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ABSTRACT

Black skimmers (Rynchops niger) are colonial waterbirds in Nearctic and Neotropical regions. They
often breed in mixed colonies with terns. This work analyzes the reproductive biology of
skimmers within a colony including large-billed terns (Phaetusa simplex) and yellow-billed terns
(Sternula superciliaris), located along the Cuiabá river in the Brazilian Pantanal, during July–
September 2015. We focused on nesting parameters, timing of reproduction, nest survival,
predation risk, and agonistic behavior. Skimmer nests (n = 31) were not aggregated (R = 0.40);
mean nest distance was 6.91 ± 3.39 m. Incubation lasted on average 21.6 ± 1.6 days. Nest survival
was low (3.2%) due to predation and abandonment, with the green iguana (Iguana iguana) as
major predator of eggs. Aggressive behavior included chase and turn-off flights and mainly
involved birds of prey (26.5%) followed by jabirus (Jabiru mycteria; 18.2%). The low number of
nesting terns (n = 3), which can act as protector species, may have negatively impacted the
fledging success of R. niger. Reproductive parameters and the complexity of behavioral interactions in such mixed colonies should be further studied in the Pantanal as model cases for
ecological/ethological adaptations of colonial breeders under the impact of a seasonally fluctuating water regime.

Introduction
Black skimmers (Rynchops niger, Rynchopidae) are
widely distributed along the Pacific and Atlantic coasts
of the Nearctic and Neotropical regions (Zusi & Garcia
2017). In addition, they are found along all major river
systems in continental South America, except for the
southern cone, showing seasonal geographic movements between the reproductive and non-reproductive
periods (Mariano-Jelicich et al. 2007; Mariano-Jelicich
& Madrid 2014; Antas et al. 2016; Vieira 2017). During
the non-breeding season, skimmers congregate in
flocks of sometimes up to 12,000 individuals near
estuarine and coastal areas, migrating from different
breeding areas in South America (e.g. Mariano-Jelicich
et al. 2007; Mariano-Jelicich & Madrid 2014).
In mainland South America, black skimmers usually
nest on sandy beaches or riverine islets in the Amazon
and Pantanal river systems, often together with largebilled (Phaetusa simplex) and yellow-billed terns
(Sternula superciliaris) (Sternidae) (Zarza et al. 2013;
Antas et al. 2016; Vieira 2017). In the wetlands of the
northern Pantanal in Brazil, their reproduction starts
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with the onset of the dry season between April and
June, when skimmers and terns gather at nesting sites
to form mixed breeding colonies (Gwynne & Ridgely
2010; Zarza et al. 2013; Antas et al. 2016). Based on the
variation of inundation and climatic effects, breeding
colony sizes may fluctuate considerably in consecutive
years (Antas et al. 2016). Skimmer nests consist of
simple, shallow scrapes in the sand, with neighboring
nests usually being located a few meters from each
other (Zarza et al. 2013; Antas et al. 2016; Vieira 2017).
Mixed-colony breeding in waterbirds is a widespread
strategy to enhance nesting success by reducing nest
losses through predation and other disturbance events
(Lemmetyinen 1971; Coulson 2002). In contrast to
some coastal-breeding gulls (Laridae) and terns that
form single-species colonies (Kruuk 1964; Burger &
Gochfeld 1990; Fasola & Canova 1991; Velarde 1999),
mixed breeding of skimmers and terns may be advantageous for the breeding partners (e.g. Lemmetyinen 1971;
Erwin 1979; Pius & Leberg 1998). Colony breeders have
developed a variety of strategies to optimize reproduction. For example, breeding synchrony is an important
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factor for mutualistic defense (Fuchs 1977; Gochfeld
1980). According to the “predator avoidance hypothesis,”
colonially breeding individuals may reduce the risk of
nest predation by nesting near the center of the colony
(Hamilton 1971) or by increasing joint defense (cf.
Darling 1938; Kruuk 1964; Hoogland & Sherman 1976;
Götmark & Andersson 1984). Anti-predator aggression
has been documented for both skimmers and terns,
which often breed in large colonies, either conspecifically
or mixed with two or more species, and they may form
swarms in the presence of potential predators that will be
attacked in aggressive encounters (e.g. Kruuk 1964; Erwin
1979; Burger & Gochfeld 1988, 1991; Groom 1992; Clode
et al. 2000). Apart from defense aspects, colonial nesting
may be beneficial for individuals since they can efficiently
search for and exploit food resources by observing the
foraging movements and success of nest neighbors
(Krebs et al. 1972; Emlen & Demong 1975).
Predation may significantly affect the reproductive
success of skimmer and tern colonies, but types of predators usually differ between inland and coastal populations. For example, a five-year monitoring of coastalbreeding black skimmers in New Jersey, USA yielded a
variety of predators, including gulls, oystercatchers, and
mammals, causing an annual loss of up to 50% of the
colonies (Burger 1982). In Virginia, USA gulls (Larus
argentatus, L. atricilla, L. marinus) were found to be the
main predators on mixed skimmer-tern marine colonies
(O’Connell & Beck 2003). In the Brazilian Pantanal, a
variety of predators including mammals, birds of prey,
and reptiles have been reported (Antas et al. 2016).
In the Neotropics, studies on skimmer-tern colonies
have been directed mostly toward distribution and
dynamics of coastal populations (e.g. Quintana &
Yorio 1997; Mellink et al. 2007; Castillo-Guerrero
et al. 2014), while breeding and behavioral aspects
have rarely been analyzed in inland populations
(Krannitz 1989; Zarza et al. 2013; Antas et al. 2016;
Vieira 2017). Though distribution, coloniality, colony
sizes, nest site fidelity, and breeding of skimmers have
been recently studied for the focal region (Antas et al.
2016) and for some coastal populations (Vieira 2017),
data on other reproductive parameters such as incubation, nest survival, and anti-predator behavior are so
far missing for the Pantanal. This might be due to the
aperiodic occurrence of breeding colonies that may
exist at a specific site in one year but may not be
maintained in subsequent seasons. Indeed, unpredictable changes in environmental conditions (e.g. inundation) strongly impact the availability and
appropriateness of nesting sites, thus often forcing
colonies to relocate (cf. Antas et al. 2016). Here we
present for the first time detailed reproductive and

