying probability density function to which the empirical value is compared to 

determine significance. A system was considered to be significantly nested if either of 

the scoring metrics (holes and outliers) resulted in a P-value less than 0.05 {a priori alpha 

= 0.05). 
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Assessments of differences in pattems of nestedness between systems were based 

on levels of significance (P-values). When both systems are significant, the standardized 

scores of nestedness (see Chapter III, equations 3.2 and 3.3) were used to determine the 

extent or magnitude of nestedness. Standardized scores were compared under the 

assumption that the mechanism that had the smaller score had a higher degree of 

nestedness. For each index (holes and outliers), the score was standardized to remove the 

influences of matrix size and number of species presences (percent fill), which would 

otherwise prevent comparisons to other systems (Chapter III). 

Results 

Ofthe 28 analyses of nestedness (Tables 4.1 to 4.4), one was significant with 

respect to holes only, three were significant with respect to outliers only, and 21 were 

significant with respect to both metrics. Three distributions were not significantly nested 

for either index. 

Island-Type Effect 

In pair-wise comparisons, species distributions on land-bridge islands were more 

nested (lower standardized scores for deviations from nestedness and smaller P-values) 

than those on oceanic islands (Table 4.1). This is tme for both the holes and outliers 

metric across all species provided at least one distribution was significant. Moreover, 

distributions on oceanic islands more often exhibited no significant evidence for 
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nestedness (5 of 8 analyses) whereas distributions on land-bridge islands were nested in 

most situations (7 of 8 analyses). 

Temporal Effect 

The effect of pooling on assessments of nestedness was small. Different years 

considered separately and in combination yielded the same conclusions in that both 

metrics (holes and outliers) resulted in P-values less than 0.001 (Table 4.2). Nonetheless, 

pooled data generally exhibited intermediate levels of nestedness compared to constituent 

years, suggesting that caution is warranted. 

Dispersal Effects 

Generally, distributions of birds are more highly nested than are distributions of 

small mammals, bats, reptiles, or plants (Table 4.3). Surprisingly, the distribution of bats 

exhibits little evidence for nestedness, but this may be a consequence ofthe few islands 

for which data on bats were available (n = 6). Distributions of small mammals and plants 

were most variable regarding nestedness. In some systems, mammals and plants 

exhibited nestedness (identical series of land-bridge islands) whereas in others there was 

no nestedness (overlapping, but not identical, series of oceanic islands). The distribution 

of reptiles was nested significantly, mostly as a consequence ofthe holes metric. 
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Landscape Effects 

In general, distributions on tme and habitat islands were significantly nested 

according to both metrics (Table 4.4). There was, however, variation within taxonomic 

groupings, in that birds were only significantly nested on tme islands and non-volant 

mammals were only nested on habitat islands. 

Discussion 

As suggested by others (e.g., Patterson 1990; Cook 1995; Wright et al. 1998), 

most island systems are nested significantly. Ofthe 28 systems evaluated, 21 (75.0%) 

were significantly nested with respect to both holes and outliers, with an additional 

system (3.6%) significant only with respect to holes, three (10.7%) only with respect to 

outliers, and three (10.7%)) not nested with respect to either index. In total, almost 90%o 

ofthe systems (25 of 28) were nested significantly by at least one measure. The 

pervasiveness of nestedness in these analyses limits the ability to draw conclusions 

regarding the impact of system stmcture on conclusions of nestedness. Altemative 

approaches for the analysis of nested subsets, such as those based on species abundance 

(Chapter V), might be more useful in providing further information on the stmcture of 

these species distributions. 

Due to the linkage ofthe holes and outliers metrics (see below), it is difficuU to 

ascribe with certainty a stmcturing mechanism to one metric or the other. However, if 

we can assume that the holes metric is in a way representative of extinction events and 

75 



outliers are the result of idiosyncratic colonization events, comparisons of trends within 

each grouping can be made. 

In all land-bridge island systems except one (Sea of Cortez mammals), the 

outliers metric suggested a significant stmcturing mechanism (i.e., colonization). The 

traditional view is that species distributions on land-bridge islands should be stmctured 

by extinction (e.g., Patterson and Atmar 1986; Patterson 1987), with at most a slight 

influence of colonization. Although extinction-related factors were significant in all 

land-bridge systems, three of four distributions were also influenced by factors related to 

colonization (Table 4.1). In fact, a comparison of standardized scores suggests that 

colonization might be the most important mechanism for mammals on islands off of 

Maine. 

On oceanic island systems, two systems were nested significantly with respect to 

holes and outliers, whereas two were not significant with respect to either metric (Table 

4.1). The significance of colonization (outliers) on one ofthe nested systems (Sea of 

Cortez birds) seems intuitive given the abilities of birds to disperse over water and 

recolonize islands yearly. Thus, the composition of this bird assemblage most likely is 

related to area, distance, or habitat stmcturing mechanisms, and not the identity of species 

per se. The mammals of Lake Michigan islands, a system that would seem to be 

dominated by extinction forces, only exhibited significant stmcturing mechanisms related 

to outliers. This conclusion reemphasizes the limitation of ascribing a mechanism to 

either metric due to their linkage. Nonetheless, extinction (holes) was marginally 
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significant (P = 0.054) and likely played a role in stmcturing the island system. Distance 

to the mainland and possible island linkages during the winter explain this phenomenon. 

As a further test ofthe impact of island type on conclusions of nestedness, the 

data for land-bridge and oceanic islands were combined into one larger data set for each 

ofthe three taxa from the Sea of Cortez. Avian distributions were significantly nested as 

a consequence of holes (P < O.OOI) and outiiers (P < 0.001). Mammal distributions were 

significantly nested as a consequence of holes (P = 0.004) rather than outliers (P = 

0.497). A similar trend was observed in plant distributions (holes, P < 0.001; outliers, P 

= 0.842). Combining island types obscures the significant influence identified by the 

outliers metric on land-bridge plant systems. 

Many studies of species distributions are based on data compiled over multiple 

years (e.g.. Diamond 1984; Patterson and Brown 1991; Lomolino 1996; Yiming et al. 

1998). As a consequence, species that co-occur in the matrix may have never coexisted 

on a particular island. In this study, however, there was no apparent affect on 

conclusions of nestedness when data were pooled over time. Had more years been 

considered in this series of analyses, both pooled and separately, it is possible that more 

dramatic results would have been produced. Moreover, different taxa (e.g., mammals or 

plants) could also result in different conclusions. Either way, the potential for data loss 

on structuring mechanisms is high. This is an area that needs further investigation from 

an empirical perspective. 

The confounded nature of extinction and colonization metrics suggests a need for 

caution in their interpretation. As designed, it is impossible for there to be a hole without 
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an outlier, and visa versa, because an absence within a species distribution is defined as a 

0 (possible extinction event) above a I (possible colonization event). Considering the 

two mechanisms in separate analyses, as done here, should illustrate the overall influence 

on species distributions of each mechanism, but their interdependence could lead to 

inflated conclusions of significance. A refined analysis of a matrix with both metrics, 

such as executed by Cutler (1991), would reduce the overlap between the two metrics by 

applying each to a portion ofthe matrix where it seems most appropriate (i.e., extinction 

to the left portion ofthe matrix where absences are the most likely deviation and 

colonization to the right were unexpected presences are most likely). Although this 

approach has merits, it forces several assumptions on the analyses, most notably that 

deviations on the left are related to extinction, whereas those on the right are the result of 

colonizations. Additionally, it assumes that the deviation is the result ofthe most 

parsimonious conclusion (i.e., an absence above 3 presences within a species distribution 

is indeed one hole rather than three unexpected colonization events). 

Considering the resuUs from these comparisons, it appears that conclusions of 

nestedness are sensitive to matrix size and, more specifically, the number of presences. 

Small matrices or matrices with a high number of presences, or percent fill (Atmar and 

Patterson 1993), are less likely to result in conclusions of nestedness. Conversely, large 

matrices or systems that have few presences relative to the rank ofthe matrix (e.g., many 

species represented by one or two presences) are more likely to result in significant 

nestedness. The temperature calculator of Atmar and Patterson (1993) does consider 

percent fill during randomizations, however the mathematical design ofthe simulation 
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inflates the overall conclusions of nestedness (Chapter I, II). Altematively, NesteSp 

corrects for the mathematical biases, thus is more informative relative to stmcturing 

mechanisms, but does not consider percent fill. A method that can correct this bias, such 

as a hybrid between NestedSp and the temperature calculator, would prove to be 

beneficial (although computationally complex). Interpretations of nestedness need to 

take matrix design into account. 
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CHAPTER V 

AN ALTERNATIVE APPROACH FOR THE ANALYSIS 

OF NESTED SUBSETS: A CONSIDERATION 

OF SPECIES ABUNDANCES 

Abstract 

Previous methods for the analysis of nested subsets have considered only the 

distributions of species within a system of fragments and not the number of individuals 

occupying each fragment. A new approach is presented for the analysis of nestedness in 

which species abundances provide the probabilistic basis for constmction of simulated 

species distributions. This method is applied to two data sets, birds from islands on Lake 

Pymatuning and isolated pools containing fish in the Amazon River. A random 

placement of individuals on the islands of Lake Pymatuning leads to a significantly 

nested arrangement of bird species that are stmctured significantly by both extinction and 

colonization. Altematively, the distribution of Amazonian fish species was not nested 

significantly compared to the distribution of species resulting from random placement of 

individuals, a distribution that other species-based analyses found to be nested 

significantly. The incorporation of abundance in evaluations of nestedness provides a 

more comprehensive view of species distributions, exposing pattems that, at the species-

level appear stmctured but in fact are random at the level of individuals. 
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Introduction 

Analysis of nested subsets is a popular contemporary approach for investigating 

biogeographic pattems. According to theory, nested subsets occur if the biota of one 

island is a nonrandom subset ofthe biota of all islands that exhibit totals of species 

richness that are greater than or equal to that ofthe island in question (Patterson and 

Atmar 1986; Patterson 1987). Many different taxa have been subjects of analyses of 

nestedness, including birds (e.g., Blake 1991, Bird and Boecklen 1998), mammals (e.g., 

Patterson and Atmar 1986), parasites (e.g., Worthen and Rohde 1996), amphibians (e.g., 

Yiming et al. 1998), butterflies (e.g., Fleishman and Murphy 1999), and plants (e.g.. 

Cook and Quinn 1995). In addition, the concept of nestedness has been applied to 

conservation issues, specifically questions related to optimal design of nature reserves 

and whether a single-large or several-small plots of land is optimal for conservation of 

species (e.g.. Beckon 1993; Cook 1995; Boecklen 1997). 

Analyses of nestedness have been used to identify mechanisms underiying the 

distributions of species. Most studies consider extinction to be the primary mechanism 

(e.g., Patterson and Atmar 1986; Taylor 1997; Yiming et al. 1998), a result based on the 

assumption that most fragments were once part of a continuous landscape. Species are 

thought to become extinct in a deterministic manner related to a decrease in fragment 

size. Colonization is an aUemative stmcturing mechanism (e.g., Cutier I99I, Conroy et 

al. 1999) affecting pattems in species distributions. Species that are poorer colonizers 

will be absent from more distant islands, whereas strong dispersers will be found on the 

majority of all islands. 
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Several metrics for the randomization of species placement have been developed 

and incorporated into methods for the analysis of nested subsets. These include: 

RANDOMO and RANDOMl (Patterson and Atmar 1986), the Wilcoxon 2-sample test 

(i.e., Mann Whitney U-test, Simberioff and Martin 1991), logistic models (Ryti and Gilpin 

1987), the U metric (Cutler 1991), the Nc metric, including the C standardization (Wright 

and Reeves 1992), Monte Cario simulations (Lomolino 1996), ROWFIT and MATFIT 

(Cook and Quinn 1998), the temperature calculator (Atmar and Patterson 1993), and 

NestedSp simulation model (Chapter III). These methods each have strengths and 

weaknesses (see Simberioff and Martin 1991; Gotelli and Graves 1996, Chapter I) and 

have been used with different degrees of success. A common characteristic of all 

methods, however, is that only presence-absence information is used to constmct null 

model distributions, hideed, most biogeographic studies are based on the presence or 

absence of a species, as a consequence of Hmitations related to finances, time, or 

manpower. Few studies (e.g., Coleman et al. 1982; Gotmark et al. 1986; Estrada et al. 

