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Exposing hidden endemism in a Neotropical forest
raptor using citizen science
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Gaps in our knowledge of the geographical distribution of species represent a fundamental challenge to biogeographers and conservation biologists alike, and are particularly pervasive in the tropics. Here we highlight the case of the Rufous-thighed Kite
Harpagus diodon, a South American raptor commonly mapped as resident across half
the continent. Recent observations at migration watch points have indicated it may be
partially migratory in the southernmost parts of its range. To investigate this possibility,
we collated contemporary and historical specimen records, published sight records and
‘digital vouchers’ – photographs and sound-recordings archived online (from citizen science initiatives) – and explored the spatiotemporal distribution of records. We were
unable to trace any documented records of this species from Amazonia during the austral summer (October–March), or records from the Atlantic Forest biome during the
peak of the Austral winter (June–August), and all proven breeding records stem from
the Atlantic Forest region. We compared this pattern with that of a ‘control’ species,
the congeneric Double-toothed Kite H. bidentatus, again using specimens and digital
vouchers. For this species we found no evidence of seasonality between biomes and can
disregard spatiotemporal variation in observer effort as a cause of seasonal biases. We
consider that all populations of Rufous-thighed Kites are fully migratory, wintering in
Equatorial forests in the Amazonian basin. We provide evidence that this pattern was
previously obscured by erroneous undocumented records and poor or erroneous specimen metadata, and its discovery was primarily facilitated by digital vouchers. This discovery requires a reassessment of the species’ global conservation status as an Atlantic
Forest breeding endemic, threatened by habitat loss and degradation, as it was previously considered to be resident across large swathes of undisturbed Amazonian Forest
on the Guiana Shield. The bulk of the digital voucher data used to elucidate this
pattern were extracted from a Brazilian citizen science initiative WikiAves, which may
serve as a model for collating biodiversity data in megadiverse countries and help
catalyse environmental awareness.
Keywords: forest fragmentation,
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Gaps in our knowledge of species distribution, the
‘Wallacean shortfalls’ of Lomolino and Heaney
(2004), are the greatest impediment to the accurate assessment of the conservation status of any
given taxon (Rodrigues et al. 2006). Even for
many bird species, the best known of terrestrial
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biota, this information can be very poor at any
given scale, particularly in the tropics (Winker
1996, Newbold 2010). Historically, in the absence
of systematic surveys, the only data sources available with which to construct distribution maps
were the presence-only data from museum specimens and opportunistic citations of species in the
technical and scientiﬁc literature (Anderson 2012).
Citizen science initiatives offer much promise in
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ﬁlling this data vacuum, enlisting the general public in gathering large volumes of scientiﬁc information (Dickinson et al. 2010). The lowland
Neotropics have long been considered to be a
major cold-spot for biodiversity data (e.g. Haffer
1985, Feeley & Silman 2011), with signiﬁcant
numbers of new bird species still being described
from South America, predominantly from the
super species-rich and poorly inventoried Amazon
basin (e.g. Whitney & Cohn-Haft 2013). Forestdwelling Neotropical raptors are a particularly
poorly known group (Bierregaard 1995) given
their typically low population densities and often
cryptic sub-canopy habits.
The Rufous-thighed Kite Harpagus diodon is a
good example of a raptor for which natural history
information is sparse. According to Birdlife International (2014), the species occupies 3 730 000 km2
between northern Argentina and French Guiana
and most major reference works indicate that it is
sedentary (e.g. Thiollay 1994, Ferguson-Lees &
Christie 2001). However, Bildstein (2004) considered the species to be an ‘irregular or local migrant’
based on Hayes et al. (1994) and Ridgely and
Greenﬁeld (2001). More recently, Cabanne and
Seipke (2005) observed 129 Rufous-thighed Kites
apparently in active migration during seven surveys
at Itatiaia National Park, in the Brazilian state of
Rio de Janeiro in March 2005. They concluded that
this added further support for the ‘migratory status
of the Rufous-thighed Kite in the southern extreme
of the species’ range’, backed up by an apparent
absence of records in the southern cone in the austral winter (e.g. Hayes et al. 1994, Azevedo et al.
2003) and later reinforced by observations of small
numbers of migrating birds in Bolivia (Juhant
2012). However, Cabanne and Roesler (2007)
assumed northern populations to be non-migratory
given the historical collection of juveniles in
Amazonia in the austral winter; quantitative studies
from French Guiana that generated estimates of
population density (Thiollay 1989) bolster this conclusion. Residency for Amazonian populations has
not been assumed by all authors; Cohn-Haft et al.
