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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

Endemic  species are key elements for elucidating
biogeographical features of faunas and floras (Myers &
Giller, 1988). Species’ origin (vicariance v. dispersal) can be
elucidated from palaeogeographical data (e.g. Palmer &
Cambefort, 1997). Conversely, species confined to discrete
areas contain information for describing the hierarchical
organization of these areas, and allow us to test their
association with historical processes (e.g. Brown & Gibson,
1983; Oosterbroek & Arntzen, 1992; Anderson, 1994;
Sfenthourakis, 1996; Wang et al., 1996) or to environmental
factors (e.g. Palmer & Pons, 1996a).

Here, we propose a synthetic approach: our goal is to
elucidate the significance of historical and environmental factors
in determining the faunistic interisland similarities within the
six major islands of the Balearics (Western Mediterranean).
Data on species’ specific history can be obtained directly from
the fossil record, or indirectly, by phylogenetic inference.
However, a fossil record from the Balearics is only available
for vertebrates (Alcover et al., 1981) and land snails (Cuerda,
1975; Paul & Altaba, 1992); and there are few published
phylogenetic analyses that include species from the Balearics
(e.g. Oosterbroek & Arntzen, 1992; Arntzen & Garcia-Paris,
1995; Altaba, 1997; Palmer & Cambefort, 1997). One way to
circumvent such gaps is to restrict the analysis to the endemic
fauna. Previous analyses concerning the origin of the fauna
and flora from the Balearics (Colom, 1957; Cardona &
Contandriopoulos, 1979; Cardona, 1979) either include
introduced species or do not consider fifty-five species described
after 1979, or both. Instead, we propose to analyse a subsample
of the authochtonous fauna represented only by the updated
endemic species list.

DATA COLLECTION

We investigated the endemic fauna of the six major islands of
the Balearics. This is the most isolated archipelago in the
Western Mediterranean. Two separate subarchipelagos are
usually recognized within the Balearics (Pityusic and Gymnesic
Islands, Fig. 1). First, a list of all possible endemic species was
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Figure | Location of the Balearic Archipelago in the Western
Mediterranean. Note that Eivissa is the Catalan name for the Island
called Ibiza in Spanish.

made consisting of 568 species and subspecies (Pons & Palmer,
1996). Taxa were deleted from this list according to the
following six criteria: (1) subspecies, such as the twenty-seven
subspecies of Podarcis pityusensis Bosca (Sauria: Lacertidae)
inhabiting single islets; (2) species synonymized with others with
a wider distributional range (e.g. Philoctetes friesei Mocsary,
Hymenoptera: Chrysididae, described from Mallorca and found
to be identical to P. abeillei Mingo, a widely distributed species);
(3) species with doubtful taxonomic status, such as Deronectes
brannani Schaufuss (Coleoptera: Dytiscidae), considered
identical to the widely distributed D. moestus by Franciscolo
(1979); (4) species described from the Balearics and recently
discovered elsewhere (e.g. Bythinus bicornis Reitter
[Coleoptera: Pselaphidae], described from Mallorca and
recently found in the Iberian Peninsula); (5) species described
before 1930, and never mentioned again in the literature;
for example, the five Sagaritis species (Hymenoptera:
Ichneumonidae) described by Kriechbaumer (1894); and (6)
species known only in the Balearics but known to have been
recently introduced. One example is Brachylaima ruminae Mas-
Coma and Montoliu (Trematoda: Brachylaimidae), known
only from Formentera. This species probably has a wider
distributional range because it is a parasite of Rattus rattus L.,
a nonendemic mammal with few dispersal constraints. R. rattus
was introduced to the Balearics by the Romans (Reumer &
Sanders, 1984). Formentera (as Eivissa) lacked nonflying
mammals before the arrival of humans (Alcover et al., 1994)
and consequently no mammalian parasites were present there.
These deletions have only been possible by obtaining the advice
and suggestions of more than forty taxonomists mentioned
in Pons & Palmer (1996). New species, ecological and
distributional data published later have also been included
(Gaju-Ricart et al., 1995; Jaume & Boxshall, 1995; 1996a,b;
Canzoneri & Rallo, 1996; Gémez-Zurita et al., 1996; Jich et
al., 1996; Lehrer, 1996).

DATA ANALYSIS

Our study focuses on the relationships between the endemic
fauna and some independent variables. Therefore, a multiple
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%).

We tested the association between the endemic faunal
similarity and some independent variables. The first, TIME,
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Million years (In-transformed) since the last land connection
between islands pairs as an estimation of the shared history of
those island pairs (based on Busack, 1986; Petitpierre et al.,
1987; Oosterbroek & Arntzen, 1992; Beerli et al., 1996).
Geographical distance, in km (In-transformed) is the second
independent variable considered (DISTANCE). Shared degree
of vegetation types constitutes the third independent variable
(VEGETATION). Specification of vegetation communities is
based on plant associations, i.e. vegetation communities
harboring some characteristic species, with comparable
landscape settings and with comparable habitats belong to the
same association (Folch, 1982). Similar specifications are used
to assess environmental factors which determine vertebrate
species’ distributions (e.g. Romero & Real, 1996). Presence and
absence of associations throughout the six Balearic islands
are based on Folch (1982), updated by Bibiloni (personal
communication). There are eighty-one associations in the
Balearics (ranging from sixty-nine in Mallorca to nine in sa
Dragonera). Similarity among island pairs was measured by the
same (observed — expected) number of species co-occurrences.
Similarly, this procedure was repeated using breeding bird
communities (BIRDS). The presence or absence of currently
breeding birds on the six islands is based on Muntaner (1984)
updated by Avella et al. (1997). Very recently introduced species
such as the monk parakeet Myiopsitta monachus (Boddaert)
were excluded. Species number of breeding birds in the Balearics
is ninety-five (ranging from ninety-two in Mallorca to twenty-
six in Cabrera). It is important to remark that vegetation types
and breeding birds are used only as estimates of general
environmental similarity. Finally, area differences among island
pairs (AREA, km? In-transformed) is the last independent
variable considered.

Preliminary pairwise correlation analyses of the independent
variable were done by univariate Mantel tests. All variables
are distances or similarities. We used PERMUTE! 3.4 alpha
(available via anonymous ftp by P. Casgrain 1998) that
normalizes all variables before calculations. One tailed tests
were based on 10,000 iterations.