1993; Hofer et al. 1999) contain detailed information on the densities of species in each 

fragment. Consequently, the focus of most studies, including all previous analyses of 

nested subsets (except for analyses in Chapter II) is to analyze pattems at the level of 

species based on randomizations of presences and absences. 

Two investigations have considered the placement of individuals and its 

relationship to biogeographic pattems as it may pertain to the concept of nestedness. 

Coleman et al. (1982) demonstrated that the random placement of individuals within an 

island system produces a distribution of species richness comparable to that predicted by 
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several species-area models, each of which is based on deterministic mechanisms, hi 

Chapter 2, individuals were randomly placed within a fragmented system to generate 

1000 different species distributions. Each of these systems yielded a significantly nested 

distribution of species based on the temperature calculator (Atmar and Patterson 1993), 

suggesting that stochastic processes operating at the level of individuals would give rise 

to pattems of nestedness at the level ofthe species that were ascribed to deterministic 

processes. The purpose of this chapter is to incorporate null distributions based on the 

random placement of individuals into the NestedSp model (Chapter III). 

Methods 

The model developed hereafter (Nestedind) is a modification ofthe NestedSp 

model (Chapter III). The salient differences involve the generation of null distributions 

based on randomization of individuals and the use of indices of colonization and 

extinction. Two data sets were used to evaluate the model: breeding bird densities during 

1978 and 1979 from the islands on Lake Pymatuning (Coleman et al. 1982) and 

Gymnotiform fish (electric fish) from pools in the Amazon River (Femandes 1995). The 

Lake Pymatuning data (Coleman et al. 1982, supplemented by M.R. Willig) represent a 

system potentially influenced more by colonization events than by extinction, given the 

annual recolonization of islands by migrating species prior to each breeding season. The 

electric fish from pools in the Amazon River (Femandes 1995) also could represent a 

colonization-influenced situation as species are able to recolonize pools following 

flooding events. In addition, extinction could be a stmcturing force in these pools as area 
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decreases (evaporation) over time. The upstream-downstream flow of materials in the 

system could further introduce other stmcturing forces (i.e., species responding to 

nutrient content instead of pool volume), but those considerations are not evaluated here. 

Although species are arranged in rows and islands are arranged in columns, the input 

matrix for individual-based models of nestedness is otherwise different from that used in 

typical species-based analyses. In particular, a binary matrix is required for models of 

nestedness based on species presence (I) or absence (0). In contrast, a model based on 

individuals required that the abundance of each species replace the binary codes. 

Consequently, the individual-based model generates a random distribution of individuals 

on islands during the simulation process based on the relative abundance of a species in 

the island system and the relative abundance of individuals on islands, regardless of their 

taxonomic affiliation. Once individuals are assigned to islands, it is only a matter of 

bookkeeping to calculate species richness. More specifically, cells are summed across 

rows to determine the abundance of individuals on particular islands regardless of 

taxonomic affiliation (island vector), and cells are summed down columns to determine 

the abundance of individuals of a particular species regardless of their island affiliations 

(species vector). These two vectors are the input required to generate a simulation. All 

simulations were executed using MatLab v4.2 for the Macintosh (The MathWorks, Inc. 

1995). 

During each simulation, a matrix is constmcted based on the random placement of 

individuals on islands. The only constraints during the simulation are that the total 

number of individuals in the system remains constant and equal to that ofthe empirical 
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input matrix, and each species from the empirical distribution is present in each simulated 

distribution (i.e., species are not allowed to go extinct). Row or column totals are not 

held constant as is common in many species-based methods (e.g., RANDOMO and 

RANDOMl). Consequently, biases common to other methods (see Chapters I and III) 

are not introduced into the model. Individuals are placed randomly within the matrix 

based on the cell probability (Py) that islandy contains an individual of species /, with no 

constraint on the total number of individuals of species / that can be placed on each island 

(except that the total number caimot exceed the total number of individuals minus the 

number of species in the system). More specifically, 

O I [o.*i.\ 

' D D D' ^ ' 

where O, equals the total number of individuals of species / within the system, Ij equals 

the total abundance of all species on island^, and D is the 10 , for all species (total 

number of individuals in the system of islands). This produces an unconstrained 

(random) placement of individuals on islands while maintaining important characteristics 

ofthe observed distribution: cell probabilities will be greatest for those species and 

islands that had the largest number of species and greatest abundances in nature. 

The simulated abundance matrices are converted to a presence-absence matrix of 

species to quantify the degree of nestedness. Although it becomes a species-based 

approach at this point, all simulated matrices are a product ofthe random placement of 

individuals, and as such, it is the random placement of individuals that is the basis ofthe 

null distribution. 
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Each matrix is scored for two types of deviation from nestedness: (1) holes 

(unexpected absences from a species distribution); and (2) outliers (unexpected presences 

within the species distribution). These metrics are based on the holes and outliers 

metrics, respectively, of Cutler (1991). However, Cutier (1991) used holes only on the 

left portion ofthe matrix and outliers only on the right in such a way as to minimize the 

total number of deviations from nestedness tallied for each metric. In this model, the two 

measures are used separately, based on the assumption that each is more informative 

when used separately (Chapter III). 

Prior to analysis, the rows of each simulated presence-absence matrix are 

arranged in decreasing order ofthe number of species. Rows tied in species richness are 

evaluated in a subroutine to determine which arrangement will produce the smallest 

possible deviation from nestedness score with respect to each metric (extinctions and 

colonizations) separately. This step removes bias introduced into the matrix due to the 

artificial ordering of rows from the simulation that could result in inflated conclusions of 

nestedness, a consideration not made in most other models (Chapter III). The Nestedind 

method for the rearrangement of rows differs from that of Cook and Quinn (1998) in that 

they move species on a case-by-case approach within tied rows, uUimately using a 

distribution that was neither observed in nature nor generated through controlled 

randomizations, fri addition. Cook and Quinn (1998) only made these changes in the 

observed matrix and not in the simulated ones, a process that likely would create a bias in 

the results towards a conclusion of nestedness. My method of rearrangement preserves 

the integrity ofthe distribution of species (as well as individuals), which is important to 
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the stmcture ofthe system. Although this may slow the analyses, the benefit of having 

more accurate results outweighs perceived costs. 

Prior to tabulation of deviation from nestedness scores from each simulated 

distribution, scores for both the holes and outliers metrics are standardized (Std.Holes and 

Std.Outiiers, respectively ~ for detailed justifications, see Chapter III). For the holes 

metric, the raw score is divided by the total number of empty cells in the matrix (total 

number of potential holes in the system): 

h 
Std.Holes = r. . 1 (5.2) 

[{r*c)-T\ 

where h is the number of deviations from nestedness from each simulated matrix, r is the 

number of rows, c the number of columns, and Tthe total number of species presences 

within the matrix. A similar calculation is performed for the outiiers metric: 

Std.Outliers = — (5.3) 

T 

where o is the number of deviations from nestedness for each simulated matrix and T is 

the total number of species presences within the matrix (total number of potential outliers 

in the system). Both of these standardizations facilitate comparisons among fragmented 

systems because the dimensionality and degree of saturation ofthe matrix is removed 

from output values. The standardized scores from each metric were compiled to form 

distributions of deviation from nestedness scores. Because we do not know the 

parametric distribution of deviation from nestedness scores, the distribution of simulated 

standardized scores was used as a representation ofthe underiying probability density 

ftinction to which the empirical value is compared to determine significance. A system 
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was considered to be significantly nested if either ofthe scoring metrics (holes and 

outliers) resulted in a P-value less than 0.05 {a priori alpha = 0.05). A copy ofthe 

program, including all subroutines, is found in Appendix B. 

As a final test to provide background information into the nature of species 

distributions in these systems, each data set was analyzed for nestedness at the species 

level using the NestedSp model (Chapter III). 

Results 

The of significance of nestedness based on the random placement of individuals 

was the same as that based on the random placement of species for bird distributions on 

islands in Lake Pymatuning. More specifically, the distribution of bird species on the 

islands of Lake Pymatuning exhibited a significantly nested pattem (P « O.OOI) for both 

1978 and 1979 (Table 5.1) with respect to both holes and outliers. 

In contrast, the statistical conclusions ofthe species-based and individual-based 

models differed greatly for fish species in Amazonian pools. Analyses based on the 

species-level null model suggested that distributions were significantly nested with 

respect to both holes and outliers (P «0.001 for each). However, the distributions of 

electric fish species from the Amazon River did not exhibU a significantly nested 

distribution using the individuals-based null model (Table 5.1). In fact, both metrics 

were far from significant (Holes, P > 0.60; Outliers, P > 0.99). 
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Discussion 

The classic approach to analyses of species distributions in a fragmented system is 

to consider distributions at the level ofthe species. Beginning with the research of 

MacArthur and Wilson (1963, 1967) theory of island biogeography, ecologists and 

biogeographers developed a series of models and theories (e.g.. Diamond's [1975] 

checkerboard pattem and assembly mles; Cormer and Simberioff s [1979] counter 

proposals; Patterson and Atmar's [1986] nested subsets) to explain or predict how species 

are distributed and the mechanisms that underlie their distributions. The focus of this 

chapter was to illustrate that, although species-based models and analyses serve a 

purpose, the inclusion of analyses at other levels (i.e., individuals) resuUs in more refined, 

and sometimes aUemative, picture of nestedness. It is the individuals that are responsible 

for the species being present or absent, because it is the individuals that are colonizing an 

island or disappearing from the system. As such, it is the mechanisms that affect the 

distribution of individuals that should be of primary concem because this is the level 

where ecological mechanisms are impacting species distributions. 

Considering nested subsets, a random distribution at one hierarchical level (e.g., 

individuals) can give rise to a non-random (nested) distribution at a higher level (e.g., 

species) as documented by results for electric fish in Amazonian pools, hiclusion of an 

abundance-based approach in analysis of nestedness should be done whenever possible. 

Unfortunately, these data often are not available. Although the use of several methods in 

concert for the analysis of species distributions might resuU in a unanimous conclusion of 

significance, failure to include analyses based on abundance data results in incomplete. 
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and possibly inaccurate, conclusions regarding structuring mechanisms and their relative 

importance. When abundance data are not available, analyses of nestedness should be 

conservative in ascribing significance based on species-level models alone. As suggested 

in Chapter II, a more conservative a priori alpha level of (e.g., 0.005) would reduce the 

likelihood of concluding a nested distribution. 

Due to the confounding nature ofthe holes and outliers metrics (the presence of a 

hole is dependent on an outlier and visa versa. Chapter IV), it is impossible to confidently 

consider stmcturing mechanisms related to one metric or the other. However, if we 

assume that, as Cutler (1991) describes, holes are an indication of extinction events and 

outliers are representative of colonizations, general pattems of species distribution can be 

considered. 

For birds from the Lake Pymatuning islands, it was not surprising to find a nested 

arrangement of species as previous analyses of the system resulted in the same 

conclusion (Chapter IV). Species distributions using both methods, NestedSp and 

Nestedind, were significantly non-random with respect to holes and outliers (P < 0.001 

for all analyses). Because over 55% ofthe species included in these analyses are winter 

migrants, I would expect colonization to be the dominant mechanism stmcturing species 

distributions in the island system as they move from the mainland to their summer 

breeding sites. The result, however, suggests that both colonization and extinction are 

responsible for the observed pattem of species distribution. One possible explanation for 

the significant influence of extinction is that the habitat that the birds are responding to is 

nested-larger islands have more habitat types available, and as island size decreases, so 
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does the number of habitats. As habitats decrease in this predictable manner, species are 

going to respond to the habitats, resulting in a nested distribution of species. 

Additionally, the short distances from island to mainland (less than I km to nearest 

mainland point [estimated from maps]) effectively erases the colonization dependence, 

thereby creating the increased relevance of extinction effects. A detailed knowledge of 

the systems and the species involved will help evaluate the tme nature of species 

distributions on the Lake Pymatuning islands. 

The lack of significant nestedness for the gymnotiform fish communities, in part, 

can be attributed to the organization of pools within the river system. Each pool was part 

of a continuous system, one that maintained connections between pools for at least part, if 

not all, ofthe sampling season (not described in detail by Femandes 1995). In addition, 

the data were compiled over a two-year period. Because of this, it is reasonable to 

suspect that species may have moved among pools between sampling periods, such that 

individuals were double counted or were moving throughout the system in response to 

other environmental cues. The incomplete separation of pools may mean that community 

stmcture in one pool is not independent of that in others. In effect, sampling from 

different pools was actually no different from sampling from multiple points on the same 

island. Further information on the nature ofthe system and the propensity ofthe species 

to move between pools would assist distributional analyses of this system. 

