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Abstract
Aim We describe current interisland similarities of endemic faunas, and elucidate the

significance of historical factors and environmental ones in determining the pattern found.

Location The six major islands of the Balearics (Western Mediterranean).

Methods An extensive review of all the endemic fauna ranging from platyhelminthes to

mammals is made. From 568 presumed endemic species and subspecies, 230 full species

with neither taxonomic nor distributional uncertainty are chosen. Inter-island similarities

are determined using such a presence-absence matrix. Finally, relationships between the

matrix of faunistic similarity and a number of matrices measuring environmental and

historical factors are elucidated.

Results Endemic fauna similarities depend clearly on historical factors. Dependence on

environmental factors is unclear. Moreover, endemic fauna reveals two clear-cut clusters

of islands within the Balearics: the Gymnesic Islands, in the NE, and the Pityusic Islands

in the SW. Historical factors cluster the Balearic Islands in the same way. Contrasting,

environmental variables show smoothed, no significant differences among the Gymnesics

and the Pityusics.

Main conclusions Pre-human flora (palynology) and fauna (bird and mammal fossil

record) suggest that environmental differences among the Gymnesics and the Pityusics have

now been reduced in comparison to the environmental differences at the Pleistocene and

Holocene boundary. This environmental homogenization is likely related with human

invasion. Historical effects of prehuman differences between Gymnesic and Pityusic Islands

are still recognizable on endemic fauna. In contrast, there is no historical effects on

interisland similarities using currently breeding birds (as an example of organisms well-

dispersed and related to vegetation type). We explain the pattern of interisland similarities

of endemic fauna as the result of the independent histories among the two islands groups.

Contrasting, successive colonizations and extinctions would determine interisland similarities

of breeding birds.
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INTRODUCTION made consisting of 568 species and subspecies (Pons & Palmer,

1996). Taxa were deleted from this list according to the
Endemic species are key elements for elucidating

following six criteria: (1) subspecies, such as the twenty-seven
biogeographical features of faunas and floras (Myers &

subspecies of Podarcis pityusensis Boscá (Sauria: Lacertidae)
Giller, 1988). Species’ origin (vicariance v. dispersal) can be

inhabiting single islets; (2) species synonymized with others with
elucidated from palaeogeographical data (e.g. Palmer &

a wider distributional range (e.g. Philoctetes friesei Mocsary,
Cambefort, 1997). Conversely, species confined to discrete

Hymenoptera: Chrysididae, described from Mallorca and found
areas contain information for describing the hierarchical

to be identical to P. abeillei Mingo, a widely distributed species);
organization of these areas, and allow us to test their

(3) species with doubtful taxonomic status, such as Deronectes
association with historical processes (e.g. Brown & Gibson,

brannani Schaufuss (Coleoptera: Dytiscidae), considered
1983; Oosterbroek & Arntzen, 1992; Anderson, 1994;

identical to the widely distributed D. moestus by Franciscolo
Sfenthourakis, 1996; Wang et al., 1996) or to environmental

(1979); (4) species described from the Balearics and recently
factors (e.g. Palmer & Pons, 1996a).

discovered elsewhere (e.g. Bythinus bicornis Reitter
Here, we propose a synthetic approach: our goal is to

[Coleoptera: Pselaphidae], described from Mallorca and
elucidate the significance of historical and environmental factors

recently found in the Iberian Peninsula); (5) species described
in determining the faunistic interisland similarities within the

before 1930, and never mentioned again in the literature;
six major islands of the Balearics (Western Mediterranean).

for example, the five Sagaritis species (Hymenoptera:
Data on species’ specific history can be obtained directly from

Ichneumonidae) described by Kriechbaumer (1894); and (6)
the fossil record, or indirectly, by phylogenetic inference.

species known only in the Balearics but known to have been
However, a fossil record from the Balearics is only available

recently introduced. One example is Brachylaima ruminae Mas-
for vertebrates (Alcover et al., 1981) and land snails (Cuerda,