Some pairs of the independent variables are collinear
(Table 1). VEGETATION could be considered uncorrelated
with TIME only if the Bonferroni adjustment is applied (P =
0.048; Table 1). However, BIRDS and VEGETATION are
correlated, and BIRDS is preferred as environmental estimator
because it is clearly independent of historical effects (P =0.105;
Table 1). Considering DISTANCE, the pattern for breeding
birds suggests that colonization is not distance-dependent
because off the small scale of interisland distances. Endemic

Table | Correlation between independent variables. Probability
values of univariate Mantel tests based on 10,000 iterations.

Time Distance Vegetation Birds
Distance 0.017
Vegetation 0.048 0.053
Birds 0.105 0.096 0.001
Area 0.134 0.034 0.318 0.299
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fauna is not distance-dependent for the opposite reason: all
interislands distances are effective geographical barriers. After
successive deletions of collinear variables, the multivariate
model used for testing the historical and environmental effects
on endemic fauna is composed by TIME and BIRDS. Permute!
computes multiple regression coefficients of the independent
variables. It permutes at random columns and rows of the
original dependent matrix, recomputing the regression
coefficients k times, where k is the number of permutations

(10,000).

RESULTS

A complete list of all 230 endemic species included in the
analysis after reducing the original larger list is found in Table 2.
Of the species, 157 (68%) inhabit a single island. The remaining
seventy-three (32%) are distributed among two to six islands.
The pattern of species co-occurrences departs significantly from
the usually expected. Probability values are highly significant
for all the six islands (Table 3). Such departures are related to
differences between the Gymnesic Islands (Mallorca, Menorca,
Cabrera and sa Dragonera) and the Pityusic Islands (Eivissa
and Formentera). There are only seventeen endemic species
which inhabit both a Pityusic island and a Gymnesic island.
The number of observed co-occurrences among Mallorca and
Eivissa is fourteen (from 22.8 expected co-occurrences).
Contrasting, the number of observed co-occurrences within
subarchipelagos are larger than expected (e.g. Eivissa v.
Formentera; twenty-two observed and 9.5 expected, and
Mallorca v. Menorca; thirty-seven and 27.9).

The main habitats or communities at present in the Balearics
are oak woodlands, Olea europaea L. shrublands, Rosmarinus
officinalis L. shrublands, lagoons, dunes, rocky seashores,
mountain tops, mountain streams and caves. Excluding caves
and considering only species with data available for habitat
preferences, the distribution of endemic species throughout the
major habitat types reveals an unexpected pattern: evergreen
oak (Quercus ilex L.) woodland (considered the climax habitat
in the Balearics; Bolos & Molinier, 1958; Rivas-Martinez et al.,
1992) contains only twenty-four endemic animal species (only
four of which are specific to such a habitat). By contrast,
ninety-five endemic species can be found on seashores (thirty-
four of which are specific). The endemic fauna from shrublands
(both Olea and Rosmarinus-shrubland) seems to be composed
of generalist species (ninety) since only three are exclusive to
shrublands.

The main finding presented here is the result of bivariate
regression. The dependent variable (i.e. endemic fauna
similarities) is significantly correlated with historical factors
(i.e. the first independent variable). Partial coefficient (b) for
TIME differs significantly from b=0 in all the tests performed
(Table 4). However, there are not strong evidences on the
significance of environmental factors (i.e. the second
independent variable). BIRDS’ effect is significant using the
seventy-three species found in more than one island.
Contrasting, none of the ten tests using random samples of
160 species is significant (Table 4).