(1997) considered the species to be an austral
migrant to Manaus in the Brazilian Amazon, and
Braun et al. (2000) listed the species as a possible
austral migrant even in Guyana.
During a review of distribution maps for Birdlife
International, R.M. noticed signiﬁcant inconsistencies in published texts for the distribution and
migratory status of the Rufous-thighed Kite. He
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contacted A.C.L., who consulted the avian
photo database WikiAves www.wikiaves.com.br (a
recently established Brazilian citizen-science initiative) in which a previously undescribed pattern of
temporal distribution was readily apparent. Here
we carry out a spatiotemporal analysis of the global
distribution of Rufous-thighed Kite comparing
results obtained using historical data from museum
specimens with new distributional data archived
online by an ever-growing band of amateur ornithologists, with the purpose of evaluating the distribution and migratory phenology of this poorly
known raptor.
METHODS
Data collection
We used the digital database ORNIS (www.ornis
net.org/) to search for Rufous-thighed Kite specimens held in 33 North American institutions,
requested specimen data from the Museu de Zoologia Universidade de S~ao Paulo, S~ao Paulo, Brazil
(MZUSP), and the Museu Nacional Rio de Janeiro
(MNRJ) and visited the collections of the Museu
Paraense Emılio Goeldi, Belem, Brazil (MPEG),
and the Natural History Museum at Tring, UK
(NHM), to look at specimens. Collecting localities
were located using Paynter (1982, 1989, 1992,
1994, 1995), Paynter and Traylor (1991) and Stephens and Traylor (1985). This search of museum
collections was accompanied by a review of previous published ornithological inventories listing Rufous-thighed Kites from South America (see
literature list in Supporting Information Appendix
S1), a request for data from eBird http://ebird.org/
and an extensive search for digital vouchers
archived online, images on WikiAves, Fauna Paraguay www.faunaparaguay.com and the Internet Bird
Collection http://ibc.lynxeds.com/ and sound
recordings on xeno-canto www.xeno-canto.org and
the Macaulay Library http://macaulaylibrary.org/.
The minimum requirement for the inclusion of a
record was date information to at least month and
locality below the country level. For image-based
records (WikiAves, Internet Bird Collection) the
Exchangeable image ﬁle format (Exif) metadata
associated with the images was taken as a veriﬁcation of the date of a record; images lacking Exif data
were coded separately and considered to lack date
veriﬁcation. We incorporated images into the analysis posted up until 25 February 2014. Multiple
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registrations from the same location within the
same month were discarded unless evidence conﬁrmed multiple individuals. All unequivocal evidence of breeding (eggs, occupied nests and
dependent chicks) associated with each record was
also coded.
To calculate estimates of the seasonal geographical range of Rufous-thighed Kites, we georeferenced all records. Convex hull minimum
convex polygons (MCPs) were created in ARCGIS
10 (ESRI, Redlands, CA, USA) around all documented records (those supported by a specimen or
digital voucher) for both the peak breeding season
and the peak non-breeding season. The peak breeding season was determined as the middle 4 months
within the duration of all conﬁrmed breeding
records, in order to maximize the number of records
that relate to actively breeding individuals rather
those individuals arriving in breeding areas late or
leaving early. The opposite 4 months on the calendar were considered the peak non-breeding season.
A 95% convex hull MCP was generated by removing the 5% of documented records most distant
(Euclidean distance) from the median centre of
all documented records. The MCPs were clipped
to a base layer derived from the WWF Terrestrial
Ecoregions of the World (Olson et al. 2001). Kernel density analysis to investigate the spatial distribution of the documented records was performed
using the ‘ks’ package in R (Duong 2014, R Core
Team 2014) using a Gaussian kernel, the plug-in
estimator for bandwidth ‘h’ (Wand & Jones
1994), cell size of 0.1 decimal degrees, and unweighted points. Using the kernel density surface
created, 50% and 90% isopleth contours were
produced using the ‘isopleth’ command in software GME (Beyer 2012).