Coma and Montoliu (Trematoda: Brachylaimidae), known
1975; Paul & Altaba, 1992); and there are few published

only from Formentera. This species probably has a wider
phylogenetic analyses that include species from the Balearics

distributional range because it is a parasite of Rattus rattus L.,
(e.g. Oosterbroek & Arntzen, 1992; Arntzen & Garcı́a-Parı́s,

a nonendemic mammal with few dispersal constraints. R. rattus
1995; Altaba, 1997; Palmer & Cambefort, 1997). One way to

was introduced to the Balearics by the Romans (Reumer &
circumvent such gaps is to restrict the analysis to the endemic

Sanders, 1984). Formentera (as Eivissa) lacked nonflying
fauna. Previous analyses concerning the origin of the fauna

mammals before the arrival of humans (Alcover et al., 1994)
and flora from the Balearics (Colom, 1957; Cardona &

and consequently no mammalian parasites were present there.
Contandriopoulos, 1979; Cardona, 1979) either include

These deletions have only been possible by obtaining the advice
introduced species or do not consider fifty-five species described

and suggestions of more than forty taxonomists mentioned
after 1979, or both. Instead, we propose to analyse a subsample

in Pons & Palmer (1996). New species, ecological and
of the authochtonous fauna represented only by the updated

distributional data published later have also been included
endemic species list.

(Gaju-Ricart et al., 1995; Jaume & Boxshall, 1995; 1996a,b;

Canzoneri & Rallo, 1996; Gómez-Zurita et al., 1996; Jäch et

al., 1996; Lehrer, 1996).DATA COLLECTION

We investigated the endemic fauna of the six major islands of

the Balearics. This is the most isolated archipelago in the DATA ANALYSIS
Western Mediterranean. Two separate subarchipelagos are

Our study focuses on the relationships between the endemic
usually recognized within the Balearics (Pityusic and Gymnesic

fauna and some independent variables. Therefore, a multiple
Islands, Fig. 1). First, a list of all possible endemic species was

regression model is used. The dependent variable is defined by

the matrix of similarities between all island pairs (ENDEMIC).

Inter-islands similarities are determined by the difference

(observed – expected) number of species co-occurrences.

Expected co-occurrences are obtained by a randomization

procedure (ISLDRAND, Manly, 1995) that switches rows and

columns of the observed presence-absence matrix (i.e. fixing

marginal totals). We use such an unconventional measurement

because other similarity indices seems to depend on sample

size and diversity (Wolda, 1981). The index used here seems

to be size and area-independent (Appendix 1). Manly (1995)

also provides a test statistic for identifying items with unusual

patterns of co-occurrences. ISLDRAND allows up to 160

species. To circumvent such a constraint, we have included in

the analysis (1) the species present in more than one island

(73) and (2) 10 successive random samples of 160 species (70%).Figure 1 Location of the Balearic Archipelago in the Western
We tested the association between the endemic faunalMediterranean. Note that Eivissa is the Catalan name for the Island

called Ibiza in Spanish. similarity and some independent variables. The first, TIME,
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Million years (ln-transformed) since the last land connection fauna is not distance-dependent for the opposite reason: all

interislands distances are effective geographical barriers. Afterbetween islands pairs as an estimation of the shared history of

those island pairs (based on Busack, 1986; Petitpierre et al., successive deletions of collinear variables, the multivariate

model used for testing the historical and environmental effects1987; Oosterbroek & Arntzen, 1992; Beerli et al., 1996).

Geographical distance, in km (ln-transformed) is the second on endemic fauna is composed by TIME and BIRDS. Permute!

computes multiple regression coefficients of the independentindependent variable considered (DISTANCE). Shared degree

of vegetation types constitutes the third independent variable variables. It permutes at random columns and rows of the

original dependent matrix, recomputing the regression(VEGETATION). Specification of vegetation communities is

based on plant associations, i.e. vegetation communities coefficients k times, where k is the number of permutations

(10,000).harboring some characteristic species, with comparable

landscape settings and with comparable habitats belong to the

same association (Folch, 1982). Similar specifications are used
RESULTS

to assess environmental factors which determine vertebrate

species’ distributions (e.g. Romero & Real, 1996). Presence and A complete list of all 230 endemic species included in the

analysis after reducing the original larger list is found in Table 2.absence of associations throughout the six Balearic islands

are based on Folch (1982), updated by Bibiloni (personal Of the species, 157 (68%) inhabit a single island. The remaining

seventy-three (32%) are distributed among two to six islands.communication). There are eighty-one associations in the

