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Abstract. Despite high raptor diversity and species of conservation importance, little is known about the structur-
ing of raptor communities in tropical regions. we examined diversity across land uses, spatial-niche overlap among spe-
cies, community structure, and relationships between abundance and niche position/width of diurnal raptors in peru. 
between april and December in 2008 and 2009, we surveyed raptors by distance sampling along transects, and recorded 
associated habitat data, in 70 randomly selected plots of 1 km2 in Cerros de amotape national park, the Tumbes na-
tional reserve, and its buffer areas. we recorded 563 sightings of 19 species of diurnal raptors. abundance and richness 
were highest in the buffer zone and lowest in the national park. mantel tests revealed no correlation between the species’ 
spatial-niche overlap and body-size differences, but there was a near-significant relationship between spatial-niche over-
lap and dietary overlap. a canonical correspondence analysis (CCa) of raptor species and habitat variables ordinated 
species according to latitude, elevation, percentages of vegetation cover, and, in some cases, individual tree species. 
abundance was negatively correlated with habitat-niche position (rarer species used “more extreme” habitats) and posi-
tively correlated with niche width (standard deviations of CCa axis scores). There was, however, considerable variation 
in the abundance–niche width relationship, and we were able to identify species with niches narrower than expected. we 
then calculated “niche bottlenecks” for each species. There was a strong negative relationship between degree of bottle-
neck and abundance, with the small rare species having particularly narrow bottlenecks. 
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Diversidad, Estructura Comunitaria y Características del nicho en un Ensamble de rapaces  
Diurnas del noroeste de perú

Resumen. a pesar de su alta diversidad y de la presencia de especies de interés para la conservación, se sabe poco 
sobre la estructura de las comunidades de rapaces en las regiones tropicales. Examinamos la diversidad entre diferen-
tes regímenes de uso de la tierra, la superposición espacial entre especies, la estructura de la comunidad y las relacio-
nes entre abundancia y posición y amplitud de nicho en una comunidad de rapaces en perú. Entre abril y diciembre del 
2008 y 2009, utilizando el método de distancia de muestreo, evaluamos las especies de rapaces a lo largo de transectas 
y recolectamos información sobre sus hábitats asociados en 70 parcelas de 1 km2 seleccionadas al azar en el parque na-
cional Cerros de amotape, la reserva nacional de Tumbes y sus zonas de amortiguamiento. En total registramos 563 
avistamientos individuales de 19 especies de rapaces diurnas. la abundancia y riqueza fueron más altas en las zonas de 
amortiguamiento y más bajas en el parque nacional. pruebas de mantel no mostraron correlación entre la superposición 
espacial y las diferencias de tamaño entre especies, pero hubo una relación casi significativa entre la superposición espa-
cial y el traslape de dietas. un análisis de correspondencia canónica (aCC) de especies de rapaces y variables de hábitat 
ordenó las especies de acuerdo a la latitud, elevación, porcentajes de cobertura de vegetación y, en algunos casos, espe-
cies de árboles. la abundancia estuvo negativamente correlacionada con la posición de nicho de hábitat (especies más 
raras usaron hábitats “más extremos”) y positivamente correlacionada con la amplitud de nicho (desviaciones estándar 
de los valores de los ejes del aCC). hubo, sin embargo, una variación considerable en la relación entre abundancia y am-
plitud de nicho, y pudimos identificar especies con nichos más estrechos de lo esperado. luego calculamos “cuellos de 
botella en los nichos” para cada especie. hubo una fuerte correlación negativa entre la magnitud del cuello de botella y 
la abundancia y las especies raras y pequeñas tuvieron cuellos de botella particularmente estrechos. 
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inTrODuCTiOn

Tropical ecosystems are the most diverse in the world (wilson 
1988), with 90% of all raptor species occurring wholly or par-
tially in the tropics (Kennedy 1986). with around 34 species, 

the forests of extreme northwest peru hold a particularly rich 
assemblage of raptors (piana et al. 2010), including the endan-
gered gray-backed hawk (Pseudastur occidentalis). Thiollay 
(1994) considered this region a priority for raptor conservation 
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because of the high diversity of raptors and the occurrence of 
several endemics. as elsewhere in South america, the drier 
forests of Tumbes are particularly threatened—in western Ec-
uador and northwestern peru less than 5% of forest cover re-
mains (best and Kessler 1995). birds of prey are difficult to 
study, and the status and distribution of many species remain 
poorly known (bildstein et al. 1998). as top predators, raptors 
usually occur at low density and occupy large territories and 
therefore may be sensitive to habitat degradation (bierregard 
1998, watson 1998). Thiollay (1998) considered habitat loss, 
degradation, and fragmentation as the main issues in raptor 
conservation in tropical asia.

