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curlew species in adjacent coastal habitats
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Abstract

Background: Animals need to adjust their vigilance strategies when foraging between physically contrasting veg-
etated and non-vegetated habitats. Vegetated habitats may pose a greater risk for some if vegetation characteristics
function as a visual obstruction but benefit others if they serve as protective shelter. Variation in group size, presence
of similar species, along with variation in environmental conditions and anthropogenic disturbance can also influence
vigilance investment.

Methods: In this study, we quantified the vigilance behaviour of two large-bodied, sympatric migratory curlew
species—Far Eastern Curlew (Numenius madagascariensis) and Eurasian Curlew (N. arquata)—in vegetated Suaeda
salsa saltmarsh and non-vegetated mudflat habitat in Liaohekou National Nature Reserve, China. We used linear
mixed models to examine the effects of habitat type, season, tide time, flock size (conspecific and heterospecific), and
human disturbance on curlew vigilance investment.

Results: Both species spent a higher percentage of time under visual obstruction in S. salsa habitat compared to
mudflat habitat but in response, only Far Eastern Curlew increased their percentage of vigilance time, indicating that
visual obstruction in this habitat is only a concern for this species. There was no evidence that S. salsa vegetation
served as a form of cryptic background colouration since neither species decreased their vigilance effect in S. salsa
habitat in spring compared to the autumn migration season. The effect of curlew social environment (i.e. flock size)
was habitat dependent since percentage of vigilance time by curlews in saltmarsh increased with both the number of
individual curlews and number of other birds present, but not in mudflat habitat.

Conclusions: We conclude that both migratory curlew species exhibit a flexible vigilance adjustment strategy to
cope with the different environmental and social conditions of adjacent and sharply contrasting coastal habitats, and
that the trade-off between the risks of foraging and the abundance of prey may be a relatively common phenom-
enon in these and other shorebird populations.
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their behaviour to reduce their vulnerability from preda-
tors (Beauchamp 2015a), or take shelter provided by
the vegetation (Cuthill et al. 2005; Stevens et al. 2011).
Vigilance behaviour, a pause during foraging to scan the
surrounding environment, is a well-known behavioural
adaptation employed by animals to monitor potential
threats from predators or competitors (Treves 2000;
Beauchamp 2015a; Nov¢i¢ 2020). Variation in vegetation
characteristics can have a functional effect on an ani-
mal’s vigilance, serving either as a form of “protection”
by lowering the investment on vigilance behaviour, or as
a “visual obstruction” requiring an increase in vigilance
effort. The exact effect of vegetation on vigilance behav-
iour, however, may vary among different seasons when
local environmental conditions change, or even vary
between differently and sharply contrasting adjacent hab-
itat types within the same landscape of the same season
(Lazarus and Symonds 1992; Camp et al. 2012). Vigilance
responses are also likely to differ between species, due to
differences in their foraging ecology, dietary preferences,
and prey availability (Li et al. 2017).

Annually, across the globe, millions of shorebirds con-
centrate on coastal intertidal mudflat landscapes to for-
age during their migratory season (Bamford et al. 2008;
Bai et al. 2015; Wang et al. 2018; Kuang et al. 2020). At
the cost of losing potential protective functions of veg-
etation, on the non-vegetated mudflats these birds can
maintain a highly efficient anti-predator or anti-compet-
itor vigilance by monitoring the environment without
visual obstruction (Beauchamp 2014). At many shore-
bird stop-over sites, saltmarsh vegetation also forms a
considerable landscape component adjacent to mudflats
(Hao et al. 2017; Lu et al. 2018; Xing and Xing 2019) and
attract large numbers of waterbirds foraging on abun-
dant microbenthic and other prey species (Zhang et al.
2016, 2021; Li et al. 2020b). Compared to non-vegetated
habitats, foraging in saltmarsh vegetation necessitates an
adjustment to their vigilance strategy to cope with the
potential visual obstruction of the vegetation structure,
particularly when birds are “head down” (Metcalfe 1984;
Li et al. 2017). These coastal intertidal mudflat landscapes
thus represent a valuable opportunity to examine how
birds adjust their vigilance in response to visual obstruc-
tion after shifting from non-vegetated mudflat to adja-
cent vegetated saltmarsh habitat.

