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Journal of Avian Biology Ground-nesting shorebirds must balance the need for acoustic communication at the
2024: €03362 nest with the constant threat posed by predators. Although it may seem likely that
doi: 10.1111/iav.03362 their calls are adapted to minimize detection by predators, little is known about how

T Jav- these birds communicate at the nest or whether they employ cryptic strategies to avoid
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Editor-in-Chief: Jan-Ake Nilsson data, we quantified and categorised the calls of black-tailed godwits Limosa limosa
Accepted 12 September 2024 limosa recorded throughout the whole incubation at eight nests at a dairy farm in

the Netherlands in March—June 2021. While incubating, godwits frequently use five
main call types, with distinct diurnal patterns and high variation in the number of
calls between breeding pairs. Birds used two quiet calls, one for communication at the
nest and a second without an easily suggested meaning. Three loud calls were presum-
ably used for predator alert, territory establishment, and long-range communication.
Interestingly, although nests were close to each other and exposed to the same aerial
predators, the involvement of incubating birds in predator alert calling consistently
differed. Furthermore, we described the relationship between the number of preda-
tor alert calls and the probability of a godwit flying off the nest. Our findings show
that incubating godwits predominantly use loud vocalizations during the day, with
only a few calls at night, which were more frequent on nights with a full moon. These
descriptive findings for a single godwit community should now be expanded to other
contexts, experimental situations, and shorebird species.

Keywords: breeding, communication, cooperation, Limosa limosa, nest predation

Introduction

Predators of ground-nesting birds use a variety of cues to locate nests, including
visual, olfactory, and acoustic signals. However, we have limited knowledge of the
exact mechanism of how predators find nests (Vickery et al. 1992, Pelech et al. 2010,
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Ib4fiez-Alamo et al. 2015). To counter these threats, shore-
birds have developed several antipredation strategies — cryp-
tic eggs and plumage, hiding nests in vegetation, change of
odours during incubation, or using distraction displays to
avoid predation (Gochfeld 1984, Renecerkens et al. 2005,
Humphreys and Ruxton 2020, Hancock et al. 2023). Visual
cues are often critical during the day, with predators such
as raptors and corvids relying on sight to detect the move-
ment of adult birds or the presence of eggs and chicks in
exposed areas (Santisteban et al. 2002). Acoustic cues are also
expected to be significant, especially at night, yet they have
received only little attention with a focus on the sounds of
chicks around hatching and during brooding (Seymour et al.
2003, Kostoglou et al. 2020).

Birds commonly use acoustic communication at
nests in various contexts to promote successful fledging
(Magrath et al. 2010). Communication at nests is, however,
affected by the continuous danger of predation, which leads
species to use specific warning signals or stay quiet (Caro
2005, Magrath et al. 2010, Haff and Magrath 2011). Little
is known about the communication of shorebirds at nests
except during parental incubation exchange when vocaliza-
tions seem more common (Miller 1992). For example, in
semipalmated sandpipers Calidris pusilla breeding in the high
Arctic under constant light, the incubating parent vocalized
more often just before the arrival of its mate, and at least
one parent vocalized in 90% of the exchanges (Bulla et al.
2022). In contrast, females of northern lapwings Vanellus
vanellus in central Europe vocalized more than males dur-
ing nest reliefs during daylight, but both tended to be quiet
at night (Slddecek et al. 2019). Given the diverse life histo-
ries and the description of just a few but large repertoires of
shorebirds (Burger and Olla 1984, Sung et al. 2005, Piersma
2007), their vocalizations used during nesting are expected
to be similarly diverse. On the other hand, as ground-nesting
species with a long incubation period and under the constant
threat of predation, selection might have led to reduced com-
munication at the nest.

This study on black-tailed godwits (Limosa limosa limosa,
hereafter ‘godwit’), once a very common breeding bird in the
dairy farmland of the Netherlands (Kentie et al. 2016), builds
on the only detailed study of their vocalizations (Lind 1961)
and a few historical records (Huxley and Montague 1926,
Richardson and Bishop 1968, Glutz von Blotzheim et al.
1977, Cramp and Simmons 1983, Bergmann et al. 2008).
Using detailed observations of behaviour and written trans-
lations of calls, Lind described different call types and their
‘meaning’, especially in the context of aggression. In view
of the enormous technological development over the past
60 years since Lind (1961) and the fact that his study did
not focus on nest vocalizations, we re-examined the vocal
behaviour of godwits using automatic sound recorders and
advanced analysis of the recordings with a focus on commu-
nication at nests in another ecological setting.