behavioral data on black skimmers within a mixedspecies colony including large-billed and yellow-billed
terns during a breeding cycle (July to September) in the
northern Pantanal. Our study focused on (1) nest site
characteristics, (2) incubation and timing, (3) nesting
success and nest survival, (4) predation impacts on
eggs and offspring, and (5) agonistic behavior against
predators and other causes of disturbance. With
respect to timing of reproduction and nest survival
we considered the following working hypotheses: (1)
Reproduction time is similar to that of other South
American populations. However, given the specific
conditions of the environment (i.e. onset of flooding),
breeding time is shorter than in marine or inland
breeding colonies of the Neotropics not impacted by
a monomodal flood pulse. (2) As suggested by other
studies (Burger 1982; O’Connell & Beck 2003; Brooks
et al. 2014), the impact of avian and mammal predators, which have been identified as the main threats to
eggs and young, should be greater than that of other
predators. Likewise, diurnal predation may be predominant while nocturnal predation is of minor importance for skimmer-tern breeding colonies.

Materials and methods
Study area
The Pantanal Biome in Brazil, Bolivia, and Paraguay
is one of the most important inland aquatic ecosystems in the Neotropical region and comprises the
largest floodplain in the world (Alho et al. 1988;
Junk et al. 2006). Its wetlands are within the southern-central breeding range of R. niger, P. simplex,
and S. superciliaris (Gwynne & Ridgely 2010; Antas
et al. 2016). We carried out our study from 12 July
to 15 September 2015 at Praia do Totelão (16°32′
11.10″S, 56°23′58.20″W), a 11,500 m2 exposed sandbar (414 m long × 51 m wide at start of study;
extension varies with season, with average area size
0.5 ha; Antas et al. 2016) along the Cuiabá river,
200 km southeast of the city of Cuiabá, Mato
Grosso, Brazil (Figure 1). The study area is part of
the Reserva Particular do Patrimônio Natural
(RPPN) SESC Pantanal, which extends over
1000 km2 in the Poconé subregion of the northern
Pantanal in southwestern Brazil, adjacent to the border with Bolivia (Antas et al. 2016). During the study
period only a few plants were found on the sandbar,
including grasses (Poaceae), alluvial macrophytes
such as Eichhornia crassipes and E. azurea
(Pontederiaceae), and a sparsely scattered low vegetation of flood-resisting herbaceous plants (height
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Figure 1. Pantanal study area: (a) at Praia do Totelão; (b) Cuiabá River, northern Pantanal, Mato Grosso, Brazil.

0.5–3 m) occurring at the peripheral area behind the
boundary of the sandbar.
Data collection and observations
The survey of the colony started when breeding had
already begun (sensu Antas et al. 2016; R. niger breeding
starts usually in May in the study area). In order to cover
activities within the colony during different daily phases,
the observation hours were alternated daily. On one day
observation times were in the period 06:00–09:00 h and
11:00–14:00 h, while on the next day they were changed to
06:00–11:00 h and 14:00–17:00 h. Nocturnal observations
were made twice per week. However, since brooding or
resting birds responded strongly to nocturnal observer
activities and flashlight disturbances, night observation
times were restricted to 2 hours after sunset (17:40 h)
and 2 hours before sunrise (05:30 h). Total observation
time was 410 hours.
Because of specific observation demands (e.g. adult
brooding behavior, displays, activity patterns of precocial
offspring) two observation hides (Wildlifephotography®,
http://www.wildlifephotographyshop.com) were placed
5–10 m away from the margins of the colony. These tents
were equipped with large viewing windows on each side.
While the camouflage effect of the outside material helped
us to closely approach the colony, the dimensions of
142 cm (length) and 168 cm (height at center) allowed
two-person observations. The tents were established on
the first day of the survey (10 August) before sunrise. The
first tent was located in the northern part of the sandbar