During shorebird migration seasons, Suaeda salsa salt-
marsh vegetation undergoes pronounced changes to its
structural characteristics, varying from dense, lush, red
vegetation in autumn to a more open (less dense), with-
ered, tan-coloured vegetation in spring. Such seasonal
variations in vegetation cover and quality may exert an
influence on avian vigilance strategies while foraging in
these habitats (Dreiss et al. 2011; Kjernsmo and Merilaita

Page 2 of 11

2012; Medina et al. 2017). During spring migration, var-
iegated tan-coloured saltmarsh vegetation may provide
a cryptic background for many shorebirds that share a
similar plumage colouration, potentially enabling them
to reduce their investment in vigilance behaviour. Con-
sidering the decrease in the potential visual obstruction,
shorebirds should exhibit a greater reduction in their vig-
ilance during spring migration than during autumn.

Human disturbance and flock size are two addition-
ally important social environmental factors that have
significant influences on shorebird vigilance behaviour
(Wang et al. 2011; Fuller et al. 2013; Murchison et al.
2016; Li et al. 2017; Linssen et al. 2019). Under distur-
bance regimes caused by fast-moving human activities,
shorebirds will dramatically increase their vigilance or
even move from such areas (Murchison et al. 2016). In
contrast, under lower-level disturbance regimes, such as
wildlife tourism, shorebirds may simply just modify their
vigilance behaviour (Li et al. 2017). However, shorebird
responses to both factors not only vary with different lev-
els and types of human disturbance, but also flock spe-
cies composition and levels of competition between flock
members (Li et al. 2015; Cestari et al. 2020). On the one
hand, birds can increase their vigilance in direct response
to increasing competition between flock members (Beau-
champ 2012). On the other hand, they could choose to
reduce vigilance as a function of the “dilution” or “many-
eyes” effects (Rieucau and Martin 2008; Beauchamp
2014). Some studies have confirmed that vigilance effort
will decrease or increase as a function of increasing or
decreasing flock size (Wang et al. 2011). Few studies have
compared vigilance strategies between foraging sympat-
ric congeneric species, which could greatly improve our
understanding of how ecologically similar species adapt
their vigilance strategy to foraging in sharply contrasting
habitats within the same landscape.

The morphologically similar Far Eastern Curlew
(Numenius madagascariensis, FEC) and Eurasian
Curlew (N. arquata, EC) are two migratory shorebird
species that are highly dependent on both S. salsa salt-
marsh and mudflat habitat during their migration in
the Yellow Sea region (Piersma 1985; Li et al. 2020a;
Zhang et al. 2021). Although the global population of
both sympatric species has declined in recent decades
(Schwemmer et al. 2016; Pearce-Higgins et al. 2017),
the Far Eastern Curlew population has declined more
rapidly than its congener and is currently listed as
Endangered by the IUCN (Studds et al. 2017; BirdLife
International 2017a). The considerable difference in
migratory distances undertaken by both species along
the East Asian-Australasian Flyway (EAAF) (N. mada-
gascariensis averaging 12,000 km vs. 5000 km for N.
arquata orientalis) (Ueta et al. 2002; Driscoll and Ueta
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2002; Zhao et al. 2017; BirdLife International 2017b)
implies species-specific energy-refueling requirements
(Piersma 2007) with N. madagascariensis having a
more limited foraging window (the increasing effort
deserved to foraging will lower their effort on the vigi-
lance) at stopover sites compared to its congener; a
pattern typical of other congeneric shorebirds (Zhao
et al. 2017; Si et al. 2018; Kuang et al. 2020).

In this study, we investigated how S. salsa saltmarsh
vegetation and social environment (i.e. flock size)
influence vigilance in these two sympatric curlews by
comparing their vigilance behaviour when foraging in
tidal mudflat and adjacent S. salsa saltmarsh vegeta-
tion during spring and autumn staging. We hypoth-
esize that: (1) the vigilance effort of both species in
S. salsa will be higher in saltmarsh vegetation than
in mudflat habitat, particularly if the former habitat
functions as a visual obstruction to foraging curlews
on account of their head can be sheltered by S. salsa
saltmarsh frequently; (2) both species will exhibit
a greater degree of vigilance during autumn (when
saltmarsh vegetation cover is greater) than in spring
(when saltmarsh vegetation coloration may afford a
degree of camouflage protection for both species); (3)
both curlew species will increase their vigilant efforts
under high levels of human disturbance and decrease
vigilance with increasing flock size (both conspecific
and heterospecific). In addition, we also examined the
influence of time of day, tidal effects and distance of
observers during data recording on curlew vigilance
behaviour.
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Methods