It is important to emphasize that BIRDS (now as dependent



cCoCcCCocOoO~OC SO CO—~—C —~CC—~CC

0 00 01 6L8 | SSTyneyos isongelow episy V3140100 00 00 10 1961 [9PUEA 1HBULYS WRIpL][IPEULY Vaodosl
0 .00 11 8981 Sedly 22134 SBUOPIED EPISY V¥31403100 00 00 10 0661 Su3[eQ PUE ZIL) [ELSS WNIpY|IpRULY Vaodosl
1 0000 §T6] BIIIEOST 121AOPN] EPISY V¥31d0d7100 00 00 01 0661 Zu 1smasd wnipijipeuny vaodosl
0 10 01 8981 SEAIY Z3lpd 10]301eq EPISY V31403700 00 00 01 7661 BIdIBD pUe 211 sndLed(eq O1][3010d Yaodosl
000 I 1 9€81 121[0g essaudap episeyd)y V41403100 00 00 01 (1061 EZIA0ORY) LOJBURW SRIULIOHIQESY vaodos!
1 00 00 8981 Seoly 22194 sisuaoiq: episeyd|y V331403100 00 00 10 1961 [2DURA BIBLI00 SNOSIUOIL[RdS Vaodos!
0o 11 11 $981 ZIERY LWNEYOS BUAJUD | V314047100 00 01 00 7661 1aren) pue swne( isuod BuUB|OIDBIDN vaodosi
1 00 00 8161 eupo) desniydo elikjua | V431403100 00 11 11 (1661 Salg) Biqeos vudRgsAYRL,  VIDVNIVESOWIIHL
| S S S VI ¢ $€61 10110 IRUN|QNS B[1YOAYdR] V3314031700 00 00 01 ssaud ul /66| dwnef 1uox eioydoutyd’0aN vaodadod
0 00 01 (061 dtd) BOHEI[Eq BLIOYOWIN V4314037100 00 00 01 ssaud ut /66| dwinef 1eIoseS RIS vaod3adod
0 00 01 $861 2dwo) BoLLa[eq BUIISH|IPIOW Vid3.Ld03100 00 00 01 ssoud ut £66] dwinef [epualw stwaiyewosxdng vaodadod
I 00 00 9961 21dWOD) IYISIULID BUISH|IPION V3431403100 01 9661 1[eYSx0g pue awne( eouredeq euidojoLdojdos vaodidod
0 00 1 1 7881 ssnyneyos snwejododdiy snuswrelooldH V31403100 0 1 966! Ileysxog pue swnef snoueajeq sisdouydosjads Vaodadod
0 00 1 Sv61 loyedsg inejed snuioiqy V431403100 01 9661 Ireysxog pue awnef easouwAs euydoojads va0d3adod
I 00 0 Tp6| ei2(edsy wouid snieny V331403100 0 1 LL61 l[eysxog pue dwne[ ejepnediduo] eisauln vaodadod
0 00 1 6L61 Awapyuag SNIRUIYDD SNIUWLO V¥31d03100 01 3161 FMNO-19ys3"] snoLreareq sdojokoei(] vaodadod
0 00 1 0161 12119y repiof eidA[eduds V31403700 10 1661 0S1[-za1p4 BuBOLIOUIW BUWN(ESIa] YOV
1 00 00 9261 eI3[EOsT Sisuadiql ei00ydelg V¥d41d0310D 1o (1661 081y]-23194) BOUEaleq BiddoUUrEOpNS] VOV
0o 11 I 7881 ssnyneyds inogapdeo esaooyde|g V¥31d03100 10 1661 081yj-z19 eieijoyered eqjaqoual) VOV
0 00 1 861 u9l0J-2adg] snoueajeq sal0104 | V41403700 01 6961 031]-7319 STOLIES|Eq SUEdRUeSalS VOV
0 00 1 6961 194onsag snowrea|eq snydejasdoan V¥31d03100 01 1161 12m30y sndiae}> wnidueleyd SANOITIAO
1 00 0 8561 1oyonsag sisuasnAiid sruadoressq V¥31Ld03T0D 01 98] L1310y | snouiBnuay snqojdseq SANOITIdO
0 0 0 1961 [Puues[ eoLrealeq sisdouryikg V41403100 01 7161 BIQUIEY 1SNBIY UOWS[0I00S SANOITIO
0 0 I $S61 1puueaf inejed snyiAqoidar] V431403100 0 1 LL61 BlQUIEY SNOLIRI[Bq UOWI|0}00S SANOITAO
0 0 1 8561 1oydnsag swudisui snuoseq V4314037100 01 9L61 HAUYB 1AYONsaq 1951ayd0jAed  SANOIJY0ISOANISd
10 0 $p61 PuBULION ljouedss snuosey V4314037100 1o 1961 1012 SMOLEI[Eq 31Y0[A0ed  SINOIdY0ISOANISd
00 1 2961 MEJL0D SMOUIEIIEQ SHULOYIUEY Vi314031700 01 1961 12199 snoueafeq sswaydoydepsd  SANOIdYODSOANTSd
[S) 0 £L61 11B110D SisUaZ1q) SnLOSO[YdAL V4491403100 00 1961 1ag Sisuasnind sSuwLYoolly  SANOIdYOISOANISd
0 0 I 7961 3SYO] BOLIEI|RQ BADISI] V3314031700 01 TL61 JeSeyepia snouoy  SANOIJY0DSOANISd
0 0 1 6961 e10] Sisuadl0|jeW UopawodAH V41403100 01 LE61 Adz10x1pdy snoidonosu snouoy  SINOIdY0ISOANISd
0 0 1 (zs61 a3urer) Houedss wniewo V431403100 0l LL61 LBOUYBIA I 11q02N  SANOI¥0JS0dNASd
I 0 0 €L61 11BY10D) BIISNGD Bl NdOWOIUY V431403100 1 0 (1961 J12g) BoUEdEq suSeaoyiuedy  SINOIJY0ISOANISd
0 0 I 0661 Yotuag 1S9[[3q eIy vid31403170D 0 0 £661 uauyep tsuod snuoyy)  SANOIdYOISOANISd
) 0 Sp6 | pueuloN snnpida| snuaisy V41403100 00 €661 LOUEJN SISUSLIBIQED STIUORYD  SANOIYO0ISOANESd
0 0 1 (3061 Naig) eLId|eq sisdoy|ioeg V¥314031700 10 6861 HIUYRH 159]19q sniuoyy)  SANOIdY0ISOANISd
0 0 1 $S61 Mey10D sisuddlojew snjydAiered Vi33Ld03100 01 LL6| UduUYe snouedfeq sniuoyy)  SINOIdY0ISOANISd
0 0 1 0L61 Mel10D HRYaNsaq snjydAiereq V414031700 o1 8161 llouSug LIsney eluyeH AVANVEV
0 0 0 6561 1eY10D sisuanbiouaw snjydKereq V431403100 1o 8161 1jousug eoLLa[eq BOUOYIEIN FVANVYV
0 0 0 6561 110D 1eqoisko snjydAiereq V¥31403100 01 P66 SUBWSOG BIIO|[BW UOLIBPOZ FVANVIY
1o 0 6961 11B1J10D) WNAUELIBIGNS UOPI V¥3.Ld0d100 Lo 196 Siaq snoueajeq soireydAyida] IVANYVEV
0 0 1 LL6| 1u0pIOg 153(}2q WniyjeIqo] V31403100 Lo 1961 Swaq Jofew 0ucdY | IVANYHY
0 0 0 13yonsag eosiouey wniuudyda) V41403100 Lo €L8] l[2104 unojnp eawediey IVANYIY
0 0 ) 19yonsag wnoLouLW wnjuuayda) V¥3.1403700 L 7881 Y00 HINBIQ BISSWAN IVANVIV
L oo 00 061 oyedsg iseaeu saydeinay V¥3LdOFT0) 01 V361 s19190g 1puniupo ePIpURIBidE  VAAIOTILVIONNYL
000 01 9E61 12uuedf 1anbiez sdored V3140310 L €781 Yorue] eoudnud) BlROPNL  VAIOWOHJOTIAD
00 10 . 01 €931 uuewaukoy sisuaouofew xewt] VYOHdOLVWWOTALS
9661 SIIAY-BIDIED) PUE SIIBPE|[EA "YOB( SISUIILIOUI SNIGIUWIY'] VY3.Ld0d100 00 €661 BlISIIA PUE S04 SNUBLIUE} SN|233q]  YHOHJOLVIWWOTALS
oo 11 0£61 OWAY210,q EoLE|eq BUSEIPAH Vi31d0a10) 0 0 ¥g6l vewy-rendy pue [yog sisuasniyiAd sn(j2:3q1  VYOHJOLVINWOTTALS
0O 00 [ 0 P661 SSAIA PUB SIAIA SISUIdLIOUIW SOI[eqADS Vid3d1d03100 1 LE81 U0y tuokuedwod snjjpsaq)  VYOHdOLVWWOTALS
0 L981 pyoOLd sadyid sndourdy V431403700 01 (g$81 29|8917) Snoueajeq sn[219q]  VIOHAOLVINWOTALS
0 8861 duueaf snouiofew snapKield Vi31403700 01 (8v81 J93134d) snuessjjorss snyieusolly  VIOHJOLYWIWOTALS
0 8861 dUUE[ IEIBIUIULIO) STUIPKIE|d V4314037100 01 (8L81 03epiH) 1o131d €3p1oyo0ll  VIOHJOLVIWNOTALS
| 0L61 duueaf SNoLIEa[eq SIUAPAIE|d VY314d03700 Lol (bp81 21 oAU B3pI0Yo01 ]  VIOHIOLVIWWOTALS
0 §961 Jede] jjoudedsd snoiag V43140310 01 (2981 uuRWAUASH PUE WIYOQ) 1EY BIPIOYI0I  VHOHAOLVIWWOTALS
0 823| uealag snieoyd snosag V¥31d0d100 00 (7561 1909e() BUENSNGD B3PIOY20IL  VHOHAOLYWIWOTALS
0 (¥161 12012Y) repiof snyoiusy V¥314d03100 01 (£961 1InseD) seuIPNE[d BIPIoYool] YYOHIOLVIWWOTALS
0 (L981 PXeYOOLd) SNOLIE[EQ SNWOYHO V¥31403700 00 (2981 UUBWSUASH PUE WIYO() 101D BIPIOYS0IL  VHOHAOLYIWWOTALS
0 (1961 Wey10D) sisuanbiouaw snjydAodAH V¥314d03100 01 (z881 3190 1sanfriow eausadny  VHOHIOLVWWOTALS
0 (G161 TeSeT) 15913.9 sisdoyoas | V¥3Ld0370D 00 LL61 Imed pue [apary yinse8 eautA  VHOHJOLVIWWOTALS
0 $961 10JUaH snoLresjeq snijeAnq V¥31d40d700 0 0 6961 19pory snuesnuAd sndAx0  VYOHJOLVAWOTALS
0 L98| PIBY20L] SLie[nsu] snosoig V31403109 [ 7881 11990 SIULIOJLUI| SNIYIAXO  VIOHJOLVIWINOTALS
9 pL61 loyeds3 eouEdeq EaydIY V431403100 [ 1881 431120 eaureLaiipaw e1oydoqojo|ly VAIXV10TdVH
1 9631 259114 eoLIEA[Eq EI0YdOYIUY V¥3LdONIWAH 01 661 1PNUBW 3 Yo[edrew Jueo VYIWIOTd
1 681 Za1ad BIPIEOOLIW SNI[EH VY9LdONIWAH 1 0 8361 e110§ pue cirede7 "oyeise) 9e131qed uoposijnedg VARNAXO
g P61 SISPUTES IDUBLIOY SUOCH VUILIONIWAH L1 00 00 2661 039WOH pue 220y stsuasniydo sapiojkduons VAITADNOYLS
0 06| SI9puneg SIIqeIIQNp STdi[eH VY3 LdONIWAH o 1 11 B) 9N BN
0 061 s19puneg sisieypi|[ed esauly VIALdONIWAH S «
1 (¥£61 12putydS-ssay[nydg) Lauid euodidepnasq VYALdONTWAH id  SOISSUWAD