Overall, fish abundance was high in this system compared to levels from Lake 

Pymatuning and the other systems considered in Chapter V. As a result, the random 

placement of 19,710 individuals during each simulation provides numerous opportunities 
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to create random species distributions that contain many species (i.e., individuals are 

placed in a high percentage of cells during randomization that, when converted to species 

distributions, results in an increased number of species presences in the system). When 

reordered with respect to species richness during the simulation, a large number of 

species presences will create a distribution that does not appear deterministic (nested) or 

at least different from chance. Furthermore, as the number of individuals increases, the 

likelihood of creating a fully saturated system (i.e., each species is found on each island) 

increases, resulting in a system unable to exhibit stmcture in species distributions. This 

characteristic ofthe empirical data could be the cause ofthe lack of significance in 

association with model for the random placement of individuals. 

The inclusion of abundance analyses in nestedness evaluations does, to some 

extent, correct for the under-sampling of species in some fragments. Cam et al. (2000) 

note that very few, if any, studies are have distributional data on every species that occurs 

within the species pool. As such, they found that these absences in species 

presence/absence data can affect conclusions of nestedness. Therefore, null models used 

to evaluate co-occurrence pattems should incorporate a probabilistic sampling protocol 

for randomization steps (Cam et al. 2000). The observed species distribution is a 

snapshot ofthe actual distribution upon which the probability density function is 

constmcted (sensu Jonsson 2001). In the Nestedind model, random placement of 

individuals during each permutation creates a system such that each species can be 

"found" on any island if one individual is placed there during the randomization. As 

such, if a species is found on an island yet not recorded, it will appear in the 
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randomization. The result of this appearance will be to decrease both metric scores, 

resulting in a slight shift to the left ofthe probability density ftinction, making it more 

difficuU to conclude nestedness. Complete census data would be ideal, but the flexibility 

in the randomizations of Nestedind (as well as NestedSp) reduces the impact of missing 

occurrences on conclusions of nestedness. 

The incorporation of abundance in evaluations of nestedness using the Nestedind 

model provides a more comprehensive view of species distributions in a fragmented 

system. Had only a species-based approach been considered (e.g., NestedSp), pattems 

that appear to be stmctured at the species-level may have been misleading when in fact 

the distributions are random at the level of individuals. Based on these observations, it 

would seem reasonable to conclude that in order to fiilly understand the nuances of 

species distribution, the inclusion of analyses at multiple levels of resolution other than 

individuals (e.g., grouping by genus or trophic community) or confounding system-

related factors (e.g., pattems of habitat stmcture or limiting resources) would be 

necessary to develop a complete understanding of pattems of species distribution. There 

is probably no one null model or set of variables for distributional analysis that will 

completely illustrate pattems within every fragmented system, but the inclusion of 

analyses using the Nestedhid model with a species-based model (e.g., NestedSp), when 

possible, will help identify the pattems underiying species distributions. 
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Table 5.1. Descriptive statistics for extinction and colonization metrics from analyses of 
the distribution of species within two fragmented systems. In both cases, results are 
based on null models derived from the random placement of individuals. Pymatuning 
data are avian distributions from the islands of Lake Pymatuning (Coleman et al. 1982), 
and were analyzed separately for 1978 and 1979. Amazon River data are distributions of 
electric fish from pools (Femandes 1995). All values (except P-values) are standardized 
scores (see text for formula) to facilitate comparisons among years or systems. 

Simulation Output 

Standardized 

Score Mean ± S.D. Maximum Minimum P-value 

Lake Pymatuning 1978 

Individuals-based model 

Holes 

Outliers 

Species-based model 

Holes 

Outliers 

0.102 

0.161 

0.102 

0.I6I 

Lake Pymatuning 1979 

Individuals-based model 

Holes 0.145 

Outhers 0.276 

Species-based model 

Holes 0.145 

Outliers 0.276 

0.205 ±0.035 0.317 

0.268 ± 0.036 0.405 

0.368 ± 0.044 0.504 

0.530 ±0.053 0.705 

0.305 ±0.038 0.451 

0.418 ±0.036 0.533 

0.425 ± 0.040 0.530 

0.644 ±0.039 0.769 

O.UO < 0.001 

0.162 < 0.001 

0.254 < O.OOI 

0.369 < O.OOI 

0.211 < O.OOI 

0.296 < O.OOI 

0.281 < 0.001 

0.522 < O.OOI 
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Table 5.1. Continued 

Standardized 

Score 

Amazon River pools 

Individuals-based model 

Extinction 0.450 

Colonization 0.515 

Mean ± S.D. 

0.385 ± 0.042 

0.213 ±0.020 

Simulation Output 

Maximum Minimum 

0.526 0.026 

0.273 0.156 

P-value 

0.926 

> 0.999 

Species-based model 

Extinction 0.450 0.666 ±0.033 0.773 0.559 < O.OOI 

Colonization 0.515 0.764 ± 0.034 0.880 0.669 < O.OOI 

106 



CHAPTER VI 

CONCLUSIONS 

Species distributions are non-random (Myers and Giller 1988). One ofthe most 

often cited non-random pattems in biogeography concems nested subsets. The details of 

the nested pattem suggest underiying pattem-generating mechanisms (Blake 1991; 

Gaston 1996; Honnay et al. 1999). These mechanisms usually are considered to be the 

resuU of extinction (Patterson and Atmar 1986; Cutier 1991; Bolger et al. 1991), although 

idiosyncratic colonization also plays a key role in shaping species distributions (Kadmon 

1995; Lomolino 1996; Conroy et al. 1999). Although circumstances in which one or the 

other mechanism should dominate has received attention in the literature, few 

comprehensive assessments provide empirical confirmation ofthe environmental or 

evolutionary circumstances that should favor one type of mechanism over the other. 

Two new methods for the analysis of nested subsets were developed and applied 

to empirical data in this dissertation. The species-based model (NestedSp) corrects many 

ofthe problems associated with previous methods, most notably biases that resulted in 

inflated conclusions of nestedness (Chapter III). The randomization process used in 

NestedSp was modified in Chapter II for the random placement of individuals (Nestedind 

model - Chapter V) and then used in conjunction with the temperature calculator of 

Atmar and Patterson (1993) to cleariy show the excessive liberal nature of species-based 

approaches. Indeed, a hierarchical approach to nestedness that included both species- and 

individuals-level analyses provides more insight into the underiying stmcturing 
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mechanisms than did species-level analyses alone. The inclusion of analyses of 

abundance distributions will either provide more information on the overall stmcturing 

mechanisms or identify pattems obscured at the level ofthe species. The Nestedind 

program explicitly links a null distribution of species presences based on the abundances 

of species to the NestedSp algorithm. It is the first model to incorporate species 

abundance information into nested analyses. In addition, the Nestedind model, since it 

was based on NestedSp, is free ofthe mathematical biases that characterized most 

species-based models. 

Chapter IV dealt with the often ignored complications introduced into analyses of 

nestedness that relate to the stmcture ofthe data. The effects of a variety of 

considerations (taxonomic considerations, island characteristics, temporal pooling, matrix 

characteristics) on attributes of nestedness were evaluated. Because most systems were 

nested, and due to the linkage between the two metrics used, a complete evaluation ofthe 

influence the ecology ofthe data has on conclusions of nestedness were not clearly 

apparent. 

The theory of nested subsets is now a common approach for studying 

biogeographic pattems (e.g., Patterson and Atmar 1986; Wright and Reeves 1992; Atmar 

and Patterson 1993; Lomolino 1996). Patterson (1990) suggested that all biological 

systems are nested. In contrast, Rohde et al. (1998) said that nestedness was an exception 

to the mle of random species distributions. Resolution of this debate may be facilitated 

by the models developed herein because of their reduced tendency to posit significance 
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(as in the individuals-based model) or their ability to distinguish colonization and 

extinction mechanisms (as in the NestedSp and Nestedind programs). 
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APPENDIX A 

DATA SETS ANALYZED 

Table A. 1. A list of all data sets used for nested subset grouped by taxon. A description 
of each system follows. 

Data File 

Chinese coast 

Elevational bands 

Sea of Cortez birds 

Sea of Cortez birds 

Swedish bogs 

Swedish meadows 

New Zealand islands 

Cyclades Islands 

Pymatuning 1978 

Pymatuning 1979 

Pymatuning combined 

Illinois woodlots 1979 

niinois woodlots 1980 

Illinois woodlots combined 

Boreal mountains 

Califomia Islands 

Taxon 

Amphibians 

Amphibians 

Birds 

Birds 

Birds 

Birds 

Birds 

Birds 

Birds 

Birds 

Birds 

Birds 

Birds 

Birds 

Birds 

Birds 

System 

Category 

Land-bridge 

Land-bridge 

Oceanic 

Land-bridge 

Oceanic 

Oceanic 

Mixed 

Land-bridge 

Land-bridge 

Land-bridge 

Land-bridge 

Land-bridge 

Land-bridge 

Land-bridge 

Land-bridge 

Land-bridge 

Number 

of Islands 

20 

12 

9 

8 

47 

15 

25 

26 

15 

27 

27 

12 

12 

12 

17 

8 

Number of 

Species 

10 

30 

28 

37 

13 

11 

23 

41 

36 

38 

41 

46 

49 

49 

20 

43 
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Table A. I. Continued 

Data File 

Amazon River 

Lake Michigan 

Maine coast 

Sea of Cortez mammals 

Sea of Cortez mammals 

Southwest US mountains 

Rain forest patches 

Lesser Antilles islands 

Boreal mountains 

Califomia Islands 

Sea of Cortez plants 

Sea of Cortez plants 

Califomia Islands 

Taxon 

Fish 

Mammals 

Mammals 

Mammals 

Mammals 

Mammals 

Mammals 

Mammals 

Mammals 

Mammals 

Plants 

Plants 

Reptiles 

System 

Category 

Land-bridge 

Oceanic 

Land-bridge 

Oceanic 

Land-bridge 

Land-bridge 

Land-bridge 

Oceanic 

Land-bridge 

Land-bridge 

Oceanic 

Land-bridge 

Land-bridge 

Number 

of Islands 

36 

13 

9 

9 

8 

28 

7 

21 

17 

6 

9 

8 

15 

Number of 

Species 

39 

27 

38 

8 

18 

26 

35 

56 

34 

10 

21 

17 

27 
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Reference: Blake, J. G. 1991. Nested subsets and the distribution of birds on isolated 

woodlots. Conservation Biology 5:58-66. 

Organism: Birds 

Geographic Location: East-central Illinois 

System Category: Land-bridge islands 

Number of Species: 46 (9-39 species per island) 

Number of Fragments: 12 (1-12 island occurrences per species) 

General Description: 

The woodlots (ranging in size from 1.8 to 600 ha) are islands of forest habitat 

surrounded by an intervening matrix of agriculture. Although a high degree of 

separation exists among the woodlots, they likely were once part of a continuous 

forest. Multiple censuses were conducted in each woodlot during the breeding season 

of 1979; obvious transient species as well as noctumal species were not included in 

data. The data are from Table 3 in Blake (1991). 
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Reference: Blake, J. G. 1991. Nested subsets and the distribution of birds on isolated 

woodlots. Conservation Biology 5:58-66. 

Organism: Birds 

Geographic Location: East-central fllinois 

System Category: Land-bridge islands 

Number of Species: 49 (11-40 species per island) 

Number of Fragments: 12 (I-I2 island occurrences per species) 

General Description: 

The woodlots (ranging in size from 1.8 to 600 ha) are islands of forest habitat 

surrounded by an intervening matrix of agriculture. Although a high degree of 

separation exists among the woodlots, they likely were once part of a continuous 

forest. Multiple censuses were conducted in each woodlot during the breeding season 

of 1980; obvious transient species as well as noctumal species were not included in 

data. The data are from Table 4 in Blake (1991). 
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Reference: Blake, J. G. 1991. Nested subsets and the distribution of birds on isolated 

woodlots. Conservation Biology 5:58-66. 

Organism: Birds 

Geographic Location: East-central Illinois 

System Category: Land-bridge islands 

Number of Species: 49 (12-44 species per island) 

Number of Fragments: 12 (1-12 island occurrences per species) 

General Description: 

The woodlots (ranging in size from 1.8 to 600 ha) are islands of forest habitat 

surrounded by an intervening matrix of agriculture. Although a high degree of 

separation exists among the woodlots, they hkely were once part of a continuous 

forest. Multiple censuses were conducted in each woodlot during the breeding season 

of 1979 and 1980; obvious transient species as well as noctumal species were not 

included in data. The data are from Tables 3 and 4 in Blake (1991). 
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Reference: Brown, J. H. 1978. The theory of insular biogeography and the distribution 

of boreal birds and mammals. Great Basin Naturalist Memoirs 2: 209-227. 