Study site and species

The present study was conducted during 2017-2019 in
the estuarine wetland of the Liaohekou National Nature
Reserve, Liaoning Province, China (121°10'-122°30'E,
40°30'-41°30'N). This nature reserve is widely known
for the extensive S. salsa saltmarsh vegetation located on
the supra-tidal zone above the intertidal mudflats around
the estuarine delta (Fig. 1). The landscape of S. salsa veg-
etation and adjacent intertidal mudflats represents an
important stopover habitat for many migratory shore-
birds, including both curlew species (Zhang et al. 2021).
We selected two large areas with adjacent S. salsa salt-
marsh and mudflats on the west side of the reserve that
are exposed to moderate levels of human disturbance
related to oil production infrastructure. Further details
about the study site are described in Li et al. (2020a) and
Zhang et al. (2021). During autumn and spring migra-
tions, approximately 700—1000 Far Eastern Curlews and
1250-1500 Eurasian Curlews are reported at the study
site for approximately 2—3 months (Bai et al. 2015; Li
Y. pers. communication) where they typically forage in
loosely associated heterospecific flocks with species such
as Bar-tailed Godwit (Limosa lapponica), and Great Knot
(Calidris tenuirostris), or as solitary individuals (Li et al.
2020a; Zhang et al. 2021).

Behavioural observations

We conducted behavioural observations of curlews
during successive migratory stages (autumn: August—
October; spring: March—May) from 2017 to 2019. The
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relatively large body size of Numenius species (average
height: 50-60 cm) relative to the height of the S. salsa
vegetation (average height: 20-35 c¢cm) made it possi-
ble to assess curlew foraging and vigilance behaviour
even when foraging with their heads positioned down-
ward. We used digital cameras (NIKON P900S) to film
curlew vigilance behaviour in the two habitats. Data
recording was conducted on days of suitable weather
(i.e. no heavy rain, snow or strong wind) and all record-
ings were made from semi-concealed vantage points on
man-made structures (e.g. drilling platforms or dykes)
to reduce any potential influence of the observer on cur-
lews’ behaviour. Each vantage point was separated by dis-
tances of 50-250 m, and the distance between observers
and focal birds varied between 30 and 250 m. On arrival
at each vantage point, observers waited several minutes
before recording curlew behaviour in order to reduce any
potential disturbance to the birds caused by observers
moving between points. Following this, one individual
curlew was randomly selected, and its behaviour filmed
for 10 min or until it moved out of the view. During
each focal period, we recorded following variables: time
of the day (morning: 8:00-11:00; midday: 11:00—14:00;
afternoon: 14:00-17:00), observation distance, forag-
ing habitat, absolute time to low tide, total number of
individual curlews (combined total number of Far East-
ern Curlew and Eurasian Curlews, but not including the
focal individual), and total number of birds of other spe-
cies within 10 m radius of the focal individual and pres-
ence/absence of human disturbance within 150 m of the
focal individual. We used laser rangefinder (Bushnell
SPORTS850) to measure the observation distance. Human
disturbance included oil field production operations
(e.g. traffic passing along the roads) and clam-harvesting
activities by fishermen. At the end of each focal recording
period, observers moved onto the next vantage point and
repeated the behaviour recording protocol as described
above. Although individual curlews were not banded or
marked, the distance interval between observing points
and period of recording represented an appropriate com-
promise between collecting adequate independent sam-
ple sizes whilst minimizing the risk of pseudo-replication
(see also Li et al. 2020a).

Video analysis

Behavioural data were transcribed from video record-
ings by watching each video at half-normal speed using
Baofeng player v.5.0 and Boris v.7.9.6. We only consid-
ered video samples (n=298) that were longer than 5 min
to increase sample size while minimizing potential errors
associated with shorter observation lengths. We defined
the vigilance behaviour of the curlews as consisting of
an alert “head up” posture or scanning around while still
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standing. From each of these recordings, we extracted the
duration time of each vigilance behaviour and total num-
ber of times of vigilance when the focal bird was foraging
or walking. Moreover, in order to quantify the influence
of visual obstruction on curlew’s vigilance behaviour, we
recorded the duration that the eyes of each focal curlew
were obscured by S. salsa vegetation or by the mudflat
surface whilst foraging in the tidal creeks from the video
as an index of time spent sheltering (Li et al. 2017).

