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Abstract

Information on incubation behaviour and influencing factors is important for species whose incubation is monoparental and
of conservation concern. We assessed the incubation pattern of a noteworthy endangered southern South America marine
duck species, the Chubut steamerducks (Tachyeres leucocephalus), in the Northern San Jorge Gulf, Patagonia, Argentina,
in their core breeding area during 2015, 2016, and 2018. We described the laying and incubation period, characterized the
nest incubation strategy, and determined the influence of environmental variables on its incubation strategy considering that
weather conditions influence the incubation pattern. Our results showed that female Chubut steamerducks laid eggs every
two days during sunrise; incubation starts once the female has full clutch size, then she increases nest attentiveness and takes
nocturnal recesses ending in the morning. We suggested that nocturnal recesses during the incubation period contribute
to minimizing avian predation. Even if weather conditions are one of the most important factors influencing the breeding
behaviour of birds, we did not detect an environmental temperature and wind speed effect on the Chubut steamerducks’
breeding behaviour. This is the first description of Chubut steamerducks’ incubation rhythm, and we also present quanti-
fied measures of the incubation pattern. Our research provides valuable baseline information and contributes to increase
knowledge on previously unknown life history features of this flightless, endemic, and vulnerable waterfowl species in the
core of its narrow distribution range.
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Introduction

The reproduction of birds is divided into four well-distin-
guished phases: nest building, egg production, incubation,
and care of nestlings (Nilsson et al. 2008; Mainwaring
and Hartley 2013). The last phase is the most expensive in
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terms of energy expenditure (Williams 1996). However, the
incubation period may be as expensive as rearing nestlings
(Croston et al. 2020). This is because parents must main-
tain the proper physical environment for egg development
while meeting their own metabolic needs (Reid et al. 2002;
Tinbergen and Williams 2002) and limiting predation risk
to themselves and their eggs (Afton and Paulus 1992). In
species where incubation is monoparental, competing needs
result in patterns of nest incubation characterized by peri-
odic breaks in incubation during which adults leave the nest
to self-maintenance activities (Croston et al. 2020).
Considering that adult incubation behaviour and the
microclimate of developing eggs are closely linked, incu-
bating adults adjust their nest attendance behaviour to miti-
gate a fluctuating environment and thus maintain an optimal
incubation temperature (Martin et al. 2007; Coe et al. 2015).
Some researchers have reported that incubation temperature
affects a suite of post-hatching traits critical to the fitness of
young birds (Ardia et al. 2010; Wada et al. 2015), as well as
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secondary sex ratios (Eiby et al. 2008; DuRant et al. 2016).
These findings suggest that the incubation period is central
to ecological processes and should be considered a criti-
cal stage in avian conservation efforts (Cooper et al. 2005;
Martin 2008; DuRant et al. 2013, 2019). The information on
nest attendance and factors that shape the incubation pattern
are important as well because a real understanding of avian
reproductive strategies will additionally contribute to avian
conservation efforts.

Steamerducks (Tachyeres spp.) are large diving ducks
limited in distribution to southern South America. Four
species are currently recognized (Weller 1976), including
three flightless species, the Chubut steamerduck (Tachyeres
leucocephalus), the magellanic steamerduck (7. pteneres),
and the Falkland steamerduck (7. brachypterus), and one
flying species, the flying steamerduck (7. patachonicus).
Flying steamerducks breed in both freshwater and marine
habitats, whereas the three flightless species are strictly
marine throughout their annual cycle.

Chubut steamerducks are endemic to a limited section of
the coast of Chubut Province, Patagonia, Argentina, with
an estimated total population of 3500 adults and a mini-
mum of 2000 juveniles (Agiiero et al. 2012). Owing to the
combination of its restricted distribution, small population
size, flightlessness, and the potential threats to which it is
exposed, this species has been recently listed as “Vulner-
able” on the IUCN Red List of Threatened Species (IUCN
2022). The Interjurisdictional Marine Park in San Jorge
Gulf contains about 46% of the entire population of Chubut
steamerducks (Agiiero et al. 2012) and may provide some
protection from human disturbance and habitat destruction
within its jurisdiction. However, there are other potential
threats to Chubut steamerducks that marine park designation
does not protect against, such as oil spills and the introduc-
tion of invasive species.

