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BIRD DIVERSITY AND ITS RELATIONSHIP
WITH HABITAT CHARACTERISTICS
IN HIGH ANDEAN PEATBOGS

DIVERSIDAD DE AVES Y SU RELACION
CON LAS CARACTERISTICAS DEL HABITAT
EN VEGAS DE LOS ALTOS ANDES

Marfa Laura Josens!, Oriana OSINAGA-ACOSTA!,
Eduardo MARTIN? 3 *, Andrea E. IzQuiERDO! and H. Ricardo GRAU'

SuMMARY.— High Andean peatbogs are key functional wetlands in the dry Puna region and essential
in conserving local biodiversity, including bird communities. We surveyed the bird communities of
18 peatbogs in the Argentinean Puna (Salta and Catamarca Provinces) to describe their species
composition, their patterns of species richness and diversity; and their relationship to landscape features
and local environmental variables. In total, we registered 60 species belonging to 21 families during
summer 2014-2015. Species richness ranged from six to 20 species per peatbog. The Bright-rumped
Yellow-finch Sicalis uropygialis, Ash-breasted Sierra Finch Phrygilus plebejus, Golden-spotted Ground
Dove Metriopelia aymara and Puna Miner Geositta punensis were the most abundant representative
species. The change in bird species composition among peatbogs showed a nested structure. The present
study is the first one made for the avifauna of peatbogs of the Argentinean Puna and shows that the
peatbogs with more irregular forms and more interconnected with other wetlands support more
abundance and diversity of birds.

Key words: Argentinean Puna, avifauna, bird richness, High Andean wetlands, multivariate analysis,
nestedness pattern.

RESUMEN.—Las vegas de altura son unidades funcionales claves en la region drida de la Puna y
son esenciales para la conservacion de la biodiversidad local, incluyendo las comunidades de aves. Se
relevé la comunidad de aves de 18 vegas localizadas en la Puna Argentina (Provincias de Salta y Cata-
marca), para describir su composicién de especies, el patrén de la riqueza y diversidad de especies; y
la relacién con los atributos del paisaje y variables ambientales. En total registramos 60 especies de
aves pertenecientes a 21 familias en los veranos de 2014-2015. La riqueza de especies fue de seis a
20 especies por vega. El chirigiie culigualdo Sicalis uropygialis, el yal plebeyo Phrygilus plebejus, la

Instituto de Ecologia Regional, Universidad Nacional de Tucuman y CONICET,

CC 34 (4107) Yerba Buena, Argentina.

Instituto de Genética - Fundacion Miguel Lillo, Miguel Lillo 251 (4000) Tucumdn, Argentina.
Facultad de Ciencias Naturales e Instituto Miguel Lillo, Universidad Nacional de Tucuman,
Miguel Lillo 205 (4000) Tucumdn, Argentina.

Corresponding author: eduardomartin76@gmail.com



364 JOSENS, M.L., OSINAGA-ACOSTA, O., MARTIN, E., IZQUIERDO, A.E. and GRAU, H.R.

palomita aimara Metriopelia aymara y el minero puneiio Geositta punensis, fueron las especies mas
representativas en abundancia. El cambio en la composicién de especies entre vegas mostré un patrén
anidado. El presente estudio es el primero realizado para la avifauna de vegas de Argentina y muestra
que las vegas con formas mds irregulares y mds interconectadas con otros humedales, soportan mayor

abundancia y diversidad de aves.

Palabras clave: avifauna, andlisis multivariado, humedales, patrén de anidamiento, Puna argentina,

riqueza de aves.

INTRODUCTION

The Puna ecoregion of South America has
a variety of aquatic environments. Peatbogs
(locally called “vegas™) are among them and
represent key functional and particularly
distinctive systems within the arid Andean
environments (Squeo et al., 2006). Peatbogs
represent about 0.7% of the Argentine Puna
area (Izquierdo et al., 2015). They contribute
a disproportionally high share of the pri-
mary productivity (Baldassini et al., 2012),
regulate water resources (Reboratti, 2006),
and sustain populations of both domestic and
wild herbivorous mammals (Halloy, 1991;
Seimon et al., 2007). Because of their high
soil moisture, peatbogs sustain much of the
ecoregional biodiversity (Ruthsatz, 1993;
Squeo et al., 2006; Gibbs, 1993).