Statistical analyses

Differences in the percentage time of visual obstruc-
tion between habitats and species were assessed using
independent t-tests or non-parametric Mann—Whitney
U-tests when the data were not normally distributed.
Linear mixed models (LMMs) were used to examine the
effects of all fixed factors (species [Far Eastern Curlew,
Eurasian Curlew], habitat [S. salsa saltmarsh, mudflat],
human disturbance [yes, no], migration season [spring,
autumn] and their two-way interaction) on the vigilance
behaviour of both curlew species using R v.3.6.0 (CRAN;
http://cran.r-project.org). Both dependent variables (fre-
quency of vigilance [times/min] and percentage time
spent on vigilance) and absolute time to low tide were In-
transformed to normalize distribution before inclusion
in the models (Pays and Jarman 2008). The number of
individual curlews and the number of other birds within
10 m radius of the focal curlew were normalized by using
a square root transformation separately before model
construction.

Three LMMs were fitted by REML with the In-trans-
formed “percentage time spent on vigilance” and “fre-
quency of vigilance, times/min” as response variables
using the package Ime4 (version 1.1-21; Bates et al. 2020).
The global model included one random factor (Year),
five categorical predictors: species (SP: FEC, EC), habi-
tat type (HA: S. salsa saltmarsh, mudflat), human dis-
turbance (HD: yes, no), migration season (MS: spring,
autumn), time of the day (DT: morning, noon, afternoon)
and five continuous covariates: observation distance
(OD), number of individual curlews (CU: square-rooted
transformed), number of other birds (OB: square-rooted
transformed), absolute time to low tide (TT: In-trans-
formed) and the two-way interaction of habitat with
other factors that was raised in the prediction. Variance
inflation factor (VIF) analyses revealed no evidence of
collinearity among variables (VIF<2 for all variables;
Zuur et al. 2010).

We first ran global models and then z-score standard-
ized all predictors using the standardize function in the
package arm (Gelman et al. 2020). All candidate mod-
els were generated from global models using the dredge
function in the package MuMIn v.1.43.6 (Barton 2020).
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We used Akaike’s information criteria corrected for small
sample sizes (AICc; Akaike 1973; Burnham and Anderson
2002) to assess model fit. All models were ranked using
AAICc and models with AAICc <2 were considered as
equivalent alternative models. Akaike weights (w,) were
used to provide a quantitative measure of support for
each model relative to the others (Burnham and Ander-
son 2002). Conditional model-averaged parameter values
(S-values) from all equivalent models were generated by
the model averaging function in the MuMIn package.
Wald test z-scores were examined to make inferences
about each parameter estimate. Our initial ranking of
models for vigilance frequency revealed only one model
which satisfied the AAICc <2 criteria, and as a result,
only the top model was presented and selected without
model averaged. Independent ¢-tests using Satterthwaite
approximation (R Package: ImerTest v.3.1-0, Kuznetsova
et al. 2020) were used to yield the statistical effect of each
predictor of the selected model of “vigilance frequency”.
Post-hoc Tukey ¢-tests were used to compare within two-
way interaction of fixed factors at the P<0.05 level statis-
tical significance.

Results

During successive migration seasons, we recorded
298 focal observations of both species, correspond-
ing to 2896 min of curlew behaviour. We obtained 173
behavioural observations of Far Eastern Curlew, which
included 72 observations from saltmarsh habitat and
101 from mudflat habitat, compared to 125 observa-
tions of Eurasian Curlew, which included 57 observa-
tions from saltmarsh and 68 from mudflat habitat. Across
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the habitat, Far Eastern Curlews spent 8.1% and 4.5% of
time on vigilance behaviour on the S. salsa saltmarsh and
mudflat, respectively, compared to 7.13% and 6.6% by
Eurasian Curlew.

