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Abstract
Seasonal flooding compels some birds that breed in aquatic habitats in Amazonia to under-

take annual migrations, yet we know little about how the complex landscape of the Amazon

region is used seasonally by these species. The possibility of trans-Andes migration for

Amazonian breeding birds has largely been discounted given the high geographic barrier

posed by the Andean Cordillera and the desert habitat along much of the Pacific Coast.

Here we demonstrate a trans-Andes route for Black Skimmers (Rynchops niger cineras-
cens) breeding on the Manu River (in the lowlands of Manu National Park, Perú), as well as

divergent movement patterns both regionally and across the continent. Of eight skimmers

tracked with satellite telemetry, three provided data on their outbound migrations, with two

crossing the high Peruvian Andes to the Pacific. A third traveled over 1800 km to the south-

east before transmissions ended in eastern Paraguay. One of the two trans-Andean

migrants demonstrated a full round-trip migration back to its tagging location after traveling

down the Pacific Coast from latitude 9° South to latitude 37° S, spending the austral summer

in the Gulf of Arauco, Chile. This is the first documentation of a trans-Andes migration

observed for any bird breeding in lowland Amazonia. To our knowledge, this research also

documents the first example of a tropical-breeding waterbird migrating out of the tropics to

spend the non-breeding season in the temperate summer, this being the reverse pattern

with respect to seasonality for austral migrants in general.
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Introduction
The Amazon Basin is a world driven by water, controlled by a geographic situation that creates a
complex hydrology, with important consequences for aquatic life [1]. Annual flooding dramati-
cally alters the landscape each year, reconnecting rivers with oxbow lakes, flooding large expanses
of forest, and completely submerging river bars for weeks or months [2,3]. Straddling the equator
along a long East-West axis, the Basin integrates rainfall from the eastern slopes of the Andes with
rainfall from northern and southern tributaries that experience peak volumes offset by six months
[3]. Peak rainfall may coincide with low water at some locales, and both low and high water condi-
tions may adjoin where tributaries on opposite schedules converge. In high water conditions, fish
disperse widely to feed on forest-derived resources, while in low water, fish concentrate in the
main river course or remaining backwaters, altering feeding opportunities for piscivorous mam-
mals and birds [4]. In addition to varying freshwater conditions, the coasts of South America offer
some of the most productive and biodiverse marine habitats on earth, with productivity driven by
the Humboldt Current’s rich upwelling zones on the Pacific, and highly productive regions at the
mouths of major rivers on the Atlantic [5]. Breeding birds tied to the Amazon’s aquatic cycles are
thus presented with a complicated temporal mosaic of habitat and feeding conditions and should
showmovement patterns that optimize local and regional opportunities.

Information on bird migration within South America is still deficient, despite considerable
interest in the use of South American habitats by many Neotropical migrants [6–8]. Work on
intra-tropical migrants is particularly scant, and for Neotropical waterbirds, many of which are
migratory [7,9], most species’migration patterns are still unknown, even in the region’s most
important wetlands [10]. Studies that track individuals’movements provide ideal data on time
spent in different locations through entire annual cycles, but tracking has rarely been used with
Amazonian breeding birds. Previous tracking work in South America has focused more on ter-
restrial or Andean species [11–15] or seabirds [16], with only the Andean condor (Vultur gry-
phus), ever demonstrating movement patterns between lowland and Andean habitats [15].
Examples of studies on waterbird movements in Australia [17], Africa [18–20] and Asia [21]
provide insight into patterns of avian migration in these areas, although cross-continental com-
parisons have so far allowed for few generalizations [6,22] and provide little predictive power
for Amazonia. Research with Black Skimmers (Rynchops niger cinerascens) reported here, com-
bined with earlier work from the same site on Orinoco Geese [23] therefore comprises some of
the first work to shed light on heretofore unknown migratory routes of Amazonia’s waterbirds.

Skimmers (Rynchops spp.) are piscivorous waterbirds from the Americas, India and Africa,
notable for their specialized bill and flight mechanics that allow them to catch fish on the wing
using only tactile cues [24]. Tropical skimmers, such as the African and Indian skimmers
(Rynchops flavirostris and Rynchops albicollis, respectively) are predominantly riverine species
[25–26] while the North American subspecies of the Black Skimmer (Rynchops niger niger) pri-
marily inhabits marine environments, although inland breeding is known [27]. Black Skim-
mers in South America breed on riverine sandbars during low-water periods when point bars
are exposed [28–29]. Two South American subspecies are recognized: Rynchops niger cineras-
cens from northern and western South America; and Rynchops niger intercedens from Eastern
Brazil to NE Argentina [30]. Although both subspecies use coastal areas in the non-breeding
season, concentrations only rarely include R. n. cinerascens on the Atlantic coast or R. n. inter-
cedens on the Pacific coast ([31] and F. Schmitt, pers. comm.).

Black Skimmers appear seasonally in large numbers on both the Pacific and Atlantic coasts
of South America, being most common September to April [28, 31–33]. The timing coincides
with the end of the breeding season in the southern Amazon and the onset of heavy rains that
raise river levels and flood breeding beaches. The possibility that Amazonian skimmers were
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appearing on the Pacific coast of Peru was discounted by Hughes [32] who surmised that Black
Skimmers arriving each year in Mollendo (Pacific Coast of Peru, latitude -17.02; longitude
-72.02) were likely from North America. Trans-Andes migration by Amazonian-breeding
birds has generally been deemed unlikely given the high geographic barrier posed by the
Andean Cordillera, and the unsuitable desert habitat along much of the Pacific Coast. Yet, scat-
tered wetlands and sheltered bays which dot the Pacific Coast of Peru and Chile share several
species with lowland Amazonia, for example herons (Family Ardeidae), shorebirds (Family
Charadridae) and skimmers. In addition, high Andean lakes have been documented to be used
by some species of migratory waterbirds, including Nearctic migrant shorebirds, although the
detailed routes used by these birds either to cross or to parallel the Andes during migration is
unknown [34]. Nevertheless, high-altitude migrations are known from other waterbirds such
as the Arctic Tern Sterna paradisea [35] and geese [36–37], and a number of shorebirds regu-
larly appear in Andean habitats above 3,000 m, suggesting that high elevations and low temper-
atures are no obstacle to certain species. Field observations of large groups of skimmers post-
breeding (November) in the Manu region of Atalaya, at the base of the Andes and in a region
where they are not documented to breed, suggest that congregations of skimmers may stage
collective crossings over the Andes from this locality (LCD and J Terborgh, pers. obs.).