In addition to the threat of mowing, godwits breeding in
the human-altered landscapes of northwestern Netherlands
frequently face predation from 14 primarily diurnal avian
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species and 11 predominantly nocturnal mammalian spe-
cies (Teunissen et al. 2008, Hooijmeijer et al. 2024). Some
predators, such as the carrion crow Corvus corone, the red fox
Vulpes vulpes, and the European badger Meles meles, pose a
significant risk to eggs, while others, like the western marsh
harrier Circus aeruginosus and the common buzzard Buteo
buteo, mainly target chicks. Additionally, several predators
are known to kill adult godwits, particularly when they are
incubating (Hooijmeijer et al. 2024). Godwits rely on visual
detection of predators and respond to alarm calls from other
godwits, collectively mobbing predators when they are spot-
ted in the breeding area.

We aimed to describe and quantify the communication
of godwits at the nest to examine how they use vocalizations
yet stay cryptic for predators. We quantified and catego-
rised calls used by adults at nests over the whole incubation
period. Given the known nest behaviour of godwits and
shorebirds in general (Burger and Olla 1984, Bulla et al.
2016), we expected vocalizations in at least three different
contexts: calls during the exchange of partners at the nest
(Sladecek et al. 2019, Bulla et al. 2022, Lee et al. 2023), a
staccato call used in response to incoming predators (Lind
1961), and calls used to communicate with chicks around
the time of hatching (Cramp and Simmons 1983). Besides
these circumstances, we expected godwits to be mostly silent
at or near their nest. Given the limited eyesight of birds at
night (Martin and Piersma 2009, Martin 2012), which limits
their abilities to fully engage in mobbing or other distraction
displays (Seymour et al. 2003), we expect godwits to behave
quietly, particularly in darkness (Yorzinski and Plact 2012).

Material and methods

Study site and species

We conducted the study in 2021 at the dairy farm of Murk
Nijdam near the village of Wommels in the province of
Fryslan, northwestern Netherlands (53°.092'N, 05°.565'E;
gruttoland.nl). The farm has one of the highest densities of
godwits in the Netherlands (Pecters 2023). In an area of 25
ha of meadows, around 70 pairs of godwits, 20 pairs of red-
shanks, 10 pairs of northern lapwings, 20 pairs of pied avocets
Recurvirostra avosetta, and five pairs of Eurasian oystercatch-
ers Haematopus ostralegus breed each year (Fig. 1). In addi-
tion to breeding species, many other shorebirds commonly
visit the area, such as ruffs Calidris pugnax, Eurasian cur-
lews Numenius arquata, and Eurasian whimbrels Numenius
phaeopus.

Godwits usually arrive at the breeding area in the second
half of March, with most clutches laid in the first half of April
(Lourenco et al. 2011, Kentie et al. 2014, Hooijmeijer et al.
2024). In early April, the meadows are fertilised by spreading
manure (Onrust and Piersma 2017), and mowing starts in
the second half of June when most chicks can fly. In addi-
tion to the delayed mowing regime, the area has been pro-
vided with two permanent water pools of 5 ha in total and
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Figure 1. Map of the research area with marked recorded nests and other known shorebird nests. Generated using the ESRI Satellite base

map (Beeldmateriaal.nl) in QGIS (ver. 3.28).

temporary water pools maintained by pumping water from
dikes from March to May to enhance arthropod biodiver-
sity (De Felici et al. 2019). Predator monitoring in 2021
confirmed the occurrence of five common predators: stoat
Mustela erminea, carrion crow, common buzzards, western
marsh harrier, and beech marten (Martes foina). There is no
active predator control; however, a large canal isolates the
area from the north, and red foxes are hunted annually in
the region.

Field procedures and sound recording

We used SM2 recorders (Wildlife Acoustics) with omnidirec-
tional microphones positioned 50 m away from the recorder
via extended cables. Each recorder had two inputs and could
thus capture recordings at two separate nests. Microphones
were placed on the ground and 20 cm from the nest. Placing
a microphone further from the nest failed to detect the quiet-
est vocalizations (based on a test recording). Each cable and
microphone were partially covered below old and dry manure
or grass to reduce the potential risk of attracting predators.
Eight nests were recorded for most of the incubation
period (on average 25.9 days + 1.9 SD, range: 24-29
days), corresponding to known incubation times of 23-30

