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The timing and duration of each stage of the life of a long-distance migrant bird are con-
strained by time and resources. If the parental roles of males and females differ, the timing of
other life stages, such as moult or pre-migratory fuelling, may also differ between the sexes.
Little is known about sexual differences for species with weak sexual dimorphism, but
DNA-sexing enables fresh insights. The Little Stint Calidris minuta is a monomorphic long-
distance migrant wader breeding in the Arctic tundra. Males compete for territories and per-
form elaborate aerial displays. Females produce two clutches a season. Each sex may be a
bigamist and incubate one nest a season, each with a different partner. We expect that these
differences in breeding behaviour entail different preparations for breeding by males and
females, so we aimed to determine whether Little Stints showed any sex differences in their
strategies for pre-breeding moult and pre-migratory fuelling at their non-breeding grounds
in South Africa. We used body moult records, wing length and body mass of 241 DNA-sexed
Little Stints that we caught and ringed between 27 January and 29 April in 2008-2018 at
two neighbouring wetlands in North West Province, South Africa. For each individual we
assessed the percentage of breeding plumage on its upperparts and took blood samples for
DNA-sexing. We calculated an adjusted Body Moult Index and an adjusted Wing Coverts
Moult Index, then used the Underhill-Zucchini moult model to estimate the start dates and
the rate of body moult in males and females. We estimated the changes in the sex ratio of the
local population during their stay in South Africa, and also estimated the timing and rate of
pre-migratory fuelling and the potential flight ranges for males and females. The males
started body moult on average on 7 February and the females on 12 February, but the sexes
did not differ in their timing of wing covert moult, which started on average on 10 February.
In January to mid-February, males constituted c. 57% of the population, but their propor-
tion declined afterwards, indicating an earlier departure than females. We estimated that
both sexes began pre-migratory fuelling on average on 15 March. The sexes did not differ in
fuelling rate, but most females stayed at the non-breeding site longer than the males, and
thus accumulated more fuel and had longer potential flight ranges. These patterns of moult
and fuelling suggest sex differences in preparations for breeding. We suggest that the males
depart from South Africa earlier but with smaller fuel loads than the females to establish breed-
ing territories before the females arrive. We conclude that for each sex the observed trade-offs
between fuelling and moult at the non-breeding grounds are precursors to different migration
strategies, which in turn are adaptations for their different roles in reproductive behaviour.

Keywords: Afro-Palaearctic migrant, Charadriiformes, fat stores, feathers, moult pattern,
phenology, Scolopacidae, wintering.
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north to the breeding grounds (Ginn & Melville
1983, Newton 2009, Remisiewicz 2011). Moult is
a genetically determined process but is hormonally
controlled, which enables birds to adjust the tim-
ing, duration and extent of their moult to environ-
mental and biological conditions (Dawson 1994,
2006). Hence moult might buffer shifts in the tim-
ing of other life stages (Helm & Gwinner 2006,
Conklin et al. 2013). Moult strategies differ
between species depending on their size, breeding
latitude and migration distance, and within a spe-
cies between sex and age groups as well as differ-
ent migratory populations (Newton 2009,
Remisiewicz 2011). Migrant birds increase their
food intake at non-breeding grounds and at migra-
tion stopover sites to accumulate energy stores
required for long-distance flights (Berthold 1996,
Vincze et al. 2019). Birds tend to avoid overlap-
ping moult with other energy-costly activities
unless food is abundant (Murphy & King 1992,
Remisiewicz et al. 2019). Unfavourable conditions
on the non-breeding grounds and time constraints
posed by seasonal migration can lead to an overlap
in moult and pre-migratory fuelling, which would
result in trade-offs of energy allocation between
these processes or even to delays (Piersma &
Jukema 1993, Lindstrom et al. 1993, Conklin &
Battley 2012). These trade-offs might differ for
males and females because of their different roles
in breeding and parental care.

The selection pressure on the males, which
compete for territories and females, favours the
early arrival of males at the breeding grounds
(Kokko 1999, Kokko et al. 2006). In passerines,
the greater the sexual size dimorphism in a spe-
cies, the larger the protandry in spring arrival.
However, protandry has been studied mostly in
species with distinct differences between the sexes
(Spottiswoode et al. 2006). We expect large differ-
ences between the sexes in waders, based on their
often different involvement in parental care (Col-
well 2010). These differences will shape the tim-
ing of post-breeding life-stages (Summers et al.
2004, Conklin & Battley 2012, Barshep er al.
2013). We set out to investigate whether for the
Little Stint Calidris minuta, a long-distance
migrant wader with different involvement of the
sexes in reproduction but with small sexual size
dimorphism, the sexes differed in the timing of
non-breeding activities. Sex differences in the
moult schedules of waders (Charadrii) tend to be
small in species in which both males and females
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incubate and feed the young, such as seasonally
monogamous Bar-tailed Godwits Limosa lapponica
(Cramp & Simmons 1983, Conklin & Battley
2012), which are time-minimizing migrants in
spring (van de Kam et al. 2004). In contrast, the
differences are large in species in which the breed-
ing roles of the males and females are asymmetri-
cal, such as the polygynous and polyandrous Ruff
Calidris pugnax (Jukema & Piersma 2000), in
which only the females tend broods and usually
migrate further than the males (Cramp & Sim-
mons 1983, van de Kam et al. 2004). Other exam-
ples are the Curlew Sandpiper Calidris ferruginea
(Barshep et al. 2013), a time-minimizing migrant,
in which the males leave the breeding grounds
soon after the eggs are laid and the females tend
the brood, and the Purple Sandpiper Calidris mar-
itima (Summers et al. 2004), another time-mini-
mizing migrant, in which the females leave as soon
as the chicks hatch and the males raise the young
(Cramp & Simmons 1983, Tomkovich 1988).
Moult studies have focused on species which use
coastal habitats because inland waders tend to be
dispersed and therefore difficult to catch (Remisie-
wicz 2011). Furthermore, sex differences have
mostly been studied in strongly dimorphic species,
but rarely in monomorphic species, which are diffi-
cult to sex without molecular methods (Battley
et al. 2004). The moult schedules of males and
females in species with dimorphic sexes have been
relatively well described, but the fuelling patterns of
the sexes in monomorphic species have received less
attention (Jukema & Piersma 2000, Summers et al.
2004, Howell 2010, Conklin & Battley 2012, Bar-
shep et al. 2013). Moult schedules might influence
the fuelling rate in migrants (Remisiewicz et al
2017, 2019), which is decisive for the timing of
departure (Fusani et al., 2009, Eikenaar et al. 2016)
and migration strategy (Alerstam & Lindstrom
1990). That in turn would determine the timing of
migration south and north in long-distance migrants.
Knowledge of the relationship between the timing
of moult and of fuelling, and the flexibility of these
processes, facilitates wader conservation in the face
of global climate changes and habitat loss.