Balearics (ranging from sixty-nine in Mallorca to nine in sa The pattern of species co-occurrences departs significantly from

the usually expected. Probability values are highly significantDragonera). Similarity among island pairs was measured by the

same (observed – expected) number of species co-occurrences. for all the six islands (Table 3). Such departures are related to

differences between the Gymnesic Islands (Mallorca, Menorca,Similarly, this procedure was repeated using breeding bird

communities (BIRDS). The presence or absence of currently Cabrera and sa Dragonera) and the Pityusic Islands (Eivissa

and Formentera). There are only seventeen endemic speciesbreeding birds on the six islands is based on Muntaner (1984)

updated by Avellà et al. (1997). Very recently introduced species which inhabit both a Pityusic island and a Gymnesic island.

The number of observed co-occurrences among Mallorca andsuch as the monk parakeet Myiopsitta monachus (Boddaert)

were excluded. Species number of breeding birds in the Balearics Eivissa is fourteen (from 22.8 expected co-occurrences).

Contrasting, the number of observed co-occurrences withinis ninety-five (ranging from ninety-two in Mallorca to twenty-

six in Cabrera). It is important to remark that vegetation types subarchipelagos are larger than expected (e.g. Eivissa v.

Formentera; twenty-two observed and 9.5 expected, andand breeding birds are used only as estimates of general

environmental similarity. Finally, area differences among island Mallorca v. Menorca; thirty-seven and 27.9).

The main habitats or communities at present in the Balearicspairs (AREA, km2, ln-transformed) is the last independent

variable considered. are oak woodlands, Olea europaea L. shrublands, Rosmarinus

officinalis L. shrublands, lagoons, dunes, rocky seashores,Preliminary pairwise correlation analyses of the independent

variable were done by univariate Mantel tests. All variables mountain tops, mountain streams and caves. Excluding caves

and considering only species with data available for habitatare distances or similarities. We used PERMUTE! 3.4 alpha

(available via anonymous ftp by P. Casgrain 1998) that preferences, the distribution of endemic species throughout the

major habitat types reveals an unexpected pattern: evergreennormalizes all variables before calculations. One tailed tests

were based on 10,000 iterations. oak (Quercus ilex L.) woodland (considered the climax habitat

in the Balearics; Bolos & Molinier, 1958; Rivas-Martı́nez et al.,Some pairs of the independent variables are collinear

(Table 1). VEGETATION could be considered uncorrelated 1992) contains only twenty-four endemic animal species (only

four of which are specific to such a habitat). By contrast,with TIME only if the Bonferroni adjustment is applied (P =
0.048; Table 1). However, BIRDS and VEGETATION are ninety-five endemic species can be found on seashores (thirty-

four of which are specific). The endemic fauna from shrublandscorrelated, and BIRDS is preferred as environmental estimator

because it is clearly independent of historical effects (P=0.105; (both Olea and Rosmarinus-shrubland) seems to be composed

of generalist species (ninety) since only three are exclusive toTable 1). Considering DISTANCE, the pattern for breeding

birds suggests that colonization is not distance-dependent shrublands.

The main finding presented here is the result of bivariatebecause off the small scale of interisland distances. Endemic

regression. The dependent variable (i.e. endemic fauna

similarities) is significantly correlated with historical factors

(i.e. the first independent variable). Partial coefficient (b) forTable 1 Correlation between independent variables. Probability
TIME differs significantly from b=0 in all the tests performedvalues of univariate Mantel tests based on 10,000 iterations.

