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ABSTRACT

Whileit isatruism that speciesrarity is non-randomly distributed across regions,
habitats, and taxa, thereislittle consensuson which factorsarethe best predictorsof
low abundancesand restricted geographica ranges In thisstudy, we evaluatethe effects
of ecologica and life-history traits, aswell as phylogeny, on rarity in the abundance
and digribution of land birdsinhabiting forest habitats in the Mediterranean and
temperateregionsof Chile. Weusedataon abundance collected at 16 Stesand dataon
latitudina digribution obtained from a literature compilation. Satitical analyses
were based on multiple regresson and multivariate models. We used Sgned Mantel
test to analyse the relationship between species ecologica and life-higtory traitsand
rarity, taking into account the effect of phylogenetic relatedness. We found that
rarity, in termsof digribution, isassociated with alow invesment in reproduction,
non-migratory satus, and degree of habitat speciaization. These ecological and life-
higory traits, in assodation with forest lossdueto dimatic changesand human impacts,
may explain the narrow digtribution of most endemic forest birds species. Rarity in
abundance, on the other hand, is more difbcult to explain. However, the fact that
large species with an insectivorous diet showed low density in the assemblages
dudied suggeststhat abundanceismosly regulated by energy (resource) requirements
and availability. Finaly, our sudy shows that thereis no phylogenetic inf3uence in
the observed patterns.
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INTRODUCTION

Snce the beginning of ecology as a discipline, species with low
abundance and/or small geographica range have been recognized
as rare (Darwin, 1859; Preston, 1948; Rabinowitz et al., 1986).
There are two main reasons for sudying patterns of abundance
and digribution of rare species. FArg, it is known that species
with small population size are more threatened with extinction
than abundant species (Pimm et al., 1988; Goerck, 1997; Purvis
et al., 2000; Manne & Pimm, 2001). Second, most speciesin local
communities are rare, whereas few are exceptionally abundant
(eg. Fisher etal., 1943; Preston, 1948; Hubbell, 2001). Despite
this, most ecologica studies and most ecological generdizations
have been based on more common species(Kunin & Gaston, 1993,
Cotgreave & Pagdl, 1997). Therefore, there is an urgent need to
understand how well current ecological theory applies to the
majority of our biotic diversity (Gaston, 1994; Kunin & Gaston,

1997).

Many ecological and life-history attributes have been suggested
as good correlates of rarity (see Gaston, 1994; Kunin & Gaston,
1997; Murray et al., 2002; for review). However, at present there
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is little consensus on which factors are the best predictors of
abundance and range size of pecies. In birds, for instance, many
ecologica and life-higory traits have been shown to be correlated
with rarity. Some of them are: body size (Karr, 1977; Terborgh
et al., 1990; Cotgreave & Harvey, 1992; Gillespie, 2000), dispersa
ability (Goerck, 1997; Duncan et al., 1999; BShning-Gaese et al.,
2006), reproductive traits (Blackburn et al., 1996; Gaston &
Blackburn, 1996; Cotgreave & Pagdl, 1997; Duncan et al., 1999;
BShning-Gaese & Oberrath, 2001), habitat specibcity or niche
breadth (Kattan, 1992; Goerck, 1997; Mace & Kershaw, 1997,
BrShdle & Brandl, 2001; Gillespie, 2002), niche position or type
of habitat used (Gregory & Gaston, 2000; BShning-Gaese &
Oberrath, 2001; Marsden & Whifbn, 2003), diet (Kattan, 1992;
Goerck, 1997; Gillespie, 2002), and migratory status (Cotgreave,
1994, BShning-Gaese & Oberrath, 2001).