days (Verhoeven et al. 2020). However, some days were
not fully recorded due to technical problems. Hence, the
dataset consisted of 22, 24, 25, 21, 20, 21, 24, and 26
fully recorded days following the order of nest labels used
in Fig. 1. The estimated first egg dates were 6, 7, 16, 14,
15, 14, 14, and 17 April. Recordings had a sampling rate
of 44.1 kHz, a gain of + 48 dB, and a bit depth of 16 bits.
All audio files were stored in uncompressed WAV format.
The recorders were charged with 4 Varta Industrial PRO
1,5V D Mono 17 000 mAh batteries and could record up
to 8.5 days. We used two 64 GB cards for data storage that
could save 96 h of recordings on average; thus, we replaced
the cards every fourth day. At the latest, every eighth day,
we synchronised the time at all recorders and checked the
placement and sensitivity of microphones to ensure the
quality of the recordings.

Nests of all shorebird species in the area were found based
on observed nesting behaviour or by drone with a thermal
camera operated by a team of volunteers at Nijdam’s farm.
After we deployed the microphones next to the focal nests,
each nest was observed from a distance to check whether the
birds accepted the microphones. All observed birds returned
to their nest within a few minutes and seemed not to be dis-
turbed by the nearby microphone.
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In addition to audio recordings, we collected 22 h of video
footage from five nests (8 h at each of two nests, 2 h at each
of 3 nests, whereby each recording session lasted 2 h). Nests
were recorded during afternoons across the incubation period
(8-18 May) to help interpret the calling behaviour of indi-
viduals at their nests. To this end, we placed a GoPro Hero
6 camera with a wide-view angle lens approximately 50 cm
from the nest and covered it with grass.

Extraction and categorisation of calls from
recordings

We analysed 4392 h of recordings using a semiautomatic
workflow.

1. We first divided the recordings into 3-s fragments of 1-3
kHz. Segmentation into 3-s fragments allowed for more
efficient processing and more consistent amplitude mea-
surement across the dataset. We then extracted all frag-
ments with average power density above —69 measured
in Raven Pro with window type Hann, window size 1020
samples, overlap 50%, and discrete Fourier transform
(DFT) size of 2048 samples, using the Rraven library
(Araya-Salas 2020). When applying this threshold of —69,
98% of all calls identified manually in a test dataset of two
days (48 h or recording) were detected in the selected 3-s
fragments. We extracted, on average, 158 879 3-s frag-
ments per nest (+ 52 880 SD, range: 106 663-240 390)
with possible godwit vocalizations.

2. For each 3-s fragment, we created spectrograms using the
warbleR library (Araya-Salas and Smith-Vidaurre 2017).
We deleted axis descriptions, increased contrast, and
resized all spectrograms using the ImageMagick library
in Linux. We then selected all fragments that included at
least one godwit call using gallery view with 120 X 90 px
thumbnails in FastStone Image Viewer 6.4.

3. Using a collection of 14 329 spectrograms from the first
nest, we divided all calls into five call types and labelled
each (Fig. 2a). For each call type, we obtained at least 770
spectrograms. We then used these spectrograms to train
a machine-learning model to help categorise calls from
all nests. Specifically, we used a convoluted neural net-
work (CNN) based on the Xception network with the
weights pre-trained on the ImageNet dataset (Deng et al.
2009). The validation dataset contained 20% of ran-
domly selected spectrograms excluded from the dataset
of the first nest before training the model. We achieved
76% accuracy in the validation dataset after six epochs.
The model could be modified to reach higher accuracy;
however, we considered this result satisfactory and applied
the model to the remaining nests.

4. To ensure the quality of call separation by the model, we
manually checked the categorisation of all spectrograms
and reclassified the calls where needed. Although we
checked all detections manually, using the model — which
resulted in a correct pre-assignment of approximately
70% of calls across all nests — still considerably sped up
the categorisation process.
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We detected 77 325 3-s fragments that contained calls at
eight nests during 183 fully recorded days. To better repre-
sent an individual’s decision to call, we used ‘acoustic events’,
whereby all calls of the same type that are uttered with pauses
of maximally 30 s are considered one event. In the case of the
short call type, which often occurred randomly with longer
gaps between calls, we considered a 90-s interval. In total, we
detected 15 078 acoustic events. The microphone positioned
near the nest allowed us to unequivocally detect any sudden
departures of the incubating bird, identified by the sound of
wing beats. This detection was done manually for a sample
of randomly selected calls, as detailed in the results section.