Organism: Mammals 

Geographic Location: Great Basin 

System Category: Land-bridge islands 

Number of Species: 34 (3-23 species per island) 

Number of Fragments: 17(1-16 island occurrences per species) 

General Description: 

The islands ofthe Great Basin include stands of coniferous forest surrounded by 

an intervening matrix of desert. Located between the Rocky Mountains of Utah and 

the Sierra Nevada range, the basin is a series of broad valleys dominated by sparse 

vegetation. The criteria for labeling an area as a suitable montane "island" was that it 

contained at least one mountain peak above 9800 feet, and the nearest peak of this 

elevation was a minimum of 5 miles away at an elevation lower than 7500 feet. 

All species included in the data are found on one, or both, bordering mountain 

ranges, but are isolated from them due to the matrix of lowland habitat (no endemics). 

Peripheral populations in bordering mountains are the source of all local populations 

that persist from generation to generation because of continued colonization from the 

surrounding mountains and ability to avoid extinction. All species are permanent 

residents ofthe boreal habitat (i.e., winter migrants were not included). 

Species richness of these islands does not fit the power function, suggesting that 

species richness is not at equilibrium. No relationship exists between species richness 
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and distance to nearest source. Approximately 29 percent ofthe variation in 

mammalian species richness can be explained by habitat diversity on island 

fragments. 

Data were compiled from the literature and through communication with other 

researchers. No particular time frame was provided, but it likely comprises more than 

one year. 
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Reference: Brown, J. H. 1978. The theory of insular biogeography and the distribution 

of boreal birds and mammals. Great Basin Naturalist Memoirs 2: 209-227. 

Organism: Birds 

Geographic Location: Great Basin 

System Category: Land-bridge islands 

Number of Species: 20 (4-16 species per island) 

Number of Fragments: 17 (1-17 island occurrences per species) 

General Description: 

The islands ofthe Great Basin include stands of coniferous forest surrounded by 

an intervening matrix of desert. Located between the Rocky Mountains of Utah and 

the Sierra Nevada range, the basin is a series of broad valleys dominated by sparse 

vegetation. The criteria for labeling an area as a suitable montane "island" was that it 

contained at least one mountain peak above 9800 feet, and the nearest peak of this 

elevation was a minimum of 5 miles away at an elevation lower than 7500 feet. 

All species included in the data are found on one, or both, bordering mountain 

ranges, but are isolated from them due to the matrix of lowland habitat (no endemics). 

Peripheral populations in bordering mountains are the source of all local populations 

that persist from generation to generation because of continued colonization from the 

surrounding mountains and ability to avoid extinction. All species are permanent 

residents ofthe boreal habitat (i.e., winter migrants not included). 

Species richness of these islands does not fit the power ftinction, suggesting that 

species richness is not at equilibrium. No relationship exists between species richness 
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and distance to nearest source. Approximately 81 percent ofthe variation in avian 

species richness can be explained by habitat diversity. 

Data were compiled from the literature and through communication with other 

researchers. No particular time frame was provided, but it likely comprises more than 

one year. 

120 



Reference: Brown, P. E. 1980. Distribution of bats ofthe Califomia Channel Islands. 

Pp. 751-756 In Power, D. M., (Ed.). The Califomia Islands: Proceedings of a 

muUidisciplinary symposium. Santa Barbara Museum of Natural History: Santa 

Barbara, Califomia. 

Organism: Bats 

Geographic Location: Califomia Channel Islands 

System Category: Land-bridge islands 

Number of Species: 10 (1-8 species per island) 

Number of Fragments: 6 (5-1 island occurrences per species) 

General Description: 

The Califomia Islands are a series of land-bridge islands located off the coast of 

southem Califomia. The system was created roughly 24 mya through the separation 

of land fragments by ocean currents and backflows, with additional sediment 

deposited as a result of mn-off from the Santa Monica Mountains. The system 

consists of 19 islands, ranging in size from 0.05 km (Ano Nuevo) to 348 km 

(Cedros), and range from 0.5 km (Ano Nuevo) to 252 km (Guadalupe) from shore 

(Power 1980, Vedder and Howell 1980). 

The distribution of bats within the system was compiled mostly from literature 

review, observation, and museum study. The data represent a collection of work over 

many years. Questionable accounts of a species presence were ignored. 

121 



Additional References 

Power, D. M. 1980. Introduction. Pp. 1-4 In Power, D. M., (Ed.). The Califomia 

Islands: Proceedings of a multidisciplinary symposium. Santa Barbara Museum of 

Natural History: Santa Barbara, Califomia. 

Vedder, J. G., and D. G. Howell. 1980. Topographic evolution ofthe southem 

Califomia borderiand during late Cenozoic time. Pp. 7-31 In Power, D. M., (Ed.). 

The Califomia Islands: Proceedings of a multidisciplinary symposium. Santa Barbara 

Museum of Natural History: Santa Barbara, Califomia. 
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Reference: Cody, M. 1983. The land birds. Pp. 210-245/« Case, T. L, and M. L. Cody 

(Eds.). Island biogeography in the Sea of Cortez. University of Califomia Press: 

Berkeley. 

Organism: Birds 

Geographic Location: Sea of Cortez 

System Category: Oceanic islands 

Number of Species: 28 (4-19 species per island) 

Number of Fragments: 9 (1-9 island occurrences per species) 

General Description: 

The Sea of Cortez lies between the Califomia peninsula and Mexico. Most 

islands are found in the westem side ofthe gulf, although the largest island (Tiburon) 

occurs off the westem coast of Mexico. The Sea of Cortez was formed by the 

separation ofthe peninsula from Mexico, with most ofthe islands being fragments of 

a once larger system. Several ofthe islands, however, have oceanic origins, either 

from mn-off deposits or underwater emptions (Lindsay 1983). There are 25 major 

islands in the Sea of Cortez, plus nine more that are considered minor. Only major 

islands were used in the data because they had the most reliable data for all taxa. 

Avian distributions were compiled from a literature survey and the M. Cody's 

personal observations. Only distributions from 9 islands were used in this set (based 

on Appendix 10.12 in Case and Cody 1983) so that direct comparisons could be made 

with the other taxonomic groupings from the same island system (i.e., birds and 

mammals). This data set contains only avian distributions from the oceanic islands. 
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Island categorizations were based on the classification scheme in Appendix 10.13 of 

Case and Cody (1983). The oceanic islands include: Angeal de la Guarda, San 

Lorenzo (North and South combined), San Esteban, Tortuga, Monserrate, Santa 

Catalina, Santa Cmz, San Diego, and Cerralvo. 

Additional References 

Case, T. J., and M. L. Cody (Eds). 1983. Island biogeography in the Sea of Cortez. 

University of Califomia Press: Berkeley. 

Lindsay, G. E. 1983. History of scientific exploration in the Sea of Cortez. Pp. 3-12 In 

Case, T. J., and M. L. Cody (Eds). Island biogeography in the Sea of Cortez. 

University of Califomia Press: Berkeley. 
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Reference: Cody, M. 1983. The land birds. Pp. 210-245/« Case, T. J., and M. L. Cody 

(Eds.). Island biogeography in the Sea of Cortez. University of Califomia Press: 

Berkeley. 

Organism: Birds 

Geographic Location: Sea of Cortez 

System Category: Land-bridge islands 

Number of Species: 37 (8-30 species per island) 

Number of Fragments: 8 (1-8 island occurrences per species) 

General Description: 

The Sea of Cortez lies between the Califomia peninsula and Mexico. Most 

islands are found in the westem side ofthe gulf, although the largest island (Tiburon) 

occurs off the westem coast of Mexico. The Sea of Cortez was formed by the 

separation ofthe peninsula from Mexico, with most ofthe islands being fragments of 

a once larger system. Several ofthe islands, however, have oceanic origins, either 

from mn-off deposits or underwater emptions (Lindsay 1983). There are 25 major 

islands in the Sea of Cortez, plus nine more that are considered minor. Only major 

islands were used in the data because they had the most reliable data for all taxa. 

Avian distributions were compiled from a literature survey and the M. Cody's 

personal observations. Only distributions from 9 islands were used in this set (based 

on Appendix 10.12 in Case and Cody 1983) so that direct comparisons could be made 

with the other taxonomic groupings from the same island system (i.e., plants and 

mammals). This data set contains only avian distributions from the land-bridge 
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islands. Island categorizations were based on the classification scheme in Appendix 

10.13 of Case and Cody (1983). The land-bridge islands include: Tiburon, San 

Marcos, Coronados, Carmen, Danzante, San Jose, San Francisco, and Espiritu Santo. 

Additional References 

Case, T. J., and M. L. Cody (Eds.). 1983. Island biogeography in the Sea of Cortez. 

University of Califomia Press: Berkeley. 

Lindsay, G. E. 1983. History of scientific exploration in the Sea of Cortez. Pp. 3-12 In 

Case, T. J., and M. L. Cody (Eds.). Island biogeography in the Sea of Cortez. 

University of Califomia Press: Berkeley. 
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Reference: Coleman, B. D., M. A. Mares, M. R. Willig, and Y.-H. Hsieh. 1982. 

Randomness, area, and species richness. Ecology 63: 1121-1133. Supplementary 

data provided by M. R. Willig. 

Organism: Birds 

Geographic Location: Lake Pymatuning 

System Category: Land-bridge islands 

Number of Species: 36 (1-34 species per island) 

Number of Individuals: 740 (1-272 individuals per island) 

Number of Fragments: 15 (I-I4 island occurrences per species) 

Number of Individuals: 740 (1-85 individuals per species) 

General Description: 

Lake Pymatuning, located on the Ohio-Pennsylvania border in North America, 

was created in 1932 by the damming ofthe Shenango River and subsequent flooding 

ofthe river valley. What were once high points within the landscape are now 

permanent islands, ranging in area from 0.13 to 69.44 ha. hi general, most ofthe 

islands have been left undisturbed since thefr creation in 1932. 

The avian assemblage (excluding raptors, waterfowl, and shorebirds) was 

censused during the breeding seasons of 1978. Species were recorded as present if a 

breeding pair was observed on the island. As a consequence, each presence in the 

data actually represents two individuals. For most species (with the possible 

exception ofthe mffed grouse that is non-migratory), each island was colonized each 

year prior to the breeding season. 
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Reference: Coleman, B. D., M. A. Mares, M. R. Willig, and Y.-H. Hsieh. 1982. 

Randomness, area, and species richness. Ecology 63: 1121-1133. Supplementary 

data provided by M. R. Willig. 

Organism: Birds 

Geographic Location: Lake Pymatuning 

System Category: Land-bridge islands 

Number of Species: 38 (1-35 species per island) 

Number of Individuals: 813 (1-280 individuals per island) 

Number of Fragments: 27 (1-24 island occurrences per species) 

Number of Individuals: 813(1-119 individuals per species) 

General Description: 

Lake Pymatuning, located on the Ohio-Pennsylvania border in North America, 

was created in 1932 by the damming ofthe Shenango River and subsequent flooding 

ofthe river valley. What were once high points within the landscape are now 

permanent islands, ranging in area from 0.13 to 69.44 ha. In general, most ofthe 

islands have been left undisturbed since their creation in 1932. 

The avian assemblage (excluding raptors, waterfowl, and shorebirds) was 

censused during the breeding seasons of 1979. Species were recorded as present if a 

breeding pair was observed on the island. As a consequence, each presence in the 

data actually represents two individuals. For most species (with the possible 

exception ofthe mffed grouse that is non-migratory), each island was colonized each 

year prior to the breeding season. 
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Reference: Coleman, B. D., M. A. Mares, M. R. Willig, and Y.-H. Hsieh. 1982. 

Randomness, area, and species richness. Ecology 63: 112I-1133. Supplementary 

data provided by M. R. Willig. 

Organism: Birds 

Geographic Location: Lake Pymatuning 

System Category: Land-bridge islands 

Number of Species: 41 (1-37 species per island) 

Number of Individuals: 1553 (1-552 individuals per island) 

Number of Fragments: 27 (1-24 island occurrences per species) 

Number of Individuals: 1553 (1-204 individuals per species) 

General Description: 

Lake Pymatuning, located on the Ohio-Pennsylvania border in North America, 

was created in 1932 by the damming ofthe Shenango River and subsequent flooding 

ofthe river valley. What were once high points within the landscape are now 

permanent islands, ranging in area from 0.13 to 69.44 ha. In general, most ofthe 

islands have been left undisturbed since their creation in 1932. 