© Blackwell Science Ltd 199926813-823

816 M. Palmer et al.

*(04) e1o3USWIO pue (1) essIAl] ‘(1(]) erouoSei(] es ‘(eD) eIdIqeD) ‘(ON)
EOIOUDIN ‘(B]N) BIIO[[BJN "PIIBDIPUL 2IB (SPUE[S] JISnAIL] pue Spue[s] dIsauwiAn)) soSepdiydreqns 0m3 Y3 WOIJ OUISqE PUE IDUISIIJ "SPUE[S] dLIBI[BY Y3 JO $a10ads drwopuy g 9|qel



817

Insular endemic faunas

—, e e~ e e e S S = O = O -

(LL61 39A0IPY PUB ZIYdUBS) SISUd|nW Ay
(0£61 nenuasuty) sisuasnAid siepod
(8761 nenuasty) 1poj|i| SIEPod

561 R1pnoy 1|ouedsa $319p0[ILD)

9961 Z3[PZUOD UAYONSIQ BWINIUIOIOPNIS]
661 Ja1pnoy 1Lainbuez Bwnawoopnasd
L8| [9pag SMOUES[Eq SIUIAYORIEG

1681 dJieULe] SNIE|NPNEO SNWAUOIN)

1561 loyedsy inejed snuwuoan

9561 uueuyjol 1zado| sndoayikog

£661 auaidinag seueiunurey snjeydaooidK1)
3161 auang e sisudaduofew snjeydasoidK1)
8061 321g sisudduofew snuouk)

6781 A100 BOLIBI[EQ BYIEWLL

99g1 ueugng snyennJoue sAydeiqhyoeq
(6981 SSTYNBYDS) SH|OOIPLIIA SAJ0SIN

0861 [oyedsg snoueajeq snoueqoid

161 Jou1ay 1srexex sndeydonyd|y

$S61 |oyedsT SISUadIqI SNIDLIISOPNASY

$S61 joyeds (nd eusjeyq

(7181 SBOIYZ315d) SI{[001PLIU UE[AUd

(pSy| A9y pue JueS|nA) STURISODIWAS Ue|Ayd
(6981 Preyooid) snaueualpaw uejAyd

6661 [ouedsg snoueajeq sayredol|aH

G161 1on19y snssaudap snuepuag

(6L81 ssnyneyog) snoueajeq sniados|

L3881 JBUPS BIBAI[3 BljWl]

9€8[ J21[0§ BQUD BldWI{

6L61 UlOPIY LIdWAIQ SV

§T6| BIa[edsy Jajew episy

6981 ssnyneyos siuuadived episy

VINIITYS
VLVVNOS
VLVAVNOS

V31403700
V¥4.14d03100
V31403100
V31403100
V31403100
V31403100
V31403100
V¥3.1d03700
VY31d03100
V314031700
Vi3.1d03100
V¥31d03100
V331403100
Vi31d03100
V¥31d03100
V¥314d0310D
V331403100
V¥31d0310D
V31403100
V31403100
V¥31d03100
VY41d03700
V341403100
VY31d0310)
V31403100
V¥3.1d03T0D
V31403100
V31403100

88| UIAISUAIYOLT SNUBJISNGR STUSOONSIOUY
06| slopuneg _ce—:a m:—_anm

(1961 J1om) ereotidopnasd eiogowreiug
SL61 uewznn dvdIOojjew a>_u>8.—0&0

8L61 YOSIAOJ[E| 9BIRq BI[|0IS

861 YOSIAOD[ES BOLIED[E] BIUEDIY

£661 YOIMZ PUE OpIed BOLIES[Bq BLONY]
(Z€61 11D) LRAL|0q BOWI[ES

966 | 121y97] IL{1USA B|OI||9pURd

661 duoyyey snipauuut uodjug

661 DU pue 198120 1A1E)S REKWOURIL]
661 $4101-soseD) sugadied uiaRyd0oRIOY |
661 PI0L-S9|58D) dwiwaF euseiozy

9661 ‘Ol[eY PUE LIBUOZUB) 10ABUI BI||2IpAH
6L61 BauozueD pue widwey 1Yol rIIPIN
T€61 11D SISUIZIQL SNWIYOR