although several studies have addressed tropical raptors, 
these have concentrated on the abundance, habitat associa-
tions, and ecology of individual species (whitacre and Thor-
strom 1992); there have been few attempts to describe raptor 
community composition (Thiollay 1996, 2007, Carrete et al. 
2009). Studies attempting to identify factors that segregate 
sympatric raptors have generally been oriented toward dietary 
structuring of communities (iriarte et al. 1990), although 
there is evidence that vegetation cover and structure (preston 
1990) and availability of nesting and perching sites are also 
factors that segregate (or aggregate) raptor species in the land-
scape (Janes 1985). few attempts have been made to charac-
terize and compare species by habitat-niche dimensions such 
as niche position, width, and overlap (an exception is Thiollay 
1993). in this paper, we deal with the ideas of the grinnellian 
or hutchinsonian niche (the habitats within which a species is 
found, or the multi-dimensional “hypervolume” within which 
it is found) rather than the Eltonian niche (how a species fits 
into a community). niche position can be defined as the typi-
cality of the conditions used by a species (gregory and gas-
ton 2000) and, in our study, reflects how extreme or ”average” 
are the habitats a species uses relative to those available in the 
landscape. niche width can be defined as the range of condi-
tions used by a species (gregory and gaston 2000, marsden 
and whiffin 2003) and, in our study, reflects the proportion of 
the gradient of variability in a composite of measures of the 
habitat the species uses. niche overlap is the degree to which 
two or more species share niches (pianka 1974), that is, the 
proportion of all geographical areas, habitat components, or 
resources shared by two taxa. in this study we compare spa-
tial niche overlap, or the proportion of sites in which pairs of 
raptor species were recorded compared to those used by just 
one of the pair. These measures are seen as being critical driv-
ers of biotic community make-up (hofer et al. 2004) and have 
important implications for conservation biology (Devictor et 
al. 2010). for example, niche position is usually found to have 
a strong effect on abundance (Seagle and mcCracken 1986, 
marsden and whiffin 2003) with extreme niche positions be-
ing associated with low abundance, which is itself associated 
with high extinction risk (pimm 1988). niche width is gen-
erally not thought to have a strong influence on abundance 

(gaston et al. 1997), but more important may be niches par-
ticularly narrow along certain dimensions. for example, if a 
species has a broad diet and uses a wide range of habitats for 
foraging, yet has an extremely specialized breeding habitat (it 
has a narrow niche in breeding habitat), then it may be par-
ticularly vulnerable to relatively small anthropogenic habitat 
changes if they occur on the dimension on which its niche is 
narrowest. we term this narrow niche a “niche bottleneck,” 
and in this paper we compare the width of a species’ habitat 
niche across several habitat gradients to determine how severe 
any niche bottleneck might be. 

Our aim was to examine the make-up of the diurnal rap-
tor assemblage in Tumbes, northwestern peru, in terms of 
abundance, spatial niche overlap across species, and the main 
environmental drivers of assemblage patterns. we then look 
at the relationships between abundance and niche characteris-
tics to determine if some species may be particularly suscep-
tible to declines or local extinction due to their specialization 
in particular habitats or their intolerance of the anthropogenic 
environmental changes underway in the area. we include an 
investigation into the extent to which individual species’ habi-
tat niches might be constricted on particular habitat gradients 
and whether such niche bottlenecks have an influence on local 
abundance.

mEThODS

STuDy arEa

located in the centre of the Tumbesian Endemic zone, the 
north western biosphere reserve is a set of three adjacent 
protected areas, Cerros de amotape national park (Canp), 
the Tumbes national reserve (Tnr), and El angolo hunt-
ing preserve. Together they preserve 230 000 ha of dry, semi-
deciduous, and deciduous forests, the largest tract of these 
forest types still remaining in the whole Tumbesian endemic re-
gion (best and Kessler 1995). These protected areas are impor-
tant bird areas from which at least 34 diurnal raptors have been 
reported (angulo 2009, piana et al. 2010). Canp is a strictly 
protected area within which no direct use of natural resources is 
allowed. however, because of poorly implemented control poli-
cies the park is used for free-range cattle grazing and hunting. 
Tnr is a national protected area where direct use of natural 
resources is allowed as long as these uses are compatible with 
the objectives of the reserve and its management plans. in the 
sections we surveyed, these activities included low-intensity 
timber extraction, hunting, cattle grazing, and conversion of 
forest to pastures. according to the peruvian law no. 26834, 
buffer areas are not part of the protected areas yet activities 
there should be compatible with the objectives of the protected 
areas adjacent to them. Despite this, human-induced activities 
in the buffer areas we studied ranged from forest clearing for 
agriculture and pastures, free-range cattle grazing, hunting, 
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commercial and subsistence logging, extraction of non-timber 
forest products (e.g., collection of fruits, parrots). During field 
work we never encountered any representatives of the park or 
reserve administration in the buffer zone.