During the last decade, there were some reports on
the basic breeding ecology of Chubut steamerducks. For
instance, Humphrey and Livezey (1985) made the first
description of the nest, eggs, and downy young of Chubut
steamerducks, and Agiiero et al. (2010) described the gen-
eral breeding habitat and determined, for the first time, the
environmental features that this species selected for nest-
ing within the main breeding area. Whereas Svagelj et al.
(2012) quantified the variation in egg size at the species
level, Agiiero and Garcia Borboroglu (2013) contributed
information on aspects of behaviour and breeding phenol-
ogy of this species (egg laying, incubation, hatching and
fledging), highlighting that only females incubate, and males
patrol the territory in shallow water in front of the nest.

In this study, we examined the breeding strategies of
Chubut steamerducks nesting in northern San Jorge Gulf,
Patagonia, Argentina. Two objectives were pursued. First,
we described breeding behaviour in terms of incubation
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constancy, frequency, and length of incubation breaks. Sec-
ondly, we examined the influence of environmental variables
on incubation strategy, specifically ambient temperature
and wind speed as weather conditions influencing breeding
behaviour.

Materials and methods
Study area

This study was conducted in the core of the Chubut steam-
erduck’s (T. leucocephalus) distribution range, particularly
on nine islands within the Interjurisdictional Marine Park in
Northern San Jorge Gulf, Patagonia, Argentina (132,124 ha,
Fig. 1) (45° 2" 6.41" S—65° 51’ 50.55” W). This marine
protected area is characterized by the presence of multi-
ple islands, sheltered bays, inlets with shallow water and
a coastline with sandy and rocky/gravel bottom intertidal
zones (Yorio 2001). The climate is temperate and semiarid,
with an average annual temperature of 13 °C and an average
annual precipitation of 200 mm. The predominant winds are
from the southwest with wind speeds averaging 45 km/h but
gusting up to 140 km/h (Camacho 1979).

Field nest monitoring

Data were collected during three breeding seasons from
September to December (2015, 2016, and 2018). Each
island was surveyed by walking transects that covered the
whole area following the methods described in Agiiero
et al. (2010). Eggs are incubated only by females, whereas
males were found invariably between the nest and the sea
or swimming in shallow water in front of the nest (Agiiero
and Garcia Borboroglu 2013). The nest-searching method
exploited female behaviour during incubation. When
humans approach to a nest, females tend to leave it very
conspicuously, giving clues about the location of the nest.

To monitor the temperature inside each nest, we used
temperature data loggers (HOBO Pendant UA-001-64),
which record and store temperature data at intervals set by
us. Temperature data loggers were placed in 34 nests (11 in
2015, 12 in 2016, and 11 in 2018) with a maximum of two
eggs at the time of the finding.

Data loggers were placed inside a hollow “dummy” egg
made with clay (hereafter “logger””) (Ketru Clay Lab). This
material was chosen because it is a natural, cheap, and abun-
dant heat-conductive material that turns hard, strong, and
waterproof. A monofilament line was attached to each logger
and sent through the bottom or side of the nest cup, taking
care to avoid damaging the nest structure. The end of the
monofilament was secured to the surrounding vegetation
anchor points (branches), keeping the logger flush inside
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Fig. 1 Study site in northern San Jorge Gulf, Patagonia, Argentina.
The map shows the nine islands within Interjurisdictional Marine
Park (dashed area); (A) Galfrascoli, Laguna, and Page Island, (B)

the nest (among the real eggs) to discourage the female
from ejecting it. Loggers were set to record the temperature
every five minutes; this interval represented the best trade-
off between resolution and the memory capacity of the log-
gers with minimal disturbance to nesting ducks. In this way,
the data were downloaded in the field every 10 days using
a portable computer, minimizing human disturbance of the
incubating female. On every visit, we recorded the presence
of females in the nests, the number of eggs laid, date, and
time. After each data download, the loggers were reset for a
new recording period.

