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Most arid zone ducks are nomadic or display a combination of movement patterns. Arid zone
ducks that breed in the southern hemisphere (but not those that breed in the northern hemisphere)
lay in more months of the year than do non-arid zone ducks. Clutch sizes of ducks that breed in dry
environments are higher than those of sedentary ducks that nest in mesic lands, and similar to clutch
sizes of migratory ducks that breed in non-arid habitats. Durations of incubation and fledging
in arid zone ducks approximate those of sedentary species, but exceed those of annually migratory
anatids that breed in mesic lands. Thus, incubation and fledging times in waterfowl that nest in
arid country do not conform with the brief periods of flooding of many wetlands in these low rainfall

areas,

INTRODUCTION

Waterfowl (Anatidae) breed on and around
wetlands ina range of environments, from dry
(arid or xeric) to wet (humid or mesic). Most
reviews of the breeding biology of waterfowl con-
centrate on anatids in mesic environments, mainly
in North America and western Europe. because
the waterfowl in these arcas are relatively well
studied. This review focuses on a different group
of waterfowl, those that breed in arid and semi-
arid regions in both hemispheres.

Arid and semi-arid country is characterized by
fow (<500 mm per vear), and variable rainfall
(MacLean 1976; West 1983; Evenari 1985). The
main arid and semi-arid zones of the world arc in
northern and southern Africa, western Asia, south-
western North America, south-western and north-
castern South America. and central Australia
(Bartholomew 1971: MacLean 1976: McGinnics
1979). Xeric lands, although dry for much of the
time. often contain large arcas of flooded wet-
lands following local and catchment rainstorms.
Considerable numbers of waterbirds feed and
breed on these temporary wetlands which torm in

arid country following heavy rainfalls (Hobbs
1956; Brand 1966: Frith 1967 Uys and MacLeod
1967: Siegtried 1970: Cooper 1974; Geldenuys
19821 Gentilli and Bekle 1983; Maher 1988; Reid
1988: Kingsford 1990; Lawler and Briggs 1991).

The aims of this review are to determine
whether movement patterns, number of laying
months. clutch and egg sizes. and durations of
incubation and fledging of ducks that breed in arid
arcas differ from those of ducks that breed in
non-arid arcas. 1 also consider whether these
characteristics in arid zone ducks are related to
their breeding hemisphere. The review covers
members of the waterfowl tribes Anatini and
Aythyini {subfamily Anatinac). and the genera
Stictonetta and Malacorhyvnchus (respective sub-
families Stictonettinac and Tadorninae) (Livezey
1U86); the terms ducks and waterfowl in the
review refer to the ducks in these tribes and
genera. Arid and xeric include arid and semi-arid
lands; humid. non-arid and mesic include humid
and subhumid lands. Common and scientific
names of species and subspecies of watertfowl
follow Johnsgard (1978), except where super-
ceded by Marchant and Higgins (1990).
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METHODS

The species and subspecies of ducks were first arranged into
categories according to the climate of their breeding habitat
(arid or humid). Ducks that generally (= mostly or always)
nest in arid or semi-arid areas (all are in the southern hemi-
sphere) were separated from those that sometimes (= partly)
nest 1 arid or semi-arid environments, and the latter group
was divided by breeding hemisphere. Mesic zone ducks were
first separated according to whether they are sedentary or not.
The non-sedentary, or mobile, mesic zone ducks were then
classified into two  groups according to their movement
patterns. Annual (= regular or seasonal) migrants make
regular, seasonal migrations to and from their breeding
grounds. Partial migrants have irregular, aseasonal mowve-
ments. or a combination of movement patterns (irregular,
regular) and sedentary  behaviour, but are not entirely
sedentary.