Our goal in this study was to test the hypothesis that Manu River skimmers cross the Andes
to the Pacific Coast or, alternatively, seek suitable water conditions by crossing the Equator to
northern Amazonia or moving elsewhere in tropical basins where the conditions are reversed
with respect to river levels.

Methods

Study Site
The Manu River is a meandering white-water river at the base of the Peruvian Andes that fluc-
tuates seasonally, exposing extensive (up to 2 km long) point bars (beaches) during its dry sea-
son (May–October) [3,38]. The entirety of its watershed is protected within the Manu National
Park [38]. Point bars exposed during the dry season provide important seasonal nesting habitat
for both turtles and a suite of nesting birds, including Black Skimmers [29].

Capture and PTT Deployment
We captured a total of 8 Black Skimmers in 2012 and 2014 at two Manu River locations: 1) a
nesting beach across from the Cocha Cashu Biological Station (“EBCC”; -11.88° Lat; -71.41°
Long), which hosts 4–5 nesting pairs in most years; and, 2) “Playa Garza” (-12.15° Lat; -71.07°
Long), a high island in the Manu River approximately 45 km (straight-line distance) downriver
of EBCC (Figs 1–3). Playa Garza hosted the largest number of skimmers (32) of all Manu
beaches censused between the town of Boca Manu (at the juncture of the Manu and Alto
Madre de Dios Rivers) and EBCC in 2014.

We captured skimmers during moonless periods with mistnets (Avinet 6m nets with
127mmmesh) placed alongside nests or at the water’s edge where skimmers forage.

We captured one bird at EBCC in 2012 (August 5), 4 birds at EBCC in 2014 (August 15, 24,
25) and 3 birds at Playa Garza in 2014 (August 16) (Table 1). Each bird was banded with 1–2 col-
ored Darvic legbands, and outfitted with a 5g ARGOS PTT 100 transmitter (Microwave Teleme-
try, Inc.—MTI) attached using a backpack harness. We used two harness methods. In 2012, the
single tagged bird was harnessed using 3/16” Teflon Ribbon (Bally Mills Ribbon) tied with a
backpack knotting protocol based on [39]. In 2014, we modified the backpack harness method
by eliminating knots on the sternum and crossing the front ribbons through a Neoprene pad
through which we cut small slits at each corner for crossing the ribbon (Lisa Ferguson, pers.
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comm.). The chest pad maintained the ribbons in place with a gap sufficient to space the harness
across the wings to prevent constriction of the sternum area and reduction in flight performance.

Ethics Statement
All methods (and LCD fieldwork) were approved under Duke IACUC protocols A081-10-03
and A125-13-05. All work was also undertaken under formal agreement with the Facultad de
Medicina Veterinaria y Zootecnia of the Universidad Peruana Cayetao Heredia (UPCH). Wild-
life veterinarians (Inés Nole, DVM and Marcos Maguiña, DVM) advised on methods and over-
saw fieldwork. Transmitter weights were below the 3% body weight recommended as best
practice by the USGS Bird Banding Laboratory [40]. Permission to conduct the work inside
Manu National Park was authorized by Perú’s Servicio Nacional de Áreas Naturales Protegidas
(SERNANP) under permits SERNANP-PNM-JEF P #13–2012, and #10–2014.

Data Preparation and Analysis
The PTTs provided data on a duty cycle of 10 h on and 48h off. Data were filtered by Argos
using the Kalman Filter [41] and archived at www.movebank.org [42]. ARGOS location classes

Fig 1. Long-distancemovements of Black Skimmers tagged in Manu National Park, Perú, 2012–2014. Tracks of 8 skimmers tagged in Manu National
Park with arrows denoting received locations and direction of travel. Pacific coast stopovers used by Manuel (orange track) for >48 h noted with green stars.
Created with ESRI ArcGIS 10.2.2 software. Basemap data sources include: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community.

doi:10.1371/journal.pone.0144994.g001
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(“LC”) vary in precision, with LC 3, 2 and 1 locations considered high quality locations, and
LC 0, A and B low quality, in descending order of precision ([41] but see [43]). LC Z points are
considered invalid. Prior to analyzing data, we applied the Movebank Douglas Argos Filter in
DAR mode with the default options [44] to the original 1803 locations. The filter removes all
LC Z points and all LC 0, A and B points that suggest unrealistic movement speed and turning
angles. In addition, we removed all duplicate timestamps manually, prioritizing higher LC class
(1499 points remaining). In some individuals’ final few duty cycles where we continued to
receive points, but saw abnormally low movement distances, we analyzed if a subject’s move-
ment radius extended beyond the local average of LC class 3 lat/long coordinates than could be
explained by those locations’ error estimates. No birds’ datasets were truncated solely by this
criteria, however. In the case of 118938/Orchid, after October 31st, about 2 weeks of expected
data failed to arrive, and subsequent locations were dominated by LC A and B points, making
determination of a local “average” LC 3 reference impractical. We truncated her dataset at the
October 31 cutoff, leaving a total of 1443 points in the full dataset (Table 1; Figs 1–3).