In thisscenario, themain objective of thisstudy isto andysethe
relationship between rarity and some life-history and ecological
traits of birdsinhabiting forest habitatsin Chile with the aim of
answering the following questions: Which are the ecological and
life-history correlates of rarity in these species?Are phylogenetic
effectsimportant in accountingfor bird speciesrarity?Thisisthe
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Figure 1 Location of Stessurveyed in thisstudy (14) and obtained
from theliterature (2).

brst assessment of rarity correlates in a southern temperate
avifauna. Thefew sudiesmadein the Neotropicshad been done
in tropical habitats (e.g. Kattan, 1992; Goerck, 1997; Poulsen &
Krabbe, 1997; Gillespie, 2000; Marsden & Whifpn, 2003).
Furthermore, by analysing the strength of the phylogenetic
relatedness of gpecies on these patterns, we provide atest of the
generdity of phylogenetic effectson rarity in aSouth American bird
speciesassemblage dominated by alargenumber of endemics. At
the sametime, our study will shed light on the robustness of the
results from studies on bird rarity in South Americathat have
not assessed phylogenetic effects (e.g. Goerck, 1997; Poulsen &
Krabbe, 1997; Gillespie, 2000, 2002).

METHODS

Study area

Thisstudy wascarried out in forest habitatswithin Mediterranean
and temperate Chile (Armesto et al., 1996a), at southern South
America. Thisareaincludesthe only region of Mediterranean
climatein the Neotropics(Fig. 1). Forestsin the study area occur
mainly in coasta regions and inland creeks and ravines. Within
the area of Mediterranean climate, mean total annua rainfall
varies between 200 mm and 1000 mm depending on latitude,

and occurs mostly in winter. The average annua maximum
temperature varies between 12B16 °C, and the minimum is
rarely below 0 °C. Thetemperate areaincluded in our analysisis
characterized by amean total annual rainfall that varies between
800 mm and 2000 mm. Here, the average annua maximum
temperature varies between 10014 °C (Di Castri & Hajek, 1976;
Amigo & Ram’rez, 1998).

The avifauna of Mediterranean and temperate Chile is not
very diverse (less than 200 terrestria species), but it is of great
biogeographical interest because of the high number of endemic
species. At least 50 speciesare known to breed or foragein forest
habitats, of which 30% are endemicto theseforests(Vuilleumier,
1985; Rozzi et al., 1996a). Birdlife Internationa hasrecognized a
total of 12 restricted-range species in Mediterranean and
temperate Chile in its recent globa analyss of Endemic Bird
Areas (Sattersbeld et al., 1998).

Field methods and data

We studied the avifauna inhabiting undisturbed forests within
the Mediterranean and temperate regions of Central Chile at
14 stes (Fig. 1) between 30°P43° S All censuses were done
during the breeding season, between October 2001 and
January 2002 and between October 2002 and January 2003. Our
study wasrestricted to the terrestria bird assemblage, excluding
raptorsand nocturna species. Thisassemblageincluded 33 forest
ecies (Table1). We used the @istance samplingQpoint count
methodology (see Bibby et al., 1992; Ralph et al., 1996), specibcally,
themodibed variable-circular plot technique (Reynoldset al., 1980),
which had been used beforein Chilean rainforests (Imzhez, 2000).
Following Willson et al. (1994), Estades & Temple (1999), and
Jmzhez (2000), we use a plot size of 50 m, a counting time of
8 min, a minimum distance from the edge of 150m, and a
minimum distance between two points of 200 m. At all stes, 10
point countswere conducted between 07:00 and 10:30 h for 5 or
6 daysdistributed over thewhole areato cover the various vege-
tation typespresent at thesite (Poulsen & Krabbe, 1997; Jmzhez,
2000). It isknown that an effort of this magnitude is enough to
detect most speciesin temperaterain forests(Willson er al., 1994;
Rozz et al., 1996ab; JmZnez, 2000; D’az et al., 2005; see also
Poulsen & Krabbe, 1997).

In addition, the point-count data were supplemented with
active searching for less conspicuous species within an area of
1 km? using playback calls (Poulsen & Krabbe, 1997). All species
that were registered using this method, and that were not
detected by the point counts, were classibed as@ngletonssensu
Colwedl & Coddington, 1994), i.e. thedensity of these specieswas
debned as1individua per 10 point counts. In addition, we used
densty datafrom two additional Stesthat used asmilar methodol-
ogy (Estades, 1997; ImZhez, 2000).