Most of the information on the breeding areas and move-
ment patterns of the waterfowl was obtained from Johnsgard
(1978). with supplementary details from the sources listed in
the Appendix. The locations of the world’s arid and semi-arid
zones were ascertained from Bartholomew (1971), MacLean
(1976) and McGinnies (1979). Breeding latitudes are the mid-
breeding latitudes of the species or subspecies. Laying
periods, cluteh sizes. and incubation and fledging times were
obtained from the sources listed in the Appendix. Laying
periods were recorded inounits of one month. Clutch sizes.
and incubation and fledging times of the species and sub-
species, are mean values where provided in the source refer-
ence, or midpoints where only a range of figures was available.
Egg masses and masses of female waterfowl were obtained
from Rohwer (1988). Statistical tests follow Zar (1984); mean
data for the groups of waterfowl are reported as + S.E.

RESULTS

Twenty-cight per cent (22/79) of the ducks
included in the review either generally (cight
taxa) or sometimes (14 taxa) breed in arid environ-
ments. and 72 per cent breed in non-arid or mesic
cnvironments. All (8/8) of the ducks that gener-
ally nest in arid country have partly or completely
irregular modes of movement, and all are austral.
Most (11/14) of the ducks that sometimes nest in
arid country display a combination of movement
types, with 43 per cent (6/14) having some degrec
of irregular mobility. Seventy-one per cent (10/14)
of the partly arid zone ducks are southern brecders.
Twenty-nine per cent (23/79) of the ducks
included in the review nest in mesic environments
and migrate annually to and from their nesting
grounds; 11 per cent (9/79) are partial migrants
showing a combination of movement patterns;
and 32 per cent (25/79) are sedentary in non-arid
country. The annual migrants are entirely
northern hemisphere species; with one exception,
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TABLE 1

Mcan + S.E. (n) mid-breeding latitude (to nearest degree)

and mean number of months in which laying has been

recorded in the arid and non-arid zone waterfow] listed in the
Appendix.

Category of

watcrfowl Latitude Laying months
Arid zone 29+ 2.1 (22) 9.2+09 21
Mostly 24+ 3.0 (8) 12.0 (8)
Partly 31 + 2.5 (14) THE 12 (13)
Southern 30+ 3.5 (10) 93+ 1.3 (9
Northern 34+33 (4 35+03 (4)
Non-arid zone
Annual migrants 52+ 1.4 (23) 34402 (22)
Partial migrants 24450 (V) 45408 (6)
Scdentary 28 350 (25) 5.8+0.6 (18)

the partial migrants breed in the tropics or
southern hemisphere, and the sedentary water-
fowl live and breed in both hemispheres.

The mean breeding latitude (ignoring hemi-
sphere) of arid zone ducks is lower than the mean
breeding latitude of regular migrants, but similar
to the mean breeding latitudes of partial migrants
and sedentary ducks of mesic arcas (Table 1)
(ANOVA,F = 27.3,df = 3,75, Student-Newman-
Keuls test, P << 0.001). All the ducks that mostly
or always breed in arid lands can lay throughout
the year (Table [). The ducks that sometimes
nest in arid lands in the southern hemisphere
can also lay over extended periods, but those in
northern arid lands do not (Table 1). Compared
with annual migrants, sedentary ducks and
partial migrants also have long laying periods

(Table 1).

Clutch sizes do not differ between ducks that
generally nest in arid environments, ducks that
somctimes nest in arid austral environments, and
ducks that sometimes nest in arid boreal environ-
ments (ANOVA F = 1.3, df =2, 19, P > (.25)
(Table 2). The mcan clutch size of all arid zone
nesting ducks is the same as the mean clutch size
of annually and partially migrating ducks that
breed in mesic environments, but smaller than the
mecan clutch size of mesic zone, sedentary ducks
(ANOVA,F = 5.7, df = 3, 75, Student-Newman-
Keuls test, P < 0.05) (Table 2). The mean ratio
of cgg mass to female mass in arid zone ducks
(0.075 £ 0.003, n = 20) is similar to the mean egg:
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TABLE 2

Mean + S.E. (n) clutch sizes and incubation periods (days) in
the arid and non-arid zone waterfowl listed in the Appendix,

Category of

waterfowl Clutch size Incubation period

Arid zone 8.6+ 0.3 (22 270+ 0.4 (22)
Mostly 8.3+0.4 (8) 27.3 2060 (8)
Partly 8.8+ 0.4 (14) 26,9+ 0.6 (14)