Little Stints are one of the smallest wader spe-
cies breeding in the high-Arctic tundra (Tjerve
et al. 2007). They are long-distance migrants to
non-breeding grounds which span the Mediter-
ranean coasts and throughout sub-Saharan Africa
to South Africa in the south and southwest Asia in
the east (del Hoyo et al. 1996). Individual birds



are difficult to sex in the field; females are, on
average, larger than males, but there is a large
overlap in the range of their body measurements
(Prater et al. 1977). Their mating system involves
successive bigamy of both sexes, where the female
lays a first clutch with a first male and then lays a
second clutch with a different male. The first male
incubates the first clutch and the female incubates
the second; the second male incubates the clutch
of his first female (Cramp & Simmons 1983).
Behaviourally and physiologically, male and female
Little Stints perform different activities during the
breeding season. Males compete with each other
to establish territories and use them for acrobatic
and energy-sapping display flights (Underhill er al.
1993). The female (26.6 g) usually lays eight eggs
in two clutches in quick succession (eggs average
6 g each (Cramp & Simmons 1983), c. 48 g in
total). Considering the long distance of migration
and this huge breeding effort, the female Little
Stints are probably income breeders, which rely on
the food supply at their breeding grounds to pro-
duce eggs, as do most Arctic waders (Drent &
Daan 1980, Klaassen et al. 2001). The selective
pressures on males and females on the breeding
grounds differ greatly, with consequences for their
biology, including while on migration and on the
non-breeding grounds.

After arrival at the non-breeding grounds in
sub-Saharan Africa in September-October (Chan-
dler 2013), males and females undergo a complete
post-breeding moult (Prater et al. 1977). In Jan-
uary-March they begin a partial pre-breeding
moult of body feathers to attain a variable propor-
tion of breeding plumage before departure to the
breeding grounds in mid-March—April (Prater et al.
1977, Underhill 1997). Most first-year Little Stints
leave the non-breeding grounds and attempt to
breed, in contrast to many larger waders (Sum-
mers et al. 1995, Underhill 1997, Taylor &
Navarro 1999, Underhill et al. 1999, Remisiewicz
2011). Previous moult studies on the biology of
Little Stints have lumped males and females, and
have not examined sex-related differences (Mid-
dlemiss 1961, Dean 1977). Studies of body moult,
a part of the overall moult, have been impeded by
a lack of appropriate statistical methods and have
been mainly descriptive (Middlemiss 1961, Dean
1977, Zwarts et al. 1990, Ferns 2003) or have
applied simple statistics (Battley et al. 2006, Meiss-
ner et al. 2012), and thus could not trace the
detailed progress of the process.

Little Stint body moult and mass in South Africa 3

We expected that the sex differences in Little
Stints’ mating and parenting duties would require
different pre-breeding preparations. Our aim was
to determine whether male and female Little
Stints at a non-breeding ground in South Africa
used different strategies for pre-migratory fuelling,
departure timing and pre-breeding body moult to
prepare for their northward migration.

METHODS

Data collection

We caught Little Stints at Barberspan and Leeu-
pan (26°33'S, 25°36'E; North West Province,
South Africa), adjoining pans which are a Bird-
Life-designated Important Bird Area and a Wet-
land of International Importance under the Ramsar
Convention because of their significance as a stop-
over and final non-breeding destination for water-
birds, including Palaearctic migrants (Barnes 1998,
Lipshutz et al. 2011, Remisiewicz & Avni 2011).
Barberspan Bird Sanctuary is a 3118-ha provincial
nature reserve centred on the shallow, alkaline and
perennial Lake Barberspan fed by the Harts River
(Cowan 1995). Unlike the hundreds of ephemeral
local pans, Barberspan Lake does not dry up dur-
ing droughts and is the only permanent waterbody
in the surrounding area (Milstein 1975). Leeupan
is a large but shallow hyper-alkaline pan; water
levels change rapidly and it dries up in most years,
creating favourable but unpredictable conditions
for many waterbirds (Barnes 1998).

We caught 222 Little Stints at Barberspan in
2008-2016 and 2018, and 19 in 2017 at a shallow
wetland next to Leeupan (26°30'6.40"S,
25°36'34.83"E) between 27 January and 29 April
before their departure to the breeding grounds.
We used mist-nets at night and walk-in traps by
day (Busse & Meissner 2015), depending on water
levels and the activity of the Little Stints. We
ringed all individuals and aged them as full-grown
because immatures from the previous breeding
season are indistinguishable from adults after they
moult into adult plumage (Prater et al. 1977).
One observer (M.R.) took all morphological mea-
surements of each bird, including wing length on
the flattened and straightened wing (Evans 1986),
measured to 1 mm with a ruler, and body mass
with an electronic scale to 1 or 0.1 g. We recorded
body moult by assessing the percentage of cover-
age by new, breeding plumage, assessing feathers
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in six plumage tracts, three on the body (head,
scapulars, back and mantle (excluding rump; here-
after ‘back’)) and three on the wings (lesser, med-
ian and greater coverts) (Fig. S1). We used eight
categories to score each tract (Meissner et al.
2012): 0% for all old feathers, 1% for birds with
single new feathers, four categories on a 20%-inter-
val scale, 99% for almost complete breeding plu-
mage and 100% for all new feathers. We also
assessed the percentage of feathers in pin (Page
1974) in six plumage tracts: head, neck, back,
scapulars, coverts and belly, and checked whether
a bird seemingly in full breeding plumage had fin-
ished body moult. Only two observers (M.R. and
A.M.), who had calibrated their scoring with each
other, scored the plumage. From each individual
we took a blood sample and preserved it in 96%
ethanol for DNA-sexing (Niemc et al. 2018). For
the analyses we combined the data of all birds
from 2008-2018 at both locations; samples used
in each analysis differed slightly depending on the
set of measurements available for the included

birds (Table 1).

Analysis of sex ratios during the
pre-migratory period

To identify the trend in the proportion of sexes at
the site over subsequent pentades of the pre-migra-
tory period, we applied generalized additive models
(GAMs) (Hastie & Tibshirani 1990, Wood 2017a),
using the package mgev 1.8-22 (Wood 2017b) in R
3.3.3 (R Foundation for Statistical Computing
2017). To test whether the proportion of sexes chan-
ged over time we used generalized linear models
(GLMs) for data with binomial distribution (Craw-
ley 2007). We tested the goodness-of-fit (GOF) of
these models using the Hosmer-Lemeshow test, in
which a significant P-value indicates poor fit (Hos-
mer & Lemeshow 1989).

Analysis of pre-breeding moult

We analysed moult records of Little Stints caught
between 27 January and 29 April in 2008-2018.
To analyse sex differences in the progress of pre-
breeding body moult we used the method of
Meissner et al. (2012), but modified it to be able
to apply the Underhill-Zucchini moult model to
the moult scores obtained (Underhill & Zucchini
1988, Underhill et al. 1990). The recorded moult
scores for the three tracts on the body were trans-
formed to a scale of 0-1: 0% =0, 1-20% = 0.1,
21-40% = 0.3, 41-60% = 0.5, 61-80% = 0.7, 81—
99% = 0.9, 100% = 1. The sum of the three val-
ues, doubling the value for back its relative area
was about twice the size of other tracts, was
defined as the Body Moult Index (BMI, range 0-
4). The sum of the values for the lesser, median
and greater coverts of the upper wing were
defined as the Wing Covert Moult Index (WCMI,
range 0-3). We developed separate indices for the
body and the wing coverts because a preliminary
analysis of each of the six plumage tracts showed
that the wing coverts differed in moult pattern
from the body; a similar approach was used by
Meissner et al. (2012). We rescaled these indices
into the range 0 (no breeding plumage) to 1 (full
breeding plumage) to use the Underhill-Zucchini
moult model (Underhill & Zucchini 1988, Under-
hill et al. 1990, Erni et al. 2013). We counted the
date of capture as days since 1 January. We used
Data Type 5, which assumes that birds that have
not started to moult and those in moult are avail-
able for capture on each sampling occasion
(Underhill et al. 1990). However, we considered
that an unknown fraction of the Little Stints might
depart from the study area on migration before or
just after completing moult. We considered that
the decision to depart could be governed either by
reaching a certain fuel load or by a date in the

Table 1. Numbers of DNA-sexed male and female Little Stints caught in January—April 2008-2018 at Barberspan and Leeupan,
North West Province, South Africa, and numbers of males and females for which moult scores, wing lengths, body mass and the cal-

culated adjusted body mass (aBM) were recorded.