Rarity and species attributes

In this study, rarity was assessed by considering regional
abundance and latitudina geographica range (Gaston, 1994).
Regiona abundance of each species was debned as the mean
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Table 1 Ecological and life-higtory traitsof 33 non-raptor terrestria bird speciesinhabiting forest habitatsin Mediterranean and temperate

Chile
Typeof  Habitat Migratory  Brood  Body Regional Latitudinal
Family Fecies forest ecibcity  Diet  gatus sze mass(g) abundance  range
Columbidae Columba araucana* MHETF G H m 1 200 104 185
Trochilidae Patagona gigas MHTF G (6] M 1E9 18.20 037 42
Sephanoides sephanoides MFETF G (6] M 2 5.60 2.72 26.5
Picidae Colaptes pitius MHTF G (0] R 466 125 0.25 245
Picoides lignarius MHTF G | R 3Eb 39.97 0.45 22
Campephilus magellanicus MHTF S | R 268 260 0.10 20
Psttacidae Enicognathus leptorhynchus*  TF S H R 466 250 N 125
Enicognathus ferrugineus MHTEF S H m 46 200 0.61 20.5
Furnariidae Sylviorthorhynchus desmursii ~ MHTF G | R 3 10.50 051 20.75
Aphrastura spinicauda MFETF S | m 3E6 1057 3.78 245
Leptasthenura aegithaloides MF G | m 4 9.10 0.70 36.5
Asthenes humicola* MF G | R 34 22.50 0.66 11
Pygarrhichas albogularis MHTE S | R 3 13.00 101 23.75
Rhinocryptidee  Pteroptochos tarnii* TF S O R 2 144.33 0.64 115
Pteroptochos castaneus* MF S (6] R 2E8 130 0.45 25
Eugralla paradoxa* METF S (6] R 2E8 34.50 0.28 8
Scelorchilus albicollis* MF G | R 2E8 41.00 0.90 10
Scelorchilus rubecula* TF S (0] R 232 40.35 133 14
Scytalopus magellanicus METF G | R 3 1193 0.35 275
Tyrannidae Xolmis pyrope MHETF G (0] m 2E8 30.45 0.44 285
Phytotoma rara MFETF G H m 22 52.36 0.17 235
Elaenia albiceps MHTF G (0] M 3 15.60 5.05 58
Anairetes parulus MHFTF G | R 3 7.20 131 275
Coloramphus parvirostris MHTF G | M 3 9.55 034 25
Hirundinidae Tachycineta meyeni MHETEF G | M 466 1535 1.05 28.67
Pygochelidon cyanoleuca TF G | M 3E6 11.85 0.20 65
Certiidee Troglodytes aedon MFETF G | M 467 9.47 1.89 111
Muscicapidae Turdus falcklandii MFETF G e} R 2E8 86.27 0.88 29.75
Fringillidae Zonotrichia capensis MHTF G H M 3 20.75 0.76 66
Curaeus curaeus METF G H R 4EB 90.00 0.64 26
Phrygilus gayi MF G H M 2Eb 21.00 187 30
Phrygilus patagonicus MHTEF G H M 224 20.13 116 235
Carduelis barbata MFETF G H M 366 22.30 0.78 275

MF, Mediterranean forest; TF, temperateforest; G, generdist; S specidist; H, herbivorous; O, omnivorous; |, insectivorous, M, long-distance migrant;