Southern 8.5+ 0.5 (10) 269 + 0.8 (10)
Northern 95+£0.5 (4) 2008 £ 0.5 (4)

Non-arid zone
Annual migrants 9.1x0.2 (23) 25.1 £ 0.4 (23)
Partial migrants 83+0.6 (9) 273£08 (7
Sedentary 7.3+ 0.4 (25) 27.7 £ 0.6 (22)

female mass ratios in non-sedentary ducks in
humid areas (annual migrants, 0.072 £+ (.002,
n = 22: partial migrants, 0.076 = 0.005, n = 8).
The mean ratio in sedentary, mesic zone ducks is
0.083 = 0.008 (n = 18).

The mean incubation time of arid zone ducks
is similar to the mean incubation times of mesic
zone, sedentary ducks and partial migrants (Table

2), but longer than the mean mcub’ttmn time of
mesic zone, annual migrants (ANOVA, F = 5.1,
df = 3, 70, Student-Newman-Keuls test, P
< 0.05) (Table 2). Incubation times do not differ
between highly arid zone ducks, partly arid zone
southern ducks. and partly arid zone northern
ducks (ANOVA,F = 1.0, df =2, 19. P > 0.25).
The limited data available show that ducklings of
regular migrants (mesic areas) fledge significantly
sooner (7.2 £ 0.3 weeks, n = 19) than the duck-
lings of both arid zone waterfowl (8.4 + 0.2
weeks, n = 14) and of sedentary ducks in mesic
arcas (9.0 = 0.4 weeks, n = 6) (ANOVA, F
= 7.5, df = 2, 36, Student-Newman-Keuls test, P
< 0.01).

DISCUSSION

Few ducks that breed in arid regions are regular
migrants or wholly sedentary. Most make irregular
movements at times. Such irregular movements,
sometimes called nomadism, are common in birds
in arid environments. Nomadism is regarded as
an adaptation to the unpredictable food resources
causcd by the variable rainfall in arid and semi-
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arid lands (Keast and Marshall 1954; MacLean
1976; Davies 1984). Some arid zone ducks display
a combination of movement types. They remain
on permanent water and may breed there during
dry times, but move to ephemerally flooded wet-
lands to feed and breed when these contain water
following rain.

The number of months in which waterfowl lay
is related to the scasonality of their breeding
environments, and is linked to their movement
patterns. Regular migrants breed in highly seasonal
environments which are covered in snow and
unsuitable for waterfowl in winter. Their repro-
ductive cycles are closely tied to changes in day-
length (Murton and Kear 1976; Bluhm 1988;
references therein). and they lay for a limited
period only. In most of the other ducks con-
sidered in this review, laying is less closely linked
with  photoperiod. Sedentary and  partially
migratory ducks in non-arid arcas have prolonged
laying periods, whose durations and timing are
often influenced by rainfall as well as by changes
in daylength (Weller 1968, 1980; Johnsgard
1978).

