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Abstract. The daily movements of 18 Egyptian Geese (Alopochen aegyptiaca) in South Africa were recorded using
satellite telemetry. General additivemixedmodelswere used to explain the distancesmoved by the birds at different times of
the day, correcting for sex, site, season and individual. Distancesmoved by birds in themesic, winter-rainfall, south-western
region (Strandfontein) of South Africa were compared with movements in the semi-arid, summer-rainfall region (Barber-
span) of northern South Africa. Moulting birds all remained at single wetlands during moult, displayed crepuscular patterns
of activity and nocturnal retreats to safety. At the end of moult, birds dispersed away frommoulting sites. The longest daily
distances travelled by individuals took place mainly just before moult was due to start or within the first 10 days after
completing moult, providing strong evidence that Egyptian Geese undertake moult migrations. The daily pattern of
movement was strongly skewed, with >70% of flights being short (<10 km) and longer flights mainly occurring at night
(88%). There were considerable differences in patterns of dispersal between birds at the summer-rainfall site and the winter-
rainfall one. Summer-rainfall birds undertook long-distance movements between wetlands whereas Winter-rainfall birds
appeared to move randomly and over short distances.
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Introduction

Movements of waterfowl at different scales are fundamental to
individual fitness and population dynamics (Levin 1974; Fau-
chald and Tveraa 2006). Local movements of waterfowl enable
individuals to search for food, mates and escape predators,
whereas longer movements are important in avoiding interspe-
cific competition and locating breeding andmoulting sites. These
movements arise from behavioural decisions by individuals in
response to environmental heterogeneity at multiple spatial and
temporal scales (Pyke 1984; Zollner and Lima 1999;Morales and
Ellner 2002), internal states, life-history demands and the history
of the individual bird (Nathan et al. 2008). Despite the relevance
of movements to fitness strategies, however, there are few fine-
scale studies that followmovements of individual waterfowl over
long periods of time, although Roshier et al. (2006) conducted a
study of daily movements of Grey Teal (Anas gracilis) over
15 months in Australia. Most previous studies of waterfowl
movement have focussed on a particular biological context, such
as dispersal (e.g. Oatley and Pry� s-Jones 1986; Underhill et al.
1999), foraging (e.g. Petrie and Rogers 1997) or migration (e.g.
Gudmundsson et al. 1995; Dugger 1997; Miller et al. 2005).

Until recently, our understanding of patterns of waterfowl
movements and use of habitat was limited largely by our inability
to track individual birds for long periods of time over large
geographical areas (Lindberg and Walker 2007). Since the in-

ception of small, lightweight satellite transmitters, the movement
patterns of waterfowl in the northern hemisphere are increasingly
being explored (e.g. Gudmundsson et al. 1995; Dugger 1997;
Miller et al. 2005).

Most movement studies of waterfowl have been of long-
distance migrants and few studies have focussed on Afrotropical
waterfowl. Although there are ringing returns that describe
movements of African waterfowl between wetlands (Oatley and
Pry� s-Jones 1986; Underhill et al. 1999), the fine-scale daily
movements of waterfowl at different times of the year are
undescribed. Petrie and Rogers (1997), in the first telemetry
study on waterfowl in Africa, described the movement patterns
of White-faced Whistling-Ducks (Dendrocygna viduata)
from Nelspruit in South Africa. The study had a sample size of
only two, the transmitters functioned for <8 months, and the
authors did not evaluate daily movements. More recently, Cap-
pelle et al. (2011) used satellite telemetry to study the movement
patterns of Garganey (Anas querquedula), Comb Duck (Sarki-
diornis melanotos), White-faced Whistling-Duck and Fulvous
Whistling-Duck (Dendrocygna bicolor) in parts of central and
West Africa in order to understand pathways of influenza
transmission, and Cumming et al. (2012) have analysed the
seasonal movements of Egyptian Geese and Red-billed Teal
(Anas erythrorhyncha). Neither of these two studies, however,
evaluated daily movements.
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Most studies of movements to date have focussed on move-
ment of waterfowl between breeding sites (e.g. Seymour 1991;
Milstein 1993) and non-breeding sites (Robertson and Cooke
1999). Less is known aboutmoult migrations (Salomonsen 1968;
Anderson et al. 1992; Bollinger and Derksen 1996) and move-
ments, if any, during moult (Fleskes et al. 2010). Further, most
studies of moult migrations among waterfowl come from migra-
tory northern hemisphere species, such as female Mallards (Anas
platyrhynchos) (Fleskes et al. 2010), Gadwall (A. strepera)
(Szymczak and Rexstad 1991) and American Black Duck
(A. rubripes) (Bowman and Brown 1992). In South Africa, it is
well known that more than 70% of the South African Shelduck
(Tadorna cana) population moults at only 23 locations (Gelden-
huys 1981) but movement to and frommoulting sites, and that of
flightless moulting birds, have not been quantified.