We used a Loess-smoothing algorithm in SIGMA
PLOT 10.0 (Systat Software Inc., Chicago, IL, USA)
to display the underlying structure in the spatiotemporal relationships derived from different data
sources. The parameters set for the Loess
smoother were span (D) of 0.4 (determining the
degree of smoothing) and polynomial degree of 1
(i.e. linear local regression). We analysed records
based on (1) specimens, (2) undocumented
records (reports without accompanying testimonial
material such as specimen, image, recording) and
(3) digital vouchers (photos, sound-recordings)
separately to see whether spatiotemporal patterns
were maintained between different data sources.
We compared mean latitudes and longitudes of
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records of Rufous-thighed Kites and Doubletoothed Kite H. bidentatus in the peak breeding
and peak non-breeding periods using unpaired ttests with the GRAPH-PAD PRISM software, version
4.02 (GraphPad Software, San Diego, CA, USA).
To control for potential differences in observer
coverage between regions and between seasons,
we also analysed records of the congeneric Double-toothed Kite, which occurs sympatrically with
Rufous-thighed Kites in the northern Atlantic Forest and in Amazonia, and for which there is no
evidence of migratory behaviour (e.g. Thiollay
1994, Schulze et al. 2000, Ferguson-Lees & Christie 2001) using the same methodology. We only
compared specimen and photo records of Doubletoothed Kites from within the corresponding range
of Rufous-thighed Kite to adjust for possible seasonal inﬂuence in observer distribution.
RESULTS
Our systematic search recovered data from 114
museum specimens, 66 retrieved from ORNIS
from 13 North American institutions and 48 from
the collections of MPEG, MZUSP, MNRJ and
NHM (Supporting Information Appendix S1). Of
these, 86 included sufﬁcient metadata (date and
place below the country level) to permit spatiotemporal analysis. A total of 839 sight or audio
records were obtained from online sources: 678
from WikiAves, 124 from eBird, 14 from xenocanto, six from IBC, three from Fauna Paraguay,
one from the Macaulay Library and 13 from published literature (Ridgely 1980, Hayes et al. 1994,
Cabanne & Seipke 2005, Cabanne & Roesler
2007, Pereira et al. 2008, Klavins & Fari~
na 2013).
Two duplicates were then removed from xenocanto, 174 duplicates from WikiAves and 25 duplicates from eBird. Of the remaining 638 sight or
audio records, two photographic records were
found to have been identiﬁed incorrectly (and
were re-assigned on the database). Specimens were
collected throughout the entire survey period
1880 to the present, but digital vouchers only
appeared in the last decade and quickly became by
far the most abundant source of information on
Rufous-thighed Kite distribution (Fig. 1). A total
of 722 records (15 were aural-only records)
included sufﬁcient date and locality information to
be analysed together (Appendix S1), including
106 ‘undocumented’ records without supporting
voucher documentation.
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Figure 1. Temporal distribution of records of Rufous-thighed Kite: pale grey bars signify specimen records and dark grey bars signify
records documented by digital vouchers (photograph or sound recording).

Information derived from specimens, sight
records and digital vouchers indicates a consistent
pattern of seasonality in the spatial distribution of
Rufous-thighed Kites across the South American
continent. All conﬁrmed breeding records (photographs of active nests or specimens of eggs or
unﬂedged chicks; n = 25) emanate from the
southeastern Atlantic Forest or the adjacent Cerrado biome (Supporting Information Fig. S1) and
all fall between 12 October and 5 April (Appendix S1b). Accordingly, the peak breeding season
was considered to fall between November and
February, and the peak non-breeding season
between May and August (Supporting Information Fig. S2).