Weather data

As it was not possible to access the weather in the micro-
habitat via the sensor in the individual nests, data on weather
conditions were obtained from the ERAS5 atmospheric rea-
nalysis models in the study region for the sampling period
(Hersbach et al. 2020) and used for incRscan calibration
(see “Measurements of the incubation pattern” section) and
subsequently to score laying and incubation periods. Data
on weather conditions (daily temperature and wind speed)

T T
66.0°0 65.5°0

Patria Island and two N.N. islets, (C) Chata island; and (D) complex
of Vernacci islands

used to build GLMMs were downloaded from http://www.
smn.gob.ar.

Measurements of the incubation pattern

Before data analysis, the whole data set was split into two
subsets: before the last egg laid (“laying period”), and after
the last egg laid (“incubation period”). Through the HOBO
software, we graphically visualized nest temperature against
time, and using the fluctuations in temperature it was pos-
sible to determine when a female left or returned to the nest
(Fig. 2).

To handle the big data set of nest temperature, we used
the R package incR, which takes advantage of nest tempera-
ture fluctuations to calculate the presence or absence of the
female in the nest.

Following Capilla-Lasheras (2018), before running incR,
we calibrated incRscan to find the optimal values of its main
arguments (upper.time, lower.time, sensitivity, temp.diff,
temp.diff.threshold and maxNightVariation) (see Capilla-
Lasheras 2018 for more details). Therefore, we simultane-
ously deployed infrared camera traps (Bushnell Prime 24
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Fig.2 An example of tem-
perature (°C)—time data set

16/10/2018

17/10/2018 18/10/2018

for a single monitored Chubut
steamerduck’ nest during 3 days
of 2018 on Vernaci Sudoeste
Island, Northern San Jorge
Gulf. Off-bouts (black circles)
and On-bouts (grey circles)
were quantified using incRscore
function. The continuous line
corresponds to environmen-

tal temperature (°C). Time is
expressed as decimal time
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Mpx) at five extra nests with loggers (see “Field nest mon-
itoring” section). Cameras were set to trigger by motion.
These data were collected during the breeding season of
2015 on Patria Island, northern San Jorge Gulf (Fig. 1).

We built a matrix containing a combination of values of
the most important user-defined arguments of the incRscan
function (see Capilla-Lasheras 2018 for more details) and
ran it for every argument combination. Then, we compared
incRscan-based incubation scores with video-based incu-
bation scores and computed the percentage of agreement
between them. In this way, the combination of parameters
with the highest percentage of agreement was used to run
incRscan on the big data set.

Finally, we extracted biologically relevant metrics for lay-
ing period [eggs laid by day, number of times spent continu-
ously on the nest (“on-bouts” henceforth) and their duration,
percentage of time spent by the female on the nest during
a 24 h period (“attentiveness” henceforth)], and for incuba-
tion periods [daily number of periods spent by adults away
from the nest (“off-bouts” henceforth), their duration and
attentiveness]. These last variables were used to correlate
with our set of predictors to determine the influence of envi-
ronmental features.

Statistical analysis

We evaluated the relationship between incubation behav-
iours (off-bout number, off-bout duration, and nest atten-
tiveness during the incubation period as response variables)
and predictor variables (year, daily minimum temperature,
daily maximum wind speed, incubation day, and clutch size)
using Generalized Linear Mixed Models (GLMMs). These
models account for a lack of independence between repeated
observations of the same nest throughout the incubation

@ Springer

20 250 5 10 15 20 250 5 10 15 20 2

T T T T

wn

Time

period (Zuur et al. 2009). Therefore, we included “Nest ID”
as a random effect in all models for each of the response
variables. All models were validated through the residual
analysis, and we calculated the proportion of total variance
explained only by fixed effects and by the entire model (both
fixed and random effects).