Body moult status Wing length (mm) Body mass (g) aBM (g)
Sex DNA-sexed Pre-moult In moult n Mean (sd) n Mean (sd) n Mean (sd)
Females 128 23 101 107 102.2 (+2.05) 121 24.39 (+3.934) 104 23.78 (+4.176)
Males 113 28 81 97 98.5 (+2.00) 109 21.87 (+2.863) 97 23.03 (+2.693)
Total 241 51 182 204  100.4 (£2.75) 230  23.19 (£3.683) 201  23.12 (+4.538)

Mean values and sd for the measurements are provided.
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season. In either situation, we devised a strategy
for compensating, at least partially, for the incon-
sistency with the assumption by increasing the
weighting in our analysis of birds which were
caught in moult after the general departure had
started. We estimated two parameters of moult for
males and females — the mean start date and its
standard deviation. Most Little Stints continue
their moult after leaving South Africa, with possi-
ble temporary suspensions during migration, as do
other waders (Piersma & Jukema 1993), so draw-
ing conclusions about the duration and the end of
moult was unjustified in these conditions. The
weighting strategy we used was driven by data
analysis and is developed in the Results. To check
whether sex affected the timing of Little Stint pre-
breeding body moult, we compared models which
used sex as a covariate affecting parameters of
moult (mean start date, standard deviation of start
date) in various combinations with a model with
no covariates (Table S1), using Akaike’s informa-
tion criterion (AIC) (Burnham & Anderson 1998),
as in Remisiewicz et al. (2014). For all moult anal-
yses we used the package moult 2.0.0 (Erni et al.
2013) in R 3.3.3 (R Foundation for Statistical
Computing 2017).

Estimation of pre-migratory fuelling

Little Stints show a small degree of sexual size
dimorphism (Cramp & Simmons 1983, Niemc
et al. 2018), so to compare the progress of fuelling
between males and females we calculated an
adjusted body mass (aBM) to correct for size dif-
ferences between the sexes (Summers et al. 1992).
Of the various morphometrics we examined,
males and females differed most significantly in
wing length (Prater et al. 1977, Niemc et al.
2018), and therefore we used it for body mass
adjustment, following Summers et al. (1992). We
calculated the least squares linear regression equa-
tion between the natural logarithm of body mass
(InBM, in g) and wing length (InWL, in mm). We
used the slope coefficient (B) from this regression
equation to estimate an aBM, as done by Summers
et al. (1992), using the equation:

meanWL?

aBM = BM x
WL/

where meanWL is mean wing length for all Little
Stints that were caught, and WL and BM are the
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wing length and body mass of the bird the adjust-
ment is being made for. This strategy removes the
additional variability caused by birds of different
sizes because masses were adjusted to that of a
Little Stint with an average mean wing length. To
model seasonal changes in body mass during the
pre-migratory period we applied a locally weighted
regression smoother (Summers et al. 1985; R code
in Remisiewicz et al. 2017) and used quantile
regression (Kirkman et al. 2013, Remisiewicz et al.
2019) with a smoothing parameter of 25 days (R
package quantreg; Koenker 2017). Light and heavy
birds were present at the study site in the pre-
breeding season, so we used only the upper quar-
tile of the heaviest birds when deriving the trend
in body mass through time to ensure we analysed
only individuals which were fuelling (Remisiewicz
et al. 2019). We then calculated daily increments
of the smoothed body mass curve to find the start-
ing date of pre-migratory fuelling, defined as the
first date on which the daily increase was larger
than 0.1 g. We divided the fuelling period into
two sections: period 1, when both sexes were pre-
sent at the study site, and period 2, after the males
had begun departing and mostly females remained
at the site. We compared the mean rates of fuel-
ling between male and female Little Stints in per-
iod 1, and for the females from the end of period
1 to the end of 2, using a pairwise permutation
test with 1000 permutations (Manly 2007).

Estimation of potential flight ranges

To investigate sexual differences in Little Stint
migration strategies, we compared their potential
flight ranges using the equation given by Davidson
(1984):

R =95.447 x S x (aBMOSOZ_aLBMo,mz)7

where S is flight speed (km/h), aBM is adjusted
body mass (g) and aLBM is the adjusted mean lean
body mass (g), common for both sexes. We used a
flight speed of 75 km/h, suggested by Summers
and Waltner (1979). To calculate aLBM, we aver-
aged the smallest 10% of the adjusted body masses
of males and females combined (n =23). We
computed individual fuel loads by subtracting lean
body mass from the adjusted body mass (Remisie-
wicz et al. 2014). For each sex separately we cal-
culated the mean potential flight ranges for 20% of
the heaviest males and females. The distributions
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of fuel loads and flight ranges departed from nor-
mal, so we used the U-test to compare the sexes.
All statistical analyses and specialized R packages
were run in R 3.3.3 (R Foundation for Statistical
Computing 2017).

RESULTS

Differences in sex ratio and pre-
breeding body moult of males and
females

Of the 241 Little Stints we caught, DNA sexing
showed that 128 were females and 113 males. In
January to mid-February, males constituted 57% of
the captured birds (Fig. 1), which did not differ
significantly from a 50:50 sex ratio (Chi-square
test with Yates' correction: x* = 0.15, P = 0.70).
From mid-March the numbers of Little Stints and
the proportion of males at the study area
decreased  (Fig. 1, GLM: day = —-0.0178,
se = 0.0059, Z=-3.02, P=0.0025, Hosmer-
Lemeshow GOF: P = 0.11), although a few males
were still present at the site until the end of April
(Fig. 1). Most of the birds we caught had a Body
Moult Index (aBMI) and a Wing Covert Moult
Index (aWCMI) between 0 and 0.2, with fewer
birds (43.7% for aBMI, 33.9% for aWCMI) having

a moult index higher than 0.2, independent of
date (Fig. S2). Therefore, we assumed that the
decision to depart was primarily governed by the
bird reaching a stage of moult rather than by the
date in the season. To compensate for this effect,
we increased by four the weighting of indices for
birds with a Moult Index > 0.2: n = 94 for aBMI
and n = 79 for aWCMI. After multiplying by four,
the numbers of birds with moult indices > 0.2 in
each 0.1-wide class approximately matched the
numbers of birds with a Moult Index < 0.2
(Fig. S3), so the data met the requirements of the
Underhill-Zucchini moult model. Different num-
bers of individuals had aBMI and aWCMI > 0.2,
and hence after the four-fold weighting increase
for these birds the sample sizes analysed for these
indices differed (Figs 2, 3 and S3, Table 2).
Although some birds appeared to have moulted
completely into breeding plumage because all the
new feathers were of the breeding type, they still
had a few feathers in pin, meaning that moult was
still in progress. We considered the possibility that
we had overestimated the moult indices for these
birds, so we rescaled all their moult indices to a
maximum of 0.8 to compensate for this effect. By
the time of their departure from South Africa, Lit-
tle Stints had moulted 50-80% body and wing
coverts (Figs 2 and 3). For aBMI the best-fitted

100 —

80 — .