For calculations of total distances traveled by individual birds (Table 1), we assembled a
truncated dataset using a highly conservative procedure to choose a single high quality location
per duty cycle. Duty cycles with no high quality locations were excluded. The process mini-
mizes the calculation of distance traveled by removing the effects of local movements during a

Fig 2. Trans-Andesmigration routes used by two Manu Black Skimmers. Routes of Manuel (orange) and Vicky (pink) depict the varied routes used for
the 3 Andean crossings tracked for two skimmers. Created with ESRI ArcGIS 10.2.2 software. Basemap data sources include: DigitalGlobe, GeoEye,
Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community.

doi:10.1371/journal.pone.0144994.g002
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duty cycle, and by removing any contribution from errors of precision between points in a
duty cycle. The individual point chosen to represent each duty cycle was based on a process
similar to the daily “Pick One” function of the Douglas Filter [44] in Movebank editing func-
tions [45]. Points were selected first by comparing location class, secondly by comparing Argos
“IQ” quality indicator, and thirdly by comparing the number of messages received by Argos for
that location. Filtering, mapping and distance calculations were completed using Movebank’s
Data Editing functions [45], ArcGIS 10.2.2 [46] and ArcMET 10.2.2 v3 for ArcGIS [47]
respectively.

Results

Migration Data Overview
Of eight Black Skimmers tracked with satellite telemetry in 2012 and 2014 (range of 7 to 307
working days), three provided at least partial outbound migration routes (Table 1 and Fig 1)
and one of the three (135971/Manuel) completed a full round-trip migration back to the EBCC
tagging site. Manuel and one other bird (135970/Vicky) undertook a migration route across
the high Andean Cordillera to the Pacific Coast of Perú. Manuel was the first bird to cross the

Fig 3. Regional movements of Black Skimmers fromManu National Park.Movements during the breeding season in the region of our two tagging sites:
1) the Cocha Cashu Biological Station (EBCC); and 2) Playa Garza, on the Manu River. Created with ESRI ArcGIS 10.2.2 software. Basemap data sources
include: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the
GIS User Community.

doi:10.1371/journal.pone.0144994.g003
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Andes, leaving the Amazonian lowlands between September 24 2229 h and September 26
2149h. Vicky crossed shortly after, between October 6 0905 h and October 8 0822 h, with a
final point on October 8 1413h, apparently near Lake Parinacochas (LC Class 0). Eventually,
Manuel migrated down the Pacific Coast to the Gulf of Arauco, Chile, arriving there on January
15, 2015, and remaining near there until initiating his return trip on April 10, 2015.

The third long-distance migrant (118938/Orchid) demonstrated an unexpected southeastern
migration, traveling over 1800 km from the Manu River to the Paraguay River in eastern Para-
guay before transmissions ended. Her departure of September 19 came about one week after the
Manu River rose on September 13–16, covering nesting beaches. Orchid arrived in Paraguay by
September 24, where she remained for a few weeks before transmissions degraded and ended.

Local Field Observations
The single bird tagged in 2012 (49143/Eleanor) nested at EBCC and provided only local move-
ments along the Manu River before transmissions ended after 21 days. In 2014, she was re-
sighted at EBCC on the beach where she was first tagged, no longer carrying a transmitter but
identified by colored leg-bands. She was the only nesting female observed to successfully raise
young at the EBCC beach in 2014, suggesting site fidelity for this individual.

The two trans-Andes migrants, Manuel and Vicky, were tagged at the two different capture
sites along the Manu River in 2014 and both migrated well before birds were observed to fledge
young at EBCC. For example, Eleanor and other pairs with young were observed to remain in
the EBCC area until December 2014 (A. Guerra, pers. comm).

Prior to tagging, we did not know whether the birds were nesting or non-reproductive, but
local observations provided some subsequent information. Manuel may not have been nesting.
After capture he was observed on two occasions (Aug 26 and Sept 24) on a beach several curves
downriver of the EBCC tagging site (lat 11°54’ 58” S; long 71° 20’32”W), and only ever
observed alone. Vicky was not observed in Manu after tagging. After capturing both Orchid

Table 1. Black Skimmer Argos ID’s, deployment statistics and location classes. Number of locations reported are for Full and (Filtered) datasets.

Number of Locations by Argos Location
Class

Argos
ID

Name Sex Capture
Site

Deployment
Date

Working
Days

Total #
Locations

Distance
(km)1

3 2 1 0 A B

49143 Eleanor F EBCC 05 Aug 2012 20 53(10) 24 9(4) 16(6) 11(0) 3(0) 4(0) 10
(0)

118938 Orchid F EBCC 15 Aug 2014 76 142(25) 1982 10(9) 16(7) 37(8) 31
(1)

12
(0)

36
(0)

118939 Hugo M Garza 16 Aug 2014 87 133(27) 727 14
(11)

18(8) 33(7) 27
(1)

13
(0)

28
(0)

135969 Erasmo M EBCC 24 Aug 2014 7 14(2) 1 1(1) 1(1) 4(0) 2(0) 1(0) 5(0)

135970 Vicky F Garza 16 Aug 2014 53 129(24) 4833 6(6) 12(7) 32(9) 38
(2)

10
(0)

31
(0)

135971 Manuel M EBCC 25 Aug 2014 307 878(135) 12902 15
(14)

131
(79)

258
(41)

221
(1)

81
(0)

172
(0)

135972 Marina F Garza 16 Aug 2014 21 60(11) 1158 3(1) 8(4) 13(6) 14
(0)

8(0) 14
(0)

135973 Alfred M EBCC 25 Aug 2014 12 34(6) 11 1(1) 8(4) 6(0) 5(1) 6(0) 8(0)

Totals: 1443(240) 59
(45)

210
(115)

394
(77)

341
(7)

135
(0)

304
(0)

1Total distance traveled between all points in Filtered dataset (one high quality location per duty cycle).

doi:10.1371/journal.pone.0144994.t001
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and 135969/Erasmo at EBCC, we observed that these two constituted a pair, nesting together
on the EBCC beach. Erasmo, however, was observed (by KG) to be predated by a Roadside
Hawk (Buteo magnirostris) on September 1 while sitting on the nest.