T€61 11D wouid oiqig

SL61 ®loqe|( tusaaeif wniidosaisAy
1S61 WIUBWE L IPUR(I3QOY BIDA

1£61 dwwey snjmsndue snddiyuoyonyg
L8] TeAljog snoueafeq suna|dosdlg

1L61 ZIBH 92)u10]| BOHLOIPO|[AUYd

(L681 TeAjog) esiodspe edtwoIpofjAud
$661 ‘& @ HEoRY-nfen suejnsul saplojiyoRwdRId
1861 SOPUIJN LIasTRY SHIYORI

€£L61 39pul]|OH 1ueSeIp SHIYOB

1861 SOPUIA eueIsSULLS SijydRWSIdY ]

e O ——

£661 BION pue QIO ‘Yorg ‘MEdLY-nfen snuye siysewsidy |
0 (0561 s8ed) youedsa xAdefowoy
0 561 9puo)) 128ey eduresotsnd
0 61 9Pu0D 1[1n21q eduresoisnid
0 L6 SUIF STDYEIRU STUNYIUILISOIN
1 0661 BUEPIO[ PUE BIQIY BuInbiouaW BpLINUEIRIY
0 (PL61 SHIF) SISUNIQL BINUOINAQ
0 L61 siIq ed1snkiid eanusedodAy
0 $861 D sl qns e|[utsopnasq
1 1961 PUOCD HIELHI00 UOWOJUISOT
0 €861 BUIS IS9AIA sniqoyil]
0 £L61 U Pue BAIHON 1105931093 sniqoyit']
1 1961 a8uewa( 1w8ey sniqoyt]
0 £L61 due pue eaSoN (ueSesp sniqoy]
0 SL6| uoseqy pjoreld sniqoyity
§L61 9snde) wedesp wnuswiysed

[74 .,CDO-—.U> WINJeABIXd .—O.mawokﬁosz
SL61 dsnde) eoued[eq ||dLRIURUIH

$761 JJOOYIIA 1puUnjIdpos nEOnO—%mcohm

$761 JIOYIIA BUBZIQL SLAWO[D

¥76] WP0Ud A winueziqy wnjAydozAyog

(1961 28uewaq) uIeyy100 BWOSBWIN

1861 ?puo) 1saded smoosdoydo]

£661 BN pue dwnef EE-«A m_whE_.r_:m
0661 101§ pue sl BjodouuaLIo) e|jaIpiog
£L61 nedue( BoLIEaleq g|paipi3og

8L61 ¥001S epnediuea suewwedopidiyy

1661 awnef 1sewy snfieydiuopnasq

0661 Sl reziiaooel sndreydiuopnasq

0661 S St And sndeydiuopnasq

0661 Smaid desupad sndreydiuopnasqd

1661 awner iniaep sndreydiuopnasq

7661 BIRD pue dwnef wnq mEdEEﬂmoEEﬂw&
861 190AJR|d 3€12)UULIOJ B|[dULUI[ES

6061 xna1aay) sadiduoj xAuodueoed |y

L6 1 UBORQR L, (UESRID SIOSIUOYOL ]

6861 suareq pue z) tesd)siyo snweyiydojdey
LL61 Sudleq POISIS SAY; led

$661 dwnef 1e13qo|| sisdosjueio3os

1961 [9pueA wnsojid wnijjipojieg

VIILdONIWAH
VI3LdONINAH
VIZLJONTIWNAH
VY3LdOdidd1
Vid.1ldodldaT1
Vi3d1dodldaT
Vi3dLd0031d
viildia
vidldia
wviildid
viilLdia
vidldid
vialLdia
viildid
wvidlLdia
wviildid
wdildid
ViI3LdONOH
Vi3 LdINGH
Vi3LdOHLYO
Vi3dLdOHLYO
VidLdoLLv1d
Vid1ldOLLV1d
VINNVSAHL
VINNVSAHL
VINNVSAHL
VINNVSAHL

VINNVSAHL
vinidia
vinidid
vinidia

V10831100
V108W3T1100
V108W3T1100
V10431100
V108W3TI00
ViNLodd
VHdYOWOIFOHLI'T
VHdYOWOIGOHLI'T
VHdIOWOIEOHLI'T
VHdYOWOIGOHLI'T
VHdIOWOIFOHLI'T
VHdYOWOTIHdO3D
VHdYOWOTIHdOdD
VHdYOWOTIHdO3D
ValLVINOSOQadSViD
VAanoion
varini

varni
VAINIXATOd
V3ADVAISAN
VAOdIHdWV
VAOdIHdWVY
VAOdIHdNWYV
VAOdIHdWY
VAOdIHdWY
YAOdIHdWVY
VAOdIHdNY
VAOdIHdWY
VAOdIHdWV
VAOdIHdWY
VAOdIHdWY
vaodost

vaodosl

vaodosli

vaodosi

vaodost

puoo T a|qer

© Blackwell Science Ltd 199926813-823



818 M. Palmer et al.

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 7=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
is M years from the last land connection between islands pairs.
BIRDS is the matrix of inter-island breeding bird similarity measured
by (observed—expected) number of co-occurrences. The dependent
variable is the matrix of interisland endemic faunal similarity
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
from the 230 endemic species. Partial coefficient for independent
variables (b) and the probability that b=0 are indicated.

Time Birds

b Prob b Prob

73 species —0.786 0.003 0.293 0.004
160 species —0.804 0.022 0.174 0.141
—0.783 0.007 0.237 0.060

—0.846 0.018 0.138 0.177

—0.909 0.026 0.026 0.396

—0.836 0.021 0.136 0.194

—0.776 0.022 0.173 0.161

—0.789 0.027 0.168 0.165

—0.845 0.026 0.111 0.251

—0.850 0.019 0.124 0.209

—0.817 0.019 0.152 0.158

variable of an univariate Mantel test) is itself independent
of TIME (Table 1). Moreover, environmental variables do
not show significant clustering among the Gymnesic and the
Pityusic subarchipelagos (Table 5). There is, however, a trend
of tiny islands (Cabrera and sa Dragonera) for displaying a
more similar than expected set of vegetation types (Table 3).
This fact could be explained by increased relative importance
of littoral habitats in tiny islands (Wiggins & Maeller, 1996).
The significant departure from the expected pattern of co-
occurences for breeding birds from Formentera (Table 5) is
not related to differences among the Gymnesics and the
Pityusics. The departure among Formentera and Eivissa (forty

observed and 35.0 expected) could be related to some local
factor because the opposite trend among Formentera and
the Gymnesics has not been detected (e.g. Mallorca v.
Formentera; forty observed and 40.9 expected, and Menorca
v. Formentera; thirty-six observed and 36.8 expected).