and the second one in the southern part of the study site.
Observation distances to individual nests varied between
22 and 65 m, and the position of tents was adapted to
specific observation demands during the progress of reproduction phases, e.g. display behavior, adult brooding behavior, activity patterns of precocial chicks, and predation
monitoring.
Observations were conducted by means of a spotting
scope (KOWA PROMINAR TNS-3 with 77 mm objective lens and 40–60× optical zoom), binoculars (Nikon
Sporter EX 10 × 50). Behavior was recorded with a
camcorder (Panasonic HC-V550, 52× optical zoom).
For the 24/7 monitoring of behavioral interactions
within the colony, and for recording of predation
events, three wildlife cameras were placed to survey
the central, northern, and southern parts of the sandbar. Given the absence of bushes and trees, they were
fixed on wooden posts at 50–80 cm above the ground
and set to record 30-second videos (in 24/7 mode).
Two different models of automatic cameras were
used: one Bushnell Trophy Cam HD Aggressor,
1920 × 1080 pixels, 32 GB SD card; two UWAY
VH400, 1280 × 720 pixels, 32 GB SD card. The cameras
were able to detect movements as well as changes in
body temperature by an infrared sensor, and started to
record only if both factors were present at the same
time. Moreover, both cameras worked with no-glow
black LED night vision flash for invisible flashlights.
The UWAY cameras also had a color display for live
preview and video playback, to check the videos
directly in the field. With each recorded video
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sequence, the vocalizations of the passing object,
together with the date, time, and temperature, were
stored automatically.
To obtain a complete set of data it was necessary to
change SD cards and batteries of each camera trap once
a week, together with those of the sound recorder.
Subsequent to the maintenance, all collected data
were directly saved on a laptop computer and on
external hardware. In the course of the study, camera
traps were moved to different nesting locations
depending on the individual stages of brooding and
hatching activities of individuals.

Nest identification and spatial analysis
In order to collect individual datasets for breeding pairs
and to avoid observation replications, each nest site
was marked with a small, numbered identification
flag: nests of R. niger with red-green, those of P. simplex with yellow, and those of S. superciliaris with blue
flags and a letter for the location (N = north,
S = south). The location of each nest site was recorded
by a Garmin GPS 12 and a Garmin 78S to analyze
nearest-neighbor
distances
and
spatial
nest
segregations.
Nest density was calculated from the number of
registered nests divided by the sampled area size.
Registered nest sites were mostly located in two different areas of the sandbank, the northern and the southern part. Therefore the study site was separated into
two subcolonies, and spatial parameters were calculated
for each subcolony as well as in total.
To determine the patchiness of nests, the
Aggregation Index (R) was calculated. Nearest-neighbor distances (NNDs), as well as distances of the nest
from the river, were determined and calibrated using
Google Earth. Following Clark and Evans (1954) the
Aggregation Index (R) was calculated by dividing an
observed distribution (rA) by a random distribution
(rE), with N = total number of nests and p = the density
of the observed distribution expressed as the number of
individuals per unit of area:
R ¼ rA =rE
X
r=N
rA ¼
pﬃﬃﬃ
rE ¼ 1=2 ρ

(1)
(2)
(3)

To compare the two distributions statistically the standard variate of the normal curve (c) was used (t-test,
two-tailed; significance level = 0.05):
C ¼ rA rE =σrE

(4)

p
σ ¼ 0:26136= Nρ

(5)

The outlines of the sandbank were recorded with
Garmin 78S. Subsequently, datasets were converted
with DNR Garmin (version 5.4.1). GE-Path (version
1.4.5) was used to calculate the square footage of the
sandbank. By using geographical coordinates, nesting
maps were assembled with Google Earth (version
7.1.5.1557).
Incubation and hatching
Established nest sites were registered, and thereafter
inspected every second day. New nests were considered
active when they contained one or more eggs and when
active incubation was observed. After hatching, the
young were color marked (small ventral plumage
color mark) for individual recognition.
Monitoring of anti-disturbance and anti-predator
interactions
We noted disturbance and predation events, type of
predator, and anti-predator response for all three
species. Black skimmers and terns are known to use
different flight strategies in response to intruders
approaching the colony (e.g. Lemmetyinen 1971;
Erwin 1977; Burger & Gochfeld 1991; Groom 1992).
Apart from “fly-bys” or “long-passing” with no direct
attacks (for definition, see Burger & Gochfeld 1991),
aggressive flights reflect the highest level of aggression, with aerial maneuvers toward the target such as
conspecifics, heterospecifics, potential predators
(including all birds of prey), and human intruders.
Based on the classification of Burger and Gochfeld
(1991) three types of flight attacks can be defined in
skimmers and terns: (1) “Chase”: repeated overflights
of approaching aggressors but without specific
attacks such as dives or turn-offs; (2) “Dive”:
repeated flights over the aggressor and then turning
down steeply at an increased speed closely approaching the intruder, rarely striking it with the bill or feet
and usually rising again shortly before a collision;
and (3) “Turn-off”: intruders are approached laterally
with abrupt directional changes of flight direction in
front of them. In each case we recorded the species
involved, individual attacking pair, and duration of
the attack, which was classified as “short” (0–30
seconds), “medium” (> 30–120 seconds), or “long”
(> 120 seconds). Additionally, the phase of the
breeding cycle (incubation, hatchling, fledgling) and
the day within this period were documented.
Whenever possible, avian intruders or aggressors
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were identified with the help of Gwynne and Ridgely
(2010). Due to flight speed, raptors could sometimes
be identified only to family level; in such cases, we
simply referred to them as “birds of prey” (see
Table 1).
Regarding targets of flight attacks, disturbances of the
colony responded to by one or more members were
categorized into four classes: intraspecific, interspecific,
predator-specific, or human-influenced. “Intraspecific disturbance” was defined as any event involving a conspecific
individual, no matter if nesting on the sandbar or just
overflying. “Interspecific disturbance” referred to encounters between any of the three colony species and/or other
heterospecifics with no predatory impact on the colony
breeders. “Predator-specific disturbance” involved any
potential predator of the colony breeders. Finally,
“human-influenced disturbance” included either active
disturbance by direct human approach (i.e. observers) or
indirect disturbance caused by the permanently installed
equipment on the sandbar. Whenever possible, behavioral
characteristics and interactions were videotaped.
Data analysis
Statistical analyses were performed using the program
GraphPad Prism (GraphPad Software, Inc.). For nesting parameters, a one-way analysis of variance
(ANOVA) was applied to approximately normal-distributed data (significance level p < 0.05). Following
Table 1. Number of attack flights (n = 132) of four black skimmer
(Rynchops niger) pairs against intruders, potential predators, and
human observers at Praia do Totelão, northern Pantanal, Mato
Grosso, Brazil during a complete breeding cycle from August to
September 2015, related to duration of attacks (short: 0–30 seconds;
medium: > 30–120 seconds; long: > 120 seconds). Intraspecific
disturbance: by other R. niger colony members; interspecific disturbance: by colony members large-billed (Phaetusa simplex) and
yellow-billed terns (Sternula superciliaris), and by southern screamer
(Chauna torquata). Herons included cocoi heron (Ardea cocoi) and
other species (unidentified). Birds of prey included roadside hawk
(Buteo magnirostris), great black hawk (Buteogallus urubitinga),
southern crested caracara (Caracara plancus), osprey (Pandion
haliaetus), and other species (unidentified). Vultures included black
(Coragyps atratus) and lesser yellow-headed vultures (Cathartes
burrovianus). Disturbance by human observers included control/
maintenance of recording equipment and access to observation
tents.
Source of disturbance/Predator
Intraspecific
Interspecific
Heron
Jabiru
Bird of prey
Vulture
Green iguana
Human observers
Total