Bird communities use peatbogs as breed-
ing, feeding and watering sites. Therefore,
these sites support species associated with
different habitats, such as rivers and lakes, wet
meadows or bunch-grass steppes (Telleria
et al., 2006). Despite their importance, they
have scarcely been studied because of the
extreme conditions in which they are found
and the difficulty of access (Morrison et
al., 1998; Telleria et al., 2006). Their bird
communities have been described for some
locations in the Argentine and Bolivian
Puna, showing high species abundance and
richness (Hurlbert & Keith, 1979; Vides
Almonacid, 1990; Fjeldsa & Krabbe, 1990;
Hurlbert & Chang, 1983; Caziani et al.,
2001). These studies, however, span a long
period and cover sites that are scattered
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across a large region span. They are mostly
focused on shallow lakes and specific groups,
such as flamingos.

The High Andean peatbogs appear as
green oases in valley bottoms, shallow basins
and other areas of concave topography that
contrast sharply with the arid and steep land-
scape (Maldonado Fonkén, 2014). For that
reason, they can be regarded as humid and
productive “islands” within a matrix of arid
environments. From a landscape perspective
and according to theories of island bio-
geography, greater bird species diversity
should occur in large and relatively well
interconnected peatbogs rather than in
small and isolated ones (Caziani et al., 2001;
Rosenzweig, 1995; MacArthur & Wilson,
1967; Lossos, 2010). Likewise, in relation to
peatbog characteristics, we expected to find
higher species richness and abundance in
isodiametric peatbogs where the periphery/
area relation is small, and therefore, the edge
effect is lower (Murcia, 1995; Moser et al.,
2002; Andrén, 1994); and in the same way
for the larger ones (Telleria et al., 2006).
Also, we expect higher diversity in more
productive peatbogs since species richness
increases from low to intermediate habitat
productivity levels (Rosenweigz, 1995;
Waide et al., 1999). This latter hypothesis
states that primary productivity (i.e. the
main input of available energy to ecosystems
resulting from plant photosynthesis) limits
the number of species present in ecosys-
tems (Mittelbach ef al., 2001; Hawkins et
al., 2003). Among these studies, those that
evaluated both the density of plant growth
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in terms of the Normalised Difference Vege-
tation Index (NDVI) and bird-species rich-
ness found that mean annual NDVIs were
good predictors of avian diversity (Bonn et
al., 2004; Phillips et al., 2010).

In addition to the patterns of bird species
number and/or abundance among peatbogs;
community descriptions benefit from dif-
ferentiating whether species composition
occurs at random or as a nested pattern (At-
mar & Patterson, 1993). Nestedness occurs
when the species present at species-poor
sites are non-random subsets of those present
in species-rich areas (Atmar & Patterson,
1993); reflecting a non-random process of
species loss as a consequence of any factor
that promotes the orderly disaggregation of
assemblages (Gaston & Blackburn, 2000).

In this study, we analysed data from bird
communities surveyed in peatbogs of the
northwestern Argentinean Puna to describe
i) their bird species composition, richness,
relative abundance and nestedness, ii) to
explore the patterns of change in species
composition among peatbogs, and iii) to
evaluate which landscape and peatbog
characteristics are related to these bird com-
munity attributes.

MATERIAL AND METHODS
Study Area

The Puna, the high plateau of the Central
Andes, extends over Peru, Bolivia, Chile
and Argentina, above 3,000 m a.s.1. In north-
western Argentina it includes areas between
20°S and 30°S. The climate is arid and cold,
with intense solar radiation, strong winds
and daily temperature fluctuations that may
exceed 30°C (Olson et al.,2001). Annual pre-
cipitation is scarce (100-400 mm) and occurs
between November and February, decreasing
to the west and south (Cabrera & Willink,
1973). The hydrographic system of most of

the Puna is characterised by the existence
of endorreic watersheds with saline depres-
sions that receive input from small rivers
and include temporary or permanent shallow
salty lakes (Paoli et al., 2002).