The avian assemblage (excluding raptors, waterfowl, and shorebirds) was 

censused during the breeding seasons of 1978 and 1979 and combined into one data 

set. Species were recorded as present if a breeding pair was observed on the island. 

As a consequence, each presence in the data actually represents two individuals. For 

most species (with the possible exception ofthe mffed grouse that is non-migratory), 

each island was colonized each year prior to the breeding season. 
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Reference: Crowell, K. L. 1986. A comparison of rehct versus equilibrium models for 

insular mammals ofthe Gulf of Maine. Biological Joumal ofthe Linnean Society 28: 

37-64. 

Organism: Mammals (non-volent) 

Geographic Location: Maine coast, USA 

System Category: Land-bridge islands 

Number of Species: 38 (9-38 species per island) 

Number of Fragments: 9(1-9 island occurrences per species) 

General Description: 

The Gulf of Maine is an island system composed of 26 islands in the coastal 

waters ofthe Atlantic Ocean. Of those, mammal distributions were provided for 8 

islands as well as from coastal habitat of Maine as the reference or source pool. 

Islands ranged in size from 1.243 km^ (Hog) to 279.2 km' (Mt. Desert). 

Data on species distributions were compiled by Crowell based on observations 

(field work conducted from 1962 to 1985), personal communication with other filed 

biologists, and published reports. The list includes species that are known colonizers 

since 1930 and excludes species that were introduced or of unknown status. 

The data used were published in Appendix AI ofthe manuscript. 

130 



Reference: Diamond, J. M., and H. L. Jones. 1980. Breeding land birds ofthe Channel 

Islands. Pp. 597-612 In Power, D. M., (Ed.). The Califomia Islands: Proceedings of 

a multidisciplinary symposium. Santa Barbara Museum of Natural History: Santa 

Barbara, Califomia. 

Organism: Birds 

Geographic Location: Califomia Channel Islands 

System Category: Land-bridge islands 

Number of Species: 43 (9-33 species per island) 

Number of Fragments: 8(1-8 island occurrences per species) 

General Description: 

The Califomia Islands are a series of land-bridge islands located off the coast of 

southem Califomia. The system was created roughly 24 mya through the separation 

of land fragments by ocean currents and backflows, with additional sediment 

deposited as a result of run-off from the Santa Monica Mountains. The system 

consists of 19 islands, ranging in size from 0.05 km2 (Ano Nuevo) to 348 km2 

(Cedros) and range from 0.5 km (Ano Nuevo) to 252 km (Guadalupe) from shore 

(Power 1980, Vedder and Howell 1980). 

Avian distribution within the system was compiled mostly from literature reviews 

and supported by recent collections. Only land birds were included in the data, which 

excluded shorebirds and raptors. The set contains only species know to breed on the 

island; species classified as having an uncertain reproductive status were omitted. 
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Additional References 

Power, D.M. 1980. Introduction. Pp. 1-4 /« Power, D.M., (Ed.). The Cahfomia 

Islands: Proceedings of a multidisciplinary symposium. Santa Barbara Museum of 

Natural History: Santa Barbara, Califomia. 

Vedder, J. G., and D. G. Howell. 1980. Topographic evolution ofthe southem 

Califomia borderland during late Cenozoic time. Pp. 7-31 In Power, D.M., (Ed.). 

The Califomia Islands: Proceedings of a multidisciplinary symposium. Santa Barbara 

Museum of Natural History: Santa Barbara, Califomia. 

132 



Reference: Estrada, A., R. Coates-Estrada, and D. Meritt, Jr. 1993. Bat species richness 

and abundance in tropical rain forest fragments and in agricultural habitats at Los 

Tuxtlas, Mexico. Ecography 16:309-318. 

Organism: Bats 

Geographic Location: Veracmz, Mexico 

System Category: Land-bridge islands 

Number of Species: 35 (12-32 species per island) 

Number of Fragments: 7 (1-7 island occurrences per species) 

General Description: 

Seven different vegetation fragments were survey for bat abundances between 

August 1990 and August 1992. The landscape was once a continuous distribution of 

tropical rain forest, but is now forest remnants and agricultural plots. The data are 

grouped by habitat type with each habitat type being treated as a separate fragment 

(e.g., the agricultural plots each had 4 replicates per type) although each habitat 

represents muUiple sites ofthe habitat type combined into one grouping. Because of 

this, these data were only be used to consider nestedness within habitat types, not 

between fragments specifically. 

Species identities and habitat groupings are listed in the Appendix ofthe 

publication. 
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Reference: Femandes, C. C. 1995. Diversity, distribution and community stmcture of 

electric fishes (Gymnotiformes) in the channels ofthe Amazon River system, Brazil. 

Ph.D. dissertation. Department of Zoology, Duke University, Durham, North 

Carolina. 

Organism: Fish 

Geographic Location: Amazon River 

System Category: Land-bridge islands 

Number of Species: 39 (I-31 species per island) 

Number of Individuals: I97I0 (1-2563 individuals per island) 

Number of Fragments: 36 (1-33 island occurrences per species) 

Number of Individuals: I97I0 (1-4479 individuals per species) 

General Description: 

Thirty-six collecting stations were sampled from the Amazon River plus the lower 

portion of tributaries feeding the Amazon River. Collections were made by towing 

nets through the waters of each station during the dry seasons of 1992 and 1993. All 

Gymnotiform fish were collected, preserved, and counted. 

No distinction was made regarding the year that samples were collected, and 

some stations were sampled both years. Therefore, the two years could not be 

separated for by-yearly analyses. 

Data from Table 2-2 in Femandes (1995). Addhional information on station 

location can be found in Chapter 2 of Femandes (1995). 

134 



Reference: Gotmark, F., M. Ahlund, and M. O. G. Eriksson. 1986. Are indicies reliable 

for assessing conservation value of natural areas? An avian case study. Biological 

Conservation 38:55-73. 

Organism: Bird 

Geographic Location: Sodra Alvsborgs Ian, Sweden 

System Category: Oceanic islands 

Number of Species: 11(1-7 species per island) 

Number of Fragments: 15(1-14 island occurrences per species) 

General Description: 

During the breeding season of 1979, 15 wet meadows were surveyed five times 

between April and June in the Sorda Alvsborgs province of southem Sweden. No 

physical description ofthe sites was provided and the accompanying references were 

written in Swedish. The number of breeding pairs was recorded during the censuses. 

For nested analyses, the data were used as presented by the authors, as breeding pairs. 

Pairs were not divided into individuals because I could not accurately make an 

assessment of possible multiple breeding males nor inadvertent double counting of 

some individuals if they moved during the study (i.e., relocating due to a failed 

nesting attempt early in the season and then having been counted twice). 

Species lists and density information are provided by the authors in the appendix 

of their article. 

135 



Reference: Gotmark, F., M. Ahlund, and M. O. G. Eriksson. 1986. Are indicies reliable 

for assessing conservation value of natural areas? An avian case study. Biological 

Conservation 38:55-73. 

Organism: Bird 

Geographic Location: Bohuslan, Sweden 

System Category: Oceanic islands 

Number of Species: 13 (1-8 species per island) 

Number of Individuals: 616 (1-87 individual per island) 

Number of Fragments: 47 (2-46 island occurrences per species) 

Number of Individuals: 616 (2-377 individuals per species) 

General Description: 

During the breeding season of 1980, 47 bogs were surveyed during May and June 

in the Bohuslan Province of southem Sweden. No physical description ofthe sites 

was provided and the accompanying references were written in Swedish. During the 

censuses, the number of pairs was recorded. For nested analyses, the data were used 

as presented by the authors, as breeding pairs. Pairs were not divided into individuals 

because I could not accurately make an assessment of possible multiple breeding 

males nor inadvertent double counting of some individuals if they moved during the 

sttidy (i.e., relocating due to a failed nesting attempt eariy in the season and then 

having been counted twice). 

Species lists and density information are provided by the authors in the appendix 

of their article. 
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Reference: Griffiths, T. A., and D. Khngener. 1988. On the distribution of Greater 

Antillean bats. Biotropica 20:240-251. 

Organism: Bats 

Geographic Location: Islands ofthe Greater Antilles, Caribbean Sea 

System Category: Oceanic islands 

Number of Species: 56 (3-26 species per island) 

Number of Fragments: 21 (1-21 island occurrences per species) 

General Description: 

Bat distributions from the islands ofthe Antilles, from Cuba in the northwest to 

Martinique in the southeast. Although the authors suggest they are only looking at 

islands from the Greater Antilles, a number ofthe islands included in the survey are 

considered to be part ofthe Lesser Antilles (e.g., Martinique and Dominica). 

Data were obtained from museum collections, extensive Hterature surveys, and 

personal communication with other investigators. Only extant species were used, 

although information was collected on fossil species. 

The hsting of species and islands in this data were compiled from Appendix I of 

Griffiths and Klingener (1988). 
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Reference: Hatt, R. T., J. Van Tyne, L. C. Stuart, C. H. Pope, and A. B. Grobman. 1948. 

Island life: a study ofthe land vertebrates ofthe islands of eastem Lake Michigan. 

Cranbrook Institute ofScience, Bulletin 27. Cranbrook Institute ofScience: 

Bloomfield, Michigan. 

Organism: Mammals 

Geographic Location: Island in Lake Michigan 

System Category: Land-bridge islands 

Number of Species: 27 (1-13 species per island) 

Number of Fragments: 13 (I-l 1 island occurrences per species) 

General Description: 

The islands in the eastem part of Lake Michigan primarily were formed through 

glacial activity. As the glaciers retreated, sediment was deposited in or near 

drainages, that later became surrounded by water as the glaciers further retreated and 

melted. At more than one time in their history, the islands have had some form of 

connection to the mainland. The systems consists of 18 primary islands (several 

peripheral islands are also found in the system but were not surveyed), ranging in size 

from 0.009 mi^ (Bellow Island) to 58.4 mi^ (Beaver Island). 

The mammals listed as present on the islands were documented by survey and 

correspondence with experts. Some species occurrences originate from human 

introduction (e.g., domestic cat, house mouse, raccoon, and skunk) and have caused 

the recent local extinction of other species (e.g., otter, beaver, and caribou). The 

authors provide a list of species that likely occur or will occur on the islands, but have 
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not been recorded because of several possible causes (e.g., limited time for migration, 

inadequate surveying). Species from this supplemental list were not included in the 

data. In addition, two species of bats observed on the islands were not included in the 

data. 
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Reference: Hofer, U., L.-F. Bersier, and D. Borcard. 1999. Spatial organization of 

herpetofauna on an elevational gradient revealed by null model tests. Ecology 

80:976-988. 

Organism: Amphibians 

Geographic Location: Mount Kupe, Camaroon 

System Category: Land-bridge islands 

Number of Species: 30 (3-23 species per island) 

Number of Fragments: 12 (1-12 island occurrences per species) 

General Description: 

Located in an area of Africa that has the highest concentration of endemic 

amphibians. Mount Kupe (2064 m) is part of an extensive mountain range crossing 

southwestern Cameroon. During Pleistocene climatic fluctuations, the herpetofauna 

was forced into several refugia, with Mount Kupe forming one of three major refiiges 

in the Tropics of Africa. The current vegetation is undisturbed over large tracts, and 

is described as a closed-canopy, relatively uniform, submontane forest. Lowland 

habitat occurs below 700 m. A transitional zone exists between 700 - 900 m, 

submontane forest persists from 900 - 1800 m. Above 1800 m, the area becomes a 

sparse montane habitat. 

Twelve elevational bands, each comprising 100 m, were sampled from March to 

November 1994 with a hiatus between July and August because of inclement weather 

(i.e., continuous rainfall). Each sample consisted of one sampling transect per 
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elevational band. A complete description of sampling methods was provided by the 

authors. 

Species lists and abundances were provided in the appendix. This data set 

includes only amphibians. 
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Reference: Lawlor, T. E. 1983. The mammals. Pp. 265-289/« Case, T. J., and M. L. 

Cody (Eds). Island biogeography in the Sea of Cortez. University of Califomia 

Press: Berkeley. 