Short

Medium

Long

Total

5
5
12
4
24
10
–
6
66

3
3
3
18
7
3
2
7
46

–
–
6
2
4
3
–
5
20

8
8
21
24
35
16
2
18
132
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each ANOVA, a Tukey’s multiple comparison test was
carried out to compare mean values.
The daily survival probability (DSP) of eggs and
hatchlings, and nest survival, were calculated with the
Mayfield (1975) method: DSP = total number of failed
nests ÷ total number of exposure days. Hatching and
fledging success were calculated using Erwin’s (1979)
method: hatching success = number of hatchlings ÷
total number of eggs; fledging success = number of
fledged chicks ÷ total number of nests.
For the comparison of agonistic responses of pairs
during different phases of the breeding cycle, a
Kruskal–Wallis test (p < 0.05) was used.

Results
During our observations of the study colony, the number of breeding R. niger pairs outnumbered by far that
of the two tern species (S. superciliaris: n = 2; P.
simplex: n = 1). Since the sampling size for the latter
two species was too low for statistical comparison, we
considered only nesting, breeding, and behavioral data
of R. niger. A total of 31 nests were registered within
the study area, averaging 0.27 nests per 100 m2. The
study area consisted of two spatially separate colony
sites (northern/southern site of beach), 33 m apart
from each other. The resulting areas provide a breeding
area of 4073 m2, with a density of 0.47 nests per 100 m2
in the northern, and 5127 m2, with a density of 0.23
nests per 100 m2 in the southern part. Most of the nests
were close to the riparian site and approximately 0.5 m
above water level.

Nest site and nesting parameters
In the phase of nest site selection, the high number of
skimmers did not allow for a reliable distinction
between individual pairs because the birds were not
marked. Nests were shallow scrapes on bare sand
(unlike the terns, which nested near debris or alluvial
macrophytes). Of the 31 nests of R. niger found at the
start, 29 were included in the nest site analysis, of
which 18 were located in the northern part and 11 in
the southern. The remaining two nests had to be
excluded, since one with a young already hatched at
the beginning of the study period was changed in
position by the parental birds almost every day. A
second nest was excluded because of a malfunction of
the handheld GPS. The nests were not aggregated in
the overall study area (R = 0.40, c = − 12.3, p > 0.05),
nor in the subcolonies (north: R = 0.35, c = − 13.45,
p < 0.05; south: R = 0.39, c = – 2.52, p > 0.05).
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Overall NND was 6.91 ± 3.39 m (range, 2.88–15.60 m)
and significantly larger in the southern part
(9.13 ± 2.46 m vs. 5.75 ± 3.22 m in the northern part;
two-tailed t-test, p = 0.006). Distances from the nests to
the river also differed significantly between the two subcolonies (two-tailed t-test, p = 0.01), with 7.07 ± 3.50 m in
the southern part and 11.89 ± 5.55 m in the northern.
Overall, a mean distance of 10.23 ± 5.44 m (range, 0.91–
21.24 m) was observed.
Egg laying and incubation
Rynchops niger laid eggs almost during the whole observation period. For the 31 surveyed nests, mean clutch
size was 2.29 ± 0.92 eggs, varying from one to four eggs
(ntotal = 71 eggs). Based on the total nest number, threeegg clutches were most common (n = 13, 41.9%) followed by those with one or two eggs (each n = 8, 25.8%)
and those with four eggs (n = 2, 6.5%). Incubation time
was on average 21.6 (± 1.6) days (range, 19–24). Both
males and females participated in incubation, the latter
not being fed by males during this time (only during
display and mating).
Hatching, fledging, and parental care
Due to predation and other events (for details, see
next paragraph), a total of 18 young (25.3% of all
eggs) hatched in only six nests (19.4%), two in the
northern and four in the southern subcolony. The
hatching process lasted less than one day. During the
first day of hatching, chicks remained in the nest,
brooded and guarded by a parent. On the second to
third day after hatching, adults started to excavate
new scrapes 1–2 m away from the original nest, and
subsequently chicks moved to these new nest sites.
At least one parent remained attending the nestlings
until the fourth to fifth day. Afterwards, parents
reduced their caring activities, and chicks were
exposed to the sun in the early morning and afternoon for 2 to 3 hours since they were then able to
regulate their body temperature.
Nest survival and loss by predation and
abandonment
For the 31 nests under study, DSP was 88% for nests
and 89% for eggs (n = 71). DSP for nestlings was 78%,
while overall fledging success was 3.2%. Of the 18
hatchlings, 17 (94.4%) failed to reach the fledging
phase. Only one chick successfully fledged by day 27,
which means a total success rate of only 1.4%. Most of
the eggs (n = 53, 74.6%) failed before hatching, either