Andean Crossings
Although all three Andean crossings occurred in southern Perú, the two trans-Andes migrants
appeared to use quite different routes to the Pacific Coast (Fig 2). On his outbound crossing,
Manuel moved northwest from the Manu River into the Ucayali drainage before crossing to
Isla San Lorenzo offshore of Lima. Vicky appeared to cross the Andes directly from areas she
frequented in the lower Madre de Dios River (Perú), arriving approximately 3.8° south of
where Manuel arrived. No intermediate points within the Andes were obtained fromManuel’s
outbound trip, but his start and end locations suggest he could have used passes near Ticlio
(4818m) or Abra de la Viuda (4817m) in a narrow section of the Andes. From Vicky we
received one coastal location (although LC A, and filtered by the Douglas filter) and three
Andean locations (including 2 Class 0 points and 1 Class B point) prior to her last transmission
on October 8. Her Andean locations indicate that she crossed over one of the widest sections of
the Peruvian Altiplano in southern Perú (Fig 2).

Manuel’s return migration north along the Chilean coast began on April 10, 2015. He arrived
on the Manu River on May 28th after stopovers at the coastal town of Camaná and on the Uca-
yali River east of the Andes. On the Ucayali, he used some of the same beaches visited on his
outbound migration. Details of his second Andean crossing were captured during the PTT’s 10
h duty cycle, providing some high-quality locations along the coast and during the initial hours
of ascent. The data showed that Manuel crossed on the night of April 30, leaving the coast
between 2131h and 2213 h from a coastal region ~100 km distant from the final locations pro-
vided by Vicky on her outbound migration. The data show that Manuel crossed several Andean
stream valleys traveling due north before that duty cycle completed on May 1 0155 h.

Regional Movements
Apart from migratory movements, several of the birds undertook long-distance movements
between the Manu River and remote watersheds, some up to>700 km distant. Such long-dis-
tance movements were common even during the breeding season, and in several cases involved
multiple round-trip visits. Three birds visited the Llanos de Moxos savanna/wetland complex
of northern Bolivia (Dept. of Bení) (Fig 3). 118939/Hugo commuted to the upper Río de los
Amigos River (Perú) 4 times in one month, and later traveled to the Llanos de Moxos (Bolivia)
between September 17 and 19 before transmissions ended there. 135972/Marina twice traveled
north to the Río Iaco in Brazil during the 21days her transmitter functioned. Vicky flew to the
Llanos de Moxos (Bolivia) and returned to the Madre de Dios River (Perú) 5 times before her
trans-Andes migration.

Manuel best demonstrated the long-distance movements of Black Skimmers undertaken off
the breeding grounds (Fig 1). After migrating to Isla San Lorenzo (near Lima), Manuel traveled
much of the Peruvian coastline, including a foray to ~ 200 km north of Lima (to latitude 9.3°
South). He then returned to Isla San Lorenzo before continuing south into Central Chile, ulti-
mately reaching the Gulf of Arauco near Concepción (latitude 37.2° South) where he remained
through the austral summer.

Discussion
Our study is the first to document the varied seasonal movements and migratory behavior of
Black Skimmers nesting in Amazonia, and is the first to document a trans-Andean migration
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route by any Amazonian breeding bird, confirmed by tracking three passages over the high
Peruvian Andes by two different birds. The only other documented trans-Andes passage apart
from raptors (e.g. condors) is for Arctic Terns (Sterna paradisaea) that migrate from the high
Arctic to southern oceans through the Southern Andes [35], where the passes are lower
(1,500–2,000m) than those used by Peruvian skimmers (nearly 5,000 m). A number of unex-
pected features of the Peruvian skimmer movements were uncovered by this study, illustrating
how little we know about movement patterns of bird populations within South America. Our
results suggest that many skimmers observed on the Pacific coast each year may be breeding
birds from Amazonia, and that long-distance and/or trans-Andean migration may be more
widespread than generally thought for South American birds, including for waterbirds.

The movement of skimmers from freshwater breeding locations towards coastal locales
indicates an inter-habitat migration, in which at least some Black Skimmers breeding inland
switch from freshwater rivers to rich coastal waters during the non-breeding season. Short dis-
tance inter-habitat migrations are known from tropical regions [22,48] but most demonstra-
tions of habitat-switching migrations have been among terrestrial species [9]. In South
America, piscivores such as skimmers and terns can access productive marine fisheries along
both coasts, including the upwelling zone of the Humboldt Current on the Pacific used by a
few of our birds, as well as at the mouths of the Amazon and the Río de la Plata on the Atlantic.
Whether inter-habitat migration for Amazonian skimmers is general remains an open ques-
tion, due to the small number of birds tagged to date. Some individuals tracked in this study
migrated up to three months earlier than others in the same population that were observed to
rear young. Early migration might suggest a preference for marine feeding grounds, and further
might suggest that inland rivers are attractive principally for nest-site characteristics (discussed
further below). Regardless, at this stage, we cannot rule out that some birds may migrate else-
where in other freshwater systems at the start of the high water season on the Manu to find
low-water conditions and more concentrated prey.