% of males

I I I I I I I I
25.01 9.02 19.02 1.03

I I I I I I I I I I
21.03 31.03 10.04 20.04 30.04

First date of pentade (dd.mm)

Figure 1. Changes in the proportion of male (n = 113) and female (n = 128) Little Stints caught in subsequent pentades of the pre-
migratory period (January—April) in 2008-2018 at Barberspan and Leeupan. Black squares = percentage of males among the birds
caught in the pentade. Continuous line = the trend in the proportion of males over time modelled by a general additive model (GAM),

R? = 0.657; the significance of the effect of time: P = 0.00096.
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adjusted Body Moult Index (aBMI)

T
30.06

Date (DD.MM)

Figure 2. Progress of upper body moult of Little Stints caught in January-April 2008-2018 at Barberspan and Leeupan. Black cir-
cles = females, open circles = males, thick lines = mean course of moult, thin lines = 95% Prediction Interval (continuous lines = fe-
males, dashed lines = males); ng = sample size of females, ny = sample size of males. Large points = birds whose weighting was

increased by four for the analysis (Moult Index > 0.2).
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Figure 3. Progress of wing covert moult of Little Stints caught in January—April 2008-2018 at Barberspan and Leeupan. Black cir-
cles = females, open circles = males, thick line = mean course of moult, dashed line = 95% Prediction Interval; ne = sample size of
females, ny = sample size of males. Large points = birds whose weighting was increased by four for the analysis (Moult Index > 0.2).

model was the one where the mean start date of
moult differed between the males and the females,
and the standard deviation and duration did not
differ between the sexes (Model 1 in Tables S1
and Table 2, Fig. 2). For aWCMI the best-fitted
model was the one in which the moult parameters
for both sexes did not differ (Model 1 in
Table S1). The estimates of moult timing shifted
by 3-10 days, depending on which weighting fac-
tor we applied (Table S2).

Sex differences in pre-migratory fuelling
and potential flight ranges

Males had on average 3.7 mm longer wings than
females (0, = —12.95, P < 0.001, Table 1). Thus,

we calculated adjusted body mass (aBM) using the
slope coefficient B from the regression equation:

InBM = —6.90 + 2.18 x InWL.

(Fy100 =37.3, P<0.001, R*=0.15) and the
mean wing length (meanWL) of 100.4 mm, calcu-
lated for both sexes combined.

Little Stints of both sexes began fuelling about
a month after the start of their pre-breeding
moult. The sexes did not differ in the rate of fuel-
ling (Table 3) but females stayed longer at the
non-breeding site and thus the heaviest 20% of
females on average accumulated 3.5 g, 18% of the
adjusted lean body mass (aLBM), more fuel than
the heaviest males (Table 3, Fig. 4). After mid-
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Table 2. Parameters of pre-breeding moult estimated from
adjusted Body Moult Index (aBMI) and adjusted Wing Covert
Moult Index (aWCMI) for full-grown Little Stints caught in Jan-
uary—April 2008-2018 at Barberspan and Leeupan, according
to the best models (Table S1).

Moult parameters

sd of

Moult start date
index/Sex N (Nagiustes) Mean start date (se) in days (se)
aBMI
Females 124 (295) 7 February (+2.7) 20 (+5.0)
Males 109 (220) 12 February (+2.8) 20 (+6.2)
aWCMI
Females + 233 (470) 10 February (£2.7) 28 (£7.3)

Males

Nagjusted = S@mple sizes after increasing by four the weighting
of those with aBMI > 0.2 or aWMI > 0.2, respectively, in the
analysis (see Results).

April the females’ fuelling rate increased by 95%
in comparison with the earlier period (Table 3,
Fig. 4). The estimated flight range, based on aLBM
of 19.5 g common for both sexes, was ¢. 700 km
longer for females (Table 4).

DISCUSSION

The selection pressure on males, which compete
for territories and for females, favours the early
arrival of males at the breeding grounds (Kokko
1999, Kokko et al. 2006). The greater the sexual
dimorphism in a species in plumage and size, the
greater the protandry, as shown in passerines,
hirundinides and bee-eaters, but this phenomenon
has rarely been studied in monomorphic species
because they are difficult to sex in the field

(Spottiswoode et al. 2006, Briedis et al. 2019). In
waders, with their variety of mating and parental
care patterns (Székély et al. 2006), asymmetrical
involvement in reproduction might shape sex dif-
ferences in their next life-stages more than sexual
dimorphism (Summers et al. 2004, Conklin & Bat-
tley 2012, Barshep et al. 2013). Thus, we
expected some differences in the timing of the
non-breeding stages, such as moult and pre-migra-
tory fuelling, in a wader with little sexual dimor-
phism but with different roles in parental care,
such as the Little Stint. The timings of migration,
moult and fuelling are similar for both sexes of
species in which both parents incubate and care
for the young, such as Bar-tailed Godwit, but spe-
cies with asymmetrical parental care tend to show
more pronounced sexual differences, as in Ruff,
Curlew Sandpiper and Purple Sandpiper (Cramp
& Simmons 1983, Jukema & Piersma 2000, Sum-
mers et al. 2004, van de Kam et al. 2004, Conklin
& Battley 2012, Barshep et al. 2013). Despite the
lack of distinctive sexual dimorphism in size or
plumage in Little Stints, we found sex differences
in the timing of migration, moult and fuelling.
These differences are presumed to be related to
migration strategies which vary between the sexes,
and which are likely to be linked to their mating
strategies and different breeding roles. Our results
showed that the progress of moult and fuelling
was similar in male and female Little Stints and
that both sexes were able to moult into breeding
plumage and to fuel simultaneously during the
pre-migratory period (Figs 2-4). However, males
began their departure from the southern non-
breeding grounds to the northern hemisphere
breeding grounds a few weeks earlier than the
females (Fig. 1) and therefore the heaviest males

Table 3. Estimated fuelling periods and rates for male and female Little Stints caught in January—April 2008-2018 at Barberspan and
Leeupan in two periods: period 1 — common fuelling period for both males and females; period 2 — period when mostly females

stayed at the site after the departure of males.

Duration of

Sex/fuelling period fuelling (days)

Fuelling period

Mean fuelling
rate (sd) (g/day)

Comparison of
fuelling rates

Period 1
Males 34 15 Mar-17 Apr 0.25 (+0.25) P =0.352
Females 0.20 (+0.15)

Females
Period 1 34 15 Mar-17 Apr 0.20 (+0.15) P =0.001
Period 2 13 18 Apr-30 Apr 0.39 (+0.28)

Fuelling rates were compared between the sexes, and between the two periods for females, using pairwise permutation tests. Signif-

icant P-values are presented in bold type.
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Figure 4. Adjusted body mass in relation to the date of capture for male (open circles) and female (black circles) Little Stints. Lines
show body mass trend (locally weighted quantile regression) of the 75th percentile of body mass; arrow and date show the beginning
of fuelling, indicated by daily increments of body mass >0.1 g. Triangles = pre-moult birds; circles = moulting birds. Horizontal lines
and markers above the x-axis = mean dates and sd of the body moult start (Table 2) for females (black circles, solid lines) and

males (open circles, dashed lines).

carried fuel loads 18% lighter than the heaviest
females and were less advanced in body moult
(Fig. 2). We will discuss these findings in the con-
text of potential trade-offs between moult and
fuelling in the sexes which might have carry-over
effects on their subsequent migration strategy and
performance at the breeding grounds.