through predation (n = 30) or nest abandonment
(n = 23; Figure 2). Nests of all clutch sizes (1–4;
n = 15, 48.4%) were predated before hatching, with
an average of 2.42 ± 1.05 eggs (n = 30). Concerning
loss by predation, three-egg clutches were most predated (n = 10, 76.9%), which was high above their
percentage (n = 13, 41.9%) in total nests. On the
other hand, four-egg clutches (n = 2) had the highest
hatching success (n = 4) and a nest survival of 50%,
followed by three-egg clutches (n = 12) with a nest
survival of 30.8%, while one- and two-egg clutches
failed completely in hatching.
During incubation, 13 nests (41.9%) were deserted,
most of them for unknown reasons (n = 11). One nest
with one remaining egg (of initially three eggs) was
deserted after predation of two eggs by an iguana (see
below); another (with three eggs) was abandoned due
to observer-induced disturbance. During the hatchling
phase, one nest with three chicks was deserted, and a
chick from another nest disappeared for unknown
reasons (likely by predation). One chick of a four-egg
clutch died (for unknown reasons) after two siblings
were predated by a roadside hawk (Buteo magnirostris);
however, the remaining chick survived and successfully
fledged.
Predation of eggs and young included a variety of
predators (Figure 2, 3). Predation events were registered during both day and night, and included terrestrial and aerial predators of three main types: two
reptile species (green iguana, Iguana iguana,
Iguanidae;
yacare
caiman,
Caiman
yacare,
Alligatoridae), one bird of prey (roadside hawk,
Accipitridae), and one stork (jabiru, Jabiru mycteria,
Ciconiidae) (Figure 3). At least three other potential
avian predators, cocoi heron (Ardea cocoi, Ardeidae),
great black hawk (Buteogallus urubitinga, Accipitridae),
and southern crested caracara (Caracara plancus,
Falconidae) were seen visiting, or passing near, the
study colony; but we failed to record any direct nest
predation by these species.
Although iguanas were not directly observed preying on nests nor recorded by our videotapes, their
footprints were found at 16 different sites with
robbed nests suggesting predation at dusk and
dawn, even possibly at nights with full moon
(Figure 4). Based on this evidence, iguanas presumably took 30 eggs and four chicks out of 16 clutches.
In addition, many yacare caimans and their young
were present on the sandbar during the complete
breeding cycle. During the night they took at least
three chicks of R. niger (recorded by camera traps).
Almost every day a jabiru visited the study area, and
it was once observed preying on a 7-day-old R. niger
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Figure 2. Percentage of egg (n = 53) and chick (n = 17) losses during the study period (July to September 2015) of Rynchops niger
at Praia do Totelão, northern Pantanal, Mato Grosso, Brazil by predation records or other reasons. Note that egg loss was either
exclusively caused by the green iguana (Iguana iguana) or by nest abandonment (for unknown reasons). Other predators included
yacare caiman (Caiman yacare), roadside hawk (Buteo magnirostris), and jabiru (Jabiru mycteria).

chick (Figure 3d; altogether three chicks of the same
clutch). Two further R. niger chicks were preyed on
by a roadside hawk.

Aggressive behavior and anti-predator response
We recorded 132 incidents of aggressive (anti-disturbance) behavior against intruders and potential predators in five pairs of R. niger during the complete
breeding season. Six sources of disturbance, including
a variety of potential predators, could be identified
(Table 1): (1) intraspecific (R. niger from the same
colony); (2) interspecific (P. simplex, S. superciliaris
from the same colony; southern screamer, Chauna
torquata, Anhimidae); (3) potential and confirmed
avian predators (birds of prey, herons, jabiru); (4)
scavengers (vultures); (5) other potential (terrestrial)
predators (iguanas) (Figure 5); and (6) human disturbance (by observers).
Two different types of aerial attack—chase attacks
(predator-specific) and turn-off attacks (observerinduced, predator-specific)—were observed for R.
niger, while dive attacks were noted only for both

species of terns. Chase flights were 100% successful
(e.g. the intruder left the colony without predation),
while turn-off attacks had a success rate of 48%. Four
pairs (R1–R4) attacked on average 24.8 ± 15.2 times
(range, 11–46 times) during the complete breeding
cycle; no significant difference (p = 0.29, Kruskal–
Wallis) was observed between individual pairs in the
frequency of attacks related to the period of breeding.
However, there was a tendency toward more frequent
attacks with the progress of breeding. While R1 could
not be observed during the incubation period, R2
attacked on average 1.43 ± 0.99 times during incubation (n = 30) and 3.0 times (± 1.09) during the hatchling period (n = 15), R3 attacked 0.85 ± 0.94 times
during incubation (n = 17) and 1.17 ± 0.50 during
hatchling period (n = 7), while R4 attacked
0.46 ± 1.09 times during incubation (n = 10) and
once (n = 1) during the hatchling period.
Attacks lasted on average 52.1 s (± 75.4). The duration of attacks was strongly dependent on the potential
aggressor (Table 1, n = 132). The majority of responses
toward birds of prey (68.6%, n = 35), herons (57.1%,
n = 21), and vultures (62.5%, n = 16) were short, while
medium responses were predominant toward jabirus
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Figure 3. Predation of eggs and chicks of Rynchops niger at Praia do Totelão, northern Pantanal, Mato Grosso, Brazil by various predators
during the 2015 breeding season. (a) Tracks around nest sites and on the sandbar indicating nocturnal predation by the green iguana (Iguana
iguana); (b) yacare caiman (Caiman yacare) and cocoi heron (Ardea cocoi) at the riverside of the sandbar; (c) roadside hawk (Buteo
magnirostris) on the lookout near the study colony; (d) Predation of a R. niger chick by a jabiru (Jabiru mycteria) (photos: INAU/CO.BRA).