we selected a study area of 25 × 25 km (62 500 ha) in the 
northern part of the north western biosphere reserve, the cen-
ter of this square lying over the El Caucho research Station (fig. 
1). The study area encompassed the northern sector of the Canp 
and the Tnr, from the small town of El Tutumo (3° 45′ S) in 
the park’s buffer area to Quebrada El Ebano (4° S) and from the 
small town of belen (80° 30′ w) to the Tumbes river on the bor-
der with Ecuador (80° 45′ w, eastern limit of the Tnr).

The study area includes four main habitat types within 
the seasonally dry tropical forests (linares-palomino 2006). 
Classification of these habitats is based on aguirre et al. 
(2006), although we divided the deciduous forest further into 
two habitat types. The habitats considered were dry savanna 
(30–100 m above sea level), where algarrobo (Prosopis pal
lida) and faique (Acacia macracantha) trees dominated the 
vegetation; dry deciduous forest (100–300 m), where madero 
(Tabebuia bilbergi) trees dominated and some ceibo (Ceiba 
trichistrandra) and pasallo (Eriotheca ruizii) trees occurred; 
deciduous forest (300–600 m), where guásimo (Guazuma ul
mifolia) dominated the lower strata and ceibo the upper strata, 

and semi-deciduous forest (>600 m), with fernán Sanchez 
(Triplaris cumingiana), guaruma (Cecropia littoralis), polo-
polo (Choclospermun vitifolium), and ceibo. precipitation in 
the study area is approximately 520 mm per year and is mark-
edly seasonal with a rainy season from January to april (85% 
of annual precipitation). average yearly temperature is 26°C, 
with night temperatures higher in lower areas. During El niño 
precipitation in Tumbes department can be many times higher 
than in average years, and the average temperature can in-
crease by 2° C (CDC-unalm 1992).

rapTOr SurvEyS anD habiTaT rECOrDingS

we recorded data on raptors and their habitats over two field 
seasons, april–December of 2008 and 2009. Such long peri-
ods in the field were necessary for us to cover the large areas 
and to accumulate sufficient raptor records. long field seasons 
may introduce biases due to seasonality, but we surveyed only 
outside of the local wet season. all raptor species included 
were resident in the area. breeding is most likely during the 
wet season (vargas 1995), and we noted no transportation of 
nesting materials, active nests, or prey supply to nestlings dur-
ing the field work. 

we established 70 plots of 1 × 1 km in the 25 × 25-km 
study area (11.2% of the total area). plots were allocated 

figurE  1. Study area in northwestern peru.
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randomly without stratification within all areas of the study 
site except the Tnr. a few plots were too remote to allow 
safe access so for these we substituted plots up to 2 km closer 
to existing trails (Thiollay 1993). we chose plots so that no 
two fell in adjacent squares. Six 1-km2 plots were randomly 
positioned in the reserve for an assessment of the effects of in-
tense cattle grazing. we used existing trails as transects or cut 
new ones; in each square, transects were 1.8 km long, ideally  
0.7 km long, followed by a segment 0.4 km long perpendicular 
to the first, then another segment of 0.7 km parallel with the 
first. we maintained a walking speed of 1 km hr–1. Transects 
were walked only once in the morning, 90 min after sunrise, 
sometimes later if rain or fog reduced raptors’ detectability/
activity (Thiollay 1989). 

we walked only one transect per day. we accept that time 
spent surveying within the 1-km2 squares was low (around  
2 hr on the formal survey). This may give rise to problems with 
defining true absences from squares, especially if raptors were 
more easily detected in some habitats than in others (buckland 
et al. 2001). in our examinations of niche positions and widths, 
we might expect bias to be fairly consistent across species. 

we recorded all diurnal raptors heard or seen perched 
or flying along each transect, identifying them to species, 
age, sex, and color morph. we recorded the horizontal dis-
tance to each bird with a laser rangefinder. additionally, we 
noted characteristics of individuals (absence of feathers due 
to molt on flying birds) and excluded from the counts birds 
we suspected to have been detected previously. we acknowl-
edge, however, that some individuals may have been double-
counted (we suggest that the importance of this is not so great, 
as the main currency of our bird data is bird occurrence within 
plots rather than numbers). 