Between November and February all records
documented by specimens and digital vouchers
(Figs 2 and 3a) emanate from the Atlantic Forest
biome of southern Brazil, Argentina and Paraguay
south of 10°S, with most records clustering
between 20°S and 30°S, with a few records in the
adjacent Cerrado/Pantanal biomes (Fig. 3b). The
kernel density analysis (Fig. 3) restricts the 90%
isopleth to the Atlantic Forest biome, with the
50% isopleth restricted to within 200 km of the
Atlantic coast. Between May and August (the austral winter) all documented records (apart from
one juvenile) fall north of 15°S in Amazonia, most
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individuals wintering between 0° and 5°S, with a
few records in the adjacent Cerrado and Caatinga
biomes (predominantly open-habitat biomes with
little closed-canopy forest), particularly in spring
and autumn. The 50% kernel density isopleth
(Fig. 3b) indicates that most records are concentrated in northeastern Brazil with the species
either genuinely rarer or unrecorded in western
Amazonia. These differences in mean latitude of
Rufous-thighed Kites in the November–February
(mean = 24.28°S, sd = 2.81, n = 367) and May–
August (mean = 4.21°S, sd = 4.33, n = 51) periods
were highly signiﬁcant (unpaired t-test, t = 44.26,
df = 416, P < 0.0001). Values for mean longitude
in the November–February (mean = 46.69°W,
sd = 3.28, n = 367) and May–August (mean =
51.40°W, sd = 6.21, n = 51) periods were also
highly signiﬁcant (unpaired t-test, t = 7.88,
df = 416, P < 0.0001) with a mean distance of
2200 km between points at these two seasons. The
only documented records from the Atlantic Forest
in the austral winter are from the extreme northeastern tip of the biome in the Pernambuco Centre
of Endemism at 7.2°S, well within Amazonian
wintering latitudes, and one juvenile on 10 May at
24°S. This pattern of seasonality is maintained for
both specimen (Fig. 4a) and photographic records
(Fig. 4b), although there are far more photographic
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(a)

(b)

(c)

Figure 2. Spatiotemporal distribution of (a) specimen records,
(b) undocumented records and (c) digital vouchers of Rufousthighed Kite in South America; the dotted lines represent
Loess smoothing model ﬁts.

records from the Atlantic Forest than from
Amazonia, whereas specimen records are more
evenly distributed between these two biomes. The
bias in photographic records from Atlantic Forest
reﬂects a higher density of observers in this biome
than in Amazonia; for instance, as of 1 July 2014
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there were 5427 WikiAves users based in the
Atlantic Forest state of S~ao Paulo, versus 197 in
the Amazonian state of Para.
The only records not ﬁtting the pattern of austral migration are eight undocumented records
from the Atlantic Forest in the austral winter and
one from Amazonia in the austral summer
(Fig. 2b) which we infer to be potentially misidentiﬁed. The presence of these potentially misidentiﬁed records (coupled with relatively few
undocumented records from Amazonia) masks the
pattern of seasonality evident in the specimen and
digital voucher datasets (Fig. 2). The seasonal
range of the species is considerably smaller during
November–February than during the non-breeding
period between May and August. During November–February an MCP incorporating all documented records (n = 369) enclosed an area of
3 120 458 km2 within the Atlantic Forest and
adjacent Cerrado biomes (Fig. S1a). This was
highly sensitive to outliers, with 95% of points falling within an MCP of 941 927 km2 (Fig. S1a).
Between May and August the total area enclosed
by an MCP of all documented records (n = 52)
was 5 982 020 km2, incorporating the majority of
Brazilian Amazonia north to the Guiana Shield
(Fig. S1c). The removal of the three outlying
undocumented points greatly reduced the estimated non-breeding area to 3 147 517 km2, almost
entirely restricted to central and northeast Amazonia (Fig. S1c). In the remaining 4 months considered to contain the migration period, records are
distributed throughout this whole area (Fig. S1d).
We traced 232 specimen records of Doubletoothed Kites from 18 collections, of which 101
records included date information and fell within
the range of Rufous-thighed Kites along with 103
digital vouchers from WikiAves from the same
region. Both specimen records and photo records
were distributed throughout the year, with a
somewhat anomalous peak in July (Fig. 2c). We
found no evidence of seasonal differences in distribution; the mean latitudes of Double-toothed Kite
records in the November–February (mean =
3.15°S, sd = 6.57, n = 69) and May–August
(mean = 3.88°S, sd = 5.16, n = 89) periods were
not signiﬁcantly different (Fig. 4c, unpaired t-test,
t = 0.77, df = 155, P = 0.441). Values for mean
longitude in the November–February (mean =
55.60°W, sd = 7.57, n = 69) and May–August
(mean = 56.16°W, sd = 6.68, n = 89) periods
were also not signiﬁcantly different (unpaired
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(a)

(b)
Figure 3. Distribution of documented records of Rufous-thighed Kite in (a) the breeding season (November–February) and (b) nonbreeding season (May–August) with 50 and 90% isopleths presented for both seasons.

t-test, t = 0.49, df = 156, P = 0.622). This species
is very rare in the Atlantic Forest, and we were
only able to trace one specimen (MNRJ #39237)
collected in July and 10 images archived on WikiAves distributed throughout the year, as follows:
Jan – two, Feb – two, May – one, Aug – one, Oct
– two, Nov – three. Given the lack of a seasonal
bias in records of Double-toothed Kite, we infer
that spatiotemporal patterns of observer distribution are not responsible for the observed patterns
of seasonality in Rufous-thighed Kites.