As a first contribution to a more detailed understanding of the
patterns of daily movements of an Afrotropical duck, data for
Egyptian Geese were analysed during the (1) flightless moulting
period and (2) flying periods in two different rainfall regions
(summer and winter) of South Africa.

Materials and methods
Study sites

The studywas conducted atBarberspanNatureReserve (26�330S,
25�370E) (hereafter referred to as Barberspan) in the North West
Province, and at Strandfontein SewageWorks (34�050S, 18�320E)
(hereafter referred to as Strandfontein) in the Western Cape
Province, South Africa.

Barberspan is in north-western South Africa, in a transitional
area between the grassland and savanna biomes. The north-
western region of South Africa is semi-arid, receives summer
rainfall andconsists of undulatingplains rising to900mabove sea
level. The area is characterised by large depressions, or pans,
where rainfall collects during thewet summer season.Barberspan
Nature Reserve is surrounded by crop and sunflower farms in a
vast grasslands biome (Mucina et al. 2006). Large numbers of
waterfowl and waders use one large permanent pan inside the
reserve for foraging, roosting and moulting (Milstein 1975;
Taylor et al. 1999). However, fewEgyptianGeesewere observed
to breed (fewer than 10 pairs during peak breeding season) and
forage at the pan in the reserve. EgyptianGeeseflewout at sunrise
and at sunset to forage in the surrounding cropland but spent the
rest of the day and night roosting along the shore of and on islands
in the pan (Milstein 1975; M. Ndlovu, pers. obs.). Barberspan
nature reserve is a Ramsar site, based in part on the waterbird
populations of the wetland in the nature reserve (Cowan and
Marneweck 1996).

Strandfontein SewageWorks is on theAtlantic Ocean coast in
the south-western corner of the country. The area has a Medi-
terranean climate and vegetation, with wet winters andwarm, dry
summers and plant communities dominated by shrubs. The
surrounding area has strong gradients of human population
density, ranging from a large city (Cape Town, with a metropol-
itan population of 3.7million people) to sparsely settled agricul-
tural and rural areas. The dominant agriculture of the area consists
of viticulture and crop cultivation. The sewage farm is hydro-
logically managed and some ponds have open mudflats that
provide roosting sites forwaterfowl and feeding areas for waders.

Three pairs of Egyptian Geese bred at this site during the study
period, and the other birds captured here bred in nearby suburban
parks (Mangnall and Crowe 2002).

Telemetry

Between 15 January and 4 December 2008, 21 Egyptian Geese
(8 at Barberspan, 13 at Strandfontein) that had just completed
moult of flight-feathers were caught using walk-in traps placed
near the edge of the water and baited with maize. Blood
samples were taken from each tagged bird, stored in a lysis buffer
solution and later sent to theUniversity ofCapeTowngenetics lab
for sex determination. A DNA sex test was carried out following
the Griffiths et al. (1998) method. Mean weight of the 21 Geese
was 2299 g� 49 (mean� 1 s.e.). The Geese were fitted with
solar-powered, satellite GPS platform transmitter terminals
(PTTs) (Microwave Telemetry Inc, Columbia, MD, USA;
http://www.microwavetelemetry.com, accessed 20 November
2012) (Table 1). Transmitters each weighing 30 g (~1.3% of
mean weight of study animals at capture) and were attached
using a backpack harness (total Teflon ribbon weighing ~5 g for
each harness), as described in detail by Cumming and Ndlovu
(2011). Birds were all moved to a central processing point
~500m away from the traps. It took an average of 15–20min
to fit a single transmitter on a bird, and the bird was released
thereafter (Cumming and Ndlovu 2011).