Moult and fuelling consume energy, and thus
one process might compromise the other (Newton
2009) and conducting both activities simultane-
ously entails trade-offs in the allocation of
resources between these processes (Morton & Wel-
ton 1973, Lindstrom et al. 1993). Moult requires a
fast turnover of body proteins and a large expendi-
ture of energy on the production of feathers and
on thermoregulation because of reduced insulation
(Ginn & Melville 1983, Rohwer & Rohwer 2013).
In contrast, fuelling involves the storage of energy
in deposits of fat and protein as fuel to power
migration (Jenni-Eiermann & Jenni 1996). In
migrant birds, moulting, especially of large flight
feathers, and fuelling tend to be separated in time
so that the energy expense of these activities does
not overlap (Newton 2009, Remisiewicz 2011).
Our results, however, suggest that Little Stints are
capable of moulting and fuelling simultaneously in
habitats with abundant food, such as Lake Bar-
berspan (Remisiewicz & Avni 2011, Cumming
et al. 2013). Partial pre-breeding moult involves
the replacement of small body feathers, which
requires less energy than growing large feathers
and therefore might facilitate this overlap. Little

Stints which leave South Africa with incomplete
breeding plumage might continue replacing body
feathers during migration, as do many other
waders, such as Temminck’s Stints Calidris tem-
minckii (Lislevand 2017) and Common Snipes
Gallinago gallinago (Podlaszczuk et al. 2017), for
which moulting flight feathers during migration
does not induce a stress response (Wlodarczyk
et al. 2018). Alternatively, Little Stints might sus-
pend body moult during migration and resume it
at stopovers on route to the breeding grounds, as
do Bar-tailed Godwits (Piersma & Jukema 1993).
Those Little Stints which were least advanced in
body moult late in the season (Figs 2 and 3) are
most likely to be immatures. They arrive at the
non-breeding grounds about 3-4 weeks later than
the adults (Urban et al. 1986; present authors’
unpubl. data) and therefore their primary moult is
delayed by about 3 weeks (Pearson 1984). Body
moult might be delayed by the same time. From
January until departure, Little Stints cannot be aged
by plumage or morphometrics (Prater et al. 1977),
and thus we were unable to confirm whether the
late moulters were immatures. Immature Little
Stints are unusual among Palaearctic migrant
waders because most migrate back to the breeding
grounds with the adults and do not spend an austral
winter in southern Africa (Summers et al. 1995,
Underhill 1997, Taylor & Navarro 1999, Underhill
et al. 1999). Therefore, the departure date imposes
the same time constraint on the immatures as on
adults. However, the first-year birds might be
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Table 4. Estimated fuel loads and flight ranges according to Davidson’s (1984) formula of the heaviest 20% of male and female Little
Stints caught in January-April 2008-2018 at Barberspan and Leeupan. Mean fuel loads and potential flight ranges differed between

the sexes (U-test: P = 0.001).

Fuel load (g) Flight range estimates (km)
Sex Mean (sd) Min. Max. Mean (sd) Min. Max. n
Females 11.20 (+£3.90) 6.8 21.9 2538 (+£745.1) 1645 4464 21
Males 7.70 (+2.60) 4.6 13.0 1823 (4+540.2) 1166 2915 20

delayed further on route because they are less expe-
rienced in foraging and choosing stopover sites with
abundant food, which might lead to their slower
migration with lower fuel loads and later arrival at
breeding areas than adults (Hockey et al. 1998).
Our results suggest sex differences in the pre-
migratory fuelling of Little Stints in South Africa.
A proportion of the females stayed longer at the
non-breeding site and accumulated fuel loads
about 18% heavier than the males (Table 4).
Thus, they probably required fewer stopovers on
route (Nilsson et al. 2013). We observed the last
females at Barberspan on 28 April (Fig. 3). The
heaviest females would have been able to fly to
the Nile Valley in a non-stop flight using the fuel
they had accumulated (Table 4), although these
estimates should be treated cautiously. The breed-
ing season in Siberia, about 12 000 km away,
begins in June (Hildén 1983, Cramp & Simmons
1983). Thus, these females would have about a
month to arrive in time for nesting, and large fuel
stores would facilitate their fast movement. Male
Little Stints depart from the non-breeding grounds
in South Africa with, on average, less advanced
breeding dress and lower fuel loads than females,
which suggests that initially at least they undertake
short non-stop flights (Figs 2 and 3, Table 4). The
departure fuel loads of males would enable the
first flight to reach the Limpopo River valley, the
Rift Valley lakes or the Indian Ocean coast in
Mozambique (Table 4). Their early start to migra-
tion would provide the males time for refuelling
on route. The selection pressure on males, which
compete for territories and females, favours the
early arrival of males at the breeding grounds
(Kokko 1999, Kokko et al. 2006). This would
explain their early departure from South Africa.
Little Stints of both sexes arrive at the breeding
grounds in June with an average fat store of 1.6 g
(Tulp et al. 2009), reserves which might be used
as a backup in case of adverse weather and delays

© 2020 British Ornithologists’ Union

in snowmelt (Tulp et al. 2002, Tulp & Schekker-
man 2006). Producing two clutches of four eggs
each by the females, about 1.7 times their
body weight, from late June to early July (Hildén
1983, Kania & Chylarecki 1992, Tomkovich &
Soloviev 1994, del Hoyo et al. 1996) requires
greater energy reserves. Most Arctic waders are
income breeders which use the local food supply
at the breeding grounds to produce eggs (Drent &
Daan 1980, Klaassen et al. 2001, Hobson & Jehl
2010). Considering their small fuel stores on arri-
val in Siberia (Tulp et al. 2002, Tulp & Schekker-
man 2006), we suggest the deficit in the females’
reserves shows that these Little Stints are income
breeders, which would require them to supple-
ment with local food before egglaying. We cannot
exclude that female Little Stints might use some
endogenous lipid and protein supply to produce
the early laid eggs, as in Ruddy Turnstones Are-
naria interpres breeding in the High Arctic (Mor-
rison & Hobson 2004), but these nutrients would
come from stopover sites closer to the breeding
grounds. We suggest that it is the difference in
fuel loads between the males and the females on
their departure from South Africa that determines
their sex-differential migration strategies, consider-
ing the ¢. 12 000 km they cross between South
Africa and Siberia, rather than the sex differences
in their energy capital upon their arrival at the
breeding grounds.

The coasts and lakes of the Rift Valley in
Kenya, Lake Uromiyeh in Iran and the Caspian
region support large flocks of Little Stints on
migration in April-May (Pearson 1987, Delany
et al. 2009). Little Stints of both sexes probably
use the stopover sites to continue their body
moult, as do Bar-tailed Godwits (Piersma &
Jukema 1993), and to accumulate energy stores to
complete their migration and initiate breeding. Lit-
tle Stints are capable of raising one clutch per
adult, rather than the normal one clutch per pair.



The earlier the males establish their territories and
the earlier the females lay the first clutch, the
more likely the males will be able to father the
second clutch, and the females will be able to raise
it successfully (Hildén 1983, Tulp & Schekkerman
2006). Furthermore, early arrival probably enables
males to occupy better territories than those arriv-
ing later and decreases the chance of extra-pair
paternity in their first clutch (Kokko 1999, Kokko
et al. 2006). Thus, the selection pressures differ
between the sexes, favouring early arrival of the
males and later arrival of the females, which would
correspond to the differences in the migration
strategy of the sexes we described.