Peatbogs form in damp hollows where
plant matter decomposes slowly because of
the low temperature and humidity, forming
peat, a deposit of organic material (Maldona-
do Fonkén & Maldonado, 2010; Segnini et
al.,2010). The bog vegetation has a cushion-
like habit. Large cushions are dominated by
Distichia muscoides, Oxychloe andina and
Plantago rigida. Other genera present in-
clude Gentiana, Hypsela, Isoetes, Lilaeopsis,
Ourisia and Scirpus. In well-drained areas,
some of the cushion plants include Yareta
Azorella compacta and Werneria aretioides
(Stotz et al., 1996; Salazar, 1999; Nieto et
al.,2015). These topographic and vegetation
characteristics contrast strikingly with the
arid surrounding landscape in terms of vege-
tation cover, which facilitates peatbog spatial
delimitation.

Habitat features

We surveyed 18 peatbogs (covering a total
of 777.65 ha) in the Salta and Catamarca
provinces of northwestern Argentina in 2014
and 2015 (Figure 1, Supplementary material
appendix 1, Table S1). We characterised
peatbogs according to both landscape and
local characteristics. The landscape-scale
characterisation was based on the regional
peatbog map developed by Izquierdo et al.
(2015), from which we obtained the exact
location (latitude and longitude) and area of
each peatbog. In addition, we considered:
a) the mean annual temperature and total
precipitation from WorldClim (Hijmans et
al., 2005); b) shape (i.e., perimeter/Z\/rc*
area), where a lower value implies more
circular shape; ¢) connectivity; as distance to
the closest neighbour peatbog (landscape
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FiG. 1.—Study area and location of visited peatbogs in northwestern Argentina (South America).
[Area de estudio y localizacion de las vegas visitadas en el noroeste de Argentina (Sudamérica).]
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metrics were calculated with Patch Analy-
sis; continuity with the ‘“‘near” function,
and altitude based on a Digital Elevation
Model (DEM) through ESRI@ArcGIS10.1.;
Izquierdo et al., 2015); and d) Median NDVI
(Normalized Difference Vegetation Index)
as a primary productivity proxy calculated
from Landsat bands (Supplementary mate-
rial appendix 1, Table S1).

At local scale, using a “Horiba U52” mul-
tiparameter analyzer, we measured the pH,
conductivity (NTU) and percentage of dis-
solved oxygen (DO/mg 1) of the peatbog
water courses. Altitude was measured in the
field using GPS equipment (Supplementary
material appendix 1, Table S1).

Bird counts

Point counts across each peatbog were
used to estimate bird richness and abundance
during single summer visits in 2014 or 2015.
Five observation points were separated by
150 to 300 m (depending on peatbog size)
from each other to avoid recording the same
individuals from neighbouring points (Bibby
et al., 2000; Naoki et al., 2014). During each
count we recorded all birds seen or heard
during a ten-minute period (Sutherland et al.,
2004). Since the Puna birds do not show
marked peaks of activity, unlike those in the
lowlands, observations were carried out
between 07:00 and 17:00 hours, unless the
weather conditions were unfavorable (rain,
wind, hail) (Naoki et al., 2014). Species
identification followed a standard field guide
(Narosky & Yzurieta, 2003).

Statistical analysis
Bird species composition and richness

For each peatbog we calculated the
following variables: richness (number of
species); abundance (the number of indi-

viduals of a given species relative to the
other species); the Margalef diversity Index
I=(s-1)/In N, where I = the biodiversity
index, In = natural logarithm, s = species
number and N = total number of individuals
(Margalef, 1958); Species Evenness (or
Pielou’s index) J = H’/H’ ., where H’ is
the number derived from the Shannon diver-
sity index and H’ , is the maximum possi-
ble value of H’. This latter index quantifies
how equal the community is numerically
whereas the Margalef index (Margalef, 1958)
is a simple measure of species richness.