(75.0%, n = 24) and, to a minor extent, toward human
observers (38.9%, n = 18). Half of the observed attacks
were short (50%), while 34.8% were medium, and
15.2% were long (Table 1). Attacks on human disturbers were fairly long (188.3 ± 88.2 s) while those on
interspecific intruders were fairly short (23.3 ± 15.7 s).
Birds of prey caused most incidents responded to by
aggressive behavior (26.5%), followed by jabirus
(18.2%), herons (15.9%), and human intruders
(13.6%), while conspecifics (6.1%), interspecifics
(6.1%), and iguanas (1.5%) were only occasionally to
rarely involved.

Discussion
Timing of nesting, nest site characteristics, and
nest building
Black skimmers have been described as arriving later
at nesting grounds than terns, joining the latter to

form mixed-species colonies, might be an active decision of skimmers sensu the “protector species hypothesis” (Pius & Leberg 1998). In contrast, another study
on mixed colonies in the Pantanal (Antas et al. 2016)
revealed that nesting (and its initiation) was triggered
by the physical availability of open grounds such as
riverine beaches or islets, depending on water level
and social aspects, i.e. aggregation of larger groups in
the course of the breeding season. However, the timing of reproduction depends strongly on the population origin. Across the Americas, breeding seasons
vary considerably in length and time between one to
six months (see overview in Antas et al. 2016; Vieira
2017). For example, in Brazilian Amazonia breeding
was recorded between October and December
(Krannitz 1989; Zarza et al. 2013), while in North
American skimmers it lasted from May to August
(Burger 1982; Dinsmore 2008). In our study, nesting
had already begun before we started the survey in July
and was not finished by September when we finished
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Virginia, USA (Erwin 1979). A disadvantage of this
nesting strategy could be the absence of any hiding
options for the chicks, which are usually pressed to
the ground between feeding intervals (Antas et al.
2016; this study). However, although chicks are well
camouflaged by their sand-colored plumage, nests may
be located close to vegetation or flood debris to
enhance protection against predators (Antas et al.
2016).
NNDs, both for overall colony and for subcolonies,
were lower than those for skimmers alone in mixed
colonies within the study region (n = 8; mean = 9.8 m),
but similar to that for overall NNDs (skimmers-terns)
in such colonies (7.3 m) (Antas et al. 2016). However,
mean NNDs in other colonies of the Nearctic and
Neotropic regions were much larger, e.g. 28.5 m
(n = 37) in Amazonian Brazil, Pará (Krannitz 1989),
or even 192.1 m (n = 86) in coastal colonies in the
eastern USA (Delaware, Maryland, Virginia) (Erwin
1977). Such differences may be best explained by the
smaller sizes of the available breeding areas of the
Cuiabá river colonies (0.54 ha [± 0.50] in 2012,
0.67 ha [± 0.64] in 2013; Antas et al. 2016) than the
Amazonian colony (400 ha).
Incubation

Figure 4. Aerial dive attack of a black skimmer male (a, b)
toward a green iguana, Iguana iguana (c), approaching the
nest site of the breeding colony at Praia do Totelão, northern
Pantanal (photos: INAU/CO.BRA).

our fieldwork. However, as mentioned before, the
species’ presence and reproduction in the Pantanal
(i.e. along the Cuiabá river) strongly depends on the
level of inundation (Antas et al. 2016). In years with
regular water levels (see average duration from 2002
to 2013), skimmers may occur from late April to mid
November, with the onset of nesting in late May and
two pronounced breeding seasons from May to July
and from August to October. Therefore, under unfavorable ecological conditions (e.g. high water extending into the Neotropical winter), breeding may start
only by late August and extend just until early
October (Antas et al. 2016).
Skimmer nests and nest sites were similar to those
described for the Pantanal (Antas et al. 2016) and for