The distribution of the off-bout number is compatible
with a negative binomial, while gamma and beta distribu-
tions were appropriate for off-bout duration and nest atten-
tiveness, respectively. In all models, we used a log link
function; the clutch size variable was log-transformed to
be considered an offset variable, and interactions between
year and daily minimum temperature, daily maximum wind
speed, and incubation day were included.

We conducted all statistical analyses in R software, ver-
sion 4.1.2 (incR, Ime4, gimmTMB, MASS) (R Core Team
2021).

Results

We collected 9,463,744 temperature data points from 34
nests of Chubut steamerduck (7. leucocephalus) from Sep-
tember to December 2015, 2016, and 2018. To calibrate the
main arguments of incRscan, we collected 33,656 tempera-
ture data points and 11,382 photos from five extra nests dur-
ing the 2015 breeding season. We observed that the spring of
2015 and 2016 was slightly cooler and warmer, respectively,
than in the other sampling years (Table 1).

Laying period

The average number of days between the beginning of
nesting and the final clutch size was 7 days (3—11 days).
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Table 1 Basic statistic of environmental measured variables
Daily minimum temperature (°C)
Mean SD Min Max
2015 8.3 4.8 -2.0 19.6
2016 9.3 4.8 -2.0 20.1
2018 8.8 4.7 0.0 20.6
Daily maximum temperature (°C)
2015 19.9 5.9 8.6 34.0
2016 21.2 5.8 9.5 33.8
2018 20.6 6.0 7.5 36.5
Daily maximum wind speed (km/h)
2015 57.4 17.7 28.0 111.0
2016 56.5 23.0 17.0 122.0
2018 60.1 21.0 26.0 113.0

Summary of weather variables taken during Chubut steamerducks nest monitoring period of 2015, 2016 and 2018

Estimating that Chubut steamerducks lay 0.5+0.3 eggs
day‘1 (¥ +SD, N=28), the clutch size in our study aver-
aged 5.7+ 1.4 eggs (x+SD range=3-9). The average
attentiveness during this period was 39.0% +22.8 (X + SD
range =0.5-91.3%), with an on-bout frequency of 3.4 +2.1
times day~' ( +SD range = 1-11). Additionally, more fre-
quent on-bouts started between 00:00 and 01:00 AM, but
longer on-bout durations (9:49 h) were between 04:00 and
06:00 AM, decreasing towards sunset (Fig. 3). Likewise,
females kept an average nest temperature of 26.7 °C +6.9
(X +SD range=11-36).

Incubation period

After the final egg was laid, females increased nest atten-
tiveness to 79% =+ 19 (2-100%), with an average off-bout
frequency of 3.4 +3 times day ™! (range =0-18). Moreover,
29.5% of off-bouts occurred more frequently during the
night (9:00 PM-02:00 AM), almost constantly after sunrise
(Fig. 3).

Among off-bouts happening often, the longest (03:21 h)
was between 00:00 and 02:00 AM decreasing to a minimum
of 41 min at sunrise (05:00-09:00 AM) (Fig. 3). This pat-
tern was coincident with the on-bout start time, showing the
females came into the nest at sunrise (Fig. 3). The incubation
period lasts ~ 34 days + 6 days (range =21-44), and incubat-
ing females warmed eggs to 32.9 °C +3.4 °C across daily
on-bouts.

Environmental effects on the incubation strategy

For the off-bout number model, explanatory variables only
explain 8.76% of this response variable variation. After the

nest random effect was included, the fit improved, explaining
72.38% of the response variable variation. Predicted off-bout
frequency showed some tendencies of change through each
explanatory variable. However, f coefficient estimates and
their confidence intervals indicate that the apparent effects of
these variables were without significant biological meaning
(Fig. 4). Models for the off-bout duration and nest attentive-
ness showed poor fit (R> < 50%).

Discussion

The Chubut steamerduck (7. leucocephalus) is not a colo-
nial species and egg laying is asynchronous, occurring from
September to February with the bulk of eggs laid in the
middle of October and early November (Agtiero and Garcia
Borboroglu 2013).