In addition, we estimated the Relative Im-
portance Index, RII = (N;/N,) * (M;/M,) * 100,
where N; is the number of individuals of
species i in all samples, N is the total num-
ber of individuals of all species, M, is the
number of samples in which species i was
present and M, is the sum of all samples
(Gatto et al., 2005). This index shows the
relative importance of each species across
the study area. We decided to use the 16
species with the highest Relative Importance
Index values in the subsequent analysis.

Bird assemblage structure compared
among peatbogs

Bird assemblage structure was assessed
by studying patterns of nestedness. Nested-
ness occurs when the species composition
of any one “island” is a proper subset of
the species composition of another larger
“island” (Patterson & Atmar, 1986; Cutler,
1994). The nestedness pattern is most often
used to explore the structure of communi-
ties, such as islands within an archipelago
(Patterson & Atmar, 1986), habitat fragments
within a landscape (Atmar & Patterson, 1993;
Patterson & Atmar, 2000; Ganzhorn & Eisen-
beiss, 2001), isolated peaks in mountain
ranges (Patterson, 1990; McDonald & Brown,
1992; Cook, 1995), and temporal changes
within disturbed habitats (Bloch et al., 2007).
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We used the weighted nestedness algo-
rithm (Rodriguez-Gironés & Santamaria,
2006) to analyse the distribution pattern of
bird species among peatbogs. This method
analyses the matrix of abundances of species
and calculates its “temperature”, which in-
dicates the level of order or disorder of the
matrix. Nestedness values of 0 indicate non-
nestedness, while 100 indicates perfect
nestedness. The lower the temperature of the
matrix (level of nestedness of the system),
the lower is its disorder and the less sto-
chastic is the distribution of the species in
the studied assemblage.

To assess the statistical significance of
the nestedness patterns, we used the vaznull
model (Véazquez et al., 2007): we compared
our result against 1000 randomly generated
matrices of the same size (in terms of rows
and columns), where the probability of inter-
actions (birds species shared by peatbogs)
is proportional to the total interactions
(Bascompte et al., 2003). The P value was
defined as the ratio of the number of random
matrices with T value equal to or greater than
that of the observed matrix. Nestedness was
analysed using the Bipartite v. 2.05 package
(Dormann et al., 2009) of the R v. 2.15.3
statistical program (R Development Core
Team, 2013).

Bird community composition related
to habitat characteristics

We performed a multivariate analysis to
explore the relationship between bird com-
munity composition and the peatbog habitat
characteristics. First, we used a Detrended
Correspondence Analysis (DCA) with abun-
dance data to determine whether unimodal
or linear numerical techniques are most
appropriate for modelling the relationships
among bird community attributes. Next,
Redundancy Analysis (RDA) was performed
on the same data matrix and on the log,,-
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transformed peatbog characteristics matrix
to examine associations between them and
bird community composition. For this pur-
pose, we selected the 16 species with the
highest Relative Importance Index values.
In the first run, weighted correlations and
variance inflation factors VIFs (> 20) were
used to identify the inter-correlated variables,
and then they were removed. RDA with step-
wise forward selection was performed on all
samples and the rested variables to identify
which peatbog characteristics explained a
statistically significant (P < 0.05) amount of
the variation in bird data. The significance
of each variable was tested using an un-
restricted Monte Carlo test (999 permuta-
tions). Ordinations were performed using
the Canoco 4.0 for Windows computer pro-
gram (Leps & Smilauer, 2003).