The determined incubation period was shorter than
that of some R. niger populations, thus supporting
our working hypothesis 1, but still within the overall
range reported for the species (Vieira 2017; Zusi &
Garcia 2017). However, it was longer than that
reported for Brazilian Amazonia, with the restriction
that just two nests were included (each 20 days)
(Krannitz 1989). For a colony in Mississippi, USA,
22.7 (± 2.5) days were recorded (May) (Dinsmore
2008), while 28 days were found for Peru (September)
(Groom 1992). These fall into different seasons
(Nearctic spring/summer vs. Austral winter/spring),
despite the fact that average temperatures during day
and night were fairly similar. The difference in the
incubation time recorded for the Peruvian colony
(Groom 1992) could have been caused by different
observation methods. While we found that skimmers
laid one egg per day, Groom (1992) estimated one egg
every two days.
Daily survival probability and success rates
DSP for eggs in the northern Pantanal was lower than
in Brazilian Amazonia (98%, Krannitz 1989) and in
Virginia, USA (93.8%, Brooks et al. 2014). Hatching
success (21%) was similar to that in Virginia (17%,
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Keller 1992), but much lower than for another population in Virginia (79%) (Erwin 1977) and that in
Amazonia (85%) (Krannitz 1989). However, both
Erwin (1977) and Krannitz (1989) mentioned that no
predation events were observed, in strong contrast to
our study where predation had a huge impact on egg
and chick survival. For Amazonian skimmers, parental
care observed was similar to that in the Pantanal colony (Krannitz 1989).
The overall hatching success of our mixed-species
colony (including R. niger: n = 71, 25.3%; Phaetusa
simplex, n = 3, 100%; Sterna superciliaris, n = 5,
100%) was 32.9%, which is lower than in a Peruvian
colony of the same three species in two consecutive
years (62% and 42%) (Groom 1992). There, hatching
success was positively correlated with the number of
individuals present in two consecutive breeding seasons (n = 1533 and 1795) (Groom 1992). The low
number of breeding pairs and the resulting low nest
densities could be one explanation for the low hatching
rate noted during our study.
Fledging success was similar to a colony in New
Jersey, USA (1%) (Burger 1982) and two RPPN colonies in 2012 and 2013 (< 1%) (Antas et al. 2016);
however, it was much lower than for skimmers in
Virginia, USA (37%) (Erwin 1977). Fledging success
may vary considerably between different years
(Burger 1982; Brooks et al. 2014). In the overall study
region, it may depend on nest desertion, predation,
disturbance by humans, or unfavorable temperatures
(Antas et al. 2016).
Predators and their impact
Our work presents the first quantitative-qualitative
study on predation for a Neotropical inland mixed
skimmer-tern colony, revealing a high predation
impact on the nesting success of the surveyed species
by different types of predators. Given the fairly high
proportion of caimans and iguanas involved in predation events (54.8% of all nests), our results are in
contrast to those of Groom (1992), who found that
reptilian predators, such as iguanas and snakes, had
only a minor impact (6%) on brood losses in a mixed
skimmer-tern colony on the Manu river, Peru. In addition, the spectrum of predators reported here differs
slightly from that of another study comprising the
entire RPPN SESC Pantanal (Antas et al. 2016). The
absence of mammal predators from our study site was
perhaps due to the permanent presence of human
observers at the sandbar.
Our study provides the first quantitative data for the
green iguana as a main predator of eggs and chicks in a