The males depart South Africa with smaller fuel
loads, but earlier than the females, which leave
with more reserves. We expect that the males thus
use an energy-minimizing migration strategy to
reach the breeding grounds before the females,
and that females use a time-minimizing strategy,
at least for the first stages of their journey north.
Our results correspond with the findings that the
main determinants of sex differences in arrival
time at the breeding grounds in migrants are their
different departure timings from Africa and migra-
tion duration (Briedis et al. 2019). We suggest that
sex differences in the timing of pre-migratory fuel-
ling, and departure, as we showed in Little Stints,
contribute to their sex-differential migration to
their northern-latitude breeding grounds.

The staff at Barberspan Bird Sanctuary supported our
fieldwork. Many volunteers helped collect the data. Joel
Avni edited and commented on the manuscript. Danny
Rogers, Rob Robinson and an anonymous reviewer made
valuable comments on an earlier version. This study was
supported by funding from the University of Gdarisk
and the Faculty of Biology and research grants from the
Polish Ministry of Science and Higher Education (SPUB
grants), Small Research Grants funded by the British
Ornithologists’ Union, the National Research Foundation
(NRF) of South Africa and the National Centre for
Research and Development (NCBiR), Poland, within
the Poland-South Africa Agreement on Science and
Technology (PL-RPA/BEW/01/ 2016). The opinions
expressed and conclusions arrived at are those of the
authors and are not necessarily to be attributed to the
NREF.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study
are available from the corresponding author upon
reasonable request.

Little Stint body moult and mass in South Africa 11

REFERENCES

Alerstam, T. & Lindstrom, A. 1990. Optimal bird migration:
the relative importance of time, energy, and safety. In
Gwinner, E. (ed.) Bird Migration: Physiology and
Ecophysiology: 331-351. Berlin: Springer-Verlag.

Barnes, K. 1998. Important bird areas of the North West
Province. In Barnes, K.N. (ed.) The Important Bird Areas of
Southern Africa: 93-122. Johannesburg: BirdLife South Africa.

Barshep, Y., Minton, C.D., Underhill, L.G., Erni, B. &
Tomkovich, P. 2013. Flexibility and constraints in the molt
schedule of long-distance migratory shorebirds: causes and
consequences. Ecol. Evol. 3: 1967-1976.

Battley, P.F., Piersma, T., Rogers, D.l., Dekinga, A.,
Spaans, B. & van Gils, J.A. 2004. Do body condition and
plumage during fuelling predict northwards departure dates
of Great Knots Calidris tenuirostris from north-west
Australia? Ibis 146: 46-60.

Battley, P.F., Rogers, D.l. & Hassell, C.J. 2006. Prebreeding
moult, plumage and evidence for a presupplemental moult in
the Great Knot Calidris tenuirostris. Ibis 148: 27-38.

Berthold, P. 1996. Control of Bird Migration. London:
Chapman and Hall.

Briedis, M., Bauer, S., Adamik, P., Alves, J.A., Costa, J.S.,
Emmenegger, T., Gustafsson, L., Kolecek, J., Liechti, F.,
Meier, C.M., Prochazka, P. & Hahn, S. 2019. A full annual
perspective on sex-biased migration timing in long-distance
migratory birds. Proc. R. Soc. B 286: 20182821.

Burnham, K.P. & Anderson, D.R. 1998. Model Selection and
Multimodel Inference: a Practical Information-theoretic
Approach. New York, NY: Springer.

Busse, P. & Meissner, W. 2015. Bird Ringing Station Manual.
Warsaw: De Gruyter Open Ltd.

Chandler, R. 2013. Shorebirds of the Northern Hemisphere.
London: Christopher Helm.

Colwell, M.A. 2010. Shorebird Ecology, Ecology, Conservation
and Management. Berkeley: University of California Press.

Conklin, J.R. & Battley, P.F. 2012. Carry-over effects and
compensation: late arrival on non-breeding grounds affects
wing moult but not plumage or schedules of departing Bar-
tailed Godwits Limosa lapponica baueri. J. Avian Biol. 43:
252-263.

Conklin, J.R., Battley, P.F. & Potter, M.A. 2013. Absolute
consistency: individual versus population variation in annual-
cycle schedules of a long-distance migrant bird. PLoS ONE
8(1): e54535.

Cowan, G.l. (ed.) 1995. Wetlands of South Africa. Pretoria:
Department of Environmental Affairs and Tourism.

Cramp, S. & Simmons, K.E.L. (eds) 1983. The Birds of the
Western Palearctic. Handbook of the Birds of Europe, the
Middle East and North Africa, Vol. 3: Waders to Gulls.
Oxford: Oxford University Press.

Crawley, M.J. 2007. The R Book. Chichester: Wiley.

Cumming, G.S., Ndlovu, M., Mutumi, G.L. & Hockey, P.A.R.
2013. Responses of an African wading bird community to
resource pulses are related to foraging guild and food-web
position. Freshw. Biol. 58: 79-87.

Davidson, N.C. 1984. How valid are flight range estimates for
waders? Ring. Migr. 5: 49-64.

Dawson, A. 1994. The effects of daylength and testosterone
on the initiation and progress of moult in Starlings Sturnus
vulgaris. Ibis 136: 335-340.

© 2020 British Ornithologists’ Union



12 A. E. Mazur et al.

Dawson, A. 2006. Control of molt in birds: association with
prolactin and gonadal regression in Starlings. Gen. Comp.
Endocr. 147: 314-322.

Dean, W.R.J. 1977. Moult of Little Stints in South Africa.
Ardea 65: 73-79.

Delany, S., Scott, D., Dodman, T. & Stroud, D. (eds) 2009.
An Atlas of Wader Populations in Africa and Western
Eurasia. Wageningen: Wetlands International.

Drent, R.H. & Daan, S. 1980. The prudent parent: energetic
adjustments in avian breeding. Ardea 68: 225-252.

Eikenaar, C., Muller, F., Kampfer, S. & Schmaljohann, H.
2016. Fuel accumulation advances nocturnal departure: a
migratory restlessness study on northern wheatears at
stopover. Anim. Behav. 117: 9-14.

Erni, B., Bonnevie, B.T., Oschadleus, H.-D., Altwegg, R. &
Underhill, L.G. 2013. moult: an R package to analyze moult
in birds. J. Stat. Soft. 52: 1-23.

Evans, P.R. 1986. Correct measurement of the wing-length of
waders. Wader Study Group Bull. 48: 11.

Ferns, P.N.N. 2003. Plumage colour and pattern in waders.
Wader Study Group Bull. 100: 122-129.

Fusani, L., Cardinale, M., Carere, C. & Goymann, W. 2009.
Stopover decision during migration: physiological conditions
predict nocturnal restlessness in wild passerines. Biol. Lett.
5: 302-305.

Ginn, H.B. & Melville, D.S. 1983. Moult in Birds. BTO Guide
19. Tring: British Trust for Ornithology.

Hastie, T.J. & Tibshirani, R.J. 1990. Generalized Additive
Models. London: Chapman and Hall.

Helm, B. & Gwinner, E. 2006. Timing of molt as a buffer in the
avian annual cycle. Acta Zool. Sin. 52 (Suppl.): 703-706.

Hildén, O. 1983. Mating system and breeding biology of Little
Stint Calidris minuta. Wader Study Group Bull. 39: 47.

Hobson, K.A. & Jehl, J.R. 2010. Arctic waders and the
capital-income continuum: further tests using isotopic
contrasts of egg components. J. Avian Biol. 41: 565-572.

Hockey, P.R., Turpie, J.K. & Velasquez, C.R. 1998. What
selective pressures have driven the evolution of deferred
northward migration by juvenile waders? J. Avian Biol. 29:
325-330.

Hosmer, D. & Lemeshow, S. 1989. Applied Logistic
Regression. New York, NY: Wiley.