m, short-disance migrant; R, resdent. *Endemic goecies

densdty of species, taking into account only the sites where the
species was regisered. The geographical range of each species
was obtained from published data (e.g. Fjeldsa & Krabbe, 1990;
Anderson & Rozzi, 2000; Corndliuset al., 2000; Reid et al., 2002;
Jaramillo, 2003) and was debPned asthe latitudinal extent (sensu
Gaston, 1994; see also Gillespie, 2002). Data about the life-
history and theecology of specieswereobtained from an exhaudtive
review of the literature (e.g. Johnson, 1965, 1967; Ralph, 1985;
Vuilleumier, 1985; Jksic & Feisnger, 1991; Armesto et al., 1996b;
Rozz et al., 1996a,b; Seving et al., 1996, 2000; Willson et al., 1996,
2001; De Santo et al., 2002; D’az et al., 2005). We consdered bve
ediesattributesasindependent varidblesin our anayssof rarity:
(1) habitat gpecibity, (2) migratory status, (3) diet, (4) body mass,
and (5) clutch sze (see Table 1). In order to test for the effect of
someof thesevariableson rarity, the specieswere classibed in the
following categories (8) Habitat specificity: According to its
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dependence of forest habitats specieswere assigned to one of two
categories (0) generalist (goeciesthat useanother kind of habitat
in addition to forests and (1) speciaist (speciesthat only breed
and forage in forest habitat) (Kattan, 1992; Goerck, 1997;
Gilliespie, 2002); (b) Migratory status: (0) resdent, and (1) short-
or long-distance migrant (including speciesthat perform short-
distance movements within Chile, and long-distance migratory
species, that move between the tropica and temperate zonesin
South America); (c) Diet: The species were assigned to one of
following three categories depending on the main type of food:
primarily plants (seeds, fruits, and other plants tissues), plants,
and invertebrates (omnivorous gpedies), and primarily invertebrates
(insects, spiders, and other anima tissues). To anayse these
attributes, two dummy variableswere created (Draper & Smith,
1998) herbivory and insectivory. Thus, if agpecieswasan herbivore,
then it was classbed as herbivory = 1 and insectivory = 0. If a
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species was an omnivore, it was classibed as herbivory = 1 and
insectivory = 1. If agpecieswasan insectivore, it was classbed as
herbivory = 0 and insectivory = 1.

Mean body size (g), latitudinal range sze, and clutch sze
(number of eggsper brood) werelog,, transformed for dl satistica
anayses. Regiona abundance was expressed as log,, (mean
regiona dendty + 1).

Non-phylogenetic statistical analyses

We usad a multiple regression analysis with backward eimina-
tion and a sepwise forward sdection method to examine the
extent to which the observed variancein regional abundanceand
latitudinal range may be explained by a combination of species
attributes. Mode sdection wasbased on the Akaike Information
Criterion (AIC) (Akaike, 1973). Because multiple regressions
may fail to identify signibcant independent variables when
multicollinearity is present, we examined the tolerance valuesin
this procedure. Tolerance is computed as 1 DR? for aregresson
between agiven independent variable and all other independent
variables (Draper & Smith, 1998; Legendre & Legendre, 1998).
As arule of thumb, multicollinearity is indicated by tolerance
values< 0.20. In thisstudy, al tolerance valueswere > 0.5; there-
foreall variableshad asmall redundancy or large contribution to
theregresson. All regular satistical methods were implemented
with the use of statistica 5.1 for Windows (SatSoft Inc., Tulsa,
OK, USA) and the r datigtical software (R Development Core
Team 2005).

Phylogenetic statistical analyses

Because our analysis involves comparisons across different
ecies, it is possble that species can share traits because of
shared ancestry (Felsengtein, 1985; Harvey & Pagel, 1991). In
order to asssssthe contribution of phylogenetic rdatednesson traits
potentialy assodiated to rarity, we used an extenson of the Mantd
test (Mantd, 1967; Snouseet al., 1986; Legendre & Legendre, 1998),
the Sgned Mantd test (BShning-Gaese et al., 2000; BShning-
Gaese & Oberrath, 2001; Oberrath & BShning-Gaese, 2001), to
assessthe effect phylogenetic relatednessin themodelsidentibped
through multiple regresson. The Mantd test is concerned with
assessing the correlation between the dements of two distance
matrices (Manly, 1986). To construct each matrix, species are
compared with al the other species. Thus, for each variable
(dependent and independent variables), the distance dataon N
sampling units (birds species) are represented by an NxN
matrix with N(N — 1)/2 different paired distances. In this studly,
we condructed two Y matrices that described the dissmilarity
(distance) in regional abundance and latitudina range, respec-
tively, aX; matrix with phylogenetic distance anong species, and
X,, E ,, matricesthat represented the dissmilaritiesin the other
attributes among the species In Mantd tests, the regresson of
theindividual valuesin the matricesyiddsthe partial regression
coefbcientsby, b, E b, and therespective -values(Smouseet al.,
1986). A valid signibcance level for each X-variable (the Mantd
signibcance level) is then derived by comparing the original

Table 2 Resultsof multipleregresson analysesexplainingregional
abundance and latitudina range of species

Variable Coefbcients P-values
Regional abundance model

Log,, body size -0.42 0.004
Herbivory 0.25 0.05
Adjugted R? 0.21

Akaike Information Criterion 258

Latitudina range model

Habitat specibcity -0.30 0.01
Migratory status 0.14 012
Log,, clutch sze 0.49 0.09
Adjugted R? 0.35

Akaike Information Criterion 498

t-valuewith anull distribution of -values constructed by Monte
Carlo randomization. To congtruct the null distribution of ~vaues
we used 2000 randomizations.