The transmitters were set to capture data every 2 h (i.e. 12
points per day). The transmitters provided high-qualityGPS fixes
accurate to within 20m. Distances covered between successive
fixes were computed as straight-line distances. Satellite reception

Table 1. Summary of Egyptian Geese fitted with satellite GPS
transmitters at Barberspan Nature Reserve and Strandfontein

Sewage Works
PTT, identity of transmitter and bird; End date, last date transmitter active;
Distance, maximum distance moved from tagging site (i.e. linear distance
between site of tagging and furthest fix); Days, total period over which

transmitter was active; Fixes, numbers of reliable locations obtained

PTT Sex Tagging
date

End date Distance Days Fixes

Barberspan Nature Reserve
77122.2 M 07 Jun 08 06 Mar 10 409 637 2861
77127 M 07 Jun 08 31 Oct 10 702 976 6401
77128 F 07 Jun 08 31 Oct 10 676 976 6323
77129 M 07 Jun 08 19 May 10 639 346 3491
77130 M 07 Jun 08 31 Oct 10 285 976 5018
77131 M 07 Jun 08 13 Oct 09 6 493 1209
77132 F 07 Jun 08 31 Oct 10 661 976 4960

Strandfontein Sewage Works
77094 F 15 Jan 08 04 Sep 09 28 598 4066
77095 F 15 Jan 08 12 Dec 09 46 697 3399
77116 F 16 Jan 08 01 Apr 08 5 76 803
77118.1 M 17 Jan 08 15 Jan 09 132 364 483
77118.2 F 17 Jan 09 31 Oct 10 89 652 6012
77119 M 17 Jan 08 16 Jun 08 65 151 805
77121 M 18 Jan 08 15 Apr 08 1 88 284
77123.2 M 04 Dec 08 29 Nov 09 41 360 1894
77133 M 04 Dec 08 24 Nov 09 103 355 2534
77134 F 04 Dec 08 31 Oct 10 107 696 5400
77135 M 04 Dec 08 31 Oct 10 104 696 6755
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in southern Africa is excellent and detailed visual inspection of
thedata indicatednoobviously incorrect pointswithin thedataset.
In addition, the analysis used thousands of data points and the
most important movements were fairly long, meaning that small
errors in location would be both difficult to screen out and
irrelevant to the final conclusions. We manually removed testing
locations and stationary points from the end of data series (i.e.
where transmitters had fallen off or the animal was dead).

Determination of moult period

The mean moult-cycle period of Egyptian Geese in South Africa
is 366� 73 days (n= 30; Milstein 1993) and Egyptian Geese are
flightless and restricted to a moult-site for at least 28.5 days
(Ndlovu et al. 2010). Egyptian Geese in South Africa are gen-
erally terrestrial grazers and moult in permanent pans during the
dry season (Halse 1985;Milstein 1993;Ndlovu et al. 2010). Only
birds that had just completedmoult (before themoultflocksdepart
from the study site) were used for this study. Given the above
information, timing of moult within the tracking data was deter-
mined by overlaying fixes on a Google map (www.google.earth.
com, accessed 15 January 2012) identifying a continuous period
of restrictedmovement (not more than 1 km from the water body)
of a tagged bird for at least 30 days within a permanent wetland
and occurring during the dry season. To further validatemoulting
seasons, bimonthly point counts and routine captureswere carried
out at each of the study sites.