Habitat dependent visual obstruction, human disturbance
and social environment

Individual of both curlew species spent a significantly
higher percentage of time under visual obstruction in
the S. salsa saltmarsh compared with the adjacent mud-
flat in spring (FEC: z= —3.77, P<0.001; EC: z= —5.32,
P<0.001) and autumn (FEC: z= —7.15, P<0.001; EC:
z= —5.01, P<0.001). The percentage time under visual
obstruction in saltmarsh habitat was also significantly
higher in autumn than in spring for both species (FEC:
t=—4.51, df=69, P<0.001, Fig. 2a; EC: t= —2.54,
df=55, P=0.014, Fig. 2b). In mudflat habitat, the time
spent under visual obstruction by Far Eastern Curlew was
significantly higher in autumn than spring (z= —3.08,
P=0.002) but differences between seasons for Eurasian
Curlew were not significant (z= —1.87, P=0.062). In
addition, there were no significant difference in the fre-
quency of sampling with human disturbance between
S. salsa saltmarsh (32.6%, n=129) and mudflat habitat
(29.6%, n=169; x*=0.14, df=1, P=0.705). However,
both curlew species faced a higher percentage of distur-
bance from human activity in autumn (46.9%, n=162)
compared to spring (11.8%, n=136; y>=42.80, df=1,
P<0.001). There was no significant difference in the
number of individual curlews around the focal indi-
viduals between saltmarsh (1.25+0.17, n=129) and
mudflat habitats (1.60£0.18, n=169; t=1.02, df=296,
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Fig. 2 Difference in the percentage time spent under visual obstruction 4= SE between Far Eastern Curlew (a) and Eurasian Curlew (b) in two
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P=0.308), however, the number of other birds of het-
erospecific species around the focal curlews in saltmarsh
(1.98£0.29, n=129) was significantly lower than that in
mudflat habitat (7.914+1.48, n=169; t=4.84, df=296,
P<0.001).

Predictors of percentage vigilance time in curlews

We yielded nine subsets of candidate models that fitted
the model selection criteria (Table 1). The conditional
model-averaged parameter values (S-values) from all
equivalent models, shown in Table 2, revealed that
there was no significant difference on the percentage of
vigilance time between curlew species, but significant
higher percentage of vigilance time in the saltmarsh
than mudflat (Table 2). In addition, there was a signifi-
cant interaction between species and habitats (Table 2).
Specifically, Far Eastern Curlew exhibited a significantly
higher percentage of vigilance time in S. salsa saltmarsh
than in mudflat habitat (¢t=3.90, P<0.001; Fig. 3a), but
not for Eurasian Curlew (£=0.12, P=0.919; Fig. 3a). A
significantly higher percentage of time spent on vigi-
lance was found in spring than autumn (Table 2), par-
ticularly for the Eurasian Curlew (¢=4.50, P<0.001),
but not for Far Eastern Curlew (¢=1.84, P=0.259;
Fig. 3b). There were no significant overall effects of
number of individual curlews and number of other
birds on the percentage of vigilance time, but signifi-
cant interaction between habitat and number of indi-
vidual curlews, and other birds (Table 2). Specifically,
the percentage of vigilance time by curlews in salt-
marsh increased both with number of individual cur-
lews and number of other birds present within a 10 m
radius of focal birds (Fig. 4), but not in mudflat habitat.
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Table 2 Model-averaged coefficients of all candidate linear
mixed models showing the response to percentage of vigilance
time for both curlew species

Fixed effects Estimate SE zvalue P value
(Intercept) 1.68 0.35 479 <0.001
HA (SM) 027 0.10 2.71 0.007
MS (SP) 047 0.12 3.97 <0.001
SP (FEC) 0.01 0.10 0.12 0.906
OB —0.13 0.13 0.95 0.342
HA (SM):SP (FEC) 0.50 0.19 2.70 0.007
HA (SM):0OB 0.72 0.28 2.57 0.010
MS (SPR):SP (FEC) —051 0.19 2.60 0.009
(@] —0.12 011 1.17 0.243
HA (SM).CU 0.58 021 2.83 0.005
HD (YES) 0.21 012 1.76 0.079
HD (YES):SP (FEC) —045 022 2.05 0.040
oD —020 0.11 173 0.083

The referenced categories for species, habitat, season and disturbance were
“Eurasian Curlew: EC", “mudflat tideland: MF’, “autumn: AU” and “no: NO’,
respectively. The abbreviations for spring, Far Eastern Curlews and saltmarsh
are SPR, FEC, SM. Other abbreviations for the predicting factors refer to Table 1.
Significant values are highlighted in italics

In addition, there was a significant interaction between
human disturbance and curlew species (Table 2), with
significantly higher percentage of vigilance time for the
Eurasian Curlew (¢=2.64, P=0.04) under human dis-
turbance, but not for the Far Eastern Curlew (¢=0.24,
P=0.905; Fig. 3b). Absolute time to low tide and time
of the day were not significantly associated with the
percentage of vigilance time for either species (P>0.09
for all other fixed effects; Table 2).