In addition to high altitude migration through the Andes, we also documented variable
directionality in regional and migratory movements, as well as a near-continental scale of
recorded migrations, both in latitudinal and longitudinal changes. The unexpected southeast-
ern migration of Orchid through the Llanos de Moxos, Bolivia and into eastern Paraguay sug-
gests there may be several migration routes taken by individual skimmers from our field site.
However, only additional tracking would determine how common this route is versus the
trans-Andes route or others. Near the end of Orchid’s transmissions, she entered the upper
regions of the Paraná Basin where R.n. cinerascens is rarely recorded. Given the ease with
which Black Skimmers regularly moved long distances, and the many months taken by Manuel
to reach his final austral summer destination, it is conceivable that Orchid’s partial dataset sug-
gests an alternative migration route for some Peruvian skimmers all the way to the Atlantic
Coast. Clearly, we do not know if Orchid continued further downriver after transmissions
ended. However, had Orchid followed the Paraguay River downstream to the Atlantic Coast,
she would have arrived close to the coastal lagoon of Mar Chiquita (latitude -37.7°; longitude
-57.4°), a site known to host significant non-breeding concentrations of Black Skimmers, pri-
marily R. n. intercedens [33,49]. We speculate that such cross-continental migrations likely
await discovery for skimmers.

Recently, Mariano-Jelicich & Madrid [33] found that R. n. intercedens in Mar Chiquita are
not panmictic, but have low genetic differentiation, which they interpret as a consequence of
mixing far-flung breeding populations during the non-breeding season. Our results reinforce
this interpretation by documenting large-scale movements of individual birds, and raising the
possibility that at least some birds from western Amazonian sites join the non-breeding con-
gregations found at mid-latitude Atlantic sites.

Migration of Black Skimmers from Peruvian Amazon
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Another notable finding of this research was the repeated instances of “commuting” to dis-
tant watersheds even during the breeding season. All birds tracked for more than 30 days trav-
eled to a remote watershed at least once, and covered at least 600 km (Table 1). While breeding
season travel was unexpected, we interpret the data as movement occurring in between nesting
attempts or after total reproductive failure for the year (i.e. Orchid). The Manu system is partic-
ularly close to the Andes and therefore intermittently influenced by regional precipitation,
making unpredictable flooding of nests a periodic cause of coincident nest failures. Skimmers
place nests surprisingly close to the water’s edge, presumably to aid thermal regulation of nests
on cooler sand while also allowing better detection of predators [50], but by doing so, the risk
of flooding is high and is regularly observed in Manu.

Within South American migrant birds, skimmers are not alone in moving long distances,
although they may be unusual in doing so extensively within the breeding season. Jahn et al
[12] documented long-distance movements of Fork-tailed Flycatchers (Tyrannus savana)
using geolocators, documenting the largest latitudinal shift for any individual bird within
South America to date, approximately 4100 km distance on fall migration. The authors suggest
that long-distance migration within South America may be more common than previously
thought, which our data definitely support. Even some Neartic-Neotropical migrants move
considerable distances between regions of South America during the non-breeding season, as
shown by the intra-tropical movements of Veeries (Catharus fuscescens) during their non-
breeding season [14]. In Australia, nomadic Banded Stilts (Cladorhynchus leucocephalus) have
been shown to move across the continent in response to rainfall events, connecting populations
previously thought distinct [16].

A final distinctive feature of our findings is the observation that skimmers breeding in the
tropical Amazon migrate south to spend the non-breeding period at temperate latitudes. This
is the reverse of the pattern followed by the great majority of austral migrants that breed in
summer at temperate latitudes and migrate to the tropics for the austral winter. In contrast,
Black Skimmers breeding in coastal North America migrate to lower latitudes for the winter
[51]. The pattern displayed by Peruvian skimmers is also directly countercurrent to that shown
by African Skimmers that breed just within the tropical zone of southern Africa (i.e. in the
Okavango and Zambezi systems) and migrate north, to lower latitude sites, for the austral win-
ter [25]. Peruvian skimmers are also anomalous by breeding in the austral winter, while sitting
out the austral summer at southern latitudes equivalent to those favored for breeding by North
American skimmers in the Northern Hemisphere. While the Peruvian skimmers’migration
therefore broadly tracks the latitudinal movements of other austral migrants temporally, they
do so while at cross purposes in terms of reproduction.

Curiously, few other tropical breeding bird species spend the non-breeding season at tem-
perate latitudes, although some African species migrate from non-breeding tropical locations
to both northern and southern temperate regions to breed [18]. Why don’t South American
skimmers follow the usual pattern of breeding in the austral summer and spending the non-
breeding season at lower latitudes? A need to escape high water conditions only partly accounts
for the pattern. It must be that the fitness of birds nesting on Amazon beaches is reliably higher
than at coastal alternatives. Seasonal fluctuations in coastal productivity may make critical
resources unreliable across large areas [52], affecting reproductive success; however, predation
risk might also differ between the two options. High populations of both mammalian (e.g.
foxes–Dusicyon spp. and felines, such as Geoffroy’s cat Oncifels geoffroyi) and avian (e.g. Kelp
Gulls, Larus domincanus) predators that prey on waterbirds and chicks [49,53] are common in
potential coastal breeding habitats in temperate South America. Elsewhere, foxes have been
shown to impart strong control over seabird colonies [54], and increases in gull and Bald Eagle
populations are correlated with ongoing declines in skimmers and other colonial waterbirds
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breeding in Virginia, USA [55]. While nesting success for passerines is generally low in tropical
forests [56], skimmers can benefit from nesting on river islands [57] and from multi-species
defense provided by allies, including the Large-Billed Tern (Phaetusa simplex) and Yellow-
Billed Tern (Sterna superciliaris) [29]. The latter two species co-occur across the entire Amazon
basin, yet neither appears on the Pacific Coast.