Data analysis

General additive mixed models (GAMM) were used to investi-
gate distances moved by Egyptian Geese in the summer- and
winter-rainfall regions of South Africa at different times of
the day, considering individual, sex, site of capture and season
as potential influences on patterns of movements. General linear
models (GLM) were inappropriate for these analyses because
distances movedwere non-linearly related to time of day and two
of the covariates, sex and site, were binary. GAMM overcome
the limitations of GLM by identifying non-linearities using
flexible non-linear spline smoothing but preserve the ability of
GLM to construct complex models with easy interpretability of
predictor-response relationships (Hastie and Tibshirani 1990;
Wood 2006).

One-way analysis of variance (ANOVA) with a 95% confi-
dence interval level was also used to test for differences in daily
distancesmoved byEgyptianGeese fromBarberspan andStrand-
fontein. All analyses were carried out-using the R programming
language for statistical computing (R Development Core Team
2010) using the vegan package mgcv (Wood 2006).

Results

In total, 18 of the PTTs that were deployed functioned for
>50 days or gave more than 100 fixes, or both, and were used
in the analysis. Data from three inconsistently transmitting
PTTs (77120, 77117 and 77122.1) were omitted. One of the
eight Barberspan birds (PTT 77177.1) was killed by a Black-
backed Jackal (Canis mesomelas) at the site 6 days after
tagging. Seven PTTs (77127, 77128, 77130, 77118.2, 77134,
77135) were still functional and transmitting on 31 October
2010, the day when data collection stopped (Table 1).

Movement during moult

All moulting Egyptian Geese remained at thewetland where they
were captured until after moult was completed. GAMM analysis
showed that (correcting for the various random factors), the
distance moved by moulting birds was significantly associated
with time of day (F = 44.45, P < 0.001, adjusted R2 = 0.2898,
n= 5798), that site had a significant effect on distance moved
(F= 0.04, P= 0.034), and that sex had no effect on distance
moved (F= 0.036, P = 0.849). Daily distances moved by indi-
vidual birds in moult within a site did not differ significantly
(Barberspan: F = 26.35, P= 0.052, n= 5; Strandfontein:
F= 44.21, P= 0.06, n = 11) and Barberspan birds moved further
on a daily basis than did Strandfontein birds (4.32 km� 1.01 v.
1.95 km� 0.76; F= 119.05, P < 0.001, n= 2). Moulting birds
travelled furthest between 0400 and 0600 hours (GMT+2). Dur-
ing the moulting period, Barberspan sunrise was between 0600
and 0700 hours and sunset was between 1800 and 1900 hours
whereas Strandfontein sunrise was between 0500 and 0600 hours
and sunset was between 1900 and 2000 hours (Kruger and
Esterhuyse 2005).

Movement when not moulting

Of the six birds captured at Barberspan with transmitters that
functioned for at least 339 days, four birds moved >600 km from
thepoint of capture and theother twomoved409and285 kmfrom
Barberspan (Table 1). In contrast, none of the 11 birds captured at
Strandfontein travelled >132 km from the site. Four birds moved
>100 km from Strandfontein, and the rest moved <90 km. PTT
77120malfunctioned 27 days after deployment, atwhich time the
bird was still at Strandfontein, but the transmitter was recovered
382 days later when the birdwas shot by a farmer at Stellenbosch,
65 km from Strandfontein.

The GAMM analysis showed that time of day (F = 18.85,
P< 0.001), bird location (entered in GAMM as a random
variable; latitude� longitude; F= 14.47, P< 0.001) and month
after moult (F = 7.81, P = 0.002) were the best predictors of
distance moved (adjusted R2 = 0.129, n= 24271); sex of the bird
had no effect on distance moved (F = 36.99, P = 0.52). Bird
location was determined as the GPS position (�7m) of the bird
at a given fix. Daily distances moved by individual birds tagged
from the same moulting site differed significantly (Barberspan:
F= 4.25,
P< 0.001, n= 8; Strandfontein: F= 54.16, P < 0.001, n= 9).
Egyptian Geese that moulted at Barberspan moved, on average,
significantly further per day (14 km� 0.71 s.e.) than those from
Strandfontein (6.6 km� 0.19) (F = 83.85, P < 0.001).