DISCUSSION

An important trend emerges from the multivariate analysis of
the endemic fauna from the Balearics: islands with stronger
palacogeographic relationships (i.e. connected by land bridges
more recently) have a more similar endemic fauna. In contrast,
extant bird fauna seems independent of palacogeographic
relationships between islands. Environment could play a
complementary role in determining similarities of endemic
fauna. However, environmental variables do not show the clear
cluster among the Gymnesic and the Pityusic Islands revealed
by endemic fauna.

Interpretation of the above trends is only possible from
palaeoenvironmental knowledge. There are no comprehensive
past vegetation data for the Balearic Islands. However,
some features from the prehuman palaeoenvironment (upper
Pleistocene and early Holocene) suggest huge differences
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 clearly
different from the present ones. The differences were not
small changes in plant species composition, but they suggest
that some currently relict vegetation types could have been
more widely distributed in the past (Pérez-Obiol et al., 1996).
Conversely, ever-green oak woods (currently presumed to be
the climax vegetation) could have been little developed or
absent at the Holocene (Yl ef al., 1994). Unfortunately,
there are no palynological data from the Pityusic Islands.
However, the vertebrate fossil record from upper Pleistocene
and early to conclude that the
palacoenvironment of the Pityusic Islands was very different

Holocene allows us

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 #=10000. The critic

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

Mallorca Menorca
Birds 78.53 49.28
Vegetation 2.61 4.19

Cabrera sa Dragonera Eivissa Formentera
57.13 4.89 1.65 0.29
0.03 0.02 46.65 10.48
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Table 6 Current and prehuman (Pleistocene—Holocene boundary)
species from Mallorca (Gymnesics) and Eivissa (Pityusics), expressed
as number of species and number of endemics.

Gymnesic Islands Pityusic Islands

Prehuman Present Prehuman Present

Mammals 3/3 13/0 0/0 9/0
Reptiles 1/1 11/1 1/1 4/1
Amphibians 1/1 41 0/0 2/0
Land snails 12/12 72/9 717 49/7

from that of the Gymnesic Islands. Evidence emerges from
the fossil record of mammals and birds (Alcover et al., 1981,
Alcover et al., 1994). According to the mammal fossil record,
the Gymnesic Islands were inhabited by three land mammals
including Myotragus balearicus Bate (Artiodactyla, Caprinae).
Such a dwarf caprine was endemic to the Gymnesics, but
absent from the Pityusics. M. balearicus displays a number
of apomorphies considered as adaptations to island environ-
ments achieved in the absence of carnivorous mammals (e.g.
ever-growing incisors and shortened legs). Bovids are not
common components of islands biotas, and M. balearicus
must be considered, sensu Power et al. (1996), a key
species shaping the environment in the Gymnesic prehuman
ecosystems (Delvosalle & Duvigneaud, 1967; Schiile, 1993;
Alcover et al., 1999; Segui & Alcover, in press). In contrast,
Eivissa and Formentera lacked nonflying mammals during
the upper Pleistocene and early Holocene (being the only
Mediterranean islands to display this feature, Alcover et al.,
1994). According to the fossil bird record, bird communities
in Mallorca and Eivissa during the upper Pleistocene and
early Holocene were structured in very different ways. On
Eivissa, e.g. Anseriformes were the most important middle-
sized grazers and sea eagles were the top predators (Segui
& Alcover, in press). Bird communities are usually correlated
with vegetation (Cody, 1985; Welsh & Lougheed, 1996).
Based on the fact that the bird and mammal communities
from the Gymnesic and Pityusic Islands were different during
the upper Pleistocene and early Holocene, a difference in
the past vegetation (and in the past environment) of these
islands should be inferred.

The scenario shown by these palacontological data suggests
that the faunistic and floristic differences between the Gymnesic
and the Pityusic Islands were stronger in the past than today.
Human colonization has brought about selective extinction
of some endemic species and colonization of a number of
widespread species (e.g. Table 6). The negative effect of human-
associated introduced fauna on the insular endemic fauna has
been documented by Palmer & Pons (1996a, b) and Pons &
Palmer (1999) for the small islands of the Balearics. Other
known remarkable ecological changes that took place after
the arrival of humans were the dramatic reduction of Buxus
balearicus Lam. woods (Pérez-Obiol et al., 1996) and some
changes in mutualistic relationships. Cneorum triccocon L.
(Cneoraceae) seems to have been dispersed only by lizards

© Blackwell Science Ltd 199926813-823
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before humans arrival. However, lizards became extinct on
Mallorca after the introduction of weasels (Mustela nivalis L.),
and C. triccocon is currently dispersed by pine martens (Martes
martes L.) (Traveset, 1999).

Endemic species in the Balearics are currently more abundant
in marginal habitats such as seashores or mountain tops. Some
of them have been displaced toward such marginal habitats
(e.g. Alytes muletensis Sanchiz and Adrover, widely distributed
in Mallorca before human colonization, but nowadays
restricted to isolated streams in the northern mountains of
Mallorca).

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-
geographic relationships. The composition of bird fauna (and
of other well-dispersed organisms) on individual island seems
to covary with environmental changes brought about by local
extinctions and colonizations by another set of species (e.g.
Lugo, 1988; Pons & Palmer, 1999).

The data presented here underline the importance of
knowing the past when interpreting a contemporary fauna, its
affinities and the key factors determining its maintenance. Past
events could be critical when islands and endemic species are
involved. Conservation programs should be in accordance with
history as well as present environments.

ACKNOWLEDGMENTS

This paper has benefited from the comments and critical review
of G. Bibiloni, P. Casgrain, D. Jaume, B.F.J. Manly, L. Marcus,
S. Morand, J.A. Rossell6. K. Taylor, P.Y. Sondaar and M.
Williamson. All SYSTAT calculations have been done by A.
Traveset. We are specially indebted to all taxonomists
mentioned in Pons & Palmer (1996). We are grateful to the
Laboratoire d’Entomologie of the MNHN (Paris), the
IMEDEA-CSIC (Palma de Mallorca), and to the CICYT (Spain;
AMB96-0843 and PB97-1173 research projects) and the
DGICYT (Spain; FPI-Ext. grant to M. Palmer) for its financial
support.

REFERENCES

Alcover, J.A., McMinn, M. & Altaba, C.R. (1994) Eivissa: a Pleistocene
oceanic-like island in the Mediterranean sea. Res. Exploration, 10,
236-238.