we took habitat measurements at eight points, 200 m 
apart, along each transect. To avoid possible biases derived 
from sampling along edges, we made the measurements 15 m 
from the trail inside the forest. we recorded the elevation, lat-
itude, and longitude with a gpS and measured the gradient 
with a clinometer. although the study area is not large, the 
coordinates are important, as they allow identification of geo-
graphical relationships within the raptor community (for ex-
ample, the north tends to be wetter than the south). There was 
no significant correlation between elevation and latitude or 
longitude (rsmax = 0.12, Pmin = 0.33), so the geographical vari-
ables are not simply surrogates for relief. 

we visually estimated the canopy height, height of up-
per vegetation strata (the height at which the mid point of the 
uppermost vegetation continuum was located), and percent-
age cover at different four vegetation strata (0–1 m, 1–5 m, 
5–15 m, and 15–25 m above ground), the last in increments 
of 5% within a 10-m-radius circle above the recorder. we 
then averaged these values across the eight points along each 
transect, to some degree lessening issues of inaccuracy or un-
usual readings at individual points. we selected, identified, 

and measured the diameter at breast height (dbh) of the two 
largest trees within 15 m of the plot’s central point if they were 
one of the following species: algarrobo, faique, madero, ce-
ibo, guásimo, or polopolo (see Study area for details of these 
trees’ ecological significance). 

we detected 19 species of raptors but analyzed only 14 
(those species noted in seven or more plots): the Turkey vul-
ture (Cathartes aura), black vulture (Coragyps atratus), 
King vulture (Sarcoramphus papa), bicolored hawk (Accipi
ter bicolor), Crane hawk (Geranospiza caerulescens), great 
black-hawk (Buteogallus urubitinga), harris ś hawk (Para
buteo unicinctus), gray-backed hawk (Pseudastur occidenta
lis), Short-tailed hawk (Buteo brachyurus), zone-tailed hawk 
(Buteo albonotatus), black hawk-Eagle (Spizaetus tyrannus), 
laughing falcon (Herpethoteres cachinnans), Crested Cara-
cara (Caracara cheriway), and bat falcon (Falco rufigularis). 
Species not included (all resident in the study area) were the 
Swallow-tailed Kite (Elanoides forficatus), Savanna hawk 
(Buteogallus meridionalis), roadside hawk (Rupornis mag
nirostris), Collared forest-falcon (Micrastur semitorquatus), 
and american Kestrel (Falco sparverius).

STaTiSTiCal analySES

we expressed raptor abundance in two ways. The first was 
a simple rate of encounter of both flying and perched birds 
expressed as the number of individuals of each species re-
corded along the 1.8 km of transect within each square. The 
second was an indication of density derived through dis-
tance sampling (buckland et al. 2001, 2008) with Distance 
6.0 (Thomas et al. 2010). To maximize sample size for indi-
vidual species, we included in the analysis, data from both 
perched and flying birds, so our derived densities are more 
than likely overestimates of the birds’ true density (marsden 
1999). Our method does, however, attempt to account for 
differences in detectability across species and habitats. we 
used the multiple Covariates Distance sampling engine of 
Distance 6.0 with land-use type as a covariate for the com-
moner species and species as a covariate for the rarer spe-
cies. There was a significant positive correlation between a 
species’ encounter rate and density estimate (r = +0.83, df = 
12, P < 0.001).

we tested for differences in encounter rates and species 
richness (number of species recorded within each km2) across 
habitat types and land uses with Kruskal–wallis anOvas. 
we calculated spatial niche overlap between species’ occu-
pancy of a square with the symmetric equation formula pro-
posed by pianka (1973)
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where pij and pik are the proportions of all records of the jth and 
kth raptor species within the ith square, with values ranging 
from 0 (no overlap) to 1 (complete overlap); for this we used the 
number of plots in which a species was recorded. we assessed 
relationships between degree of spatial niche overlap between 
pairs of species and body-size differences (marquez et al. 2005) 
and dietary overlap between those pairs of species by mantel 
tests with the software paST (hammer et al. 2001). Dietary-
overlap data were taken from the global raptor information 
network (2010) database and were expressed as the number 
of dietary items (from a list of nine categories: insects, crus-
taceans, fish, amphibians, reptiles, birds, terrestrial mammals, 
bats, carrion) shared by each pair of species. Significance level 
was set at 0.05. 