On a daily basis, most movements by non-moulting Egyptian
Geese (n= 4321) were between 1 and 10 km daily (Table 2).
There were 85 instances of birds tagged at Barberspan moving
>100 km in a day and 21 of these were in the first month after
moult was completed (Month 1) and 16 in Month 11 after moult.
The other 43 were in Months 2–10. In contrast, there were only
two movements of birds captured at Strandfontein >100 km in
a day, and both were by the same bird.

Egyptian Geese tagged at Barberspan moved furthest in the
morning, between0400and0800 hours (Fig. 1a). EgyptianGeese
tagged at Strandfontein also moved furthest in the morning
(0400–0800 hours), but undertook some longer movement dis-
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tances in the late afternoon (1600–1800 hours; Fig. 1b). At both
sites, there was a lull in activity during the middle of the day
(1000–1600 hours), and least movement occurred at night be-
tween 2000 and 0200 hours.

In addition to being linked to time of day, movement patterns
were also linked to the timing of moult. Birds from Barberspan
travelled the furthest immediately before moult (Month 11), and
again travelled longer distances immediately after moult
(Month 1) , though not as far as before moult (Fig. 2a). For the
rest of the year, distances moved daily varied little (Fig. 2a). Like
their counterparts in the summer-rainfall region, birds tagged at
Strandfontein moved furthest in the month immediately after
moult (Month 1), but the distances moved were not significantly
different from those travelled in the subsequent 4 months. In
Month 6 after moult, distances moved daily decreased sharply

then increased steadily untilMonth 11, immediately beforemoult
began (Fig. 2b).

Outside the moulting period, birds from Barberspan never
returned to their moulting site, whereas non-moulting birds from
Strandfontein returned to the moulting site an average of 2.31
times� 0.02per year, although each returnvisit lastedonly2–4 h.
Four of the five birds satellite-tagged at Barberspan returned to
Barberspan to moult the following year. Two of those same four
birds moulted at Barberspan in the third year, whereas the other
two birds moulted at two other sites <300 km away (Table 1).
Between moults, three Barberspan birds dispersed maximum
distances of over 600 km and the other two birds moved max-
imumdistances of 409 and285 km fromBarberspan.Of the seven
birds satellite-tagged at Strandfontein, only one returned tomoult
there the following year. One bird moulted at a nearby pan (5 km

Table 2. Summary of daily movements by non-moulting Egyptian Geese

Tagging site Number of daily Longest daily Percentage distribution of daily distances (%)
distances recorded distance 0–1 km 1–10 km 10–100 km >100 km

Barberspan 2745 664 km 15.95 57.49 23.45 3.11
Strandfontein 2245 225 km 14.16 65.26 20.49 0.09
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away), two moulted at estuaries less than 30 km away and one
moulted at a farm dam 56 km away. Two birds satellite-tagged at
Strandfontein did not moult the following year and returned to
moult at Strandfontein in the third year. None of the seven
Strandfontein-tagged birds travelled more than 132 km from
the moult site. Four birds dispersed maximum distances of
103–132 km, whereas the remainder travelled less than 90 km
from Strandfontein.