The phylogenetic distance between each pair of pecies was
debned astheir genetic disance ATy, H according to the molecular
phylogeny of Sbley & Ahlquist (1990), which isaresolved phylog-
eny based on DNAEDNA hybridization, with AT, H being the
temperature when 50% of hybridizable DNA has melted. The
AT, H valueswereclassbed in discrete dassesfollowing Sbley &
Ahlquist (1990), and Sbley & Monroe (1990). Sbley and Ahlquist®
(1990) phylogeny has been widely applied in the comparative
anaysesof ecological and evolutionary patternsof birds(e.g. Nee
et al., 1991; Blackburn et al., 1996; Blackburn & Ruggiero, 2001).
To congtruct thedissmilarity matrix for therest of thevariables,
atrait dissmilarity index was calculated by subtracting the trait
valueof onespeciesfrom thevaueof theother species(Oberrath
& BShning-Gaese, 2001).

RESULTS

The multiple regresson analysis of factors affecting abundance
and latitudinal range identibed two different modes (Table 2).
For regiona abundance, the variables that entered the mode
were body size and herbivory (best mode with lowest AIC). The
relationship between body size and abundance was negetive, and
herbivorous species were more abundant than non-herbivorous
species In contrad, thelatitudina range of specieswasbest predicted
by habitat specibcity, migratory status, and clutch size. Forest
specialists had narrower geographical ranges than generalist
species (Fig. 28). There was a postive relationship between
clutch size and geographical range, and resident species had
narrower geographical rangesthan migrants (Fig. 2b). Although
migratory status was not signibcant in this model, it was so
in the Sgned Mantd test not including phylogenetic effects
(Table3).

When we take into account the phylogenetic relatedness
among species, usng a multivariate Mantd test (Table 3), the
resultsdid not change. Diet aswell asbody sze maintained their
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Fgure 2 InBuenceof (a) habitat specibcity on latitudinal range
(b) migratory statuson latitudina range. Displayed areleast Squares
means(+ 1 SE).

srong effects on regiona abundance, and habitat specibcity,
clutch size, and migratory status maintained their effects on
latitudinal range (Table 3). Phylogeny was not signibcant in any
of themodes sdlected using multiple regression procedures.

Rarity in Chilean forest birds

DISCUSSION

Wefound that nearly 40% of the variance in range size of forest
birds in centra Chile may be explained by migratory status,
clutch size, and habitat specibcity. For regional abundance, only
20% of variance can be explained by body size and diet. These
resultsarevery smilar to thosereported for well-studied European
bird assamblages (e.g. Blackburn et al., 1996; BShning-Gaese &
Oberrath, 2001) or well-known taxonomic groups such as
Anszriformes (Gaston & Blackburn, 1996).

Wefound that habitat specibcity wasstrongly related to latitu-
dinal range but not to abundance. The fact that this result only
partialy agresswith Brown®(1984, 1995) nichebresth hypothesis
which predicts that both distribution and abundance should
beaffected in smilar waysby degreeof speciaization in ecological
requirements, suggests that other factors might be important
(eg. Gaston et al., 1997). In our case, the observed positive rela
tionship between latitudinal range and habitat specibcity islikely
the result of thelong and narrow shape of ecoregions present in
Chile, which causesthat birdsthat inhabit only forest habitatsin
centra Chile had a signibcantly smdler latitudinal extent than
birdsthat occurred in many morekind of habitats. However, the
fact that smilar results have been found for South American
birdsin tropical ecoregions (Kattan, 1992; Goerck, 1997, Gillespie,
2002), not necessarily narrow in shape, suggests that other
ecological factorsareimportant. Thisisparticularly likely in the
case of forest endemic species Most endemic forest specidigtsin
our analyss, such as the Magellanic woodpecker (Campephilus
magellanicus), Austral parakeet (Enicognathus ferrugineus), and
mogt of gpeciesin the family Rhinocryptidae are large sized and
have been described as senstive to forest fragmentation and as
strongly dependent on forest sitesfor nesting and feeding (Rozzi
etal., 1996a; CofrZ, 1999; Estades & Temple, 1999; De Santo
etal., 2002; Reid et al., 2002; D’az et al., 2005). Therefore, we
hypothesizethat endemicforest birdsin Chilearelimited in their
digribution primarily by the latitudina distribution of their
habitat and secondarily by particular components of the forest
habitat, including food type (Ralph, 1985; Estades, 1997) and
availability of nest sites (De Santo et al., 2002; CofrZ, 2004).