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DISCUSSION
We provide evidence that all recognized ‘populations’ of the Rufous-thighed Kite are fully migratory and that the species is a breeding endemic of
the Atlantic Forest and pockets of forest of similar
vegetative physiognomy in the adjacent Cerrado
biome (breeding between October and April),
wintering predominantly in the Amazonian lowlands of eastern Brazil with some moving north as
far as the Guiana Shield. We are, however,
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Figure 4. (a) Spatiotemporal distribution of records of Amazonian (dark bars) and extra-Amazonian (grey bars) Rufous-thighed Kite
H. diodon specimens. Inset image depicts two skins held in the collection of the NHM (A. C. Lees © British Museum of Natural History, Tring). (b) Spatiotemporal distribution of digital voucher images of Rufous-thighed Kite archived on the Brazilian photo-database
WikiAves where dark bars are Amazonian records and grey bars extra-Amazonian records. Inset archived image (WA #348287)
taken in the municipality of Paragominas in July 2010 depicts an adult Rufous-thighed Kite on its eastern Amazonian wintering
grounds (A. C. Lees). (c) Spatiotemporal distribution of specimens (white bars) and digital voucher images (dark bars) archived on
the Brazilian photo-database WikiAves of Double-toothed Kite H. bidentatus in Amazonia. Inset image: adult Double-toothed Kite
~ in September 2006 (WA #WA559349, A. C. Lees).
photographed in the municipality of Tabapora
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unable to conﬁrm the status of this species in the
northeastern Brazilian Atlantic Forest, where there
are single documented records in both the austral
summer and the austral winter (Pereira et al.
2008, Sonntag 2011) that may pertain to vagrants
or even a small resident population. Rufousthighed Kite is not unique in this migration strategy; Chesser (1994) listed 24 species of austral
migrants that winter predominantly in Amazonia,
although most of these breed in the Southern
Cone and move north, rather than breed in the
Atlantic Forest and move northwest. The species
that shares the most similar pattern of movement
is a passerine, the Atlantic Forest breeding endemic Rufous-tailed Attila Attila phoenicurus, which
has been recorded in the austral winter as far
north as Venezuela (Aleixo et al. 2011).
Rufous-thighed Kites are predominantly insectivorous (Cabanne & Roesler 2007). The species
breeds in the austral summer, which coincides
with the wet season in the southeast Atlantic Forest, when invertebrate biomass is likely to be highest (e.g. Wolda 1978), so migration may be driven
by food shortages in the dry season. Migrants
reaching northern Amazonia in April–May (the
austral winter) will arrive at the start of the wet
season (Hammond 2005). We do not have enough
data to discern whether most of the Kites winter
in Southern or Northern Amazonia, as there are
strong spatial data-collection biases, with most
ﬁeldwork taking place historically along the Amazon River (around 1–3°S). Tracking Kites with the
aid of satellite tags would be an extremely interesting exercise to uncover patterns of movements
between and within their breeding and wintering
ranges.
Our conclusions are reinforced by a comparison
with our control species, the Double-toothed Kite,
which is partially sympatric in tropical forests with
Rufous-thighed Kite and which we consider to be
equally detectable in these habitats. We do not
believe that the spatiotemporal differences in the
occurrence of Rufous-thighed Kites reﬂect differences in observer effort, as the Double-toothed
Kite was recorded throughout the year in Amazonia, albeit with a peak in July, which is the dry
season when visitation rates for both historical
collectors and contemporary eco-tourists are
higher. Although data are scant for the Atlantic
Forest, vouchered records of this species are also
distributed throughout the year and there are no
extralimital records indicative of migration.
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Why did this Wallacean shortfall persist
for 190 years?
We identify ﬁve potential contributing factors that
may have obscured the migratory status and narrow-breeding distribution of the Rufous-thighed
Kite:
1 The rise of web-based biodiversity initiatives, such
as ORNIS uniting museum data and WikiAves
hosting digital vouchers, is a 21st century
phenomenon (Fig. 1a). Previously ornithologists
have had to try to unite patchy information from
disparate sources, involving time-consuming visits
to institutions in different countries, and identifying errors was thus much more challenging.