Daily variation in use of calls

To study daily variation in vocal activity during different peri-
ods of the day, we defined three periods based on the light
conditions for a given latitude using the package ‘suncalc’
(Thieurmel and Elmarhraoui 2019): night (defined as the sun
being < 18° below the horizon), twilight (sun is between 0°
and 18° below the horizon), and day. To compare the number
of calls birds used in periods of different lengths, we defined
another variable, ‘corrected acoustic events’. In practice, we
muldiplied events used during the twilight by 2.8 and events
used during the night by 3.8, reflecting the ratio between
recorded seconds during the day period and shorter periods,
respectively. We used the package ‘moonlit’ to extract moon
illumination for the given location and dates (Smielak 2023).

Statistical analyses

To compare the relative amplitude of each call type, we mea-
sured the average power density using Raven Pro for an aver-
age of 119 calls per call type (range 59-150, minimum seven
calls for each call type per nest). We used Dunn’s post hoc
test to compare differences between call type amplitudes.
To illustrate the daily and seasonal variation in vocal activ-
ity at nests and across months of the breeding period, we
used generalised additive models (gam) using the formulay ~
s(x, bs=‘cc’), family=DPoisson and method=‘GCV’ (Pérez-
Granados and Schuchmann 2021). We checked the assump-
tions for all models and found the optimal number of knots,
so the model has a k-index > 1 and a high R% We performed
all statistical analyses with R 4.0.2 (www.r-project.org) using
the package ‘mgev’ for gams (Wood 2017).

Results

Characteristics of the different call types

Birds at all nests used calls that could be assigned into five
major categories based on structural differences — rhythmic
calls, staccato calls, long calls, short calls, and harsh calls
(Fig. 2a). Among the long calls, we further distinguished
between calls repeated in long sequences (long repetitive calls)
and calls uttered separately with longer intra-call intervals
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Figure 2. (a) Spectrograms of the five main call types of black-tailed godwits while at their nest during incubation. (b) The loudness of call

types is expressed as average power density.

(long single calls). In 63% (140/224) of randomly selected
long repetitive cases, the calls were initiated by harsh calls.
Long single calls showed high structural variation, with some
calls starting or ending with harsh quality or big frequency
modulations (Fig. 3). Short calls also showed structural
variation, but we did not further categorise them, except for
long bouts of short calls that were very distinctive (Fig. 3).
Furthermore, we detected grutto call type, which is typically
part of the ceremonial flight and functions in pair and ter-
ritory establishment (Lind 1961). At five nests, grutto calls
also occurred in combination with long repetitive calls and
rthythmic calls (Fig. 3). Comparison of the relative loudness of
calls expressed as average power density showed no differences
between short and harsh calls (p=0.979, n=107-129), but
significant differences compared to louder calls (the rhythmic,
staccato, long, and grutto calls; all comparisons: p < 0.001,

n=59-150; Fig. 2b).

Variation in the use of calls between nests

On average, each nest had 82 acoustic events per day (range:
8-244, n=183 nest days; Supporting information). The
most abundant call was the short call (mean: 54% of all
acoustic events per nest; range: 40-74%, n=38 nests), and
the least common was the long call (mean: 4.5% of all acous-
tic events per nest; range: 0.4-16%). The number of acoustic
events corrected for variable recording effort varied consider-
ably between nests for all call types (Fig. 4).

Seasonal and daily variation in the use of calls

The frequency of rhythmic, staccato, and harsh calls did not
show seasonal changes, while long and short calls increased
towards the end of the incubation period when chicks were

hatching (Fig. 5a).

Page 5 of 12

85UBD17 SUOWILIOD SISO 3|l jdde auy) Aq peusenob ale sapie VO ‘85N JO S3|NI Joj ARIq1T 8Ul|UO A1/ UO (SUONPUOD-PUR-SULLBY WD A | 1M Afe.q1|Bul[UO//ScNY) SUORIPUOD PUe swie 1 8y} 89S " [7202/2T/70] Uo ARiqiTauljuo AB]1M ‘0ju UT SpUNySIA J0OA WNNUeD AQ Z9EE0" AR [/TTTT 0T/I0p/Loo A8 | im Akeiq i puljuo s euIno fosu//sdny wolj pepeojumoq ‘0 *Xgy0009T



Short call (during nest relief)

4 -1 TENT SRR IR RREREN

3‘M !