Alcover, J., Moya-Sola, S. & Pons-Moya, J. (1981) Les quimeres del
passat. Ed. Moll. Palma.

Alcover, J., Pérez-Obiol, R., YII, E.-I. & Bover, P. (1999) The diet of
Myotragus balearicus Bate 1909 (Artiodactyla: Caprinae), an extinct
bovid from the Balearic Islands: Evidence from coprolites. Biol. .
Linnean Soc. 66, 57-74.

Altaba, C.R. (1997) Phylogeny and biogeography of midwife toads
(Alytes, Discoglossidae): a reappraisal. Contr. Zool. 66, 257-262.

Anderson, S. (1994) Area and Endemism. O Rev. Biol. 69, 451-471.

Arntzen, J.W. & Garcia-Paris, M. (1995) Morphological and allozyme
studies of midwife toads (genus Alytes), including the description of
two new taxa from Spain. Contr. Zool. 65, 5-34.



820 M. Palmer et al.

Avella, F., Mufioz, A., Garcias, P. & Jurado, J.R. (1997) Atles dels
aucells nidificants de Mallorca i Cabrera 1983-94. G.O.B.ed. Palma
de Mallorca.

Beerli, P., Hotz, H. & Uzzell, T. (1996) Geologically dated sea barriers
calibrate a protein clock for Aegean water frogs. Evolution, 50,
1676-1678.

de Bolos, O. &. Molinier, R. (1958) Recherches phytosociologiques
dans I'ile de Majorque. Coll. Bot. 5, 699-863.

Brown, J.H. & Gibson, A.C. (1983) Biogeography. The CV Mosby
Company, St. Louis.

Busack, S.D. (1986) Biogeographic analysis of the herpetofauna sep-
arated by the formation of the strait of Gibraltar. Natl Geogr. Res.
2, 17-36.

Canzoneri, S. & Rallo, G. (1996) Nuove ricerche preliminari condotte
nelle Isole di Maiorca e Minorca e descrizione di una nuova specie
(Diptera, Ephydridae). Boll. Soc. Hist. Nat. Balears, 39, 101-110.

Cardona, M.A. (1979) Consideracions sobre I’endemisme i I’origen de
la flora de les Illes Balears. Bull. Inst. Cat. Hist. Nat. 44, 7-15.

Cardona, M.A. & Contandriopoulos, J. (1979) Endemism and the
Evolution in the Islands of the Western Mediterranean. Plants and
islands (ed. by D. Bramwell), pp. 133-169. Academic Press. London.

Cody, M.C. (1985) Habitat selection in birds. Academic Press, New
York.

Colom, G. (1957) Biogeografia de las Baleares. Edit. Estudi General
Lul.lia, Palma de Mallorca.

Cuerda, J. (1975) Los tiempos cuaternarios en Baleares. Edit. Institut
d’Estudis Balearics, Palma de Mallorca.

Delvosalle, L. & Duvigneaud, J. (1967) Voyage a Majorque. Compte
Rendue botanique des excursions. Les Naturalistes belgues, 48,
365-388.

Folch, R. (1982) La vegetacié dels Paisos Catalans. Ed. Ketres, Bar-
celona.

Franciscolo, M.E. (1979) Fauna d’ltalia: Haliplidae, Hygrobiidae, Gy-
rinidae, Dytiscidae. Ed. Calderini, Bologna.

Gaju-Ricart, M., Bach de Roca, C., Molero-Baltanas, R. & Mora-
Carmona, R. (1995) Descripcion de Praemachiloides insularis sp. n. de
las Islas Baleares (Microcoryphia: Machilidae). Bol. Asoc. Espaiiola
Entom. 19, 163-172.

Gomez-Zurita, J., Sacares, A. & Petitpierre, E. (1996) Chrysomelidae
de sa Dragonera. Boll. Soc. Hist. Nat. Balears, 39, 129-134.

Jaccard, P. (1908) Nouvelles recherches sur le distribution florale. Bull.
Soc. Vaudoise Sci. Nat. 44, 223-270.

Jach, M., Valladares, L.E. & Garcia-Avilés, J. (1996) Limnebius minor-
icensis sp. n. (Coleoptera: Hydraenidae) from the Balearic Islands,
Spain. Aquat Insects, 18, 113—-116.

Jaume, D. & Boxshall, D. (1995) Stygocyclopia balearica, a new genus
and species of calanoid copepod (Pseudocyclopiidae) from anchialine
caves in the Balearic Islands (Mediterranean). Sarsia, 80, 213-222.

Jaume, D. & Boxshall, D. (1996a) A new genus and two new species
of cave-dwelling Misophrioid copepods from the Balearic Islands
(Mediterranean). J. Nat. Hist. 30, 989-1006.

Jaume, D. & Boxshall, D. (1996b) Two new genera of cyclopinid
copepods (Crustacea) from anchialine caves on western Medi-
terranean and eastern Atlantic islands. Zool. J. Linnean Soc. 117,
283-304.

Kriechbaumer, N. (1894) Himeno6pteros nuevos de Mallorca recogidos
por D. Fernando Moragues (presbitero). Anales Sociedad Espaiiola
Historia Natural, 3, 239-253.

Lehrer, A.Z. (1996) Trois sarcophagines méditerranéennes nouvelles
(Diptera, Sarcophagidae). Mitt. Schweizerischen Entomol. Ges. 69,
261-270.

Lomolino, M.V. (1996) Investigating causality of nestedness of insular
communities: selective inmigrations or extinctions? J. Biogeogr. 23,
699-703.

Lugo, A.E. (1988) Estimating reductions in the diversity of tropical
forest species. Biodiversity (ed. by E. O. Wilson), pp. 58-70. National
Academy Press, Washington D.C.

Manly, B.F.J. (1995) A note on the analysis of species co-ocurrences.
Ecology, 76, 1109-1115.

Muntaner, J. (1984) Some faunal and biogeographic considerations on
the avifauna of Eivissa. Biogeography and ecology of the Pityusic
Islands (ed. by H. Kuhbier, J. A. Alcover and C. Guerau d’Arellano),
pp. 527-563. Dr. Junk Publisher, The Hague.

Myers, A.A. & Giller, P.S. (1988) Analytical biogeography. Chapman
& Hall, London.

Oosterbroek, P. & Arntzen, P. (1992) Area-cladograms of circum-
Mediterranean taxa in relation to the Mediterranean paleogeography.
J. Biogeogr. 19, 3-20.