Most arid zone waterfowl that breed in the
southern hemisphere can lay throughout the year.
In these species, nesting is related to a combina-
tion of wetland flooding and photoperiod with the
effects of the former usually overriding the effects
of the latter (Siegfried 1965; Braithwaite and
Frith 1969; Braithwaite 1976a, b; Johnsgard 1978
Crome 1986; Halse and Jaensch 1989; Lawler and
Briggs 1991; Briggs and Lawler 1991: also see
Halse 1985). At least in Australia, arid zone
waterfowl rarely breed in years when rainfall is
sparse and wetlands are not flooded (Frith 1959;
Gentilli and Bekle 1983; Halsc and Jaensch 1989;
Lawler and Briggs 1991). Laying in Pink-eared
Duck Malacorhynchus membranaceus, Cape Teal
Anas capensis, and Grey Teal Anas gracilis, is
entirely dependent on good rainfall and wetland
flooding (Siegfried 1974; Braithwaitc 1976a, b;
MacLean 1985; Halse and Jaensch 1989). In one
of these species, the Pink-cared Duck, males have
an unusual testes morphology that permits con-
tinuous spermatogenic activity  (Braithwaite
1969). This is regarded as an adaptation to the
aseasonal and unpredictable availability of the
breeding habitats of this species (Braithwaite
1976a).
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Arid zone waterfow]l breed when wetlands
flood because inundation of dry ground enhances
production of their food resources, particularly
aquatic invertebrates (Frith 1959:; Brand 1966;
Braithwaite and Frith 1969; Zaloumis and Milstcin
1975, Maher and Carpenter 1984; Briggs and
Maher 1985; Crome 1986). Food supplies for
waterfowl increase in wetlands in both arid and
non-arid regions following watering after drying
(Kadlec 1962; Krapu 1974; Swanson and Meyer
1977: Van der Valk and Davis 1978; Danell and
Sjoberg 1982). However, the effects of wetting
and drying on productivity of invertecbrates and
plants may be more marked in arid environments
because of the greater variability in rainfall
(Nicholls and Wong 1990). and hence greater
arcas of ephemeral wetlands in such environ-
ments.

The relatively short laying-periods of arid zone,
boreal ducks compared with their austral counter-
parts arc probably related to their more seasonal
cnvironments, and to the lower variation in
annual rainfall in northern arid lands compared
with those in the south (Nicholls and Wong 1990),
This lower wvariability in annual rainfall in
northern  hemisphere, arid country with con-
sequently fewer of the heavy falls of rain required
to fill wetlands may also explain the compara-
tively small number of duck taxa in northern arid
lands.

The similar clutch sizes, and egg mass to female
body mass ratios, in mobile ducks in both and
and non-arid areas indicate that clutch sizes in
arid zone waterfowl are not more limited by low
food resources (or other environmental factors)
prior to or during laying. than arc annual migrants
or partially migratory ducks. Soils in arid and
semi-arid regions sometimes have lower nutrient
levels than soils in humid lands (Jackson 1957:
West 1981). although there is considerable varia-
tion between continents (Jackson 1957; Stafford
Smith and Morton 1990). However, even infertile,
arid country can contain wetlands with high
nutrient levels because alternating flooding and
drying enhance their production and breakdown
of organic material, and the turnover of nutrients
(Birch 1960: Reddy and Patrick 1975; Cowling
1978; West 1981: Briges er al. 1985). Also, water
in arid country carries nutrients into temporarily
flooded. run-on areas or wetlands (Stafford Smith
and Morton 1990). The clutch sizes of arid zone
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watcrfowl thus appear to be set to the peaks in
their food resources that occur after rain fills their
wet/dry/wet breeding habitats, rather than to the
avcrage availability of food in their breeding wet-
lands.

The mean incubation and fledging times in arid
zone waterfowl are as expected for ducks breed-
ing at their relatively low latitudes. Durations of
both incubation and fledging in waterfowl gener-
ally decrease as latitude increases (Lack 1968;
Johnsgard 1978). The relatively long incubation
and fledging periods of arid zone ducks compared
with the short incubation and fledging times of
regular migrants in non-arid country suggests that
wetlands in arid areas are usually flooded long
enough for ducks to fledge their young (also sce
Fullagar er al. 1988). However. wetlands in arid
country do not always contain water for sufficient
time to enable ducklings to fly (Frith 1959, pers.
obs.) (see Geldenhuys 1982; Morgan 1982; Good-
rick 1984; Williams 1985; Jaensch er al. 1988;
Maher 1988 for durations of flooding in arid and
semi-arid wetlands). Perhaps because of this, arid
zone waterfowl appear to breed mainly (but not
always) on wetlands that hold water for several
months. although they often feed on more
cphemeral waters (Maher 1988; Lawler and
Briggs 1991). Thus, arid zone waterfowl have not
adapted their incubation and fledging times to the
short periods of inundation which sometimes
occur in the wetlands of their breeding environ-
ments.