M
I
1
M

]

u*uu .nuau,a\aaap

|
2] wm HRLHLE
L

1—m, ,mu‘ w

l
Il
]

\M.\“MMH!“MH! “. ',

| ‘H |l ‘

i wm;m r‘ w

P MM ”“r A ”"ln Mf Iyhyo

T
Long caII (smgle occurences)

M’\m
2_MMMHMP"\

1-*#, ..AMhHM rl‘\

i
i
A

V!
W

W

~«
~y
Enls |

Grutto call

_)))

I

Frequency (kHz)

\“’\ﬂ“WMWWMWIWWWM |
) MﬂMMWMMMMMWM

I i e i

VN

T T
Rhythmic call + grutto call

T

i | FUUUU‘UH ‘f

w
|

|

L

I W "\\/\n/ ANUNUSUNUNAY
ﬂwmmwmmmwwwn
wwwwwww ».,,'4 MMNKMM MM ~$M

Grutto call + Iong call (repetltlve)

AN
3‘JMMM
oy

WWHH

NN ot v

6 8 10 12

Time (s)

Figure 3. Spectrograms of other, less common call types (and their combinations) uttered by black-tailed godwits at their nest during the

incubation period.

Rhythmic, staccato, and short calls showed similar daily
variation, with higher call rates in the morning and evening,
a slight decrease around midday, and a clear drop during
the night (Fig. 5b, Supporting information). Long calls and
harsh calls showed a peak around midday. When consid-
ering the corrected number of acoustic events, taking into
account different lengths of day, twilight, and night, birds
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would use most of the calls during the day (69%), followed
by twilight (21%) and night (10%; Fig. 5¢). Proportionally,
the most used calls during the twilight period were rhythmic
calls (30% of all corrected rhythmic calls), short calls (22%),
and long calls (17%). Only rhythmic and short calls were
frequently used at night (14 and 11%), particularly on nights
with high moon illumination (average number of rhythmic
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and short calls per night across nests in relation to moon illu-
mination — Pearson’s r=0.71, p < 0.001, CI=0.50-0.84,
n=36 nights). Staccato and harsh calls were rare during twi-
light (8 and 5%) and practically absent at night, along with
long calls (0, 0.4, and 0.6%).

Video and direct observations

Video recordings provided examples of the context in which
godwits used specific calls. Rhythmic calls were observed
twice when another godwit passed nearby and twice when a
godwit turned its head, seemingly following another passing
godwit; in three cases, the bird on the nest did not show any
apparent behaviour different from normal behaviour at the
nest (Supporting information). The incubating bird suddenly
left the nest in two out of 200 randomly selected rhythmic
acoustic events.

We observed restless and alert behaviour when birds used
staccato calls (Supporting information). In one case, a marsh
harrier was observed flying nearby after the bird used stac-
cato calls. Birds left the nest in 27% of randomly selected
staccato events (n=>54/200). When other godwits nearby
uttered staccato calls, and the godwits used mobbing calls,
the incubating focal bird left the nest on 79% of occasions
(n=137/47; Fig. 6¢—d). Once, we recorded a godwit suddenly

leaving the nest, seemingly distressed, without using any
sound. We found a quadratic relationship between the num-
ber of staccato calls and the likelihood that the focal bird left
the nest, with the highest probability of leaving (46%) with
three calls (Fig. 6a). We found no relationship between the
average number of notes in staccato calls and the likelihood
of a godwit leaving the nest (Fig. 6b).

Long calls varied in length, and birds never left the nest
(0/109) but actively observed the surroundings (Supporting
information). The Supporting information shows how a
godwit quickly switched between a staccato call and a long
call (and back) in the presence of an aerial predator. In 37%
of 109 randomly selected long-call acoustic events (10-15
events chosen per nest), another godwit uttered the long
call in the background. Similarly, in 34% of 116 randomly
selected acoustic harsh events and in 10% of 120 randomly
selected rhythmic events, another godwit uttered a long
repetitive call in the background (Supporting information).

Short calls were used unexpectedly throughout the incu-
bation or with hatched chicks (Supporting information). We
recorded 283 acoustic events with long bouts of short calls at
all nests (mean=35.4, range: 13-76). In 127 of these events
(45%), we detected a second bird calling in the recording
(range=30-75% per nest). We detected two nest reliefs of
incubating birds at the nest on camera: both the incubating

Page 7 of 12

85U8017 SUOLULLOD A1 3cedt [dde 8y} Aq peueAob a2 sajole YO ‘8sN JO Sa|NJ 10y Akeuqi 18Ul UO A8|IM LD (SUONIPUOD-PUB-SWLB)W0D A8 1M A eIq1jBul UO//SdIY) SUONIPUOD PUe SWLB | 38U} 89S *[7202/2T/70] U0 Akeiqi auluo AS|IM ‘0ju| U SPUNXSIM I00A WnueD Aq Z9EE0 AR l/TTTT OT/I0p/W0d A& IM Afe.q 1 jBul|uo'S feuano fosu//sdny woaj papeo|umod ‘0 ‘X870009T