Palmer, M. & Cambefort, Y. (1997) Aptérisme et diversité dans le
genre Thorectes Mulsant 1842 (Coleoptera: Geotrupidae): Une étude
phylogénétique et biogéographique des especes méditerranéennes.
Ann. Soc. Entom. France, 33, 3—18.

Palmer, M. & Petitpierre, E. (1993). Els coleopters de Cabrera: llista
faunistica i perspectives d’estudi. Historia Natural de L’arxipélag de
Cabrera (ed. by J. A. Alcover, E. Ballesteros and J. J. Fornés), pp.
383-407. CSIC — Edit. Moll, Mon. Soc. Hist. Nat. Balears, 2, Palma
de Mallorca.

Palmer, M. & Pons, G.X. (1996a) Diversity in Western Mediterranean
Islets: effects of rat presence on a beetle guild. Acta Oecologica, 17,
297-305.

Palmer, G.X. & Pons, G.X.. (1996b) Variacions estacionals de I’abun-
dancia dels Tenebrionidae (Coleoptera) a I’llla del Toro (Mallorca).
Boll. Soc. Hist. Nat. Balears, 39, 167-175.

Paul, C.R.C. & Altaba, C.R. (1992) Els mol.luscs terrestres fossils de
les illes Pititises. Boll. Soc. Hist. Nat. Balears, 35, 141-170.

Pérez-Obiol, R., YlI, R.R., Pantaleon-Cano, J. & Roure, J.M. (1996)
Historia de Buxus y Corylus en las Islas Baleares durante el Holoceno.
Biogeografia Pleistocena-Holocena de la Peninsula Ibérica (ed. by P.
Ramil-Rego, C. Fernandez-Rodriguez and M. Rodriguez-Guitian),
pp. 87-97. Xunta de Galicia, Santiago de Compostela.

Petitpierre, E., Arranz, E. & Terrasa, B. (1987) Population genetics of
Western Mediterranean insular lizards. Genét. 1bér. 39, 453—471.
Pons, G.X. & Palmer, M. (1996) Fauna endemica de les Illes Balears.
IEB COPOT- SHNB, Mon. Soc. Hist. Nat. Balears, 5, Palma de

Mallorca.

Pons, G.X. & Palmer, M. (1999) Invertebrats endemics i illes: In-
troduccions i extincions als illots de Cabrera (Illes Balears). Ecologia
de les Illes (ed. by J. A. Alcover). SHNB-IEB, Ed. Mon. Soc. Hist.
Nat. Balears, 6, Palma de Mallorca, pp. 105-122.

Power, M., Tilman, D., Estes, J.A., Menge, B.A., Bond, W.]J., Scott
Mills, L., Daily, G., Castilla, J.C., Lubchenco, J. & Paine, R.T.
(1996) Challenges in the Quest for Keystones. Bioscience, 46, 609—620.

Real, R. & Vargas, R. (1996). The probabilistic basis of Jaccard’s Index
of similarity. Syst. Biol. 45, 380-385.

Reumer, J.W.F. & Sanders, E.A.C. (1984) Changes in the vertebrate
fauna of Menorca in prehistoric and classical times. Z. F. Sdugetier-
kunde, 49, 321-325.

Rivas-Martinez, S., Costa, M., Soriano, P., Pérez, R., Llorens, L. &
Rossello, J.S. (1992) Datos sobre el paisaje vegetal de Mallorca e
Ibiza (Islas Baleares, Espafia). Itinera Geobotanica, 6, 5-98.

Romero, J. & Real, R. (1996) Macroenvironmental factors as ultimate
determinants of distribution of Common Toad and Natterjack Toad
in the South of Spain. Ecography, 19, 305-312.

Schiile, W. (1993) Mammals, vegetation and the initial human settlement
of the Mediterranean Islands: a paleoecological approach. J. Bio-
geogr. 20, 399—412.

© Blackwell Science Ltd 199926813823



Segui, B. & Alcover, B. (in press) Comparison of paleoecol-
ogical patterns in insular bird faunas: a case-study from the
western Mediterranean and Hawaii. Smithsonian Contr. Paleobiol.
in press.

Sfenthourakis, S. (1996) A biogeographical analysis of terrestrial iso-
podes (Isopoda, Oniscoidea) from the central Aegean Islands
(Greece). J. Biogeogr. 23, 687—698.

Traveset, A. (1995) Seed dispersal of Cneorum tricoccon L. (Cneo-
raceae) by lizards and mammals in the Balearic islands. Acta Oe-
cologica, 16, 171-178.

Wang, Q., Thornton, Q.B. & New, T.R. (1996) Biogeography of the
phoracantine beetles (Coleoptera, Cerambycidae). J. Biogeogr. 23,
75-94.

Insular endemic faunas 821

Welsh, D.A. & Lougheed, S.C. (1996) Relationship of bird community
structure and species distribution to two environmental gradients in
the North Boreal forest. Ecography, 19, 194-208.

Wiggins, D.A. & Moller, A.P. (1996) Island size, isolation, or inter-
specific competition? The breeding distribution of the Parus guild
in the Danish archipelago. Oecologia, 111, 255-260.

Wilkinson, L. (1992) SYSTAT for Windows, Version 5 edn. SYSTAT Inc.
Evaston.

Wolda, H. (1981) Similarity indices, sample size and diversity. Oecologia
(Berl.), 50, 296-302.

YIl, E., Pérez-Obiol, R. & Julia, R. (1994) Vegetation change in
the Balearic islands (Spain) during the Holocene. Histor. Biol. 9,
83-89.

BIOSKETCHES

(1994)

Born in 1945, Y. Cambefort is currently working on dung beetles natural history (taxonomy, phylogeny and biogeography) as well
as on their symbolic significance. He is the co-editor of Dung-beetle ecology (1991) and the author of Le scarabée et les dieux

The common interest of J. A. Alcover, G. X. Pons and M. Palmer is insularity. They are trying to find synthetic answers from their
alpha-taxonomy specialization: pre-human mammals and birds, spiders and beetles. Their contributions usually focus on western
Mediterranean historical biogeography and insular evolutionary biology. J. Alcover has edited five books on islands. He is on the
scientific staff of CSIC, Spain. G.X. Pons and M. Palmer are junior scientists and they are temporarily linked to the IMEDEA-
CSIC. They have published a book on endemic fauna from the Balearic Islands.

© Blackwell Science Ltd 199926813-823



822 M. Palmer et al.

Appendix | 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 §; 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 10°, 10° and 10" 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 0.49%¢ + 04 <0.000
Shared species 4.320 0.26E 404 <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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