ACKNOWLEDGMENTS

Peter Fullagar. Richard Kingstord, Wayne
Lawler, Murray Williams and Frank McKinney
commented on the manuscript. Mike Maher and
Wayne Lawler supplied unpublished information.
The Division of Wildlife and Ecology, CSIRO
provided library and laboratory facilities. The
National Parks and Wildlife Service (NSW)
funded most of the study.

REFERENCES

Amat. . A (1982). The nesting biology of ducks in the Maris-
mas of the Guadalquivir, south-western Spain. Wildfowl 33:
94-104,

Bartholomew, J. C. (1971). "The Advanced Atlas of Modern
Geography'. 9th edition. (Oliver and Boyd: Edinburgh.)
Bellrose, F. C. (1976). ‘Ducks. Geese and Swans of the

World.” 2nd edition. {Stackpole: Harrisburg.)



March, 1992

Birch, H. I, (1960). Nitrification in soils after different periods
of dryness. Plant Soil 12: 81-96.

Blake, 1. R.(1977). "Manual of Neotropical Birds', Volume
1. (University of Chicago Press: Chicago.)

Bluhm, C. K. (1988). Temporal patterns ol pair formation
and reproduction in annual cycles and associated endo-
crinology in waterfowl, In "Current Ornithology, Volume
5.7 (Ed. R. F. Johnston) pp. 123-186. (Plenum Press: New
York.)

Braithwaite. L. W. (1969). Testis cycles of a native duck. /.
Reproduct. Fere. 19: 390-391.

Braithwaite. L. W. (1976a). Breeding seasons of waterfowl in
Australia. Proc. Internar. Ornithol. Congr. 16: 236-247.
Braithwaite. L. W. (1976b). Environment and timing of repro-
duction and flightlessness in two species of Australian

ducks. Proc. Tnternat. Ornithol. Congr. 16: 489-501.

Braithwaite. 1.. W. and Frith, H. 1. (1969). Waterfowl in an
inland swamp. 111 Breeding. CSIRO Wildl. Res. 14:
65-109,

Brand, D. J. (1966). Nesting studies of the Cape Shoveller
Spatda capensis and the Cape Teal Anas capensis in the
Western Cape  Provinee  1957-1959. Osrrich Suppl.  6:

s. 5. Vooand Lawler, W. G, (1991). Management of
Murray-Darling wetlands for waterbirds. In *Conservation
in management of the River Murray system — making con-
servation count.” Third Fenner Conference on the Environ-
ment. (Australian Academy of Science: Canberra.)

Briggs. S. V. and Maher, M. T. (1985). Limnological studics
of waterfowl habitat in south-western New South Wales. 1.
Aquatic macrophyte productivity. Awst. J. Mar. Freshwat.
Res. 36: 707-715.

Briggs, S. V.. Maher, M. T. and Carpenter. S. M. (1985).
Limnological studies of waterfow] habitat in south-western
New South Wales. . Water chemistry, Awust. J. Mar.
Freshiwar, Res. 36: 53967,

Clark, A. (1969). The breeding ol the Hottentot Teal. Ostrich
40: 33-36.

Cooper, R.P. (1974). Abnormal breeding of waterfowl. Awst.
Bird Warcher 5: 181-183.

Cowling. S. W. (1978). Coupling of nutrient to water flows in
rangeland ccosystems. In “Studies of the Australian Arid
Zone. 1. Water in Rangelands.” Proceedings of a
Symposium. (Ed. K. M. W, Howes) pp. 110-121. (CSIRO:
Alice Springs.)

Cramp, S. (Ed). (1977). "The Birds of the Western Palearctic.”
Volume 1. (Oxtord University Press: Oxford.)

Crome. . H. 1. (1986). Australian waterfowl do not necessarily
breed on a rising water level, Aust. Wild!. Res. 13: 461480,
Dancll, K. and Sjberg. K. (1982). Successional patterns of
plants. invertebrates and ducks in a man-made lake. J.

Appl. Ecol. 19: 395409,

Davies, S, J. J. F. (1984). Nomadism as a response to desert
conditions in Australia. J. Arid Environ. 7: 183-195.