The digital voucher revolution ushered in an
era of evidence-based qualitative ornithology
that permits both instant peer-review of bird
records (Lees et al. 2014) and an exponential
expansion in the total number of bird records
as amateur ornithological observations are
amassed (Dickinson et al. 2010). We echo the
hope of Jetz et al. (2012) that these new initiatives will precede a repository of global,
quality-assessed and temporally explicit geographical distributions for thousands of species.
2 The chances of detecting a low-density, unobtrusive forest-dwelling raptor as it disappears
into the vastness of lowland Amazonia are relatively slim, and thus observer coverage and a
lack of ‘concentration effects’ across habitat
that is potentially uniformly suitable is likely to
explain the relative paucity of records. For
instance, there are only two records from the
Alta Floresta region of northern Mato Grosso,
probably the most heavily inventoried Southern Amazonian site, despite a history of
24 years of ornithological ﬁeldwork there (Lees
et al. 2013). Given the lack of baseline natural
history knowledge and a pervasive assumption
that intra-tropical migration is rare (Chesser
1994), many previous authors have assumed
year-round residency for this species.
3 Although deforestation in the Atlantic Forest
started as long ago as 1500, rates of forest loss
increased most strongly after 1900 (da Fonseca
1985). Considering the extent of habitat loss
after 1900, populations of Rufous-thighed
Kites are likely to have been at least 10 times
higher at the end of the 19th century than
today, when northern South America was a
major source of bird specimens exported to
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European collections (Mearns & Mearns 1998).
This spatial collecting bias may have given a
false impression that the species was more
common in northern South America than elsewhere in its range, although Penard and Penard
(1908) still regarded it as being rarer than
Double-toothed Kite in Guyana at this time.
4 The value of old specimens is often heavily
compromised by imprecise geographical locations and either erroneous or inappropriate
metadata that may compromise knowledge of
species distributions (Remsen 1995). For
instance, location data for many of the specimens held at the NHM simply stated ‘South
America’, ‘Cayenne’ or ‘Brazil’, and only three
specimens listed date information other than
the year. Of these, one juvenile that formed
part of the McConnell Collection (NHM
#1922.3.5.979, Supporting Information Fig.
S3) was listed as having been collected on the
Mazaruni River, British Guiana (now Guyana)
in November 1898, and would represent the
only documented record from northern South
America at this season. However, this specimen
could not have been collected in November, as
this 1898 expedition took place between
August and October (Brown 1901), a season
during which occurrences of Rufous-thighed
Kites would be more expected; the specimen
label was therefore probably replaced or dated
once the specimen had returned to the UK.
5 Historically, another factor obscuring the
migratory status of Rufous-thighed Kites was
likely to be confusion with other resident and
sympatric raptors such as the Bicoloured Hawk
Accipiter bicolor pileatus, Sharp-shinned Hawk
Accipiter striatus or juvenile and sub-adult Double-toothed Kites (Supporting Information Fig.
S4). The close resemblance between adult
Bicoloured Hawks and Rufous-thighed Kites,
adults of which are similarly grey with rufous
thighs and underwings (Supporting Information
Fig. S5), was ﬁrst noted 140 years ago by Wallace (1870) and is likely to be a case of Batesian mimicry (Willis 1976). Thus, out-of-season
reports of Rufous-thighed Kites without supporting documentation may refer to misidentiﬁed Bicoloured Hawks or other small raptors.
It is possible that some such misidentiﬁed
records fed into quantitative assessments of the
species status in French Guiana (e.g. Thiollay
1989). The species has subsequently been
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removed from the national list, as there are no
unambiguously documented records with an
accompanying photo, sound recording or specimen (Comite d’Homologation de Guyane, per
O. Claessens, J.M. Thiollay in litt.). We anticipate that this species will eventually be conﬁrmed as a rare austral migrant to this country;
there are two records from adjacent Suriname,
one undated 1843 specimen and one (AMNH
#470008) collected near Paramaribo on 11 July
1902 (Haverschmidt & Mees 1994) and originally wrongly assigned to Double-toothed Kite.