(Table 4). However, there are not strong evidences on the
Time Distance Vegetation Birds significance of environmental factors (i.e. the second

independent variable). BIRDS’ effect is significant using the
Distance 0.017 seventy-three species found in more than one island.
Vegetation 0.048 0.053 Contrasting, none of the ten tests using random samples of
Birds 0.105 0.096 0.001

160 species is significant (Table 4).
Area 0.134 0.034 0.318 0.299

It is important to emphasize that BIRDS (now as dependent
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Table 3 Endemic fauna. Estimated significance levels (P in %) of the statistics used (Manly, 1995), for six individual islands. The estimated

significance levels are mean values for 100 replicates of serial test with a series of length of n=10000. The critic value for 5% with Bonferroni

adjustment are 5/6=0.8%. Above, P-values using seventy-three endemic species found in more than one island. Below, mean and max P-values

of ten random subsamples of 160 species taken from the 230 endemic species.

Mallorca Menorca Cabrera sa Dragonera Eivissa Formentera

73 species 0.02 0.03 0.03 0.03 0.02 0.02

160 species mean 0.031 0.183 0.12 0.085 0.031 0.042

max 0.04 0.79 0.43 0.12 0.04 0.05

Table 4 Multivariate Mantel tests based on 10000 iterations. TIME observed and 35.0 expected) could be related to some local
is M years from the last land connection between islands pairs. factor because the opposite trend among Formentera and
BIRDS is the matrix of inter-island breeding bird similarity measured the Gymnesics has not been detected (e.g. Mallorca v.
by (observed–expected) number of co-occurrences. The dependent Formentera; forty observed and 40.9 expected, and Menorca
variable is the matrix of interisland endemic faunal similarity

v. Formentera; thirty-six observed and 36.8 expected).
measured by (observation–exp.) number of co-occurrences. Above,

results using seventy-three endemic species found in more than one

island. Below, results of ten random subsamples of 160 species taken DISCUSSION
from the 230 endemic species. Partial coefficient for independent

An important trend emerges from the multivariate analysis ofvariables (b) and the probability that b=0 are indicated.
the endemic fauna from the Balearics: islands with stronger

Time Birds palaeogeographic relationships (i.e. connected by land bridges

more recently) have a more similar endemic fauna. In contrast,
b Prob b Prob extant bird fauna seems independent of palaeogeographic

relationships between islands. Environment could play a
73 species −0.786 0.003 0.293 0.004

complementary role in determining similarities of endemic
160 species −0.804 0.022 0.174 0.141

fauna. However, environmental variables do not show the clear−0.783 0.007 0.237 0.060
cluster among the Gymnesic and the Pityusic Islands revealed−0.846 0.018 0.138 0.177
by endemic fauna.−0.909 0.026 0.026 0.396

Interpretation of the above trends is only possible from−0.836 0.021 0.136 0.194
palaeoenvironmental knowledge. There are no comprehensive−0.776 0.022 0.173 0.161

−0.789 0.027 0.168 0.165 past vegetation data for the Balearic Islands. However,
−0.845 0.026 0.111 0.251 some features from the prehuman palaeoenvironment (upper
−0.850 0.019 0.124 0.209 Pleistocene and early Holocene) suggest huge differences
−0.817 0.019 0.152 0.158 from the living scenario. Palynological data demonstrates (i)

that the vegetation in Mallorca during the upper Pleistocene

and early Holocene was roughly similar to the vegetation

in Menorca, and (ii) that such vegetations were clearlyvariable of an univariate Mantel test) is itself independent

of TIME (Table 1). Moreover, environmental variables do different from the present ones. The differences were not

small changes in plant species composition, but they suggestnot show significant clustering among the Gymnesic and the

Pityusic subarchipelagos (Table 5). There is, however, a trend that some currently relict vegetation types could have been

more widely distributed in the past (Pérez-Obiol et al., 1996).of tiny islands (Cabrera and sa Dragonera) for displaying a

more similar than expected set of vegetation types (Table 5). Conversely, ever-green oak woods (currently presumed to be

the climax vegetation) could have been little developed orThis fact could be explained by increased relative importance

of littoral habitats in tiny islands (Wiggins & Møller, 1996). absent at the Holocene (Yll et al., 1994). Unfortunately,

there are no palynological data from the Pityusic Islands.The significant departure from the expected pattern of co-

occurences for breeding birds from Formentera (Table 5) is However, the vertebrate fossil record from upper Pleistocene

and early Holocene allows us to conclude that thenot related to differences among the Gymnesics and the

Pityusics. The departure among Formentera and Eivissa (forty palaeoenvironment of the Pityusic Islands was very different

Table 5 Breeding birds and vegetation types. Estimated significance levels (P in percentage) of the statistics used (Manly, 1995), for six

individual islands. The estimated significance levels are mean values for 100 replicates of a serial test with a series length of n=10000. The critic

value for 5% with Bonferroni adjustment are 5/6=0.8%.