Douthwaite. R. 1. (1977). Filter-feeding ducks of the Kalue
flats, Zambia, 19711973, /his 119: 44-66.

Dumbell, G. (1986). The New Zealand Brown Teal: 1845-1985.
Wildfow! 37: 71-87.

Evenari, M. (1985), The desert environment. [n ‘Ecosystems
of the World.” Volume 12A. Hot deserts and arid shrub-
lands, A (Eds M. Evari, [. Noy-Meir and D. W. Goodall)
pp. 1-220 (Elsevier: Amsterdam.)

S. V. Briggs: Arid zone ducks 19

Frith, H. 1. (19539). The ecology of wild ducks in inland New
South Wales. I'V. Breeding. CSIRO Wildl. Res. 4: 156—181.
Frith, H. J. (1965). Ecology of the Freckled Duck, Sricronera

naevosa (Gould), CSIRO Wildl. Res. 10: 125-139.

Frith, H. J. (1967). "Watcerfowl in Australia.” {(Angus and
Robertson: Sydney.)

Fullagar, P. FF., Davey, C. C. and Rushton, D, K. (1988). 1s
it true that Australian ducks are different? In “Proceedings
of an International Symposium on Weltlands.” (Eds B.
Gilligan, M. Maddock and K. McDonald) pp. 81-98.
(Shortland Wetlands Centre: Newcastle.)

Geldenhuys, J. N. (1982). Classification of the pans of the
western Orange Free State according to vegetation struc-
ture, with reference to avifaunal communities. 5. Afr. J.
Wildl. Res. 12: 55-62.

Gentilli, J. and Bekle, H. (1983). Modelling a climatically
pulsating population; Grey Teal in south-western Australia.
1. Biogeogr. 10: 73-96.

Goodrick, G. N. (1984). Wetlands of north-western New
South Wales. National Parks and Wildlife Service Occa-
sional Paper 6.

Halse, 5. A. (1985). Gonadal cycles and level of luteinizing
hormone in wild Spur-winged Geese. J. Zool. Lond. 205:
335-355.

Halse, S. AL and Jaensch, R. P. (1989). Breeding scasons of
walerbirds in south-western Australia — the importance of
rainfall. Emiu 89: 232-249.

Hobbs, I. N. (1956). A flood year in the Riverina. Emu 56:
349-352,

Jackson, E. AL (1957). Soil features in arid regions with par-
ticular reference to Australia. J. Aust. Tnst. Agric. Seci. 23:
196-208.

Jacnsch, R. Po, Vervest, R, M. and Hewish, M. J. (1988).
Waterbirds in nature reserves of south-western Australia
1981-1985: reserve accounts. RAOU Report 30,

Johnsgard, P. A. (1978). "Ducks, Geese and Swans of the
World.” (University of Nebraska Press: Lincoln.)

Kadlec, I. A, (1962). Effects of a drawdown on a waterfowl
impoundment. Feofogy 43: 267-281.

Kear, J. (1975). Salvadori’s Duck of New Guinea. Wildfow!
26: 104-111.

Keast, J. A, and Marshall, A. 1. (1954). The influence of
drought and rainfall on reproduction in Australian desert
birds. Proc. Zool. Soc. Lond. 124: 493499,

Kingsford. R. (1990). Back of Bourke — not just red dust and
kangaroos but a home for thousands of waterbirds. Auwst.
Ranger Bull. 5(4): 18-19.

Krapu. G. L. {1974). Feeding ccology of Pintail hens during
reproduction. Auk 91: 278-290.

Lack. D. (1968). "Ecological Adaptations for Breeding in
Birds.” (Methuen: London.)

Lack. D. (1970). The endemic ducks ol remote islands.
Wildforwl 21: 5-10.

Lawler. W. and Briggs. S. V. (1991). Breeding of Maned
Ducks and other waterbirds on  ephemeral  wetlands
in north-western New South Wales. Corefla 15: 65-76.