(a., (b),

0 o [l
10 20 0 6
50
40 2
30
20 1

Number of acoustic events

Average number of acoustic events

0 6
150
100 4
50 Salg-Sgo088oe % o8 2
0 0
10 20 0 6
30 2

Days after the start of laying

12

Hour

(c)
2500 Rhythmic
2000 call
1500
1000
500
’ mil_
18 Day Twilight Night
1500 || Staccato
‘ call
1000 ‘
500 |
.. M
18 42 Day Twilight Night
Q600
3 Long
L call
] 400
Q
®
w 200
]
t
[}
o .g 0 -
18 2 Day Twilight Night
Short
6000 call
4000
2000
o )
18 Day Twilight Night
1000 Harsh
800 call
600
400
\\ 202
18 Day Twilight Night
Time period

Figure 5. (a) The seasonal activity of five main nest call types during the incubation period. (b) The daily activity of five main nest call types
during the incubation period. The average number of acoustic events for a given hour is presented separately for each nest. (c) Summary of
different metrics representing the vocal activity of five call types compared between periods. The first column in (c) represents ‘corrected
acoustic events (the number of acoustic events multiplied by the coefficient 2.8 for twilight and 3.9 for night), and the second column
represents recorded acoustic events. Note that the total recording time for the day was 2710 h, for twilight 975 h, and for night 707 h.

and the returning birds briefly uttered short calls without
long call sequences (Supporting information).

Discussion

We found high call activity throughout the incubation
period at all nests of black-tailed godwits, with a considerable
increase during the hatching period. We distinguished five
main call types based on their structure, which differed in
loudness and daily and seasonal use. The number of calls of
each type varied between nests, including the call type used
in anti-predation behaviour (staccato call).

Loud calls - rhythmic, staccato, and long calls

Rhythmic, staccato, and long calls had high amplitude lev-
els, suggesting they are used for longer-distance communi-
cation. As shown in other species, calls at the nest might
attract predators, and we expected godwits to be silent at
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night to avoid the risk of being detected by a predator (Haff
and Magrath 2011, Ibifiez-Alamo et al. 2015). However,
godwits sometimes used loud rhythmic, as well as quiet
short calls, at night. This was especially the case on moonlit
nights (around a full moon), suggesting that godwit-call-
ing activity increased with increased visibility at night (see
Dickerson et al. 2023 for a review of the effects of moonlight
on vocal activity).

Rhythmic calls had the most complex structure, with
several phrases of different notes. Based on video recordings
and field observations, we found that birds often used this
call when another godwit was close to the incubating bird.
Thus, we suggest that these calls might play a role in com-
munication with neighbours or with other passing godwits,
and possibly be a response to an intruder. The rhythmic call
was also used at twilight and at night, perhaps with increased
movement of predators in the evening, resulting in higher
bird movement, thus causing more interactions with territory
intruders. Structurally, it resembles the milder version of the
‘attack call’ used by excited birds or in aggressive situations

85UBD17 SUOWILIOD SISO 3|l jdde auy) Aq peusenob ale sapie VO ‘85N JO S3|NI Joj ARIq1T 8Ul|UO A1/ UO (SUONPUOD-PUR-SULLBY WD A | 1M Afe.q1|Bul[UO//ScNY) SUORIPUOD PUe swie 1 8y} 89S " [7202/2T/70] Uo ARiqiTauljuo AB]1M ‘0ju UT SpUNySIA J0OA WNNUeD AQ Z9EE0" AR [/TTTT 0T/I0p/Loo A8 | im Akeiq i puljuo s euIno fosu//sdny wolj pepeojumoq ‘0 *Xgy0009T



—_
Q
~—

100
5
50 24
49 14
25 99
L :
. L
1 2 3 4 5-9

Number of staccato calls per acoustic event

—_
(2]
~—

=
[$)] ~ o
o (&) o

Proportion of staccato acoustic events when bird flew off the nest (%)
N
[

150
Yes No

Other alarming godwits

(b)

100
75
50

35 55 18

) - ﬁ - -

0

2 3 4 5-7

Average number of notes within staccalo call events

(d)

100

48
75
50
25
152
. I
Yes No

Recorded mobbing behaviour nearby

Figure 6. Probability of a godwit flying off the nest in relation to (a)—(b) characteristics of staccato calls. (a) Number of calls per acoustic
event, (b) the average number of notes within a staccato call, and (c)—(d) the presence of other alarming or mobbing godwits nearby. (c)
Presence of other alarming godwits in the background, (d) mobbing behaviour recorded nearby. The values above bars represent the total

number of cases for the given situation.

away from the nest (Lind 1961, Cramp and Simmons 1983).
Nevertheless, it remains unclear what the benefits of using
the rhythmic call for the incubating bird might be.