Migratory routes, corridors and stopover sites are poorly known for Amazonian waterbirds,
yet learning them is critical for conserving such highly mobile organisms such as waterbirds
[10,34,58]. Stopovers used by Manuel for> 2 days along the Pacific coast are few but instruc-
tive; each was a location near the mouth of a freshwater river (i.e. Lima, Barranca District,
Lagunas de Mejia, and Camaná in Perú plus the Mataquito and Itata Rivers in Chile). Unfortu-
nately, most freshwater lagoons along the Pacific coast of South America are heavily altered for
agricultural use, despite their importance to migratory birds [34]. Within the continent, the use
of the Llanos de Moxos, Bolivia by multiple skimmers from Peru, both for feeding during the
breeding season and as a possible migration corridor to the southeast, is a potentially signifi-
cant finding relative to current conservation issues in the region. The Llanos de Moxos is the
wet season destination for the critically threatened Peruvian population of Orinoco Geese
(Neochen jubata) and for Orinoco Geese from the Río Juruá, Brazil ([23] and Davenport, Endo
and Peres unpubl. data). The Bolivian Andes-Amazon region is also important for multiple ter-
restrial austral migrants [9]. Despite being recently declared a Ramsar site, very little of the Lla-
nos de Moxos enjoys strict protection with ~ 98% of the land area still in private hands (B.
Hennessey, pers. comm.). Development plans for the Llanos de Moxos and the Andes-Amazon
region include extensive activities that will disrupt wetland connectivity and function including
agricultural intensification (e.g. sugar cane, cattle), dam-building, and mining and forestry con-
cessions [10,59–61]. Dams are a particular concern for waterbirds, especially for skimmers that
require shallow, slow-moving water for feeding and intact disturbance regimes to maintain
beach dynamics. In the Zambezi River, numbers of breeding African Skimmers have declined
since the construction of Kariba Dam and the regulation of the downstream flooding regime
and consequent changes to river dynamics and vegetation dynamics on beaches [25].

Conclusion
Overall, our data and interpretations represent only a first step to documenting migratory and
movement behavior within Amazonia and applying lessons learned to conservation. We draw
attention to the fact that even one small-scale study on a single species has produced so many
surprises of unsuspected movement phenomena. The great mobility demonstrated by the
skimmers of Manu, both during and outside the breeding season, makes them an interesting
case for studying evolutionary strategies of adaptation to the Amazon’s unique situation. More
information is clearly needed on Amazonia’s migratory animals, in light of the rapidly expand-
ing threats to the integrity of freshwater ecosystems and the paucity of existing baseline data on
animal movements in South America. Even with low sample sizes, satellite telemetry provides
important new insights, including documenting new migration patterns for South America.
We suggest that additional research on movement patterns of Amazonian waterbirds should
be guided by an appreciation of the opportunities offered to migratory birds at the scale of the
entire Amazon Basin with its complex, interconnected and interdependent flood-pulse ecology
[62].

Acknowledgments
We are grateful for assistance from John Terborgh, Antonio Guerra Rosas, Marcos Maguiña,
Inés Nole, John Takekawa, Lisa Ferguson, Juan Kapeshi, Nikanor Kapeshi, Cathy Bykowsky,

Migration of Black Skimmers from Peruvian Amazon

PLOSONE | DOI:10.1371/journal.pone.0144994 January 13, 2016 11 / 14



Chi (Tim) Lam, Scott Robinson, Fabrice Schmitt, and Cesar Flores. Alex Jahn, Ugo Mellone,
Sergio Lambertucci and one anonymous reviewer provided comments that helped improve the
manuscript.

Author Contributions
Conceived and designed the experiments: LCD KSG TH. Performed the experiments: LCD
KSG TH. Analyzed the data: LCD. Wrote the paper: LCD KSG TH.

References
1. JunkWJ, editor. The central Amazon floodplain: ecology of a pulsing system. Ecological Studies vol.

126. New York: Springer-Verlag; 1997.

2. Hamilton SK, Sippel SJ, Melack JM. Comparison of inundation patterns among major South American
floodplains. J Geophys Res Atmospheres. 2002; 107:LBA-5.

3. Goulding M, Barthem R, Ferreira E. Smithsonian Atlas of the Amazon. Washington DC: Smithsonian
Books; 2003.

4. Goulding M. The Fishes and the Forest: Explorations in Amazonian Natural History. Los Angeles: Uni-
versity of California Press; 1980.

5. Miloslavich P, Klein E, Díaz JM, Hernández CE, Bigatti G, Campos L et al. Marine biodiversity in the
Atlantic and Pacific coasts of South America: knowledge and gaps. PLoS One. 2011; 6(1):e14631.
PMID: 21304960

6. Faaborg J, Holmes RT, Anders AD, Bildstein KL, Dugger KJ, Gauthreaux SA et. al. Recent advances in
understanding migration systems of NewWorld land birds. Ecol Monogr. 2010; 80(1):3–48.

7. Stotz DF, Fitzpatrick JW, Parker TA III, Moskovits DK. Neotropical birds: ecology and conservation.
Chicago: University of Chicago Press; 1996.

8. Terborgh JW. Where have all the birds gone? Princeton: Princeton University Press; 1989.

9. Chesser RT. Migration in South America: an overview of the austral system. Bird Conserv Int. 2010;
4:91–107.

10. Zuquim Antas PDT. Migration and other movements among the lower Paraná River valley wetlands,
Argentina, and the south Brazil/Pantanal wetlands. Bird Conserv Int. 1994; 4:181–190.

11. Fraser KC, Stutchbury BJM, Silverio C, Kramer PM, Barrow J, Newstead D. Continent-wide tracking to
determine migratory connectivity and tropical habitat associations of a declining aerial insectivore. Proc
R Soc Edinb Biol. 2012; 279:4901–4906. doi: 10.1098/rspb.2012.2207

12. Jahn AE, Levey DJ, Cueto VR, Ledezma JP, Tuero DT, Fox JW, et al. Long-distance bird migration
within South America revealed by light-level geolocators. Auk. 2013; 130(2):223–229.

13. Jahn AE, Cueto VR Sagario MC, Mamani AM, Quillen Vidoz J, Lopez de Casenave J et al. Breeding
and winter site fidelity among eleven Neotropical austral migrant bird species. Ornitol Neotrop. 2009;
20:275–283.