RESULTS

We recorded a total of 60 species be-
longing to 21 families. Species richness
ranged from six species in Alto El Peidn to
20 species in Tocomar. The best-represented
families were the Emberizidae (11 species),
Furnariidae (9 species) and Tyranidae (8
species). The species with highest RII values
were the Bright-rumped Yellow-finch Sicalis
uropygialis and the Ash-breasted Sierra
Finch Phrygilus plebejus (also the most
abundant species), followed by the Golden-
spotted Ground Dove Metriopelia aymara,
Puna Miner Geositta punensis and Red-
backed Sierra Finch Phrygilus dorsalis (Sup-
plementary material appendix 1, Table S2).

The “matrix temperature” of the bird
assemblages was 46.91° and was lower than
the null model (T mean for vaznull model =
57.54,P=0.033, from 999 randomizations),
indicating that bird assemblages (i.e., species
composition and abundances) in the sur-
veyed peatbogs exhibited a moderate nested
structure.
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The bird species with higher RII values the
Bright-rumped Yellow-finch, Ash-breasted
Sierra finch, Golden-spotted Ground Dove
and Puna Miner, were the most abundant
and present at most peatbogs. These species
are all characteristic of the Puna. The La-
guna del Medio (V13), Alto el Pefién (V12)
and Aguas Calientes (V3) peatbogs showed
greater abundance values, while Tocomar
(V1), Salinas Pastos Grandes (V5) and La-
guna del Medio (V13) showed most diver-
sity (Figure 2).

To explore which landscape and peatbog
characteristics could be associated with bird
biodiversity, a DCA with a length gradient
(1.805) indicated that a linear model was
most appropriate. In the first run of RDA,
weighted correlations and variance inflation
factors VIFs (> 20) were identified; conse-
quently, the minimum and maximum tem-
perature were eliminated. The RDA was
performed on the full data set, and the
eigenvalues for axes 1 and 2 (A1 =0.323 and
A2 = 0.132, respectively) explained 64.8%
of the variance observed in bird community
attributes. The bird community and peatbog
characteristics correlations for RDA axes 1
and 2 were high (0.85 and 0.93) (Table 1).
Two variables were significant (P > 0.05),
shape (explaining 20% of the total variance)
and connectivity (14%) (F = 4.006, P =0.009
and F = 2.599, P = 0.038 respectively). The
first RDA axis explained 46% of this varia-
tion, showing high correlation with con-
nectivity, shape and pH. The second axis
explained 18.8 % of the variation, showing
a high correlation with elevation, peatbog
area and Median NDVI. Bird abundance was
correlated with connectivity while richness
(Margalef Index) was correlated with peat-
bog shape and area. Also, the ordination
graph showed on top, species related to
Puna and High Andean steppes (e.g. Red-
backed Sierra Finch and Puna Miner) and
they correlated with elevation. In contrast,
species not distinctive of Puna region (e.g.
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FiG. 2.—Graphical representation of the quantita-
tive species-peatbogs nested pattern. Black rectan-
gles represent bird species (right) and peatbogs
(left). Rectangle width is proportional to the num-
ber of interactions (species abundance). Lines
represent links between species and peatbogs.
Only species codes for very frequently recorded
species are given (see Supplementary material
appendix 1, Table S2, for species codes).
[Representacion grdfica del patron cuantitativo
de anidamiento de especies-vegas. Los rectdn-
gulos negros representan especies (derecha) y
las vegas (izquierda). El ancho del rectdngulo es
proporcional al niimero de interacciones (abun-
dancia de especies). Las lineas representan los
enlaces entre especies y vegas. Solo se muestran
los codigos de las especies con mayores registros
(véase el Material suplementario, apéndice 1,
Tabla S2 para informacion sobre el codigo de las
especies de aves).]
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Rufous-collared Sparrow Zonotrichia ca-
pensis and Speckled Teal Anas flavirostris,
were grouped towards the lower values of
this Y axis and they correlated with peatbog
area and Median NDVI (Figure 3).