Staccato calls were used as a response to the presence of
a potential predator with a clear function as a warning, fol-
lowed by sudden leaving of the nest, possibly because the
predator was nearby. Godwits rarely used the staccato call
during twilight and never at night; hence, godwits may use
staccato calls during the day to warn against aerial predators
because they can spot them from a distance and safely leave
the nest. We did not record any other structurally distinct call
that could be potentially used in relation to night-time preda-
tors. Staccato calls were often quickly repeated, and the num-
ber of repetitions and the number of notes differed (Fig. 6).
Godwits suddenly flew off the nest regardless of the specific
number of call notes; instead, the cues based on the presence
of birds mobbing the predator were more informative. More
work is needed to confirm if the number of notes or repeti-
tions informs about the level of incoming danger as shown in
other species (Shah et al. 2015).

The long call typically consisted of multiple repeated
notes, often followed by another bird calling in the distance
using the same long call type. The call could function in
long-distance communication, possibly between pair mem-
bers or other godwits in the same context. Long calls were
more common towards the end of the incubation period
around hatching, suggesting either higher demand for these
calls or higher motivation to use them. Similar to staccato

calls, long calls occurred typically during daylight while the
birds seemed to be actively looking around the nest, with
no calls at night. Therefore, we suggest that the occurrence
of long calls relates to visual or acoustic triggers during the
day. Long repetitive calls were used at all nests, but they were
among the least common calls; thus, their function might
be very specific and not directly related to nesting behav-
iour. Godwits often use variations of long calls in the open
field motivated by escape drive (Lind 1961). Long single
calls show the greatest structural variation compared to other
call types. The underlying factors behind this variation and,
hence, its potential role in godwit communication remain
unknown.

Overall, birds at five nests used the grutto call, typically
uttered during advertisement flights early in the season. Birds
used the call alone but more often combined with rhythmic
calls (five nests) or long repetitive calls (three nests, regularly
only at one nest). The fact that birds at three nests did not use
the grutto call at all suggests that the call does not have an
essential role in nesting behaviour.

Quiet calls — harsh and short calls

Harsh and short calls showed low amplitude and were barely
audible even close to the nest, indicating that birds used
this call only for nearby receivers — eggs, chicks, or mates.
Structurally, the harsh call has the longest note of all calls,
with the highest entropy and the lowest frequency. Godwits

Page 9 of 12

85U8017 SUOLULLOD A1 3cedt [dde 8y} Aq peueAob a2 sajole YO ‘8sN JO Sa|NJ 10y Akeuqi 18Ul UO A8|IM LD (SUONIPUOD-PUB-SWLB)W0D A8 1M A eIq1jBul UO//SdIY) SUONIPUOD PUe SWLB | 38U} 89S *[7202/2T/70] U0 Akeiqi auluo AS|IM ‘0ju| U SPUNXSIM I00A WnueD Aq Z9EE0 AR l/TTTT OT/I0p/W0d A& IM Afe.q 1 jBul|uo'S feuano fosu//sdny woaj papeo|umod ‘0 ‘X870009T



often used the harsh call before long, repetitive calls, or when
another godwit in the background uttered a long call.

The harsh call was most frequently used around midday.
Thus, this behaviour might correlate with the increased tem-
perature towards noon when the nests are often exposed to
direct sunlight. A similar nest call type related to temperature
has been described in Australian zebra finches Taeniopygia
castanotis. Under high temperatures, adults increased the
number of incubation calls close to the hatching period,
potentially to signal the environmental conditions to
their embryos (Mariette and Buchanan 2016). However,
McDiarmid et al. (2018) challenged this conclusion, show-
ing that the birds uttered this call at times of high tempera-
ture during the breeding and the non-breeding period. Thus,
the nest call seems related to temperature but may not func-
tion in communication with embryos. If the harsh call of
the godwits is not just correlated but also caused by higher
temperatures, we would expect to detect more such calls
later in the season when temperatures are higher or on days
without cloud cover. However, all birds at all nests used the
calls, and we found no seasonal changes in frequency. To con-
clude, the function of harsh calls remains unclear. However,
given the harsh call’s distinct structure, it is unlikely to be
only a ‘byproduct’ of a yawn or grunt. We hypothesise that
the harsh calls could be the quiet equivalent of long calls. It
also remains unclear why harsh calls often co-occur with long
repetitive calls.