we used canonical correspondence analysis (CCa) in 
paST (hammer et al. 2001) to ordinate raptor species along the 
main community and environmental axes. CCa is an ordina-
tion method that incorporates habitat variables into the analy-
sis so the axes of the final ordination are a linear combination 
of environmental variables and species data (ter braak 1986, 
henderson and Seaby 2008). in CCa, explanatory variables are 
represented as vectors pointing to higher values of that vari-
able; their relative lengths are directly proportional to their im-
portance in influencing community structure (ter braak 1986, 
grand and Cushman 2003). we included only the 14 species re-
corded in >7 km2. Environmental variables entered were means 
of the variables recorded at each habitat plot along each transect 
(thus were averages within each km2). Counts of tree species 
recorded >49 times were included (species were ceibo, polo-
polo, guásimo, algarrobo, faique, and madero). 

we calculated values of habitat-niche position for each 
species by summing the absolute deviations of each species’ 
centroid from the origin on each of the four main CCa axes. 

niche widths were obtained from the standard deviations of 
the presence of species in each plot and canonical values for 
the first four axes (Carnes and Slade 1982) with SpSS 16.0 
(SpSS 2007). we considered canonical values per axis as the 
dependent variable. 

rESulTS

rapTOr abunDanCE/riChnESS anD SpaTial 

DiSTribuTiOn

we recorded 563 sightings of 19 raptor species along tran-
sects but included only species with more than seven records 
(see methods) in subsequent analyses of species abundance, 
spatial niche overlap, and niche position, widths, and bottle-
necks. The community was dominated by two vultures, the 
Turkey vulture (148 records) and black vulture (139 records), 
along with harris’s hawk (55 records), the laughing falcon 
(44 records), and the endangered gray-backed hawk (34 rec-
ords). in all, these five species contributed 75% of all raptors 
recorded. Of the accipitridae and falconidae, harris’s hawk 
was detected in 32 plots, the laughing falcon in 30, and the 
gray-backed hawk in 17. 

Encounter rates and species richness did not differ across 
the four habitat types (Kruskal–wallis nonparametric anOva) 
but did differ (with vultures both included and excluded) across 
the three land-use regimes: Canp, Tnr, and buffer areas. En-
counter rates and species richness tended to be highest in the 
buffer zone and lowest in the national park (Table 1).

Spatial niche overlap between pairs of species is pre-
sented in Table 2. There was no significant correlation be-
tween measures of spatial niche overlap between species and 
the differences in their body masses (mantel test; r = +0.04,  
P = 0.32). There was, however, a nearly significant positive 

TablE 1. Encounter rates (median number of individuals encountered per km2; interquar-
tile range in parentheses) and species richness (median number species recorded per km2; 
interquartile range in parentheses) of raptors in various habitats and land uses. Dual analyses 
included or excluded the dominant vulture species, the Turkey vulture and black vulture.a 

vultures included vultures excluded

nb Encounter rate richness Encounter rate richness

habitat type
Dry savanna 9 9 (4–14) 4 (2–5) 2 (2–4) 2 (1–3)
Dry deciduous 26 6.5 (4–13) 4 (2–5) 3.5 (2–6) 2 (2–4)
Deciduous 17 7 (3–13) 4 (2–6) 4 (2–7) 3 (2–4)
Semi-deciduous 18 5 (2–8) 3.5 (2–4) 3 (2–4) 2.5 (1–4)
Difference (H) 3.9 ns 1.5 ns 4.7 ns 3.7 ns

land use
national park 32 4.5 (2–9) 3 (2–4) 3 (2–5) 2 (1–4)
national reserve 6 7 (4–12) 4 (2–5) 4 (2–6) 2.5 (1–4)
buffer zone 32 16.5 (12–27) 6.5 (4–9) 4 (2–6) 2.5 (1–4)
Difference (H) 13.1** 9.2* 8.3* 5.0 ns

alevels of significance: *P < 0.05; **P < 0.005; ns, not significant. 
bnumber of sample squares in each habitat type/land use.
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TablE 2. measures of spatial niche overlap (pianka 1973) between 14 abundant raptors in Tumbes, northwestern peru.

black 
vulture

King 
vulture

bicolored 
hawk

Crane 
hawk

great 
black-
hawk

harris’s 
hawk

gray-
backed 
hawk

Short-
tailed 
hawk

zone-
tailed 
hawk

black 
hawk-
Eagle

laughing 
falcon

Crested 
Cracara

bat 
falcon

Turkey vulture 0.68 0.20 0.12 0.20 0.34 0.81 0.29 0.38 0.44 0.20 0.30 0.33 0.32
black vulture 0.33 0.02 0.10 0.35 0.63 0.30 0.47 0.38 0.28 0.20 0.34 0.26
King vulture 0.11 0.00 0.33 0.13 0.28 0.20 0.03 0.24 0.24 0.09 0.19
bicolored 