14. Heckscher CM, Taylor SM, Fox JW, Afanasyev V. Veery (Catharus fuscescens) wintering locations,
migratory connectivity, and a revision of its winter range using geolocator technology. Auk. 2011; 128
(3):531–542.

15. Lambertucci SA, Alarcón PAE, Hiraldo F, Anchez-Zapata JA, Blanco G, Donázar JA. Apex scavenger
movements call for transboundary conservation policies. Biol. Conserv. 2014; 170:156–150.

16. Skewgar E, Boersma PD, Simeone A. Winter migration of Magellanic Penguins (Spheniscus magellani-
cus) along the southeastern Pacific. Waterbirds. 2014; 37(2):203–209.

17. Pedler RD, Ribot RFH, Bennett ATD. Extreme nomadism in desert waterbirds: flights of the banded
stilt. Biol Lett. 2014; 10: doi: 10.1098/rsbl.2014.0547

18. Cumming GS, Gaidet N, Ndlovu M. Towards a unification of movement ecology and biogeography:
conceptual framework and a case study on Afrotropical ducks. J Biogeogr. 2012; 39(8):1401–1411.

19. Hockey PAR. Patterns and correlates of bird migrations in sub-Saharan Africa. Emu. 2000; 100:401–
417.

20. Takekawa JY, Heath S, Iverson S, Gaidet N, Cappelle J, Dodman T, et. al. Movement ecology of five
Afrotropical waterfowl species fromMalawi, Mali and Nigeria. Ostrich. 2015; 85:1–2:155–168.

21. Palm EC. Newman SH, Prosser DJ, Xiao X, Ze L,Batbayar N. et al. Mapping migratory flyways in Asia
using dynamic Brownian bridge movement models. Mov Ecol. 2015; 3(1):3. doi: 10.1186/s40462-015-
0029-6 PMID: 25709838

Migration of Black Skimmers from Peruvian Amazon

PLOSONE | DOI:10.1371/journal.pone.0144994 January 13, 2016 12 / 14

http://www.ncbi.nlm.nih.gov/pubmed/21304960
http://dx.doi.org/10.1098/rspb.2012.2207
http://dx.doi.org/10.1098/rsbl.2014.0547
http://dx.doi.org/10.1186/s40462-015-0029-6
http://dx.doi.org/10.1186/s40462-015-0029-6
http://www.ncbi.nlm.nih.gov/pubmed/25709838


22. Rappole J. The Avian Migrant. New York: Columbia University Press; 2013.

23. Davenport LC, Nole I, Carlos N. East with the Night: Longitudinal Migration of the Orinoco Goose (Neo-
chen jubata) BetweenManu National Park, Perú and the Llanos de Moxos, Bolivia. PLoS One. 2012; 7:
e46886. doi: 10.1371/journal.pone.0046886 PMID: 23056512

24. Withers PC, Timko PL. The Significance of Ground Effect to the Aerodynamic Cost of Flight and Ener-
getics of the Black Skimmer (Rynchops nigra). J Exp Biol. 1977; 0: 13–26.

25. Coppinger MP, Williams GD, Maclean GL. Distribution and breeding biology of the African Skimmer on
the upper and middle Zambezi river. Ostrich. 1988; 59: 85–96.

26. Sundar KSG. Observations on breeding Indian Skimmers (Rynchops albicollis) in the National Cham-
bal Sanctuary, Uttaar Pradesh, India. Forktail. 2004; 20:89–90.

27. ShufordWD, Gardali T, editors. Studies of Western Birds No. 1: California bird species of special con-
cern. Camarillo, California: Western Field Ornithologists and California Department of Fish and Game;
2008.

28. Schulenberg TS, Stotz DF, Lane DF, O’Neill JP, Parker TA. Birds of Peru. Princeton NJ: Princeton Uni-
versity Press; 2007.

29. GroomMJ. Sand-colored nighthawks parasitize the antipredator behavior of three nesting bird species.
Ecology. 1992; 73:785–793.

30. Clements JF, Schulenberg TS, Iliff MJ, Roberson D, Fredericks TA, Sullivan BL, et al. The eBird/Clem-
ents checklist of birds of the world: Version 6.9 [Internet]. 2014 Aug [cited 31 August 2014]. Available:
http://www.birds.cornell.edu/clementschecklist/download/.

31. Jaramillo AJ. Birds of Chile. Princeton, NJ: Princeton University Press; 2003.

32. Hughes RA. Notes on the Birds of the Mollendo District, Southwest Perú. Ibis. 1970; 112: 229–241.

33. Mariano-Jelicich R, Madrid E. Microsatellite variability among Black Skimmer (Rynchops niger interce-
dens) Populations in southern South America. Waterbirds. 2014; 37: 175–182.

34. Myers JP, Morrison RIG, Antas PZ, Harrington BA, Lovejoy TE, Sallaberry M et al. Conservation strat-
egy for migratory species. Am Sci. 1987; 75:18–26.

35. Duffy DC, McKnight A, Irons DB. Trans-Andean passage of migrating Arctic Terns over Patagonia. Mar
Ornithol. 2013; 41:155–159.

36. Gudmundsson GA, Benvenuti S, Alerstam T, Papi F, Lilliendahl K, Akesson S. Examining the limits of
flight and orientation performance: satellite tracking of brent geese migrating across the Greenland ice-
cap. Proc Biol Sci. 1995; 261:73–79.

37. Hawkes LA, Balachandran S, Batbayar N, Butler PJ, Frappell PB, MilsomWK et al. The trans-Himala-
yan flights of bar-headed geese (Anser indicus). Proc Natl Acad Sci Biol. 2011; 108(23)9516–9519.

38. Gentry AH, Terborgh JW. Composition and dynamics of the Cocha Cashu mature floodplain forest,
Peru. In: Gentry AH, editor. Four Neotropical Rainforests. New Haven: Yale University Press; 1990. p.
542–564.