DiscussioN

The present study shows that the High
Andean peatbogs of Argentina sustain a di-
verse avifauna that differs according to land-
scape and local environmental characteristics.
This highlights the value of an environment
that is recognised as highly importance in
preserving the biological diversity of this
Puna ecoregion. The Argentine Puna peatbog
avifauna is more diverse that of Peruvian
and Bolivian peatbogs (Telleria et al., 2006;
Naoki et al., 2014 respectively). For exam-
ple, in Peru the mountain peatbogs seem to
be occupied by a subsample of upland birds,

totalling 34 species. In contrast, the peatbogs
of the Argentine Puna attract many species of
the High Andean steppes, grasslands, pre-
Puna and Puna, and other common species
from wetlands and marshes, totalling 60 bird
species. These findings strengthen the view
that Argentinian peatbogs may operate as
centres of high avian diversity for birds by
sustaining species that are also associated
with a variety of other habitats (Telleria et
al., 2006).

According to island biogeography theory
(McArthur & Wilson, 1967; Lossos, 2010),
it should be expected that large and rela-
tively well interconnected peatbogs attract
the greatest avian diversity, and our results
partly support this prediction. We found
the highest species richness in Tocomar,
our largest peatbog. The Laguna del Medio
also presented high species richness and
abundance; this peatbog is associated with
a shallow lake, indicating that landscape

TABLE 1

Summary of the ordination by redundancy analysis (RDA) for bird community and peatbog variables

(see Figure 3).

[Resumen del ordenamiento del andlisis de redundancia (RDA) para la comunidad de aves y las va-

riables de las vegas (vedse Figura 3).]

Total
Axes 1 2 3 4 variance

Eigenvalues 0.323 0.132 0.081 0.050 1.000
Species-environment correlations 0.85 0.931 0.924 0.931
Cumulzlltlve percentage variance 323 454 535 535
of species data
Cumulative percentage 46.0 64.8 76.3 83.5
of species-environment relation
Sum of all eigenvalues 1.000
Sum of all canonical eigenvalues 0.700
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heterogeneity may play a role comparable to
peatbog size in determining species richness.
In contrast, the smallest and most isolated
peatbog, Alto el Peidn, showed low species
richness but high abundance of birds, espe-
cially such finches as the Bright- rumped

Yellow-finch Sicalis uropigialis which occur
in monospecific flocks.

We expected that isodiametric peatbogs
would have higher species diversity, since
elongated and irregular peatbogs have more
edge effect, thus reducing island functionali-
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FiG. 3.—Stepwise Redundancy Analysis (RDA) of bird community and peatbog variables. The angle
of arrows with the axis indicates their correlation with the axis: variables whose arrows are parallel
with one axis are highly correlated with it. Arrow length is proportional to the relative importance of
the environmental or species variable. Important variables are represented by longer arrows. The x-axis
explained 46% and the y-axis explained 18.8% of the variance. Circles represent peatbog samples. (For
peatbog and species codes see Supplementary material appendix 1, Tables S1 and S2, respectively).
[Andlisis de Redundancia (RDA) de la comunidad de aves y las variables de las vegas. El dngulo de
las flechas con el eje indica la correlacion con dicho eje: las variables cuyas flechas estdn paralelas
con el eje presentan una alta correlacion con el mismo. El largo de la flecha es proporcional a la im-
portancia relativa de la variable ambiental o especie, variables mds importantes estdn representa-
das por flechas mds largas. El eje x explico un 46% y, el eje y un 18,8%. Los circulos representan las
vegas muestreadas. (Para los codigos de vegas y especies véase el material suplementario, apéndice 1,
Tablas S1y S2, respectivamente).]
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ty (Moser et al., 2002). However, we found
that the more irregularly-shaped peatbogs
sustained more bird richness and abundance,
probably because peatbogs with more “arms”
or an irregular perimeter could offer more
microhabitat heterogeneity. As peatbogs
appear as green oases within valley bottoms,
contrasting sharply with the arid and steep
landscape (Maldonado Fonkén, 2014), birds
may concentrate there for forage or refuge.
This is probably related to the breeding cycle
of the Andean avifauna, since peatbogs had
a higher abundance of birds in February at
the end of the breeding season (Telleria et al.,
2006), when our sampling was conducted.