Organism: Mammals 

Geographic Location: Sea of Cortez 

System Category: Oceanic islands 

Number of Species: 8 (1-3 species per island) 

Number of Fragments: 9(1-4 island occurrences per species) 

General Description: 

The Sea of Cortez lies between the Califomia peninsula and Mexico. Most 

islands are found in the westem side ofthe gulf, although the largest island (Tiburon) 

occurs off the westem coast of Mexico. The Sea of Cortez was formed by the 

separation ofthe peninsula from Mexico, with most ofthe islands being fragments of 

a once larger system. Several ofthe islands, however, have oceanic origins, either 

from mn-off deposits or underwater emptions (Lindsay 1983). There are 25 major 

islands in the Sea of Cortez, plus nine more that are considered minor. Only major 

islands were used in the data because they had the most reliable data for all taxa. 

Mammalian distributions were compiled from a literature survey and the author's 

personal observations. Only distributions from 9 islands were used in this set (based 

on Appendix 10.12 in Case and Cody 1983) so that direct comparisons could be made 

with the other taxonomic groupings from the same island system (i.e., birds and 

plants). This data set contains only distributions from the oceanic islands. Island 
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categorizations were based on the classification scheme in Appendix 10.13 of Case 

and Cody (1983). The oceanic islands include: Angeal de la Guarda, San Lorenzo 

(North and South combined), San Esteban, Tortuga, Monserrate, Santa Catalina, 

Santa Cmz, San Diego, and Cerralvo. 

Additional References 

Case, T. J., and M. L. Cody (Eds). Island biogeography in the Sea of Cortez. University 

of Califomia Press: Berkeley. 

Lindsay, G. E. 1983. History of scientific exploration in the Sea of Cortez. Pp. 3-12 In 

Case, T. J., and M. L. Cody (Eds). Island biogeography in the Sea of Cortez. 

University of Califomia Press: Berkeley. 
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Reference: Lawlor, T. E. 1983. The mammals. Pp. 265-289 /« Case, T. J., and M. L. 

Cody (Eds). Island biogeography in the Sea of Cortez. University of Califomia 

Press: Berkeley. 

Organism: Mammals 

Geographic Location: Sea of Cortez 

System Category: Land-bridge islands 

Number of Species: 18 (2-13 species per island) 

Number of Fragments: 8 (1-7 island occurrences per species) 

General Description: 

The Sea of Cortez lies between the Califomia peninsula and Mexico. Most 

islands are found in the westem side ofthe gulf, although the largest island (Tiburon) 

occurs off the westem coast of Mexico. The Sea of Cortez was formed by the 

separation ofthe peninsula from Mexico, with most ofthe islands being fragments of 

a once larger system. Several ofthe islands, however, have oceanic origins, either 

from mn-off deposits or underwater emptions (Lindsay 1983). There are 25 major 

islands in the Sea of Cortez, plus nine more that are considered minor. Only major 

islands were used in the data because they had the most reliable data for all taxa. 

Mammalian distributions were compiled from a literature survey and the author's 

personal observations. Only distributions from 9 islands were used in this set (based 

on Appendix 10.12 in Case and Cody 1983) so that direct comparisons could be made 

with the other taxonomic groupings from the same island system (i.e., birds and 

plants). This data set contains only distributions from the land-bridge islands. Island 
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categorizations were based on the classification scheme in Appendix 10.13 of Case 

and Cody (1983). The land-bridge islands include: Tiburon, San Marcos, Coronados, 

Carmen, Danzante, San Jose, San Francisco, and Espiritu Santo. 

Additional References 

Case, T. J., and M. L. Cody (Eds). Island biogeography in the Sea of Cortez. University 

of Califomia Press: Berkeley. 

Lindsay, G. E. 1983. History of scientific exploration in the Sea of Cortez. Pp. 3-12 In 

Case, T. J., and M. L. Cody (Eds). Island biogeography in the Sea of Cortez. 

University of Califomia Press: Berkeley. 
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Reference: Moran, R. 1983. Appendix 4.1: vascular plants of the gulf islands. Pp 348-

381 In Case, T.J., and M.L. Cody (eds). Island biogeography in the Sea of Cortez. 

University of Califomia Press: Berkeley. 508 + v-x pp. 

Organism: Plants 

Geographic Location: Sea of Cortez 

System Category: Oceanic islands 

Number of Species: 21 (2-12 species per island) 

Number of Fragments: 9 (1-7 island occurrences per species) 

General Description: 

The Sea of Cortez lies between the Califomia peninsula and Mexico. Most 

islands are found in the westem side ofthe gulf, although the largest island (Tiburon) 

occurs off the westem coast of Mexico. The Sea of Cortez was formed by the 

separation ofthe peninsula from Mexico, with most ofthe islands being fragments of 

a once larger system. Several ofthe islands, however, have oceanic origins, either 

from mn-off deposits or underwater emptions (Lindsay 1983). There are 25 major 

islands in the Sea of Cortez, plus nine more that are considered minor. Only major 

islands were used in the data because they had the most rehable data for all taxa. 

Plant distributions were compiled from a literature survey and the author's 

personal observations. Only distributions from 9 islands were used in this set (based 

on Appendix 10.12 in Case and Cody 1983) so that direct comparisons could be made 

with the other taxonomic groupings from the same island system (i.e., birds and 

mammals). This data set contains only distributions from the islands. Island 
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categorizations were based on the classification scheme in Appendix 10.13 of Case 

and Cody (1983). The oceanic islands include: Angeal de la Guarda, San Lorenzo 

(North and South combined), San Esteban, Tortuga, Monserrate, Santa Catalina, 

Santa Cmz, San Diego, and Cerralvo. 

Additional References 

Case, T. J., and M. L. Cody (Eds). Island biogeography in the Sea of Cortez. University 

of Califomia Press: Berkeley. 

Lindsay, G. E. 1983. History of scientific exploration in the Sea of Cortez. Pp. 3-12 /« 

Case, T. J., and M. L. Cody (Eds). Island biogeography in the Sea of Cortez. 

University of Califomia Press: Berkeley. 
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Reference: Moran, R. 1983. Appendix 4.1: vascular plants of the gulf islands. Pp. 348-

381 In Case, T. J., and M. L. Cody (Eds). Island biogeography in the Sea of Cortez. 

University of Califomia Press: Berkeley. 

Organism: Plants 

Geographic Location: Sea of Cortez 

System Category: Land-bridge islands 

Number of Species: 17 (3-13 species per island) 

Number of Fragments: 8(1-8 island occurrences per species) 

General Description: 

The Sea of Cortez lies between the Califomia peninsula and Mexico. Most 

islands are found in the westem side ofthe gulf, although the largest island (Tiburon) 

occurs off the westem coast of Mexico. The Sea of Cortez was formed by the 

separation ofthe peninsula from Mexico, with most ofthe islands being fragments of 

a once larger system. Several ofthe islands, however, have oceanic origins, either 

from mn-off deposits or underwater emptions (Lindsay 1983). There are 25 major 

islands in the Sea of Cortez, plus nine more that are considered minor. Only major 

islands were used in the data because they had the most reliable data for all taxa. 

Plant distributions were compiled from a literature survey and the author's 

personal observations. Only distributions from 9 islands were used in this set (based 

on Appendix 10.12 in Case and Cody 1983) so that direct comparisons could be made 

with the other taxonomic groupings from the same island system (i.e., birds and 

mammals). This data set contains only distributions from the land-bridge islands. 
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Island categorizations were based on the classification scheme in Appendix 10.13 of 

Case and Cody (1983). The land-bridge islands include: Tiburon, San Marcos, 

Coronados, Carmen, Danzante, San Jose, San Francisco, and Espiritu Santo. 

Additional References 

Case, T. J., and M. L. Cody (Eds). Island biogeography in the Sea of Cortez. University 

of Cahfomia Press: Berkeley. 

Lindsay, G.E. 1983. History of scientific exploration in the Sea of Cortez. Pp. 3-12//? 

Case, T. J., and M. L. Cody (Eds). Island biogeography in the Sea of Cortez. 

University of Califomia Press: Berkeley. 
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Reference: Patterson, B. D., and W. Atmar. 1986. Nested subsets and the stmcture of 

insular mammalian faunas and archipelagos. Biological Joumal ofthe Linnean 

Society 28: 65-82. 

Organism: Mammals 

Geographic Location: Southem Rocky Mountains 

System Category: Land-bridge islands 

Number of Species: 26 (1-26 species per island) 

Number of Fragments: 28 (1-26 island occurrences per species) 

General Description: 

Data were compiled from forested mountain tops ofthe Rocky Mountains in 

Colorado, New Mexico, Utah, and Arizona. These mountain top islands were created 

during the Pleistocene as a resuU of glacial activity. The species currently found in 

these mountain habitats are now considered isolated relicts of a once continuous 

species distribution. 

These data are part ofthe initial demonstration ofthe nested distribution of 

species. Using their models (RANDOMO and RANDOMl), it was found that 

mammals exhibited a significantly nested distribution of species, with extinction 

being the most likely stmcturing mechanism. 
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Reference: Simberioff, D., and B. Levin. 1985. Predictable sequences of species loss 

with decreasing island area land birds in two archipelagoes. New Zealand Joumal 

ofEcology 8:11-20. 

Organism: Birds 

Geographic Location: Cyclades Archipelago, Aegean Sea 

System Category: Land-bridge islands 

Number of Species: 41 (1-33 species per island) 

Number of Fragments: 26 (I-I7 island occurrences per species) 

General Description: 

The data reported by Simberioff and Levin (1985) was compiled from Watson 

(1964). No information was provided on the characteristics ofthe islands other than 

that the islands were not forested. No information was provided conceming the 

method of data collection, the duration of collection periods, or the time of collection. 

The birds in this data set were passerines only. Species and island identities are listed 

in Table 2 ofthe publication. 

Additional Reference 

Watson, G. 1964. Ecology and evolution of passerine birds on the islands ofthe Aegean 

Sea. Ph.D. dissertation. Department of Biology, Yale University, New Haven, 

Connecticut. 
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Reference: Simberioff, D., and B. Levin. 1985. Predictable sequences of species loss 

with decreasing island area - land birds in two archipelagoes. New Zealand Joumal 

ofEcology 8:11-20. 

Organism: Birds 

Geographic Location: New Zealand coast 

System Category: Mixed land-bridge and oceanic islands 

Number of Species: 23 (2-22 species per island) 

Number of Fragments: 25 (1-23 island occurrences per species) 

General Description: 

The data were compiled from literature surveys and personal communications 

from experts. No other information was provided conceming the islands. Only birds 

classified as indigenous forest species were used in the data. Species and island 

identities are listed in Table 1 ofthe publication. 
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Reference: Wilcox, B. A. 1980. Species number, stability, and equilibrium status of 

reptile faunas on the Cahfomia Islands. Pp. 551-564 /« Power, D. M., (Ed.). The 

Cahfomia Islands: Proceedings of a multidisciplinary symposium. Santa Barbara 

Museum of Natural History: Santa Barbara, Califomia. 

Organism: Reptiles (lizards and snakes) 

Geographic Location: Califomia Channel Islands 

System Category: Land-bridge islands 

Number of Species: 27 (I-I2 species per island) 

Number of Fragments: 15 (I-Il island occurrences per species) 

General Description: 

The Califomia Islands are a series of land-bridge islands located off the coast of 

southem Califomia. The system was created roughly 24 mya through the separation 

of land fragments by ocean currents and backflows, with additional sediment 

deposited as a result of mn-off from the Santa Monica Mountains. The system 

consists of 19 islands, ranging in size from 0.05 km^ (Ano Nuevo) to 348 km^ 

(Cedros), and range from 0.5 km (Ano Nuevo) to 252 km (Guadalupe) from shore 

(Power 1980, Vedder and Howell 1980). 

The distribution of reptiles within the system was compiled mostly from literature 

review, updated by recent collections. 
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Additional References 

Power, D.M. 1980. Introduction. Pp. 1-4 /« Power, D. M., (Ed.). The Cahfomia 

Islands: Proceedings of a muUidisciplinary symposium. Santa Barbara Museum of 

Natural History: Santa Barbara, Califomia. 

Vedder, J. G., and D. G. Howell. 1980. Topographic evolution ofthe southem 

Califomia borderland during late Cenozoic time. Pp. 7-31 In Power, D. M., (Ed.). 

The Califomia Islands: Proceedings of a muUidisciplinary symposium. Santa Barbara 

Museum of Natural History: Santa Barbara, Cahfomia. 
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Reference: Yiming, L., J. Niemela, and L. Dianmo. 1998. Nested distribution of 

amphibians in the Zhoushan archipelago, China: can selective extinction cause nested 

subsets of species? Oecologia 113: 557-564. 