hawk
0.07 0.16 0.18 0.00 0.00 0.07 0.08 0.15 0.00 0.00

Crane hawk 0.00 0.11 0.14 0.19 0.00 0.10 0.04 0.00 0.00
great 

black-hawk
0.52 0.29 0.42 0.25 0.27 0.19 0.13 0.23

harris’s hawk 0.22 0.42 0.27 0.31 0.38 0.60 0.33
gray-backed 

hawk
0.38 0.39 0.26 0.28 0.06 0.42

Short-tailed 
hawk

0.34 0.36 0.24 0.20 0.21

zone-tailed 
hawk

0.10 0.36 0.00 0.17

black 
hawk-Eagle

0.25 0.00 0.07

laughing 
falcon

0.05 0.21

Crested 
Caracara

0.00

correlation between spatial niche overlap and degree of di-
etary overlap (mantel test; r = +0.17, P = 0.09).

rapTOr COmmuniTy anD vEgETaTiOn 

OrDinaTiOn

The four most important CCa axes together accounted for 
70.4% of overall variation in the raptor and environmental 
data. figure 2 shows correlations between individual envi-
ronmental variables and numbers of key tree species recorded 
within plots and scores on axes 1 and 2. Elevation, latitude, 
tree sizes (dbh and height), percentage of vegetation cover 
between 5 and 15 m, and numbers of tree species such as 
guásimo and polopolo were among the most powerful vari-
ables for distinguishing the species (fig. 2, 3).

a few species form outliers on one or more axes (Table 
3). The black hawk-Eagle had a very high positive score on 
axis 1 (an association with large trees at higher altitudes), while 
the Crested Caracara had a high negative score. The bicolored 
hawk had an extreme positive score on axis 2 (an association 
with large trees and sparse ground cover) and an extreme nega-
tive score on axis 3 (an association with lower-elevation forest 
with dense lower strata). Several species, namely, the Turkey 
vulture, black vulture, harris’s hawk, gray-backed hawk, 
Short-tailed hawk, and laughing falcon, have unremarkable 
scores on most or all axes, indicating that they tend to occupy 
average habitats. in contrast, the bicolored hawk appears to 
have extreme/unusual habitat positions on several axes. 

niChE CharaCTEriSTiCS 

Density estimates (derived by distance sampling and aver-
aged across all samples within the study area), niche width, 
niche position, and bottlenecks are presented for each species 
in Table 4. as expected, there was a significant negative cor-
relation between species density and habitat niche position  
(rs = –0.64; P = 0.02)—common species had centroids usually 
close to the origin on the four CCa axes.

abundance (density) was positively correlated with niche 
width (rs = +0.72; P < 0.01), although there was considerable 
variation in the abundance–niche width relationship for indi-
vidual species (fig. 4). The density estimated for the black 
vulture was only one-third of that for the Turkey vulture, yet 
the two species had similar niche widths. Of the rare species, 
the King vulture, zone-tailed hawk, Crested Caracara, and 
bat falcon had unusually narrow niches, the bicolored hawk 
and Crane hawk relatively wide habitat niches.

The most important bottlenecks in niche width (those 
axes where individual species had their narrowest niche) were 
on axes 1 and 2. There was a significant positive relationship 
between degree of bottleneck and overall niche position (rs = 
+0.59; P = 0.03) and a negative relationship with abundance 
(rs = –0.56; P = 0.04). again, there was variation across spe-
cies in the abundance–bottleneck relationship (fig. 4), with 
the small rare species (bicolored hawk, Crane hawk, and 
bat falcon) having particularly narrow bottlenecks and the 
Turkey vulture, black vulture, harris’s hawk, gray-backed 
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figurE  2. Ordination of habitat variables on the first two canonical axes of CCa. algarrobo, faique, madero, ceibo, guásimo, and polopolo are the 
numbers of each tree species recorded within the km2 (see Study area for details of these trees’ ecological significance). axis 1: increasing altitude 
with greater prevalence of large, tall trees and fuller mid-level cover in south. axis 2: large trees with sparse ground cover and absence of guásimo 
trees.

figurE  3. Ordination of raptor species on the two first axes of CCa.
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hawk, Short-tailed hawk, and Crested Caracara showing lit-
tle constriction on any CCa axis.