Mallorca Menorca Cabrera sa Dragonera Eivissa Formentera

Birds 78.53 49.28 57.13 4.89 1.65 0.29

Vegetation 2.61 4.19 0.03 0.02 46.65 10.48
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before humans arrival. However, lizards became extinct onTable 6 Current and prehuman (Pleistocene–Holocene boundary)
Mallorca after the introduction of weasels (Mustela nivalis L.),species from Mallorca (Gymnesics) and Eivissa (Pityusics), expressed

as number of species and number of endemics. and C. triccocon is currently dispersed by pine martens (Martes

martes L.) (Traveset, 1995).
Gymnesic Islands Pityusic Islands Endemic species in the Balearics are currently more abundant

in marginal habitats such as seashores or mountain tops. Some
Prehuman Present Prehuman Present of them have been displaced toward such marginal habitats

(e.g. Alytes muletensis Sanchiz and Adrover, widely distributed
Mammals 3/3 13/0 0/0 9/0

in Mallorca before human colonization, but nowadays
Reptiles 1/1 11/1 1/1 4/1

restricted to isolated streams in the northern mountains ofAmphibians 1/1 4/1 0/0 2/0
Mallorca).Land snails 12/12 72/9 7/7 49/7

Low dispersal capability of endemic species explains the

persistence of between subarchipelagos (i.e. Pityusic and

Gymnesic Islands) differences. In contrast, similarity based on

bird presence or absence is not correlated with palaeo-from that of the Gymnesic Islands. Evidence emerges from

the fossil record of mammals and birds (Alcover et al., 1981; geographic relationships. The composition of bird fauna (and

of other well-dispersed organisms) on individual island seemsAlcover et al., 1994). According to the mammal fossil record,

the Gymnesic Islands were inhabited by three land mammals to covary with environmental changes brought about by local

extinctions and colonizations by another set of species (e.g.including Myotragus balearicus Bate (Artiodactyla, Caprinae).

Such a dwarf caprine was endemic to the Gymnesics, but Lugo, 1988; Pons & Palmer, 1999).

The data presented here underline the importance ofabsent from the Pityusics. M. balearicus displays a number

of apomorphies considered as adaptations to island environ- knowing the past when interpreting a contemporary fauna, its

affinities and the key factors determining its maintenance. Pastments achieved in the absence of carnivorous mammals (e.g.

ever-growing incisors and shortened legs). Bovids are not events could be critical when islands and endemic species are

involved. Conservation programs should be in accordance withcommon components of islands biotas, and M. balearicus

must be considered, sensu Power et al. (1996), a key history as well as present environments.

species shaping the environment in the Gymnesic prehuman

ecosystems (Delvosalle & Duvigneaud, 1967; Schüle, 1993;

Alcover et al., 1999; Seguı́ & Alcover, in press). In contrast, ACKNOWLEDGMENTS
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Alcover, J., Pérez-Obiol, R., Yll, E.-I. & Bover, P. (1999) The diet ofwidespread species (e.g. Table 6). The negative effect of human-
Myotragus balearicus Bate 1909 (Artiodactyla: Caprinae), an extinctassociated introduced fauna on the insular endemic fauna has
bovid from the Balearic Islands: Evidence from coprolites. Biol. J.been documented by Palmer & Pons (1996a, b) and Pons &
Linnean Soc. 66, 57–74.