39. Miller RM, Takakawa JY, Fleskes JP, Orthmeyer DL, Casazza ML, Perry WM. Spring migration of
Northern Pintails from California's Central Valley wintering area tracked with satellite telemetry: routes,
timing, and destinations. Can J Zool. 2005; 83:1314–1332.

40. Gaunt AS, Oring LW, editors. Guidelines to the use of wild birds in research. Washington, D.C.: The
Ornithological Council; 1999.

41. CLS (Collecte Localisation Satellites). Argos user’s manual [Internet]. 2011 Aug [last updated 2011
Aug 19];[68 p.]. Available: http://www.argos-system.org/manual/.

42. Davenport L, Goodenough K, Haugaasen T. Data from: Birds of Two Oceans? Trans-Andean and
divergent migration of Black Skimmers (Rynchops niger cinerascens) from the Peruvian Amazon.
c2015 [cited 2015 Dec 4] Available: https://www.datarepository.movebank.org/.

43. Boyd JD, Brightsmith DJ. Error properties of Argos satellite telemetry locations using least squares and
Kalman filtering. PLoS One. 2013; 8(5):e63051. doi: 10.1371/journal.pone.0063051 PMID: 23690980

44. Douglas DC, Weinzieri R, Davidson SC, Kays R, Wikelski M, Bohrer G. Moderating Argos location
errors in animal tracking data. Methods Ecol Evol. 2012; 3:999–1007.

45. Kranstauber B, Cameron A, Weinzerl R, Fountain T, Tilak S, Wikelski M et. al. The Movebank data
model for animal tracking. Environ Model Soft. 2011; 26:834–835.

46. ESRI. ArcGIS Desktop: Release 10.2.2. Redlands, CA: Environmental Systems Research Institute;
2012.

47. Wall J. Movement Ecology Tools for ArcGIS (ArcMET) Version 10.2.2. v3. 2014 Jul [Accessed 17 July
2014]. Available: http://www.movementecology.net.

Migration of Black Skimmers from Peruvian Amazon

PLOSONE | DOI:10.1371/journal.pone.0144994 January 13, 2016 13 / 14

http://dx.doi.org/10.1371/journal.pone.0046886
http://www.ncbi.nlm.nih.gov/pubmed/23056512
http://www.birds.cornell.edu/clementschecklist/download/
http://www.argos-system.org/manual/
https://www.datarepository.movebank.org/
http://dx.doi.org/10.1371/journal.pone.0063051
http://www.ncbi.nlm.nih.gov/pubmed/23690980
http://www.movementecology.net


48. Nokazawa Y, Townsend Peterson A, Martínez-Meyer E, Navarro-Sigüenza AG. Seasonal niches of
Neartic-Neotropical Migratory Birds: Implications for the evolution of migration. Auk. 2004; 121:610–
618.

49. Canepuccia AD, Martinez MM, Vassallo AI. Selection of waterbirds by Geoffroy’s cat: effects of prey
abundance, size, and distance. MammBiol. 2007; 72(3):163–173.

50. Amat JA, Masero JA. Predation risk on incubating adults constrains the choice of thermally favourable
nest sites in a plover. Anim Behav. 2004; 67:293–300.

51. Burger J, Gochfeld M. The Black Skimmer: social dynamics of a colonial species. New York: Columbia
University Press; 1990.

52. McKnight A, Allyn AJ, Duffy DC, Irons DB. ‘Stepping stone’ pattern in Pacific Arctic tern migration
reveals the importance of upwelling areas. Mar Ecol Prog Ser. 2013; 491:253–364.

53. Jaksić FM, Yáñez JL, Rau JR. Trophic relations of the southernmost populations of Dusicyon in Chile. J
Mammal. 1983; 64(4):693–697.

54. Cross DA, Maron JL, Estes JA, Danner EM, Byrd GV. Introduced predators transform subarctic islands
from grassland to tundra. Science. 2005: 307:1959–1961. PMID: 15790855

55. Watts BD, Paxton BJ. Status and distribution of colonial waterbirds in coastal Virginia: 2013 breeding
season. Raven. 2014; 85(2):12–15.

56. Robinson SK, Coloniality in the Yellow-rumped Cacique as a defense against nest predators. Auk.
1985; 102:506–519.

57. Ocampo D, Londoño GA. Tropical montane birds have increased nesting success on small river
islands. Auk. 2015; 132:1–10.

58. Webster MS, Marra PP. The importance of understanding migratory connectivity and seasonal interac-
tions. In: Greenberg R, Marra PP, editors. Birds of two worlds: the ecology and evolution of migration.
Baltimore: Johns Hopkins University Press; 2005. p. 199–209.

59. JunkWJ. Current state of knowledge regarding South America wetlands and their future under global
climate change. Aquat Sci. 2013; 75:113–131.

60. Finer M, Jenkins CN. Proliferation of Hydroelectric Dams in the Andean Amazon and Implications for
Andes-Amazon Connectivity. PLoS One. 2012; 7(4):e35126. doi: 10.1371/journal.pone.0035126
PMID: 22529979

61. Castello L, McGrath DG, Hess LL, Coe MT, Lefebrvre PA, Petry P, et al. The vulnerability of Amazon
freshwater ecosystems. Conserv Lett. 2012; 0: 1–13.

62. Haig SM, Mehlman DW, Oring LW. Avian movements and wetland connectivity in landscape conserva-
tion. Conserv Biol. 1998; 12(4):749–758.

Migration of Black Skimmers from Peruvian Amazon

PLOSONE | DOI:10.1371/journal.pone.0144994 January 13, 2016 14 / 14

http://www.ncbi.nlm.nih.gov/pubmed/15790855
http://dx.doi.org/10.1371/journal.pone.0035126
http://www.ncbi.nlm.nih.gov/pubmed/22529979