Table 3 Resultsof multivariate Mante test including and not including phylogenetic distance, testing the inRuence of speciesattributeson
regiona abundance and latitudina range. Numbersin table are r-values. P-values based on 2000 permutations

Regional abundance Latitudinal range
Not including Including Not including Including
Feciestraits phylogenetic distance phylogenetic distance phylogenetic distance phylogenetic distance
Phylogeny -1.94 —2.74
Log,, body sze —7.49%** —7.77** N N
Habitat specibcity N N —6.84%** —7.11%*
Herbivory 4,65* 5.04** N N
Migratory status N N 4.6 471+
Log,, dutch size N N 5.54* 5.62¢

*P <0.05,**P < 0.01,***P < 0.001.
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It hasbeen reported that rare speciestend to havelower repro-
ductive invesment than common ones (e.g. Kunin & Gaston,
1993, 1997; Blackburn et al., 1996; Duncan et al., 1999; Gaston,
2003). Here, we found evidence of a postive relationship
between clutch size (an indirect measurement of reproductive
investment) and latitudinal geographica range. Indeed, most
endemic gpecieshaveasmall brood size(< threeeggs) such asthe
ochre-Banked tapaculo (Eugralla paradoxa), black-throated
huet-huet (Pteroptochos tarnii), chestnut-throated huet-huet
(Pteroptochos castaneus), Magdlanic woodpecker, and Chilean
pigeon (Columba araucana) (Johnson, 1967, De Santo et al.,
2002). This result is consstent with other sudies in birds. For
example, Brown (1995) showed a similar postive relationship
between brood sze and geographical range in North American
and Audrdian birds, Cotgreave & Pagdl (1997) found the same
relationship for terrestrial birds of Audraia, and Duncan et al.
(1999) found apostiverdationship between therangeszeand life-
higory traitsrelated to high population growth rates(many broods
per year and short Bedging time) of bird species introduced to
New Zealand (from the UK). Furthermore, traitsassociated with
fast offspring production (e.g. egg size, incubation, and Redging
time) have been showed be correlated with abundance and
geographical rangefor Central European birdsspecies(BShning-
Gaese & Oberrath, 2001), British birds (Blackburn et al., 1996),
and Anseriformes (Gaston & Blackburn, 1996).

Thereareanumber of studiesthat support apositivereation-
ship between digpersa ability and range sze for terrestrial and
aquatic animals (reviewed in Gaston, 1994, 2003). Our study
lends support to this concluson, asmost of the restricted range
peciesareresdent understorey hirdsof thefamily Rhinocryptidae
and Furnariidae (eg. S. desmursii, P. albogularis) that have been
described to beamong the most sensitiveto habitat fragmentation
in southern Chilean temperateforests, dueto their poor dispersa
ability to cross non-forest habitats (Willson er al., 1994; Seving
et al., 1996, 2000). Because of strong evidence of anegativerda
tionship between digpersa ability and extinction probability in
terregtrid birds (eg. Willson et al., 1994; Seving et al., 1996), a
possible explanation for the amall geographica ranges of these
pecies is associated to a historica reduction in forest habitat
caused by the progressive aridity during the Early to Mid-
Holocene in centra Chile (e.g. Villa-Mart'nez et al., 2003),
compounded with arecent history of forest loss due to human
impacts in the last 500 years (Fuentes & Mu—oz, 1995). Thisis
consigent with the explanation of why forest endemics with
restricted dispersal ability, especially those in the family
Rhinocryptidae, are not presantly found in temperate forest rdicts
in semiarid Chile (Corndliuset al., 2000; Reid et al., 2002).