DiSCuSSiOn

COmmuniTy aSSEmblagE

we were able to separate species in terms of their niche 
positions and specifically in terms of their associations with 
environmental variables within the study area. Species pre-
ferring habitats with large trees (e.g., bicolored hawk) sep-
arated from birds that preferred dry forests (e.g., Crested 

Caracara) and species preferring borders (e.g., laughing 
falcon). Some inferences regarding habitat preferences 
can be made between community members that share sim-
ilar morphometric characters: the bicolored hawk and 
Crane hawk, both species with long tails, long tarsi, and 
small body mass (but with different diets; see Thorstrom 
and Quixhán 2000, Sutter et al. 2001) were associated with 
very high scores on axis 2 (forest with large trees but sparse 
ground cover). The black hawk-Eagle, another forest spe-
cialist with a long tail (Thiollay 2007), was associated with 
increasing elevation and was relatively common in high-
canopy semi-deciduous forests, while the morphologically 
similar harris ś hawk was associated with drier habitats in 
the lowlands where algarrobo trees dominated. The gray-
backed hawk and laughing falcon, similar in body mass, 
body length, and diet (vargas 1995, valdez 1996), were rel-
atively abundant in borders but segregated geographically 
and by elevation, percentage of vegetation cover from 5 to 
15 m, and canopy height. 

niChE rElaTiOnShipS

There was a wide range of variation in habitat niche width 
among species, and most species appear to be generalists in 
the use of space. we acknowledge that our inclusion of aerial 
individuals was not ideal for two reasons. first, it may inflate 
density estimates for the species, although in this paper we 
discuss not absolute density but species-specific densities rel-
ative to each other, corrected for differences in detectability 
with the use of distance sampling (e.g., buckland et al. 2001). 
Second, our inclusion of aerial birds means that individuals we 
recorded over a particular square did not necessarily belong 
to it since they may have been flying over rather than using 
the area for hunting. Several studies (Seagle and mcCracken 

TablE 3. Centroid positions for each raptor species on each of the 
four main CCa axes. values < 0.10 are not shown. for interpreta-
tions of axes 1 and 2, see fig. 2. axis 3: higher areas south of study 
site with open low strata and large numbers of ceibo trees. axis 4: 
relatively flat areas with dense low strata where madero is present 
and polopolo is absent. 

Species axis 1 axis 2 axis 3 axis 4

Turkey vulture –0.15
black vulture –0.27 –0.27 +0.25
King vulture +0.54 –0.33 –0.21 +0.40
bicolored hawk +0.49 +1.07 –1.10 +0.88
Crane hawk –0.12 +1.33 –0.45
great black-hawk +0.49 +0.15
harris ś hawk –0.42 –0.22
gray-backed hawk +0.34 +0.28
Short-tailed hawk +0.35 –0.43 +0.45 –0.40
zone-tailed hawk –0.44 –0.65 –0.85 –0.55
black hawk-Eagle +1.29 +0.29 –0.11
laughing falcon –0.21 –0.30
Crested Caracara –1.07 +0.35 +0.97 +0.32
bat falcon –0.42 –0.70 –0.36 +0.26

TablE 4. Density estimates (95% confidence intervals), niche position, width, and bottleneck for raptors in 
Tumbes, peru. niche bottleneck was calculated as deviation of the minimum niche width on any single axis from 
the mean niche width (on all four axes) divided by this mean. Thus large values indicate a narrow minimum niche 
width. also shown is the axis on which niche width was narrowest. 

Species Density (individuals km–2) niche position niche width niche bottleneck (axis)

Turkey vulture 2.4 (1.6–3.6) 0.61 3.14 0.22 (1)
black vulture 0.78 (0.49–1.3) 1.42 1.95 0.12 (1)
King vulture 0.14 (0.07–0.27) 2.24 0.63 0.38 (1)
bicolored hawk 0.13 (0.06–0.30) 7.27 1.93 0.75 (1)
Crane hawk 0.49 (0.23–.04) 2.99 7.50 0.54 (1)
great black-hawk 0.36 (0.20–0.67) 1.56 1.60 0.31 (2)
harris ś hawk 0.85 (0.57–1.3) 0.76 2.10 0.10 (1)
gray-backed hawk 0.29 (0.17–0.50) 1.89 2.63 0.24 (1)
Short-tailed hawk 0.11 (0.06–0.21) 2.88 1.00 0.19 (3)
zone-tailed hawk 0.04 (0.02–0.09) 3.45 0.29 0.45 (2)
black hawk-Eagle 0.12 (0.07–0.20) 2.70 1.43 0.38 (2)
laughing falcon 0.33 (0.23–0.48) 1.29 2.82 0.34 (1)
Crested Caracara 0.31 (0.14–0.70) 3.46 0.10 0.27 (2)
bat falcon 0.08 (0.03–0.17) 2.21 0.10 0.72 (2)
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1986, gregory and gaston 2000, marsden and whiffin 2003) 
have found no relationship between bird abundance and niche 
width (none of the above focused on raptors). in our study we 
found a significant positive relationship between a species’ 
habitat niche width and abundance. analysis of data from Ta-
ble 2 in Thiollay’s (1993) study of raptors in india also reveals 
a positive significant relationship between habitat niche width 
and species abundance (rs = 0.76; P = 0.002), indicating that, 
in these two raptor communities, species that are able to func-
tion in a wider range of habitats are likely to be more abundant 
overall (Table 4).