Discussion

Our data show that moulting birds at both Barberspan and
Strandfontein moved furthest (displacement distances on a daily
basis) at sunrise,with a secondbut smaller peak indistancemoved
before or after sunset. During the period of inactivity (as indicated
by telemetry and validated by field observations) between dawn
and sunset, birds spentmost of their time either sitting on the shore
or roosting in large flocks on sandy islands inside the water while
loafing and preening, and not moving far (as determined by two-
hourly fixes). Similar observations of Egyptian Geese loafing
during the day have been reported by Halse (1985) and Gyemesi
and Lensink (2010) and they both concluded that EgyptianGeese
need ~4.5 h of foraging to satisfy their nutritional needs and
dedicate more daytime for self-maintenance especially when
birds are growing new feathers. The reduction in foraging time
during the day in moulting birds is also a phenotypic flexibility
strategy to reduce wing loading by reducing body mass, which
ultimately shortens the flightless period (Ndlovu et al. 2010).
Given that a moulting Egyptian Geese is flightless for at least
29 days (Halse 1985;Ndlovu et al. 2010) and the risk of predation
is high for a flightless bird (Milstein 1993), another reason why
moulting Egyptian Geese do not travel long distances away from
the water during the day time is possibly to avoid detection and
predation by terrestrial predators (Halse 1985; Milstein 1993).
At night, birds swim towards open water inside the pan for safety
and some roost on islands. These crepuscular patterns of activity
and nocturnal retreats to safety are compatible with behaviour in
response to the predation risks posed by nocturnal predators, such
as Black-backed Jackals. As the predators return to their dens at
dawn (Estes 1992), the birds come ashore to graze.

Moulting Egyptian Geese at Barberspan travelled farther on a
daily basis than moulting birds at Strandfontein. This probably
relates to the differing sizes of the two wetlands. Barberspan has
a surface area of water of ~1700 ha compared with only 319 ha at
Strandfontein, meaning that flightless moulting Egyptian Geese
at Barberspan swim longer distances to cross the wetland or to
travel from roosting islands to graze onshore.

At the end of moult, Egyptian Geese dispersed from their
moulting sites. Most long daily movements by individuals were
within the first 10 days after moult finished and just before the
nextmoult began.The long-distance travel paths summarise these
movements and provide compelling evidence that these birds
undertaking moult migrations (Table 1, see fig. 2 in Cumming
et al. 2012). The existence of moult migrations by waterfowl in
southern Africa has long being suspected (e.g. Geldenhuys 1981;
Milstein 1993) but has never been proven, not least because of the
disparate directions in which migrating individuals move (see
Cumming et al. 2012). This study, together with our previous
larger-scale analysis of the same dataset (Cumming et al. 2012),

thus provides empirical evidence of such migration and some
indication of the distances that birds travel during these migra-
tions. It is not clear why Egyptian Geese tagged at Barberspan
travel such long distances (>600 km in the case of four indivi-
duals) to moult again at Barberspan, given that these birds bypass
several seemingly suitablemoulting sites en route. It is very likely
that similar migrations take place among South African Shel-
ducks, a species whose global population moults at only a few
wetlands (Geldenhuys 1981). Although general seasonal patterns
ofmovement in relation to the timing ofmoultwere concordant in
both groups of birds, there were considerable differences in the
details ofmovement paths betweenBarberspan andStrandfontein
birds (Table 1; Cumming et al. 2012).

The daily movements of Egyptian Geese can be divided into
short- and long-distance travels. Short distances reflect foraging
within a discrete area, typically with movements between a
roosting wetland and a grazing pasture, or between wetlands.
Long flights were predominantly undertaken at night (88%) and
were associated with semi-permanent changes in location. The
pattern of daily movement is strongly skewed with >70% of
flights being over distances of <10 km (Table 2).

Birds tagged at Strandfontein typically flew back to Strand-
fontein at least twice betweenmoults, butwould spend atmost 4 h
there before returning to their previous location. Similar pro-
specting flights have been observed in Grey Teal (Roshier et al.
2006). In contrast, birds at Barberspan did not return to the
moulting site between moults.

Simmons et al. (1999) suggest that waterfowl can find tem-
porary wetlands using visual cues, such as formation of thunder-
clouds that precede major rain fronts. Although this may be true
over spatial scales of <100 km, it seems an unlikely explanation
for night-time flights by Egyptian Geese that flew to isolated
waterbodies in dry regions of Botswana, Namibia and the North-
ern Cape Province. Rather, these observations suggest that Egyp-
tian Geese at Barberspan interact with their environment at
very broad scales and that their long-distance flights are heavily
influenced by experience and spatialmemory (Nathan et al. 2008;
Roshier et al. 2008; Cumming et al. 2012). Birds from Strand-
fontein, by contrast, travelled shorter distances and more fre-
quently, thus sampling their surroundings more constantly in a
manner that would be more characteristic of nomadism than
experience (Nathan et al. 2008; Cumming et al. 2012).