Table 1 Candidate linear mixed models with the response (percentage of vigilance time) as the dependent variable

Response variables Models df logLik AlCc Delta AlICc  AlCc weight

Percentage of vigilance time  HA+ MS+ SP 4+ OB + HA:SP + HA:OB + MS:SP 10 —3471 71497 0 0.2
HA+MS+ 0B+ HAOB 7 —35063 71565 068 0.14
HA+MS+SP+CU+OB+HACU+HASP+HAOB+MS:SP 12 —34534 71577 08 0.13
HD+HA+MS+SP+ OB +HD:SP +HASP +HA:OB+MSSP 12 —34549 71607 1.1 0.11
HA+MS 4 CU+HAOB 7 —=35092 71623 127 0.1
HA+MS 4+ SP 4+ OD + OB 4 HA:SP + HA:OB + MS:SP 11 —34687 71667 1.7 0.08
HA+MS 4 CU+0B+HA:CU 8 —350.16 71682 1.85 0.08
HA 4+ MS + SP + CU 4+ HA:SP 4 MS:SP 10 —34803 71683 186 0.08
HD +HA +MS + SP 4 OB + HA:SP + HA:OB 4+ MS:SP 11 —34699 7169 1.94 0.07

Frequency of vigilance MS+ OB+ MS:SP 5 —=9596 20213 0 0.89
MS+OB+DT 6 —9696 20621 4.09 0.11

The models were chosen from among successive candidate models based on AAIC < 2 and ranked based on Akaike weights (w;). The abbreviations for each predicting
factors as follow: species (SP), habitat type (HA), human disturbance (HD), migration season (MS), observation distance (OD), number of individual curlews (CU),

number of other birds (OB), absolute time to low tide (TT), time of the day (DT)
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Predictors of curlew vigilance frequency

Only one model included the migration season, number
of other birds and the interaction between migration sea-
son and curlew species were yielded during the model
selection for the vigilance frequency (Table 1). There was
a significantly higher vigilance frequency in spring than
in autumn (£=5.50, P<0.001; Table 3), particular for Eur-
asian Curlew (¢=5.67, P<0.001; Fig. 3e). Vigilance fre-
quency of curlews also declined with the number of other
birds (Table 3). No other predictors (i.e. habitat, human
disturbance, number of individual curlews) had any sig-
nificant effects on the model output (Figs. 34, f, 4c).

Discussion

Our study reveals that both curlew species spent more
time under visual obstruction in saltmarsh vegetation
compared to mudflats (Fig. 2). S. salsa vegetation also
exerts a significant effect on the percentage time of vigi-
lance investment (although no significant increase in
vigilance frequency) for curlews foraging in this habitat,
particular for Far Eastern Curlews (Fig. 3a; Table 2). This
result does lend strong support for our first hypothesis
that S. salsa saltmarsh can function as a visual obstruc-
tion for this species. Contrary to our second hypothesis
however, both forms of vigilance investment (percent-
age of time and frequency) were higher in spring than

in autumn, especially for Eurasian Curlews (Fig. 3b, e;
Table 1). Unlike their breeding environment (Thomas
and Alexander 1996; Stevens et al. 2011) and the winter-
ing mudflat habitat of Far Eastern Curlew, the tan-col-
oured saltmarsh vegetation appears not to afford a degree
of cryptic background coloration for either species. In
turn, seasonal variations in food supply and the energy
requirement of birds may also influence vigilance behav-
iour. The relatively higher curlew vigilance in spring can
be partly attributed to the variation in foraging and vigi-
lance on different stages of the migratory journey, i.e.
curlews are much further from their wintering grounds
than to their breeding grounds during stopover in the
Yellow Sea, and need to spend more time foraging whilst
reducing vigilance.

Our study has revealed that both migratory curlew
species exhibit a flexible vigilance adjustment strategy
to cope with the different environmental conditions
of adjacent coastal habitats. In this region of coastal
China, saltmarsh habitat is used extensively by Far
Eastern Curlew due to the abundance of its preferred
mudflat crab (Helice tientsinensis) prey (Li et al. 2020a).
Nonetheless, foraging in saltmarsh habitat may repre-
sent a more risky strategy for this globally threatened
species since the vegetation can function as a visual
obstruction for foraging birds, as has been noted for




Zhang et al. Avian Res (2021) 12:39 Page 8 of 11

. . Habitat
T 4 L T o4 4 *
g . . .. E o Mudflat
'g i . . . % 2 * .c o ~#= Saltmarsh
< H " = 2 s
L 31 L} 3 s 317 ¢ @
< L . < ] 3 .
Y @ $
o o
c c
= 2 s , |
(=] o
5 E
s k]
L) @
j=2] j=2} —
g 19 £ 19
- =
o @
o o
[ [
o o

01 0 0 A

0 1 2 3 0 5 10

Number of curlews (square-rooted transformed)