Organism: Amphibians 

Geographic Location: East China Sea 

System Category: Land-bridge islands 

Number of Species: 10(1-10 species per island) 

Number of Fragments: 20 (1-20 island occurrences per species) 

General Description: 

The Zhoushan Island system is the largest archipelago of China. It contains 1339 

islands, yet only 58 are larger than I km^ in area. Once part ofthe Tiantai Mountains, 

they were separated from the mainland by rising water levels about 9000 years ago, 

having been isolated completely for about 7000 years. 

Amphibian distributions were compiled from personal observations and literature 

reviews. Most islands apparently contained no amphibians. Islands included in the 

data ranged in size from 0.3 km^ (Xiayuanshan) to 468.7 km^ (Zhoushan), and from 

0.5 km (Meishan) to 90.0 km (Shengshan) from the mainland. 

The data used appear in Table 1 ofthe publication. 
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APPENDIX B 

COMPUTER PROGRAM CODES 

All programs are presented in exact fonnat for use with MatLab software. The name of 

each program can be found on the first line in bold text. 

%NestedSp: A simulation program to determine if a random distribution of 
% species will result in a nested arrangement. Assignment of 
% species is based on a randomly generated number compared to the 
% cumulative probabilities of each cell. 
% 
% Usage:: [holestot, out_tot] = nestedsp(richness, occur, iterate) 
% 
% richness = row vector of total richness for each island 
% occur = row vector of total occurrences for each species 
% iter = number of simulations desired 
% 
% holestot = displays moment statistics conceming the 
% distribution of holes in the simulation. 
% out_tot = displays moment statistics conceming the 
% distribution of outliers in the simulation. 
% For both, the pattem is: 
% mean, median, minimum, maximum, standard dev. 
% 
% The deviations are standardized from 0 to I, with 0 being 
% perfectly nested and I being perfectly random. 
% 
% Statistics are saved in the file "Nested" unless reset. 
% 

function [holesjot, outjot] = nestedsp(richness, occur, iterate); 

if nargin < 2 
error('Error: you did not give me both vectors...please try again'); 

end; 
if nargin < 3 

iterate = []; 
end; 
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if isempty(iterate)> 0 
iterate = 1000; 

dispCBy default, the simulation will mn IOOO times.'); 
end; 
if sum(richness) ~= sum(occur); 

disp('ERROR:: row and column totals are not equal...'); 
dispCrichness total = '); disp(sum(richness)); 
dispCoccurrences =') ; disp(sum(occur)); 
error('Please try again'); 

end; 

richness = richness'; 
r = length(richness); 
c = length(occur); 
totsp = sum(richness); 
cell = r*c; 
emptycell = cell - totsp; 
pro = (richness*occur)/totsp^2; % Probability matrix 

% Creating the cumulative probability matrix 
m=0; 
for X = I :r 

for y = 1 :c 
m = pro(x,y) + m; 
cummat(x,y) = m; 

end 
end 

% Initalize output vectors 
hole_res = zeros(iterate, 1); 
out_res = zeros(iterate, 1); 
output = zeros(iterate, 2); 
cummat = cummat'; 

% The simulation begins 
for d= I: iterate 
disp(d) 

% Create the randomly filled matrix, maintaining the number of columns 
tt = 0; 
while tt ~= 99; 

zmat = assign I (cummat, totsp); %Creates the random matrix 
ranmat = zmat'; 
p = any(~(sum(ranmat))); %Checks for empty columns, resets if any 
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ifp = 0 
tt = 99; 

end; 
end; 

row_tot = sum(ranmat')'; 
[v,i] = sort(row_tot); 
ranmat = flipud(ranmat(i,:)); 
%col_tot = sum(ranmat); 

% Preparation of matrices for testing considering ties 
Holemat = Holesort(ranmat); % finds most conservative format 
Outmat = Outsort(ranmat); 

% Counting the Os in the matrix which are above Is "holes" 
tempmat = flipud(~HoIemat); 
space = zeros(I,c); 
for j = I:c 

f = min(find(tempmat(:,j)=0)); 
space(j) = sum(tempmat(fir,j)==I); 

end; 
hole = sum(space); 
holeprime = hole/emptycell; 

% Counting Is below Os in each column - "outliers" 
outliers = zeros( I,c); 
forj = I:c 

f = min(find(Outmat(:,j)=0)); 
outiiers(j) = sum(Outmat(f r,j)==l); 

end; 
outs = sum(outliers); 
outprime = outs/totsp; 

hole_res(d) = holeprime; 
out_res(d) = outprime; 
output = [hole_res, out_res]; 
dlmwrite('Nested', output, '\t'); 
end; 

% THE RESULTS :: remove ";" to get printout of metric 
holes_tot( 1) = mean(hole_res); % avg_holes 
holes_tot(2) = median(hole_res); % med_holes 
holes_tot(3) = min(hole_res); % min_holes 
holes_tot(4) = max(hole_res); % maxholes 
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hoIes_tot(5) = std(hole_res); % std_holes 
subplot(I,2,I); 
hist(hole_res); 
xlabel('Holes - standardized'); 
ylabel('Frequency'); 

out_tot(l) = mean(outres); % avgout 
out_tot(2) = median(out_res); % med_out 
out_tot(3) = min(out_res); % minout 
out_tot(4) = max(out_res); % max_out 
out_tot(5) = std(out_res); % stdout 
subplot( 1,2,2); 
hist(out_res); 
xlabel('Outliers - standardized'); 
ylabel('Frequency'); 

retum; 
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%ASSIGN1: takes a cumulative probability matrix and randomly assigns 
% ones into it. 
% 
% Usage: zmat = assign 1 (cummat, totsp) 
% 
% cummat = cumulative probability matrix transposed prior to 
% importation. 
% totsp = total number of presences in the matrix. 
% 

% zmat = randomly generated matrix 

function zmat = assign 1 (cummat, totsp) 

rand('seed', sum(IOO*clock)); 
zmat = zeros(size(cummat)); 
count = 0; 
while count < totsp 

someno = rand; 
x = 0; 
offswitch = 0; 
while offswitch ~= 1 

x = x+ I; 
if someno <= cummat(x) 

if zmat(x)~= I 
zmat(x) = 1; % place the 1 in the matrix 
count = count+1; 

offswitch = 1; 
else offswitch = I; 
end; 

end; 
end; 

end; 

retum; 
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%HOLESORT: Takes the matrix labeled as ranmatH and finds the most 
% conservative arrangement of rows by evaluating the tied rows. 
% When ties are found in the row totals, the matrix is sent to the 
% ftinction Holeorder to produce the final format. 
% 
% Usage: Holemat = Holesort(ranmatH) 
% 
% ranmatH = the assigned matrix from the simulation program that 
% will be evaluated for holes. 
% 

function Holemat = Holesort(ranmatH) 

rowtot = sum(ranmatH')'; 
yes = length(rowtot); 
idvec = 1 :yes; 

d = I ; 
y = 0; . . 
y( 1) = 1; %prevents an undefined value if tie at beginning 
for X = I :yes; 
value = rowtot(x); 
ties = find(rowtot == value); 
iflength(ties)> 1; 

d = d + l ; 
y(d) = sum(ties); 
ify(d)==y(d-l); 

i f t~=5; 
Holemat = Holeorder(ties, idvec, ranmatH); 
t=5; 

end; 
else t=0; 

end; 
end; 

end; 
retum; 
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%HOLEORDER: Takes a series of numbers, re-orders the series when there 
% are ties, and produces the next logical arrangement of values. 
% The ordered identity values can be used to rearrange a matrix 
% when scoring for ties. 
% 
% Usage: Holemat = Holeorder(ties, idvec, Holemat) 
% 
% ties = the vector with the subset of tied values from the 
% original matrix 
% idvec = the vector of row identities from the matrix. The most 
% current form must be used 
% Holemat = the matrix which contains the ties that will be 
% evaluated for holes. This is input, processed to produce 
% the most conservative arrangemant, and sent back in this 
% format for ftirther tests or scoring. 

function Holemat = Holeorder(ties, idvec, Holemat) 

rr = length(ties); % Number of tied rows 
z = length(idvec); % Number of rows 
arr = nextperm(ties); 
scorch = [0 0]; 
[r,c] = size(Holemat); 
first = ties(2); 

% Controlling for errors, reducing the number of iterations 
% done at one time. 
i f r r<=9 

counta = rr; tota = prod(I :rr); 
totb = 0; totc = 0; 

e l se i f r r>9&rr<=18 
counta = 9; tota = prod( 1:9); 
countb = (rr-9); totb = prod(l :countb); 
tote = 0; 

else % Need error checking to discard a really large matrix 
counta = 9; tota = prod(1:9); 
countb = 9; totb = prod(1:9); 
countc = (rr - 18); tote = prod(I :countc); 

end; 

% Begin the generation of each row permutation 
% Step 1 
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for b = I :tota; 
arr = nextperm(arr); 
trip = 0; 
clear p; 
stopswitch = 0; 

% Rearrange matrix row id vector for each new permutation 
% The first part accounts for a tie which includes row 1 

if first = 2 
stopswitch = 99; 

p(I:rr) = arr(I:rr); 
p((rr+I):z) = idvec((rr+I):z); 

end; 

if stopswitch ~= 99 
p(I:(ties(I)-l)) = idvec(I:(ties(l)-l)); 
p(ties(l):ties(rr)) = arr(l:rr); 

p((ties(rr)+I):z) = idvec((ties(rr)+l):z); 
end; 

idvec = p; 
scorvec = Holemat(p,:); 

% Finding the most conservative matrix scored by holes 
tempmat = flipud(~scorvec); 
space = zeros(l,c); 
forj = I:c 

f = min(find(tempmat(:,j)=0)); 
space(j) = sum(tempmat(fir,j)==l); 

end 
hole = sum(space); 

% Evaluates the scores to find most conservative. 
% Lowest score is in scoreh(I), matrix is in correct 

ifb = I 
scoreh(I) = hole; 
correct = scorvec; 

end; 
i f b ~ = I ; 

scoreh(2) = hole; 
if scoreh(2) < scoreh(l) 

scoreh(I) = scoreh(2); 
correct = scorvec; 

end; 
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end; 
if b = tota 

Holemat = correct; 
end; 

end; % End of A-loop 

% Step 2 
for b = 1 :totb 

arr = nextperm(arr); 
trip = 0; 
clear p; 
stopswitch = 0; 

% Rearrange matrix row id vector for each new permutation 
% The first part accounts for a tie which includes row 1 

iffirst = 2 
stopswitch = 99; 

p(l:rr) = arr(I:rr); 
p((rr+l):z) = idvec((rr+I):z); 

end; 

if stopswitch ~= 99 
p(I:(ties(I)-I)) = idvec(I:(ties(l)-I)); 
p(ties(I):ties(rr)) = arr(l:rr); 

p((ties(rr)+l):z) = idvec((ties(rr)+l):z); 
end; 

idvec = p; 
scorvec = Holemat(p,:); 

% Finding the most conservative matrix scored by holes 
tempmat = flipud(~scorvec); 
space = zeros(l,c); 
forj = I:c 

f = min(find(tempmat(:,j)=0)); 
space(j) = sum(tempmat(f r,j)==l); 

end 
hole = sum(space); 

% Evaluates the scores to find most conservative. 
% Lowest score is in scoreh(I), matrix is in correct 

scoreh(2) = hole; 
ifscoreh(2)< scoreh(I) 
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scoreh(l) = scoreh(2); 
correct = scorvec; 

end; 
if b = totb 

Holemat = correct; 
end; 

end; %EndofB-loop 

% Step 3 
forb = I:totc; 

arr = nextperm(arr); 
trip = 0; 
clear p; 
stopswitch = 0; 

% Rearrange matrix row id vector for each new permutation 
% The first part accounts for a tie which includes row 1 

iffirst = 2 
stopswitch = 99; 

p(l:rr) = arr(l:rr); 
p((rr+I):z) = idvec((rr+l):z); 

end; 

if stopswitch ~= 99 
p(l:(ties(I)-I)) = idvec(l:(ties(l)-l)); 
p(ties(l):ties(rr)) = arr(I:rr); 

p((ties(rr)+l):z) = idvec((ties(rr)+l):z); 
end; 

idvec = p; 
scorvec = Holemat(p,:); 