There were no clear, sex-related differences in any of the
movement parameters examined in this study. Given that Egyp-
tian Geese form long-term pair-bonds (Milstein 1993), this is not
unexpected. Birds from the resource-dense, winter-rainfall area
remained near their moulting site, whereas birds from the semi-
arid, resource-sparse, summer-rainfall area travelledmuch further
afield and did not return to their moulting site between moults.
Once Egyptian Geese from Barberspan had arrived at their post-
moult destinations,most of their dailymovementswere over short
distances, similar to the movement patterns of White-faced
Whistling-Duck in the same region (Petrie and Rogers 1997).
White-faced Whistling-Ducks stay several months in one area
and frequently undertake short daily flights between wetlands or
from wetlands to terrestrial foraging sites (Petrie and Rogers
1997). A similar pattern of short-distance daily movement is also
shownbyGreyTeal inAustralia (Roshier et al. 2006). Thesebirds
travel mean distances of 2.9–25.2 kmday–1, similar to the dis-
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tances travelled daily byEgyptianGeese in the present study. The
longest daily distance recorded for aGreyTeal is 332 km (Roshier
et al. 2006), exactly half the longest daily distance travelled by an
Egyptian Goose (Table 2). ACombDuck tagged inMalawi had a
displacement distance of 655 km in 285 days, similar to displace-
ment distances of Egyptian Geese from Barberspan (Cappelle
et al. 2011).

Barberspan birds undertake long-distance directed move-
ments that cannot be interpreted as random wanderings between
adjacent wetlands. Movements of Strandfontein birds, in
contrast, do appear to be unpredictable (see fig. 2 in Cumming
et al. 2012) and over short distances, fit the expectations of
nomadism (Bennetts and Kitchens 2000; Mueller and Fagan
2008). It appears that the proximate cues for movement by
Strandfontein birds act at the local landscape level, whereas birds
from Barberspan rely more on memory (possibly genetically
‘hard-wired’) when travelling long distances. This suggestion is
reinforcedby theconsistencywithwhich individualbirdsused the
same general flight-path to and from their moulting sites in
successive years (Cumming et al. 2012). A similar dichotomy
in movement patterns has been documented among dispersing,
juvenile African Black Oystercatchers (Haematopus moquini).
Some move by a process of diffusion dispersal, covering fairly
short distances, whereas others both bypass apparently suitable
resources and traverse extensive stretches of inhospitable coast-
line to congregate at sites >1500 km from their natal sites and
outside the breeding range of the species (Hockey et al. 2003).
In the Oystercatchers, it has been mooted that short-distance
movements may be driven by proximate environmental cues
whereas longer-distance movements are under genetic control
(Hockey et al. 2003). Our results suggest that Egyptian Geese
have equally divergent movement strategies that may be deter-
mined more by where they moult than where they breed. The fact
that they are over-dispersed when breeding and under-dispersed
whenmoulting suggests that suitable moulting sites, certainly for
those birds that live in the semi-arid regions, may be the limiting
resource that ultimately determines their life history.

The differences in daily movement distances and distances
moved to preferred moulting sites between populations within
different rainfall regions probably reflect differences in predation
pressure and the dispersion of permanent wetlands between
south-western and north-eastern South Africa, suggesting that
broad-scale features have some influence in shaping the daily
movement patterns and moult-migration patterns of Egyptian
Geese. Although the findings confirm some known aspects of
semi-arid waterfowl ecology (for prior documentation of the
influence of wetland distribution on movement patterns, see
Petrie and Rogers 1997; Roshier and Reid 2003; Roshier et al.
2006), it is important to note that Egyptian Geese from the two
sites appear to show different patterns of movements, despite
evidence from ringing that there is a limited exchange of birds
between these two sites (Underhill et al. 1999).
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