(@)

Vigilance frequency (In-transformed)

00 4 : o

0 1 2 3
Number of curlews (square-rooted transformed)

and vigilance frequency/min) in S. salsa saltmarsh and adjacent mudflat

Number of other birds (square-rooted transformed)

o

Vigilance frequency (In-transformed)

o
n

5 10
Number of other birds (square-rooted transformed)

Fig. 4 Habitat-dependent variation in flock size (conspecific and heterospecific) and curlew vigilance behaviour (percentage of vigilance time, %

Table 3 Estimated regression parameters, standard errors, t
values and P values for each predictor variable to investigate
the effects of habitat and social environment on the vigilance
frequency of two curlew species

Fixed effects Estimate SE tvalue Pvalue
(Intercept) 0.76 0.22 337 0.076
MS (SPR) 0.24 0.04 5.50 <0.001
OB —0.06 0.01 —4.48 <0.001
MS (AU):SP (FEQ) 0.14 0.06 244 0.015
MS (SPR):SP (FEC) —0.07 0.05 —1.23 0.222

Only two predictors (migration season and number of other birds) were
included in the top model, which was the only model fitting the delta AICc < 2.
The referenced categories for species and season are “Eurasian Curlew: EC”and
“autumn: AU’, respectively. The abbreviations for spring and Far Eastern Curlew
are SPR and FEC. Significant values are highlighted in italics

Semipalmated Sandpiper (Calidris pusilla), Red-
crowned Crane (Grus japonensis) and other waterbird
species (e.g. Beauchamp 2015b; Li et al. 2017). This type
of trade-off, between the risks of foraging and the abun-
dance of prey, may therefore be a relatively common

phenomenon for shorebirds (McNamara and Houston
1992; Ale and Brown 2007), with some empirical stud-
ies confirming that adjustments to vigilance behaviour
can reduce predation risk of foraging birds (e.g. Ding-
emanse and Wolf 2013; Li et al. 2015). Furthermore,
the functional effect exerted by vegetation was only
apparent when assessing vigilance time but not vigi-
lance frequency, suggesting that Far Eastern Curlews
spend more time on monitoring potential threats per
individual vigilance bout. This differs from our previ-
ously published work on Red-crowned Cranes (see Li
et al. 2017) which increase their vigilance frequency
but not vigilance time when individuals are completely
obstructed from potential threats whilst foraging in
Phragmites australis habitat. The difference in vigi-
lance behaviour between curlews and cranes therefore
relates to the level of obstruction caused by the relative
height of vegetation to the focal bird. The mean height
of S. salsa (20-35 cm) is lower than the height of either
curlew species (50-60 cm) (Zhang et al. 2021), suggest-
ing that the vegetation only obstructs the birds during
head-down foraging.
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We acknowledge that increased vigilance investment
by curlews in the S. salsa saltmarshes can also be attrib-
uted to their spatial proximity to woodland or man-
made structures (e.g. electrical lines) that are utilized
by numerous diurnal raptor species known to be preda-
tors of shorebirds foraging in the coastal zone. We have
observed a small number of cases of curlew predation
by Hen Harrier (Circus cyaneus) and Peregrine Falcon
(Falco peregrinus). However, the mixed effect of spatial
variation of predation risk and visual obstruction on cur-
lew vigilance were largely difficult to unlock here and we
encourage further experimental fieldwork to resolve this
question.

It is important to remember that vigilance investment
varies with foraging behaviour, for example, curlew vigi-
lance would be expected to decrease when food density
or availability increases, especially during stopover when
increasing fat reserves is the priority for migrating indi-
viduals. However, we found that there was a higher den-
sity of tidal crabs during the autumn stopover but with
much lower vigilance investment, and at our study site,
the effect of crab availability, rather than density on vigi-
lance seems to have been more important. However, the
availability of crabs for other threatened migrants such as
Red-crowned Cranes (Grus japonensis) is largely deter-
mined by burrowing ambient temperature which varies
depending on time of day and season (Li et al. 2020b) and
future studies should consider the influence of ambient
temperature on curlew vigilance through its effects on
prey availability.

Differences in vigilance strategies could also be par-
tially explained by differences in handling time on dif-
ferent prey. Our previous study from the same location
demonstrated that Eurasian Curlew shows a greater
preference for ragworms (Nereis multignatha) in salt-
marsh than in mudflat habitat, whereas Far Eastern Cur-
lew tends to specialize on tidal crabs (see Li et al. 2020a).
Handling times of ragworm prey should also be much
shorter than handling times for crabs, which may allow
Eurasian Curlews to spend a greater amount of time and
more frequently scan both vegetated and non-vegetated
habitats.