Females showed low nest attentiveness during the laying
period but increased attentiveness after the last egg was laid.
Eggs were holding above physiological zero for embryonic
development during this period (25 °C and 27 °C) (Batt et al.
1992; Decuypere and Michels 1992). In this way, as in other
duck species, partial incubation occurs before clutch com-
pletion, delaying the onset of full incubation when the final
clutch size is reached (Batt et al. 1992; Watson et al. 1993,
Wang and Beissenger 2011). In general, partial incubation
is important to maintain the viability of earlier-laid eggs
by initiating embryo development because waterfowl eggs
lose viability under ambient conditions (Arnold et al. 1987).
From our results, according to the time of the day when
longer on-bouts occur, we discovered that female Chubut
steamerducks laid eggs during sunrise. Once the female
had a full clutch, she increased nest attentiveness and took
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Fig.3 A Distribution of nest sessions and recesses exhibited by
Chubut steamerducks across 24 h-interval, during laying (dark grey)
and incubation period (light grey) on Northern San Jorge Gulf from
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nocturnal recesses that ended in the morning. Although
some authors stated that dusk recess is uncommon for ducks
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(Batt et al. 1992), this pattern has also been reported for
other wild species such as mallards (Anas platyrhynchos)
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(Afton and Paulus 1992; Legagneux et al. 2011), com-
mon pochards (Aythya ferina) (Legagneux et al. 2011) and
northern shovelers (Anas clypeata) (Afton 1980). Chubut
steamerduck’s nocturnal off-bouts may function to minimize
predation by eyesight predators that need daylight to forage
(Legagneux et al. 2011; Bueno-Encino et al. 2017). Accord-
ing to Agiiero et al. (2010), Chubut steamerducks were found
nesting on islands and islets in sympatry and syntropy with
other species that were observed stealing eggs of this duck
species as kelp gulls (Larus dominicanus) and southern cara-
cara (Caracara plancus) (Yorio 2001; Formoso et al. 2019).
In that sense, adding to the fact that Chubut steamerducks
select nest sites with high vegetation cover to better pro-
tect from avian predators (Agiiero et al. 2010), nocturnal
recesses during the incubation period probably contribute
to minimise avian predation.

Weather conditions can influence the breeding behaviour
of birds (Amininasab et al. 2016; Carrol et al. 2018). There-
fore, we examined the importance of ambient temperature
and wind speed on breeding behaviour. However, our results
showed that environmental measured variables do not affect
recess frequency, duration, or nest attentiveness of incubat-
ing Chubut steamerducks.

It is known that environmental variables such as tem-
perature and wind influence the cooling rate of eggs (Webb
1987; Turner 2002) and thus, the energy that a female has
to expend to rewarm and maintain the optimal temperature
of the eggs (Haftorn and Reinertsen 1985; Reid et al. 1999;
Tinbergen and Williams 2002; Cresswell et al. 2004). How-
ever, notwithstanding that 2015 was a cooler spring than
the other sampling years (Hersbach et al. 2020) incubating
females of Chubut steamerducks did not show significant
behavioural adjustments. As in many duck species (Drever
and Clark 2007; McClintock et al. 2014; Grimaudo et al.
2020) Chubut steamerducks increase the amount of down
as laying and incubation period progress, minimizing the
cooling rate during night recesses. In this respect, the effects
of environmental measured variables, particularly the cooler
spring of 2015, on incubation strategy would be masked by
the thermal effect of down material (McClintock et al. 2014).

Nonetheless, our results pointed out that further studies
and access to larger sample sizes are needed to ascertain
which and how environmental conditions (i.e. habitat fea-
tures, wind direction, night temperature) in combination
with intrinsic factors (i.e. body mass, female age, hormonal
status) could potentially impact nest attendance strategies to
better understand what drives incubation behaviour.

This study is the first to describe Chubut steamerducks’
incubation rhythm and present quantified measures of the
incubation pattern. Our research provides valuable base-
line information and contributes to increase knowledge on
previously unknown life history features of this flightless,
endemic, vulnerable waterfowl species at the core of its

narrow distribution range, which could be used for future
conservation purposes.
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