% Finding the most conservative matrix scored by holes 
tempmat = flipud(~scorvec); 
space = zeros(l,c); 
forj = I:c 

f = min(find(tempmat(:,j)==0)); 
space(j) = sum(tempmat(f r,j)==l); 

end 
hole = sum(space); 

% Evaluates the scores to find most conservative. 
% Lowest score is in scoreh(l), matrix is in correct 

scoreh(2) = hole; 
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if scoreh(2) < scoreh(l) 
scoreh(I) = scoreh(2); 

correct = scorvec; 
end; 
ifb = totc 

Holemat = correct; 
end; 
end % End of C-Ioop 

retum; 
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%OUTSORT: Takes the matrix labeled as ranmatO and finds the most 
% conservative arrangement of rows by evaluating the tied rows. 
% When ties are found in the row totals, the matrix is sent to the 
% function Outorder to produce the final format. 
% 
% Usage: Outmat = Outsort(ranmatO) 
% 
% ranmatO = the assigned matrix from the simulation program that will 
% be evaluated for outliers. 
% 

fimction Outmat = Outsort(ranmatO) 

rowtot = sum(ranmatO)'; 
yes = length(rowtot); 
idvec = Lyes; 
Outmat = ranmatO; 

d = I ; 
y = 0; 
y(l) = 1; %prevents an undefined value if tie is in first row 
for x = Lyes 

value = rowtot(x); 
ties = find(rowtot == value); 
iflength(ties)> I; 

d = d + I ; 
y(d) = sum(ties); 
ify(d) = y(d-I); 

i f t ~ = 5 ; 
Outmat = Outorder(ties, idvec, Outmat); 

t=5; 
end; 

else t=0; 
end; 

end; 
end; 
retum; 
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%OUTORDER: Takes a series of numbers, re-orders the series when there 
% are ties, and produces the next logical arrangement of values. 
% The ordered identity values can be used to rearrange a matrix 
% when scoring for ties. 
% 
% Usage: Outmat = Outorder(ties, idvec, Outmat) 
% 
% ties = the vector with the subset of tied values from the 
% original matrix 
% idvec = the vector of row identities from the matrix. The most 
% current form must be used 
% Outmat = the matrix which contains the ties that will be evaluated 
% for outliers. This is input, processed produce the most 
% conservative arrangemant, and sent back in this fonnat for 
% further tests or scoring. 

function Outmat = reorder(ties, idvec, Outmat) 

rr = length(ties); % Number of tied rows 
z = length(idvec); % Number of rows 
arr = nextperm(ties); 
scoreo = [0 0]; 
[r,c] = size(Outmat); 
first = ties(2); 

% Controlling for errors, reducing the number of iterations 
% done at one time. 
i fn-<=9 

counta = rr; tota = prod(l:rr); 
totb = 0; totc = 0; 

e lse i fn->9&rr<=18 
counta = 9; tota = prod( 1:9); 
countb = (rr-9); totb = prod(l:countb); 
tote = 0; 

else % Need error checking to discard a really large matnx 

counta = 9; tota = prod(l :9); 
countb = 9; totb = prod(1:9); 
countc = (n- - 18); tote = prod(I :countc); 

end; 

% Begin the generation of each row permutation 
% Step 1 
for b = 1 :tota; 
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arr = nextperm(arr); 
trip = 0; 
clear p; 
haltswitch = 0; 

% Rearrange matrix row id vector for each new permutation 
% The first part accounts for a tie which includes row 1 

if first = 2 
haUswitch = 99; 

p(I:n-) = an-(I:rr); 
p((rr+l):z) = idvec((rr+l):z); 

end; 
ifhaltswitch~=99 

p(I:(ties(I)-l)) = idvec(I:(ties(I)-l)); 
p(ties(I):ties(rr)) = arr(I:rr); 

p((ties(rr)+l):z) = idvec((ties(n-)+I):z); 
end; 

idvec = p; 
scorvec = Outmat(p,:); 

% Finding the most conservative matrix scored by outliers 
outhers = zeros(l,c); 
forj = l:c 

f = min(find(scorvec(:,j)=0)); 
outiiersjj) = sum(scorvec(fir,j)=I); 

end; 
outs = sum(outliers); 

% Evaluates the scores to find most conservative. 
% Lowest score is in scoreo(I), matrix is in right 

i f b = I 
scoreo(l) = outs; 
right = scorvec; 

end; 
i f b ~ = I ; 

scoreo(2) = outs; 
ifscoreo(2)< scoreo(I); 

scoreo(l)= scoreo(2); 
right = scorvec; 

end; 
end; 
ifb = tota 

Outmat = right; 
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end; 

end; % End of A-loop 

% Step 2 
for b = I :totb 

arr = nextperm(arr); 
trip = 0; 
clear p; 
haltswitch= 0; 

% Rearrange matrix row id vector for each new permutation 
% The first part accounts for a tie which includes row 1 

if first = 2 
haltswitch = 99; 

p(I:n-) = an-(I:n-); 
p((rr+I):z) = idvec((rr+l):z); 

end; 

ifhaltswitch~=99 
p(I:(ties(I)-I)) = idvec(l:(ties(I)-l)); 
p(ties(I):ties(rr)) = arr(I:rr); 

p((ties(rr)+I):z) = idvec((ties(rr)+l):z); 
end; 
idvec = p; 
scorvec = Outmat(p,:); 

% Finding the most conservative matrix scored by outliers 
outliers = zeros(l,c); 
forj = I:c 

f = min(find(scorvec(:,j)=0)); 
outhers(j) = sum(scorvec(f r,j)==l); 

end; 
outs = sum(outliers); 

% Evaluates the scores to fmd most conservative. 
% Lowest score is in scoreo(l), matrix is in right 

scoreo(2) = outs; 
ifscoreo(2)< scoreo(l); 

scoreo(l) = scoreo(2); 
right = scorvec; 

end; 
if b == totb 

Outmat = right; 
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end; 

end; %EndofB-loop 

% Step 3 
for b = I :totc; 

arr = nextperm(arr); 
trip = 0; 
clear p; 
haltswitch = 0; 

% Rearrange matrix row id vector for each new permutation 
% The first part accounts for a tie which includes row I 

iffirst = 2 
haltswitch = 99; 

p(I:rr) = arr(l:rr); 
p((rr+I):z) = idvec((rr+I):z); 

end; 

ifhaltswitch~=99 
p( I :(ties( I)-1)) = idvec( I :(ties( I)-1)); 
p(ties(I):ties(rr)) = arr(I:rr); 

p((ties(rr)+l):z) = idvec((ties(n-)+I):z); 
end; 

idvec = p; 
scorvec = Outmat(p,:); 

% Finding the most conservative matrix scored by outliers 
outiiers = zeros(l,c); 
forj = I:c 

f = min(find(scorvec(:,j)==0)); 
outiiers(j) = sum(scorvec(fir,j)=I); 

end; 
outs = sum(outliers); 

% Evaluates the scores to find most conservative. 
% Lowest score is in scoreo(l), matrix is in right 

scoreo(2) = outs; 
ifscoreo(2)< scoreo(l); 

scoreo(I)= scoreo(2); 
right = scorvec; 

end; 
ifb = totc 
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Outmat = right; 
end; 

end; %EndofC-loop 
retum; 

172 



%NestedInd:A simulation program to determine if a random distribution of 
% individuals will result in a non-random (nested) arrangement of 
% species. Assignment of species is based on a randomly generated 
% number compared to the cumulative probabilities of each cell. 
% 
% For the simulation to be conducted, the following 
% values must be inserted into the program: 
% I) number of individuals for each island (islind) 
% 2) number of individual across islands for each species (sp_ind) 
% 3) the number of iterations (iterate) desired 
% 
% [holes_tot, out_tot] = nestedind(isl_ind, spind, iterate) 
% 
% Species totals are the columns in the matrix, islands are rows. 
% 
% Output contains moment statistics and graphical distributions 
% of expected deviation-from-nestedness scores. The deviations are 
% standardized from 0 to 1, with 0 being perfectly nested and 1 
% being perfectly random. Statistics are saved in the file 
% "Nested-indiv" unless a new file name is provided. 
% 

ftinction [holesjot, outjot] = nestedind(isljnd, spjnd, iterate); 

if nargin < 2 
error('Error: you did not give me both vectors...please try again'); 

end; 
if nargin < 3 

iterate = []; 
end; 
if iterate == [] 

iterate = IOOO; 
dispCBy defauU, the simulation will mn 1000 times.'); 

end; 
if sum(islJnd) ~= sum(sp ind); 

dispCERROR:: row and column totals are not equal...'); 
dispCrichness total = '); disp(sum(isljnd)); 
dispCoccurrences =') ; disp(sum(spjnd)); 
error('Please try again'); 

end; 

is l jnd = isl ind'; 
r = length(isljnd); 
c = length(spjnd); 
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totind = sum(isljnd); 
cell = r*c; 

indjprob = (isljnd*sp ind)/totind^2; 
%iterate = 25; 

%creating the cumulative probability matrix 
m=0; 
for X = 1 :r 

for y = I:c 
m = ind_prob(x,y) + m; 
indcummat(x,y) = m; 
end 

end 

%Initalize output vectors 
holes J n d = zeros(iterate, 1); 
out J n d = zeros(iterate, I); 
output = zeros(iterate, 2); 
ranind = zeros(r,c); 
indcum = indcummat'; 

%The simulation begins 
for d= I: iter ate 
disp(d) 

%Assigns individuals into the matrix based on the 
%cumulative probability ofthe matrix 
tt = 0; 
while tt ~= 99; 

indzmat = zeros(c,r); 
count = 0; 
while count < totind 

someno = rand; 
x = 0; 
offswitch = 0; 
while offswitch ~= I 

X = x + 1; 
if someno <= indcum(x) 

indzmat(x) = indzmat(x) + I; 
count = count+1; 
offswitch = I; 

end; 
end; 
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end; 

indmat = indzmat'; 
for X = I :c 

for y = I :r 
if indmat(y,x)>0 

ranind(y,x) = 1; 
else ranind(y,x) = 0; 

end; 
end; 

end; 

p = any(~(sum(ranind))); % Checks matrix for empty columns, 
if p = 0 % reassembles the matrix if there are any 

tt = 99; 
end; 

end; 

rowjot = sum(ranind')'; 
tothits = sum(rowtot); 
[v,i] = sort(rowjot); 
testmat = flipud(ranind(i,:)); 
col J o t = sum(testmat); 

%Count the number of rows and columns with Is in them 
rowprime = length(find(rowjot~=0)); 
colprime = length(find(coljot~=0)); 
cellprime = rowprime*colprime; 
emptycell = cellprime - tothits; 

%Preperation of matrices for testing considering ties 
Holemat = Holesort(testmat); 
Outmat = Outsort(testmat); 

%Counting the Os in the matrix which are above Is - "holes" 
tempmat = flipud(~Holemat); 
holes = zeros(I,c); 
forj = I:c 

f = min(find(tempmat(:,j)=0)); 
holes(j) = sum(tempmat(fir,j)==l); 

end; 
hits = sum(holes); 
holeprime = hits/emptycell; 
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%Counting 1 s below Os in each column - "outliers" 
outliers = zeros(I,c); 
forj = I:c 

f = min(find(Outmat(:,j)==0)); 
outliers(j) = sum(Outmat(fir,j)==l); 

end; 
outs = sum(outliers); 
outprime = outs/tothits; 

holes Jnd(d) = holeprime; 
out ind(d) = outprime; 
output = [holesJnd, out ind]; 
dlmwriteCNested-indiv', output,' ',0,0); 
end; 

%THE RESULTS:: remove ";" to get printout of results 
holes tot(I) = mean(holesjnd); 
holes tot(2) = median(holesjnd); 
holesJot(3) = min(holesjnd); 
holes tot(4) = max(holes ind); 
holestot(5) = std(holesjnd); 
subplot(I,2,I); 
hist(holesjnd); 
xlabel('Holes - standardized'); 
ylabel('Frequency'); 

out tot(I) = mean(out ind); 
outJot(2) = median(out ind); 
outJot(3) = min(outjnd); 
outJot(4) = max(out ind); 
outJot(5) = std(out ind); 
subplot(I,2,2); 
hist(outjnd); 
xlabel('Outliers - standardized'); 
ylabel('Frequency'); 

% avg_holes 
% medholes 
% min_holes 
% maxholes 
% std holes 

% avg_out 
% medout 
% min_out 
% max_out 
%std out 

retum; 
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