Peatbog shape and interconnectivity were
nonetheless the main significant and corre-
lated variables. Even though we did not find
a relationship between assemblages and peat-
bog size; species richness (i.e. the Margalef
index) increased and correlated with peatbog
size and shape, indicating that these charac-
teristics are important for birds. In addition,
an increase was detected for bird abundance
with peatbog interconnectivity and Median
NDVI (see Figure 3). Area is the main pre-
dictor of species richness, especially in wet-
lands (Rosenzweig, 1995; Hobaek et al.,
2002; Paracuellos & Telleria, 2004; Telleria
et al., 2006). For birds, abundance is strong-
ly determined by peatbog size; larger ones
attracting more individuals (Caziani et al.,
2001; Telleria et al., 2006).

The differences in species assemblages
between peatbogs indicate a nested pattern,
with changes in abundance being more fre-
quent than changes in species diversity.
This type of change in biodiversity is most
prevalent in fragmented habitat or ‘islands’
(Patterson & Atmar, 1986; 2000). Nestedness
of species assemblages occurs where the
biotas of sites with smaller numbers of
species are subsets of the biotas at richer
sites (Ulrich & Gotelli, 2007), reflecting a
non-random process of species loss as a
consequence of any factor that promotes
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the orderly disaggregation of assemblages
(Gaston & Blackburn, 2000). Nestedness can
occur by two different processes: species-
specific colonisation and/or dispersal po-
tential and species-specific vulnerability to
extinction (Patterson & Atmar, 1986). For
example, the colonisation assumption in-
cludes different colonisation capacities of
different species, not only in relation to con-
nectivity or distance but also in relation to
environmental gradients (altitude, tempera-
ture, precipitation, etc.) (Ganzhorn, 1998).
For the high Andean Puna peatbogs, envi-
ronmental gradients and connectivity could
have a strong influence on bird communi-
ties, as explored in the RDA analysis (see
below). Several ecological processes can
produce a nested pattern in a community and
they are not mutually exclusive (Lomolino,
2007). We cannot address which processes
are involved, but nested structure provides
guidance on how different species or assem-
blages could respond to this particular frag-
mented habitat in the dry Puna.

In Peatbogs are sites of high biodiversity
concentration and an important resource for
distinctive and endemic species of the puna,
some of which are now restricted to frag-
ments of undisturbed natural landscape
(Maldonado Fonkén, 2014). However, peat-
bogs are under-represented among currently
protected areas (Caziani et al., 2001), despite
their rich and unique bird communities, and
have hardly been studied from a conserva-
tion perspective. During the past decades,
human and livestock pressure on the region
has decreased (Izquierdo & Grau, 2009),
which may have resulted in a recovery of
ecosystems and their wildlife (Grau & Aide,
2007). However, a combination of human
activities (e.g. mining, mineral extraction
from salt-pans) and climatic warming and
drying (Carilla et al., 2013) could result in
the reduction and fragmentation of regional
peatbogs in the coming decades (Squeo et
al., 2006).
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This study is an attempt to contribute to
the knowledge of High Andean bird com-
munities in the peatbogs of Northwestern
Argentina, by exploring which landscape
variables and local peatbog characteristics
may be associated with changes in assem-
blage composition and species richness. Our
chief findings regarding the importance of
peatbog size and shape, and of intercon-
nectivity among peatbogs and with other
wetlands, provide guidelines on how to
prioritise peatbog conservation in relation
future changes in climate and land use;
including mining, urbanisation and roads
construction.

In addition to supporting bird commu-
nities, the Andean peatbogs are extremely
valuable for the conservation of other com-
ponents of biodiversity, for carbon seques-
tration, for generating forage for local live-
stock, and for regulating water resources for
human consumption. This study also pro-
vides a baseline for elaborated modelling
efforts to design conservation and land plan-
ning strategies to maximise the sustaining of
these environmental benefits in balance with
avian conservation.
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