Habitat-dependent vigilance effort can also be partially
explained by responses to changes in curlew social envi-
ronment i.e. flock size in response to differences in prey
abundance and prey mobility. At our study site, we found
that vigilance increased with conspecific or heterospe-
cific presence in saltmarsh but not in mudflat habitat. In
general the presence of other birds serves as competitors
especially for mobile prey that can hide easily in burrows,
thus increasing the need for monitoring neighbour-
ing individuals. In saltmarsh habitat, both curlew spe-
cies tend to forage either in loose monotypic flocks or as
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solitary individuals on highly mobile and surface active
crabs (Li et al. 2020a). However, in mudflat habitat they
also forage with mixed-species flocks with different bird
species separating ecologically along prey resource gra-
dients including a higher density and greater porpotion
of less mobile prey such as bivalves (Zhang et al. 2016;
Feng et al. 2019), leading to reduced vigilance responses
by curlews in mudflat habitat. Alternatively, they may
benefit from a “risk-dilution” (Foster and Treherne 1981)
or “many-eyes” effect (Rieucau and Martin 2008), which
may explain why both vigilance variables were nega-
tively related to the flock size of heterospecific birds.
Other studies have also found that large heterospecific
shorebird flocks can increase foraging rates of birds by
decreasing vigilance investment and intraspecific com-
petition at the same time (Fuller et al. 2013; Cestari et al.
2020).

Surprisingly, we found that Far Eastern Curlew showed
a greater tolerance to human disturbance with lower vigi-
lance efforts compared to Eurasian Curlew. This contrasts
with our previous study in which the feeding rates on
tidal mudflat crabs was significantly negatively influenced
by forms of human disturbance (see Li et al. 2020a). Else-
where on its wintering grounds in Australia, Far Eastern
Curlews are often displaced by the presence of birds and
domestic dogs if they approach within 100 m of individu-
als. Several studies have identified a degree of tolerance
by Eurasian Curlew populations to some forms of human
disturbance (e.g. Pfister et al. 1992; Wang et al. 2011;
Pearse et al. 2017). On the other hand, the noticeable
difference in the two curlews’ vigilance under the same,
non-lethal low levels of human disturbance means they
have flexible vigilance strategy and/or perceive the types
of human disturbance in this study as low-level threats.
Given the degree of oil production infrastructure and
the rapid development of tourism in the region (Ma et al.
2013; Hua et al. 2015; Tian et al. 2017; Lu et al. 2018),
identifying and quantifying the influence of higher-
level forms of disturbance on shorebirds needs further
research. In addition, we found that observation distance
and time to absolute tide did not influence curlew vigi-
lance behaviour. This suggests that our vantage point sur-
vey method, in which observers recorded curlews from
semi-concealed vantage points on man-made structures
(e.g. drilling platforms or dykes) was good at reducing the
observer effect. The fact that absolute time to low tide on
the vigilance efforts might suggest that prey availability
was not tidal-dependent.

Conclusions

In conclusion, our study demonstrates that compara-
tive studies of the effects of habitat type, season, flock
size and human disturbance on vigilance behaviour can
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reveal the degree of behavioural plasticity among closely
related, sympatric species. We show that at one stop-over
site in the Yellow Sea region, S. salsa saltmarsh habitat
can act as a significant visual obstruction for foraging
migratory Far Eastern Curlews but this habitat does not
afford a degree of cryptic background colouration for
either curlew species during their spring migration stop-
over. Curlew social environment (i.e. flock size) can exert
a significant effect on curlew vigilance whilst foraging.
Moreover, the considerable differences in vigilance under
the same levels of non-lethal human disturbance suggest
that the two congeneric species exhibit a flexible vigi-
lance strategy across adjacent coastal habitats; however,
considering the dramatically decrease of Far Eastern
Curlew population, conservation plans such as establish-
ing a designated Ramsar protected area, reducing land
reclamation, mitigating against potential impacts of oil
production infrastructure in the tidal flat and promot-
ing wildlife-based tourism are necessary (Hua et al. 2015;
Tian et al. 2017; Lu et al. 2018). Whether these patterns
are typical of either species at other stop-over sites within
the EAAF, or across multiple coastal wetland habitat
types within the same landscape mosaic, should be the
focus of future studies.
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