Spatial niche overlap (Table 2) indicates how two spe-
cies shared geographical space, with high values indicat-
ing more affinities in the use of spatial resources (pianka 
1974). in our study, species that were usually detected at bor-
ders and in degraded areas showed greater niche overlap; 
whereas forest-interior species showed less niche overlap. 
mantel tests revealed no correlation in spatial niche overlap 
between species and body-size differences, but there was a 
nearly significant relationship between spatial niche overlap 
and dietary overlap.

COnSErvaTiOn impliCaTiOnS

There were significant differences in species diversity and 
abundance of raptors within the three different land-use re-
gimes in the study area. raptors were more diverse and 
abundant in the buffer areas, followed by the reserve and the 
park, despite the last being under the highest level of protec-
tion (SpDa 2004). in extreme northwest peru protection of 
forested areas outside the Tnr and the Canp can help pre-
serve habitats that are fundamental to maintaining this highly 

diverse raptor community and the species they support. if 
properly managed, the recently created Tutumo–matapalo 
Conservation area, in the buffer area north of the Canp, can 
help to achieve this.

Kruger and radford (2008) identified body weight, clutch 
size, and habitat niche width as the three most important vari-
ables that predict extinction risk among the accipitridae. 
Therefore, in our study, species with higher values of habitat 
niche width (Crane hawk, Turkey vulture, and laughing fal-
con) might be of least conservation concern. among the ac-
cipitridae, the great black-hawk and black hawk-Eagle had 
the highest body mass, the gray-backed hawk the lowest re-
productive rate (0.8 fledged young per nest; vargas 1995). The 
black hawk-Eagle had a narrower habitat niche and a higher 
niche position than the great black-hawk and, within the 
community, is probably the most susceptible to habitat loss, 
particularly of semi-deciduous forest that in extreme north-
west peru occurs only above 600 m in the Canp and has been 
largely destroyed in adjacent Ecuador (Dodson and gentry 
1991, best and Kessler 1995). The deciduous forests inside 
the Canp are probably the largest and more continuous tracts 
of this habitat still remaining in the whole Tumbesian zone 
and may be crucial for the species’ persistence in this endemic 
bird area.

niche bottlenecks show the greatest constriction of a spe-
cies’ niche width on any of the axes (Table 3). There was a 
very strong positive relationship between bottleneck width 
and abundance, with the small rare species, the bicolored 
hawk, Crane hawk, and bat falcon, having particularly nar-
row bottlenecks. This has important implications for conser-
vation management. if we can identify the axis on which a 

figurE  4. Scatterplot of the relationships between log-transformed species densities and log +1 specieś  habitat niche width and log-transformed 
specieś  bottlenecks. Densities were estimated by distance sampling and are averaged across all 70 1-km2 squares within the study area.
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species has its narrowest niche, then we can use this informa-
tion to guide habitat management for that species (e.g., bo-
tham et al. 2011). Specifically, we can increase the proportion 
of habitat within the study area that falls within the range of 
values (e.g., a range of canopy-closure values or the numbers 
of a preferred tree species) that the species uses. habitat man-
agement that increases land cover within the species’ (real-
ized) niche may be more important on the bottleneck axis 
than on other habitat axes because the species has a narrower 
range of tolerance on that niche axis. for example, with the 
bicolored hawk, managing habitat so more areas fall within 
its niche position on axis 1 may be most beneficial to it—and 
this corresponds to increases in higher-altitude forest that has 
large trees and fuller mid-level vegetation cover. 

almost all species we studied are wide ranging, occur-
ring over much of the neotropics. in peru, these species are 
widespread east of the andes but are also present in Tumbes. 
The only range-restricted species, the endangered gray-
backed hawk (birdlife international 2011), was the fifth most 
often recorded species but had only the eighth highest den-
sity estimate (Table 4). This species had an “average” niche 
position and the fourth widest habitat niche with little niche 
constriction. in Ecuador the species has been recorded in pri-
mary and secondary forests, forest borders, and adjacent ag-
ricultural areas and pastures (vargas 1995, freile et al. 2004), 
supporting the idea that it has a wide habitat niche. Despite 
this, the species’ population has, apparently, been in continual 
decline in Ecuador because of forest destruction for agricul-
ture and cattle ranching (vargas 1995, birdlife international 
2011). although it is now evident that the gray-backed hawk 
can use degraded areas, it is not known whether it can breed 
there, so future research is needed to clarify this.
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