Palmer (1999) for the small islands of the Balearics. Other
Altaba, C.R. (1997) Phylogeny and biogeography of midwife toads

known remarkable ecological changes that took place after
(Alytes, Discoglossidae): a reappraisal. Contr. Zool. 66, 257–262.

the arrival of humans were the dramatic reduction of Buxus Anderson, S. (1994) Area and Endemism. Q Rev. Biol. 69, 451–471.
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de Bolòs, O. &. Molinier, R. (1958) Recherches phytosociologiques the avifauna of Eivissa. Biogeography and ecology of the Pityusic
dans l’ı̂le de Majorque. Coll. Bot. 5, 699–863. Islands (ed. by H. Kuhbier, J. A. Alcover and C. Guerau d’Arellano),

Brown, J.H. & Gibson, A.C. (1983) Biogeography. The CV Mosby pp. 527–563. Dr. Junk Publisher, The Hague.
Company, St. Louis. Myers, A.A. & Giller, P.S. (1988) Analytical biogeography. Chapman

Busack, S.D. (1986) Biogeographic analysis of the herpetofauna sep- & Hall, London.
arated by the formation of the strait of Gibraltar. Natl Geogr. Res. Oosterbroek, P. & Arntzen, P. (1992) Area-cladograms of circum-
2, 17–36. Mediterranean taxa in relation to the Mediterranean paleogeography.

Canzoneri, S. & Rallo, G. (1996) Nuove ricerche preliminari condotte J. Biogeogr. 19, 3–20.
nelle Isole di Maiorca e Minorca e descrizione di una nuova specie

Palmer, M. & Cambefort, Y. (1997) Aptérisme et diversité dans le
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Appendix 1 A number of similarity indices for presence/absence data are revised by Wolda (1981) demonstrating that diversity and sample size

can affect them. Species number and diversity are constrained on islands. Accordingly, we use an unconventional measure of interisland

similarity that seems area-independent (i.e. independent of the species numbers displayed by the island pair under comparison). The

measurement is simply the (observed–expected) co-occurrences. Pair wise expected co-occurrences is provided by a generalized Monte Carlo

testing procedure (Manly, 1995). Marginal totals (both species abundance and species number in each island) are fixed following Manly (1995)

and Real & Vargas (1996). Here, we test the behaviour of the similarity measurement used in a number of scenarios.

1. We follow Wolda (1981) for testing sample size effect. An hypothetical fauna distributed adjusted to a log series is used in the analyses. This

fauna has 100,000 individuals and 150 species (alpha=17.3). Four random samples of different size are taken without replacement (2000, 1000,

500 and 250 individuals) with five replicates for each. Mean species number for each of the four sample sizes are 93.0, 82.1, 70.0, and 54.8

ISLDRAND (Manly, 1995) provides the pairwise expected number of co-occurrences used for determining the index under testing. An squared

20∗20 (four samples sizes by five replicates) symmetric matrix of pairwise (observed–expected) number of co-occurrences is obtained.

Multidimensional scaling (SYSTAT 5; Wilkinson, 1992) to one dimension is used for obtaining a single value for each of the twenty items. One-

way ANOVA of these values is the final output detailed below.

ANALYSIS OF VARIANCE

Source Sum-of-squares DF Mean-square F-ratio P

Dependent variable: (Observed -expected) co-occurrences

Sample size 1.245 3 0.415 0.354 0.787

Error 18.755 16 1.172

Dependent variable: Jaccard index

Sample size 17.237 3 5.746 33.274 <0.001

Error 2.763 16 0.173

Differences between size categories are clearly not significant. Similar output using Jaccard index (Jaccard, 1908) has been added for comparative

purposes. In the case of using Jaccard index, smaller samples tend to display smaller similarity.

2. Diversity effects have been tested by a similar procedure. Three faunas with the same 150 species, with the same rank of species abundances,

and distributed adjusted to a log series are used in the analyses. These faunas have 106, 105 and 104 individuals and 150 species (alfa=13.4, 17.3

and 25.0). Five replicates of a sample size of 2000 individuals is taken without replacement. Mean species number for each of the three diversity

types are 75.6, 91.6 and 118.4. Similarly, pairwise expected number of co-occurrences is provided by ISLDRAND (Manly, 1995). An squared

15∗15 (three diversities by five replicates) symmetric matrix of pairwise indices is obtained. Multidimensional scaling to one dimension is used

for obtaining a single value for each of the fifteen replicates. One-way ANOVA of the values obtained is the final output detailed below.