Conservation status
Our reappraisal of the natural history of the Rufous-thighed Kite should precipitate a reconsideration of the species’ conservation status. Previous
Red List assessments have considered the species to
be resident across nearly half the South American
Continent, a distribution that encompasses huge
tracts of relatively undisturbed forest habitat
including countries such as Suriname, which is still
over 90% forested (CBD 2014). This is in stark
contrast to the situation in the Atlantic Forest,
where Ribeiro et al. (2009) found that only 11.7%
(16 377 472 ha) of the original forest vegetation
remained, with 80% of fragments < 50 ha and
almost half < 100 m from its edges. Of the 55 species endemic to the Atlantic Forest, 28 (51%) are
globally threatened (Birdlife International 2014)
but there are no quantitative data on the habitat
requirements or responses to land-use change of
Rufous-thighed Kites. Cabanne and Roseler (2007)
noted that it occupied ‘fragmented landscapes but
needs patches of native forest’ and Eduardo et al.
(2007) only found the species ‘in semi-natural
areas’. We recommend that detailed modelling
studies be undertaken (e.g. Schnell et al. 2013) to
re-evaluate the species’ current status and likely
future trends in the Atlantic Forest biome to which
we consider it a breeding endemic, and in its eastern Amazonian wintering areas, which are subject
to the highest absolute rates of forest loss and degradation worldwide and now increasingly vulnerable to climate change (e.g. Coe et al. 2013).
CONCLUSION
We strongly encourage ornithologists embarking
upon or carrying out meta-analyses of regional
species inventories in the tropics to take great care
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to ensure that records are documented by specimens or digital vouchers with high-quality metadata to guard against misidentiﬁcations and the
subsequent error cascades they may generate,
which may impede conservation assessments
(McKelvey et al. 2008, Lees et al. 2014). It is possible that the status of other ‘partial migrant’ or even
‘resident’ Neotropical bird species may need to be
revised. Archived digital vouchers collated by citizen scientists, here championed by the WikiAves
initiative (which as of July 2014 had over 18 000
users and over 1 million digital vouchers archived),
have here proven to be an extremely useful tool to
elucidate the status of a poorly known tropical bird
and represent an excellent focal point to organically
foster a generation of home-grown amateur
Neotropical ornithologists.
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allowing access or proving data from their respective collections, Ciro Albano, Jos Barlow, Olivier Claessens,
Jean M. Thiollay and Joe Tobias for comments and
information on the status in the Guianan Shield, and
two anonymous reviewers for comments on the manuscript. A.C.L. thanks CNPq for funding through a Bolsa
Jovem Talento.
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SUPPORTING INFORMATION
Additional Supporting Information may be found
in the online version of this article:
Appendix S1a. List of all records and sources of
Rufous-thighed Kite records that have accompanying date information.
Appendix S1b. Documented conﬁrmed breeding records of Rufous-thighed Kites in South
America, all of which are from Brazil.
Figure S1. Records of Rufous-thighed Kites:
geographical distribution of (a) documented (ﬁlled
circle) and undocumented (crossed circles) in the
austral summer (November–February) with all
documented (diagonal lines) and 95% documented
(hatched) minimum convex polygons; (b) all conﬁrmed breeding records (marked by a star); (c)
documented (ﬁlled circle) and undocumented
(crossed circles) in the austral summer (November–February) with all documented (diagonal
lines) and 95% documented (hatched) minimum
convex polygons; (d) documented (ﬁlled circle)
and undocumented (crossed circles) records in the
migration period (March–April and September–
October).
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Figure S2. Frequency distribution of breeding
records of Rufous-thighed Kites based on independent observations of either reports of active nests,
eggs or unﬂedged chicks.
Figure S3. Juvenile Rufous-thighed Kite (Harpagus diodon) NHM #1922.3.5.979 collected on the
Mazaruni River, British Guiana (now Guyana),
between August and October 1898 (not November as indicated on the label) (A. C. Lees, © British Museum of Natural History, Tring).
Figure S4. Top, juvenile male Rufous-thighed
Kite (Harpagus diodon) MPEG #15345 collected
at Santarem, Para, Brazil (central-eastern Amazonia), on 4 July 1956; below, juvenile female Double-toothed Kite Hawk (H. bidentatus) MPEG
#48030 collected at Cruzeiro do Sul, Acre, Brazil
(western Amazonia), on 22 February 1992.
Figure S5. Top, adult male Rufous-thighed Kite
(Harpagus diodon) MPEG #46532 collected at
Belem, Para, Brazil (eastern Amazonia), on 10
June 1989; below, adult female Bicoloured Hawk
(Accipiter bicolor pileatus) MPEG #75631 collected
at Jacarecanga, Para, Brazil (eastern Amazonia), on
9 October 2012.