Howell, S.N.G. 2010. Molt in North American Birds. Peterson
Reference Guide Series. Boston, MA: Houghton, Mifflin,
Harcourt.

del Hoyo, J., Elliott, A. & Sargatal, J. 1996. Handbook of the
Birds of the World, Vol. 3. Barcelona: Lynx Edicions.

Jenni-Eiermann, S. & Jenni, L. 1996. Metabolic differences
between the postbreeding, moulting and migratory periods in
feeding and fasting passerine birds. Funct. Ecol. 10: 62-72.

Jukema, J. & Piersma, T. 2000. Contour feather moult of
Ruffs Philomachus pugnax during northward migration, with
notes on homology of nuptial plumages in scolopacid
waders. Ibis 142: 289-296.

van de Kam, J., Ens, B., Piersma, T. & Zwarts, L. 2004.
Shorebirds. An lllustrated Behavioural Ecology. Utrecht: KNNV.

Kania, W. & Chylarecki, P. 1992. Polygamy and polyandry in
the mating system of Little Stint Calidris minuta. Wader
Study Group Bull. 64: 11-12.

Kirkman, S.P., Yemane, D., Oosthuizen, W.H., Meyer, M.A.,
Kotze, P.G.H., Skrypzeck, H., Vaz Velho, F. & Underhill,
L.G. 2013. Spatio-temporal shifts of the dynamic Cape Fur

© 2020 British Ornithologists’ Union

Seal population in southern Africa, based on aerial
censuses (1972-2009). Mar. Mamm. Sci. 29: 497-524.

Klaassen, M., Lindstrom, A., Meltofte, H. & Piersma, T.
2001. Arctic waders are not capital breeders. Nature 413:
794.

Koenker, R. 2017. Quantile Regression. Version 5.34.
Available at:  https:/cran.r-project.org/package=quantreg
(accessed 10 January 2018).

Kokko, H. 1999. Competition for early arrival in migratory
birds. J. Anim. Ecol. 68: 940-950.

Kokko, H., Gunnarson, T., Morrel, L.J. & Gill, J.A. 2006.
Why do female migratory birds arrive later than males? J.
Anim. Ecol. 75: 1293-1303.

Lindstrom, i\., Visser, H. & Daan, S. 1993. The energetic
cost of feather synthesis is proportional to basal metabolic
rate. Physiol. Zool. 66: 490-510.

Lipshutz, S., Remisiewicz, M., Underhill, L.G. & Avni, J.
2011. Seasonal fluctuations in population size and habitat
segregation of Kittlitz’s Plover Charadrius pecuarius at
Barberspan Bird Sanctuary, North West Province, South
Africa. Ostrich 82: 207-215.

Lislevand, T. 2017. Part 12: ageing and sexing the Temminck’s
Stint Calidris temminckii. Wader Study 124: 55-59.

Manly, B.F.J. 2007. Randomization, Bootstrap, and Monte
Carlo Methods in Biology, 3rd edn. London: Chapman & Hall.

Meissner, W., Remisiewicz, M. & Gogga, P. 2012. Sex and
age differences in the development of breeding plumage in
the Wood Sandpiper Tringa glareola during spring migration
in north-eastern Poland. Ornis Fenn. 89: 44-52.

Middlemiss, E. 1961. Biological aspects of Calidris minuta
while wintering in south-west Cape. Ostrich 32: 107-121.

Milstein, P. le S. 1975. The biology of Barberspan, with
special reference to the avifauna. Ostrich Suppl. 10: 1-74.

Morrison, R.L.G. & Hobson, K.A. 2004. Use of body stores in
shorebirds after arrival on High Arctic breeding grounds. Auk
121: 333-344.

Morton, M.L. & Welton, D.E. 1973. Postnuptial molt and its
relation to reproductive cycle and body mass in mountain
White-crowned Sparrows (Zonotrichia leucophrys oriantha).
Condor 75: 184-189.

Murphy, M.E. & King, J.R. 1992. Energy and nutrient use
during moult by White-crowned Sparrows Zonotrichia
leucophrys gambelli. Ornis Scand. 23: 304-313.

Newton, I. 2009. Moult and plumage. Ring. Migr. 24: 220-226.

Niemc, A., Remisiewicz, M., Avni, J. & Underhill, L.G. 2018.
Sexual dimorphism in adult Little Stints (Calidris minuta)
revealed by DNA sexing and discriminant analysis. PeerJ 6:
e5367.

Nilsson, C., Klaassen, R.H.G. & Alerstam, T. 2013.
Differences in speed and duration of bird migration between
spring and autumn. Am. Nat. 181: 837-845.

Page, G. 1974. Molt of wintering Least Sandpipers. Bird-
Banding 45: 93-105.

Pearson, D.J. 1984. The moult of the Little Stint Calidris
minuta in the Kenyan rift valley. Ibis 126: 1-15.

Pearson, D.J. 1987. The status, migrations and seasonality of
the Little Stint in Kenya. Ring. Migr. 8: 91-108.

Piersma, T. & Jukema, J. 1993. Red breasts as honest
signals of migratory quality in a long-distance migrant, the
Bar-tailed Godwit. Condor 95: 163-177.

Podlaszczuk, P., Wiodarczyk, R., Janiszewski, T.,
Kaczmarek, K. & Minias, P. 2017. When moult overlaps


https://cran.r-project.org/package=quantreg

migration: moult-related changes in plasma biochemistry of
migrating Common Snipe. PeerJ 5: €3057.

Prater, T., Marchant, J. & Vuorinen, J. 1977. Guide to the
Identification and Ageing of Holarctic Waders. Tring: British
Trust for Ornithology.

R Foundation for Statistical Computing 2017. Available at:
http://www.r-project.org/ (accessed 15 November 2017).

Remisiewicz, M. 2011. The flexibility of primary moult in
relation to migration in Palaearctic waders — an overview.
Wader Study Group Bull. 118: 141-152.

Remisiewicz, M. & Avni, J. 2011. Status of migrant and
resident waders, and moult strategies of migrant waders
using African inland wetland habitats, at Barberspan Bird
Sanctuary in South Africa. Ibis 153: 433-435.

Remisiewicz, M., Tree, A.J., Underhill, L.G. & Nowakowski,
J.K. 2014. Geographical patterns in primary moult and body
mass of Greenshank Tringa nebularia in southern Africa.
Ardea 102: 31-46.

Remisiewicz, M., Tree, A.J., Underhill, L.G. & Burman, M.S.
2017. Age-specific variation in relationship between moult
and pre-migratory fuelling in Wood Sandpipers Tringa
glareola in southern Africa. Ibis 159: 91-102.

Remisiewicz, M., Bernitz, Z., Bernitz, H., Burman, M.S.,
Raijmakers, J.M.H., Raijmakers, J.H.F.A., Underhill, L.G.,
Rostkowska, A., Barshep, Y., Soloviev, S.A. & Siwek, I.
2019. Contrasting strategies for wing-moult and pre-
migratory fuelling in western and eastern populations of
Common Whitethroat Sylvia communis. Ibis 161: 824-838.

Rohwer, V.G. & Rohwer, S. 2013. How do birds adjust the
time required to replace their flight feathers? Auk 130: 699—
707.

Spottiswoode, C.N., Tottrup, A.P. & Coppack, T. 2006.
Sexual selection predicts advancement of avian spring
migration in response to climate change. Proc. R. Soc.
Lond. B Biol. Sci. 273: 3023-3029.