seabird colony (cf. Figure 2). Usually these lizards are
considered to be herbivores, especially the older adults,
which mainly consume leaves and fruits, but rarely
animal food (carrion, invertebrates) (Alberts et al.
2004). However, in another study on an arboreal
avian colony in the Pantanal, the green iguana was
regularly observed to prey on eggs (Silva et al. 2000).
Another new a predation record is from a jabiru feeding on a R. niger chick.
A possible explanation for the differing egg versus
chick losses due to different predators could be the
feeding activities of R. niger. Since skimmers catch
fish even during the night (e.g. Robert et al. 1989;
Cueva & Fernández 1996; Yancey & Forys 2010),
when iguanas were also active (M. Hegmann & M.
Schley, pers. obs.), we observed that clutches remained
unattended for several minutes when both adults were
foraging. Iguanas were seen during dusk, dawn, or at
full moon crossing the sandbar, and it seems likely that
they can track down eggs during bright tropical nights.
Apart from iguanas, both adult and young caimans
were observed when hunting for chicks (17.6%;
Figure 2), with at least three successful attacks (all
concerning the same nest on consecutive days).
Nevertheless, as recently shown for bird communities
in the Everglades, Florida, USA (Burtner 2011; Nell
et al. 2016; Burtner & Frederick 2017), co-existence
with alligators may be otherwise beneficial for colonybreeding waders since they can act as protector species
deterring other predators such as snakes and mammals.
Compared with the impact of reptiles (54.8%) on
nest survival, avian predation had only a minor impact
(6.5%) at the study site (cf. Figure 2), which contrasts
to working hypothesis 2. Unlike in marine habitats,
gulls, as the main avian predators on coastal populations of seabirds, were absent from the surroundings of
the study colony. However, we noted for the first time
the jabiru preying on chicks of terns. Within this context, it was interesting to observe that the jabiru did not
prey on freshly hatched chicks but was apparently
waiting for older ones leaving the immediate nest
area and approaching the river’s edge. This behavior
could be due to the more intensive defense of hatchlings in or near the nest by their parents, but also by
learning effects, e.g. that older chicks represent a more
substantial prey than young ones.
High nesting densities in colonially breeding seabirds can both favor a decrease in predation and
enhance nest survival (e.g. for lapwings: Berg et al.
1992; for terns: Quintana & Yorio 1997; Lombard
et al. 2010). Hence the low density of breeding pairs,
especially terns, found in our study could partly explain
the high predation rates observed. Apart from directly
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causing nest losses, the high density of lizards (10
nests) on the sandbar might have been another reason
for the high rate of nests abandoned during the study.
The specific conditions at the sandbar apparently
strongly impacted the breeding success of the colony.
In particular, the local combination of factors negatively correlated with breeding success, such as small
number of pairs and/or aggressive individuals among
terns, low nesting densities, and strong presence of
diverse predators, contributed to the low hatching
and fledging rates observed during the study.
Aggressive behavior and anti-predator response
Since open-ground breeders face higher predation risks
to eggs and young than cavity nesters, they may
respond in different ways toward potential predators
(e.g. Clode 1993; Martin 1993), including flexibility in
ecological adaptations over time (for review see Lima
2009). Firstly, the masking of nest sites and eggs and
chick camouflage plumage prevent diurnal nest robbers
from easily finding the nest site. Secondly, mobbing has
been developed as a common strategy of aggressive
response, often used in colonially breeding seabirds to
divert potential predators away from nesting sites (e.g.
Kruuk 1964; Burger & Gochfeld 1988, 1991; Clode
et al. 2000; cf. Altmann 1956; Alcock 1998). Within
mixed-species colonies, aggressive protector species
such as gulls or terns may be “used” by less aggressive
species such as R. niger (Lemmetyinen 1971; Erwin
1979; Pius & Leberg 1988). According to this theory,
the overall defense situation of a colony would be
strongly dependent on the population size of such a
protector. In our case, however, the lack of a sufficient
number of breeding pairs of terns in relation to R. niger
may partly explain the low overall breeding success, yet
with the reservation that such behavior is mainly directed at diurnal mammal or avian predators and may fail
with regard to nocturnal predation.
The type and intensity of responses (i.e. flight
attacks) toward intruders by terns and skimmers may
depend on a variety of factors including species,
approach distance, colony density, type of intruder,
and even habitat type (Erwin 1979; Burger &
Gochfeld 1988, 1990, 1991; Groom 1992). The analysis
of frequency and duration of flight attacks regarding
different types of disturbance (e.g. human-influenced,
interspecific, intraspecific, predator-specific) in the studied colony yielded no significant differences in
response to different aggressors. Nevertheless, the analysis of frequency and duration of attacks within the
whole breeding colony showed that there was a significant difference between the number of attacks against
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human-influenced and predator-specific disturbances.
This is plausible, because human disturbances were
caused by the installation of equipment. Despite the
permanent presence of the latter, the birds only
attacked people on the day of establishment, suggesting
that they became used to the daily visits of human
observers. Thereafter, skimmers mostly did not even
attack them—perhaps because they entered the colony
through vegetation and were only briefly visible. In
contrast, potential predators that approached from
the water and were perfectly visible and/or close to
the nesting grounds, were attacked with a much higher
intensity. Even though not significantly different, there
were slight tendencies for R. niger to attack more frequently during the hatchling period than during the
incubation period. This is concordant with other studies indicating significant shifts in seabird behavior
between the different breeding stages, e.g. that aggressive behavior of adults was higher during the hatchling
period than during the incubation period
(Lemmetyinen 1971; Brunton 1990; Whittam &
Leonard 2000). Moreover, parental defense intensity
in species with precocial young is expected to peak at
hatching before decreasing again until fledging
(Brunton 1990). Such a decrease in aggressive behavior
was also recognizable in our data. However, given that
only one chick of R. niger reached the fledging period,
the results should not be over-interpreted.
An explanatory approach to the distribution of
attacks during the breeding cycle assumed that the
decrease from hatching to fledging is related to the
need for both parents to forage, therefore leaving the
colony less guarded by adults (Shealer & Burger 1992).
Another assumption is that parents may abandon the
colony when chicks have been predated or have died of
other causes (Shealer & Burger 1992).
Conclusions
Apart from general approaches (e.g. Vieira 2017) or
surveys (Antas et al. 2016), detailed studies on brooding and reproduction behavior of R. niger in the southern breeding grounds were lacking prior to this work.
This might be not only due to the unpredictable environmental conditions of the nesting sites, but also to
logistic restrictions on the observer side (i.e. assessment
of appropriate study period; difficult transportation
and installation of equipment due to remoteness of
study areas; extensive and costly organization of
research stays). However, mixed skimmer-tern colonies
represent an appropriate example for assessing the
impact of different ecological pressures on the reproduction and survival of colony breeders in seasonally
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fluctuating microhabitats. Comparison with results
obtained from colonies in North and South America
(e.g. Krannitz 1989; Groom 1992; Dinsmore 2008;
Zarza et al. 2013; Antas et al. 2016) revealed that both
seasonal and local conditions strongly affect timing of
reproduction, nesting and breeding parameters, and
reproductive success in the involved species. Although
skimmers and terns may respond in different ways to
varying negative environmental impacts (e.g. flooding,
predation), our study indicates that colony size may be
a crucial factor for the nest survival of all members (cf.
Antas et al. 2016), especially in view of the locally
observed excessive predation. Compared with shoreline
or offshore bird assemblages, inland colonies, such as
the one studied in the Pantanal, are often small (i.e.
due to area sizes), and breeding grounds may change
between seasons in response to environmental pressure, such as flooding (Antas et al. 2016). Therefore,
multi-year studies are hard to undertake, and the comparability of such breeding sites is low.
In contrast to coastal mixed-species colonies, where
nest robbing by birds (e.g. gulls, raptors) is predominant
(e.g. Hatch 1970; Fuchs 1977; Clode et al. 2000; see working hypothesis 2), we found that large-bodied lizards can
be locally opportunistic (main) predators of eggs and
chicks. Moreover, reproductive success may depend on
the proportion of pairs of aggressive (e.g. terns) versus
less aggressive species (e.g. skimmers) within the same
colony. If the latter outnumber the former (as in our
case), overall hatching and fledging success within a colony may be lower than if their ratio were more balanced.
It is recommended that such correlations, as well as
breeding site fidelity, be further analyzed in the
Pantanal and elsewhere in the species’ range.
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