ANALYSIS OF VARIANCE

Source Sum-of-squares DF Mean-square F-ratio P

Dependent variable: (Observed–expected) co-occurrences

Diversity 2.767 2 1.384 1.357 0.294

Error 12.233 12 1.019

Dependent variable: Jaccard

Diversity 13.909 2 6.955 76.519 <0.001

Error 1.091 12 0.091

Differences between samples extracted from the three faunas are clearly not significant. Using Jaccard index, samples with smaller diversity tend

to display smaller similarity.

3. Looking for Type II errors, two faunas with the same diversity (150 species and 1000 individuals; alfa=48.9), distributed adjusted to a log

series are used in the analyses. These two faunas displayed the same 150 species, but different (at random) rank of species abundance. Our

purpose is to test the capability of the index for detecting differences among similar faunas. Following the same procedure described above,

differences among faunas are significant using the index under testing. Notice the extreme conditions of high similarity among faunas, high

diversity and small sample size (ten replicates of only twenty-five individuals from each of the two faunas). However, the index failed in finding

significant differences among the two faunas with tiny sample sizes (n < 10 individuals).

ANALYSIS OF VARIANCE

Source Sum-of-squares DF Mean-square F-ratio P

Dependent variable: (Observed–xpected) co-occurrences

Fauna 10.748 1 10.748 20.909 < 0.001

Error 9.252 18 0.514

Dependent variable: Jaccard Index

Fauna 11.378 1 11.378 23.752 < 0.001

Error 8.622 18 0.479
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4. The index is tested with an additional hypothetical fauna, structured in a different way. The probability of extracting a species in a sample is

the same for all species and depends only on the sample size. Mean species number of the for sizes used (five replicates each) are 88.4, 71.8, 48.6,

and 34.4.

ANALYSIS OF VARIANCE

Source Sum-of-squares DF Mean-square F-ratio P

Dependent variable: (Observed–expected) co-occurrences

Species number 0.084 3 0.028 0.023 0.995

Error 19.916 16 1.245

Dependent variable: Jaccard Index

Species number 12.427 3 4.142 8.753 0.001

Error 7.573 16 0.473

The results clearly show that the index under testing is not dependent of the number of species. Contrasting, Jaccard index is size-dependent.

5. We also test the effect of species number with a data set showing nestedness (Lomolino, 1996). The data are presences–absences of

tenebrionid beetles on fourteen islets at the Cabrera Archipelago (Balearic Islands, Western Mediterranean; Palmer & Petitpierre, 1993). As in the

cases above, ISLDRAND provides the pairwise expected number of co-occurrences used for determining the index under testing (i.e.

(observed–expected) number of co-occurrences). An squared 14∗14 (fourteen islands), symmetric matrix of all pairwise indices is obtained.

Multidimensional scaling (SYSTAT) to one dimension allows to obtain a single value for each of the fourteen islands. Regression of these values on

the number of species on each island is the final output displayed below.

REGRESSION ANALYSIS

Variable Coefficient T P(2 tail)

Dependent variable: (Observed–expected) co-occurrences

Squared R:.069 n=14 islands

Constant 0.647 0.874 0.399

Species number −0.156 −0.944 0.364

Dependent variable: Jaccard Index

Squared R:.483 n=14 islands

Constant 1.711 3.108 0.009

Species number −0.413 −3.355 0.006

Similarities measured using the new index show no dependence with the number of species. Contrasting, Jaccard index depends on the species

number of the islands being compared

6. Finally, we test linearity of the index. As a criterion we use fifteen samples of 100 species. The number of species both samples have in

common decrease linearly from 99 to 86. The values obtained are regressed with the number of species in common. The results confirm the

linearity of the two indices.

REGRESSION ANALYSIS

Variable Coefficient T P(2 tail)

Dependent variable: (Observed–expected) co-occurrences

Squared R: 1.000 n=15 samples

Constant 8.000 0.49e+04 < 0.000

Shared species 4.320 0.26E+04 < 0.000

Dependent variable: Jaccard Index

Squared R: 1.000 n=15 samples

Constant 8.000 240.824 < 0.000

Shared species 4.319 130.010 < 0.000
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