The observed negative correation between body size and
abundance and the positive effect of herbivory on abundance
suggests that abundance rarity might be related to energetic
limitation (Blackburn et al., 1993; Gaston, 1994; Blackburn &
Gagton, 1997). In fact, energy availability has emerged as the
mogt likely mechanism congtraining maximum abundance (e.g.
Savage et al., 2004; Marquet et al., 2005). Sudies in birds have
shown that the relationship between body mass and population
densty, dthough usudly negative, can be highly variable (e.g.

Cotgreave & Harvey, 1992; Blackburn et al., 1993; Blackburn &
Gaston, 1997), such that it tend to be polygona (e.g. Neeer al.,
1991). Our analyssshowslarge variability in thisrelationship in
agreement with mogt studies performed at loca scales (Blackburn
& Gasgton, 1997). In addition, we found that herbivore species
eating plantstissues, such as seedsand fruits, are more abundant
than insectivorous and omnivorous species, after controlling for
body sze. This evidence suggests that abundance rarity of large
insectivorous species might be related to energetic limitations.
Arita (1993) reported a Smilar pattern for bats, where species
that feed on plant parts or products (fruit, nectar, and pollen)
were more abundant than insectivores. Smilarly, Goerck (1997)
suggeststhat largeinsectivorousbirds may berare because of the
seasona variability of their resources.

Finaly, in agreement with most studieson bird species, phylo-
genetic relatedness does not have any effect on the relationship
between rarity and ecological traits (e.g. Blackburn et al.,
1996; Gaston & Blackburn, 1996; Blackburn & Ruggiero, 2001,
Oberrath & BShning-Gaese, 2001; but see Neeet al., 1991).

CONSERVATION IMPLICATIONS

According to Manne & Pimm (2001), scarce and redtricted species
in the Neotropical avifaunaareaso themos threatened, aresult
consigent with the notion that they face the double jeopardy of
extinction associated to low abundance and redricted range
(Pbhnson, 1998). In this study we identibed several species that
facethisdoublejeopardy in Mediterranean and temperate forest
ecosysems of Chile. Some of them are ochre-RBanked tapaculo,
chestnut-throated huet-huet, Magellanic woodpecker, and
Patagonian tyrant (Coloramphus parvirostris). All these species
have been previoudy identibed asvery sensitiveto fragmentation
(Willson et al., 1994; Estades & Temple, 1999; Cornédlius et al.,
2000); however, they have not been granted with nationa (only
the Magdlanic woodpecker), or international (e.g. Sattersbeld
et al., 1998), conservation status. Our data reinforce the notion
that the status of these should berevisited (see dlso CofrZ, 1999)
asther persgenceisof concern given that they inhabit an area
heavily impacted by human activities associated with urban and
agricultura expansion, exotic species, forestry, and human-
induced Pres(Laraet al., 1996; Armesto et al., 1998; Arroyo et al.,
1999, 2004; Echeverria et al., 2006; Pauchard et al., 2006). This
area encompasses Mediterranean-type ecosysems (31° S to
36°30" S, which arewell known for harbouring alarge propor-
tion of earth biodiversity (Cowling et al., 1996). In continental
Chile, the area between 25° Sto 47° Sand anarrow coasta strip
between 19° to 25° Sare part of the Chilean winter rainfalb
Vadivian forest hotspot (Arroyo et al., 1999, 2004; Myers et al.,
2000), characterized by alarge number of endemic animal and
plant species. The identibcation of species potentially at risk
in this area requires urgent action, specialy considering the
low percentage (less than 3%) of protected areas herein located
(Armesto et al., 1998; CofrZ & Marquet, 1999), the current rates
of human encroachment (Echeverriaet al., 2006; Pauchard et al.,
2006), and its vulnerability to future land use changes (Wilson
et al., 2005).
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Future studies on this avifauna should focus in assessing
abundance and distribution patterns of speciesin forest that
have been poorly sudied (e.g. forest between 43° and 52° S).
Moreover, autoecological and population studies of the rarest
species should be carried out in order to identify their threat
satusand vulnerability to habitat fragmentation.
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