The short call was the most abundant. It is brief, with
low frequency, and uttered most of the day and sometimes
at night. This quiet call is undoubtedly related to the hatch-
ing period, given the strong seasonal increase and long bouts
of these calls around hatching. The short call possibly func-
tions to encourage the chicks to hatch and to guide chicks
out of the nest. However, during the pre-hatching incubation
period, its typical occurrence suggests other functions than
communicating with chicks. Often, birds used this call alone
without any obvious receiver or context; perhaps it did not
have any communicative role.

Based on the sound recordings, we detected 283 long bouts
of short calls, typically with clear vocal interactions between
two birds and the sound of one bird flying off the nest as
part of nest relief. Lengthy bouts of short calls recorded dur-
ing nest relief resemble those uttered during copulation or
scrape display (Cramp and Simmons 1983). However, both
nest reliefs recorded on video were without the long bouts of
short calls. Without a camera set up at nests, we could not
identify nest relief events with certainty; therefore, we could
not say what proportion of the nest reliefs were accompanied
by long bouts. Variability in calling length during nest relief
was also recorded in semipalmated sandpipers and in north-
ern lapwings, where the vocalizations also differed between
females and males (Slddecek et al. 2019, Bulla et al. 2022).

Between-nest variation in call frequency

The frequency of independent acoustic events differed
between nests for all call types. The few studies comparing
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the number of calls between individuals (Guillette and
Sturdy 2011, Bulla et al. 2016, Slddecek et al. 2019) suggest
that such differences might be related to personality traits,
sex, variable incubation lengths, or variation in the species’
life histories.

Although the observed nests were close to each other and
thus likely exposed to the same predator pressure, individu-
als at different nests considerably differed in the use of stac-
cato calls, which seem related to warning of the presence of
a predator (Supporting information). As shown in Fig. 6¢—d,
the number of actively warning godwits in the neighbour-
hood increases the likelihood that an incubating bird will
leave its nest and join the mobbing behaviour, similar to
what has been observed in redshanks (Cresswell et al. 2000).
This, then, raises the question of who the intended receiver
of the call is — the partner of the calling bird, conspecifics, or
even individuals of other species — and what motivates the
incubating bird to warn others? Godwits might benefit from
warning more neighbours because they then could all join
the mobbing of the predator (Igic et al. 2019, Carlson and
Griesser 2022). On the other hand, too many warnings for
predators that are not a direct risk followed by leaving the
nest could lengthen the total incubation period or negatively
affect hatching success. Note that the highest levels of stac-
cato calls were at nests close to the small water pools, places
which could attract predators and other bird species, thus
triggering the warning behaviour of nesting godwits.

Are godwits vocally cryptic at the nest?

In contrast to the expected cryptic behaviour, incubating
godwits often used three different types of loud calls and two
quiet calls while near or at their nest. However, at night they
used fewer calls of only one loud and one quiet type, with
most calls occurring on bright nights with full moon. These
results suggest that on nights without moonlight when visi-
bility would be reduced, incubating godwits minimize acous-
tic cues. Do they do this to avoid detection by predators that
are harder to spot from a distance?

Our observations come from a dense community of breed-
ing godwits, which daytime aerial predators should easily be
able to locate, even if all godwits remain silent. Thus, staying
vocally cryptic may be ineffective against primarily visually
oriented avian predators, but vocalizations may help com-
municate predator presence to other community members;
together, individuals may successfully mob them off. It is hard
to determine if the daily calls are frequent enough to be used
as an acoustic cue for nest location by the occasional day-
active mammalian predator like the stoat (Teunissen et al.
2008). The situation may well differ in areas with lower nest
densities where individuals may be less effective at detecting
and deterring predators and therefore might behave more
cryptically.

Birds at nests appeared to be actively involved in predator
warning during daylight, but the number of warning calls
varied considerably between nests. This raises the question of
how individual experience or the position of a nest relative
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to other breeding birds influences participation in warning
behaviour. The function and benefits of rhythmic, repetitive,
and two types of quiet calls for incubating birds, especially
during the pre-hatching period, remain unclear. To better
understand the calling behaviour of godwits and other shore-
birds at nests, it is essential to study the vocal behaviour of
individuals in different contexts, using contrasts in nest den-
sity, habitat structure, and predator occurrence.
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