Summers, R.W. & Waltner, M. 1979. Seasonal variations in
the mass of waders in southern Africa, with special
reference to migration. Ostrich 50: 21-37.

Summers, R.W., Underhill, L.G., Middleton, D. & Buckland,
S.T. 1985. Turnover in the population of Ruddy-headed
Geese (Chloephaga rubidiceps) at Goose Green, Falkland
Islands. J. Appl. Ecol. 22: 635-643.

Summers, R.W., Underhill, L.G., Nicoll, M., Rae, R. &
Piersma, T. 1992. Seasonal, size- and age-related patterns
in body-mass and composition of Purple Sandpipers Calidris
maritima in Britain. Ibis 134: 346-354.

Summers, R.W., Underhill, L.G. & Prys-Jones, R.P. 1995.
Why do young waders in southern Africa delay their first
return migration to the breeding grounds? Ardea 83: 351-
357.

Summers, R.W., Underhill, L.G., Nicoll, M., Strann, K. &
Nilsen, S.@. 2004. Timing and duration of moult in three
populations of Purple Sandpipers Calidris maritima with
different moult/migration patterns. Ibis 146: 394-403.

Székély, T., Thomas, G.H. & Cuthill, .C. 2006. Sexual
conflict, ecology, and breeding systems in shorebirds.
Bioscience 10: 801-808.

Taylor, P.B. & Navarro, R.A.1999. Little Stint Calidris minuta.
In Taylor, P.B., Navarro, R.A., Wren Sargent, M., Harrison,
J.A. & Kieswetter, S.L. (eds) TOTAL CWAC Report:
Coordinated Waterbirds Counts in South Africa, Vol 229:
1992-1997. Cape Town: Avian Demography Unit.

Little Stint body moult and mass in South Africa 13

Tjorve, K.M.C., Schekkerman, H., Tulp, I, Underhill, L.G.,
de Leeuw, J.J. & Visser, G.H. 2007. Growth and
energetics of a small shorebird species in a cold
environment: the Little Stint Calidris minuta on the Taimyr
Peninsula, Siberia. J. Avian Biol. 38: 552-563.

Tomkovich, P.S. 1988. Mating system and parental care in
Curlew Sandpiper at the Taimyr. In Andreev, AV. &
Kondratyev, A.Y. (eds) Studies and Protection of Birds in
Northern Ecosystems: 180-184. Moscow: Academy of
Science. (In Russian).

Tomkovich, P.S. & Soloviev, M.Y. 1994. Site fidelity in High
Arctic breeding waders. Ostrich 65: 174-180.

Tulp, I. & Schekkerman, H. 2006. Time allocation between
feeding and incubation in uniparental arctic-breeding
shorebirds: energy reserves provide leeway in a tight
schedule. J. Avian Biol. 37: 207-218.

Tulp, I., Schekkerman, H., Chylarecki, P., Tomkovich, P.,
Soloviev, M., Bruinzeel, L., van Dijk, K., Hildén, O.,
Hotker, H., Kania, W., van Roomen, M., Sikora, A. &
Summers, R. 2002. Body mass patterns of Little Stints at
different latitudes during incubation and chick-rearing. Ibis
144: 122-134.

Tulp, I., Schekkerman, H., Klaassen, R.H.G., Ens, B.J. &
Visser, G.H. 2009. Body condition of shorebirds upon
arrival at their Siberian breeding grounds. Polar Biol. 32:
481-491.

Underhill, L.G. 1997. Little Stint Calidris minuta. In Harrison,
J.A., Allan, D.G., Underhill, L.G., Herremans, M., Tree, A.J.,
Parker, V. & Brown, C.J. (eds) The Atlas of Southern
African  Birds, Vol. 1. Non-passerines: 420-421.
Johannesburg: BirdLife South Africa.

Underhill, L.G. & Zucchini, W. 1988. A model for avian
primary moult. Ibis 130: 358-372.

Underhill, L.G., Zucchini, W. & Summers, R.W. 1990. A
model for avian primary moult-data types based on
migration strategies and an example using the Redshank
Tringa totanus. Ibis 132: 118-123.

Underhill, L.G., Prys-Jones, R.P., Syroechkovski, E.E.,
Groen, N.M., Karpov, V., Lappo, H.G., van Roomen,
M.W.J., Rybkin, A., Schekkerman, H., Spiekman, H. &
Summers, R.W. 1993. Breeding of waders (Charadrii) and
Brent Geese Branta bernicla bernicla at Pronchishcheva
Lake, northeastern Taimyr, Russia, in a peak and a
decreasing lemming year. Ibis 135: 277-292.

Underhill, L.G., Tree, A.J., Oschadleus, H.D. & Parker, V.
1999. Review of Ring Recoveries of Waterbirds in Southern
Africa. Cape Town: Avian Demography Unit, University of
Cape Town.

Urban, E.K., Fry, C.H. & Keith, S. 1986. Calidris minuta
(Leisler). Little Stint. In Urban, E.K., Fry, C.H. & Keith, S. (eds)
The Birds of Africa, Vol. 2: 288-289. London: Academic Press.

Vincze, O., Vagasi, C.l., Pap, P.L., Palmer, C. & Mgoller, A.P.
2019. Wing morphology, flight type and migration distance
predict accumulated fuel load in birds. J. Exp. Biol. 222:
jeb183517.

Wiodarczyk, R., Podlaszczuk, P., Kaczmarek, K.,
Janiszewski, T. & Minias, P. 2018. Leukocyte profiles
indicate nutritional, but not moulting stress in a migratory
shorebird, the Common Snipe (Gallinago gallinago). J.
Ornithol. 159: 345-354.

Wood, S. 2017a. Generalized Additive Models: an Introduction
with R, 2nd edn. Boca Raton, FL: CRC Press.

© 2020 British Ornithologists’ Union


http://www.r-project.org/

14 A. E. Mazur et al.

Wood, S. 2017b. Package ‘mgcv’. Available at: https://cran.r-
project.org/package=mgcv (accessed 22 August 2019).

Zwarts, L., Ens, B.J., Kersten, M. & Piersma, T. 1990.
Moult, mass and flight range of waders ready to take off for
long-distance migrations. Ardea 78: 339-364.

Received 31 March 2019;
revision accepted 16 April 2020.
Associate Editor: Rob Robinson.

SUPPORTING INFORMATION

Additional supporting information may be found
online in the Supporting Information section at
the end of the article.

Figure S1. Plumage tracts of Little Stints for
which we assessed the percentage of new feathers.

Figure S2. Distribution of values of adjusted
Body Moult Index (aBMI, top) and adjusted Wing
Covert Moult Index (aWCMI, bottom) of male

© 2020 British Ornithologists’ Union

and female Little Stints caught during the pre-mi-
gratory period (January—April) in 2008-2018 at
Barberspan and Leeupan (NW Province, South
Africa).

Table S1. Moult models used to determine the
effect of sex on moult parameters using adjusted
Body Moult Index (aBMI) and adjusted Wing Cov-
ert Moult Index (aWCMI) of full-grown Little
Stints caught in January—April 2008-2018 at Bar-
berspan and Leeupan.

Table S2. Parameters of pre-breeding moult
estimated from adjusted Body Moult Index (aBMI)
and adjusted Wing Coverts Moult Index (aWCMI)
for full-grown Little Stints caught in January—April
2008-2018 at Barberspan and Leeupan, depending
on the weighting factor (1 to 4) applied to
increase the numbers of birds with aBMI > 0.2
and aWM > 0.2 in the analysis.
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