Livezey, B. €. (1986). A phylogenctic analysis of recent
Anseriform genera using morphological characters. Auk
103: 737-754.

MacKinnon, 1. (1990}, “Field Guide 1o the Birds of Java and
Bali." (Gadjah Mada University Press: Yogvakarta.)



20 S. V. Briggs: Arid zone ducks

MacLean, G. L. (1976). Arid-zone ornithology in Africa and
South America. Proc. Internat. Ornithol. Congr. 16: 46880,
MacLean. G. L. (1985). *Roberts’ Birds of Southern Africa.”

(John Voelcker Bird Book Fund: Cape Town.)

Maher. M. (1988). Wetlands and waterbirds in the arid Aust-
ralian inland — some principles for their conservation. In
“Proceedings of an International Symposium on Wetlands,”
(Eds B. Gilligan, M. Maddock and K. McDonald) pp.
285-294, (Shortland Wetlands Centre: Newcastle.)

Maher. M. and Carpenter, S. M. (1984). Benthic studics of
waterfowl breeding habitat in south-western New South
Wales. I, Chironomid populations. Awst. 1. Mar. Freshw.
Res. 35: 97-110.

Marchant, S. and Higgins. P. (Eds). (1990). ‘Handbook of
Australian. New Zealand and Antarctic Birds.” (Oxford
University Press: Melbourne. )

McGinnies, W. G. (1979). Arid-land ccosystems — common
features throughout the world, In “Arid Land Ecosystems.’
Volume 1. (Eds D. W. Goodall and R. A, Perry) pp.
299-316. (Cambridge University Press: Cambridge.)

Middlemiss, E. (1958). The Southern Pochard Netwta ervihroph-
thalma brunnea. Oswrich Suppl. 2.

Moulton, D. W. and Weller. M. W. (1984). Biology and con-
servation of the Laysan Duck (Anas lavsanensis). Condor
86: 105-117.

Morgan, N. C. (1982). An ecological survey of standing waters
in northwest Africa: 1. Site descriptions for Tunisia and
Algeria. Biol. Conserv. 24: 83-113.

Murton, R. K. and Kear. J. (1976). The role of daylength in
regulating  the  breeding  seasons  and  distribution  of
wildfowl. In "Light as an Ecological Factor.” Sixteenth Sym-
posium of the British Ecological Society. (Eds G. C. Evans,
R. Bainbridge and O. Rackham) pp. 337-360. (Blackwell:
Oxford.)

Nicholls. N and Wong, K. K. (1990). Dependence of rainfall
variability on mean rainfall. latitude. and the southern
oscillation. J. Climarte 3: 163-170.

Norman. I I and McKinney, F. (1987). Clutches, broods,
and brood care behaviour in Chestnut Teal. Wildfow! 38:
117-126.,

Reddy, K. R. and Patrick, W. H. (1975). Effect of alternate
aerobic and anaerobic conditions on redox potential
organic matter decomposition and nitrogen loss in a flooded
soil. Soil Biol. Bioehem. T: 87-94.

Reid, J. (1988). Birds. In *The Coongie Lakes Study.’ (Eds J.
Reid and 1. Gillen). pp. 179-226. (Department of Environ-
ment and Planning: Adelaide.)

Rohwer, Fo C. (1988). Inter- and intraspecific relationships
between egg size and cluteh size in waterfowl. Auk 105:
161-171.

Corella 16(1)

Rowan, M. K. (1963). The Yellowbill Duck Anas undulata
Dubaois in southern Africa. Ostrich Suppl. 5.

Siegfried, W. R. (1965). The Cape Shoveller Anas smithii in
southern Africa. Osrrich 36: 155-198.

Sicgfried, W. R. (1970). Wildfowl distribution, conservation
and research in southern Africa. Wildfowl 21: 89-98,

Siegfried, W. R. (1974). Brood care, pair bonds and plumage
in southern African Anatini. Wildfowl 25: 3340,

Skead, D. M. (1977). Pair-forming and breeding behaviour
ol the Cape Shoveller at Barberspan. Ostrich Suppl. 12:
75-81.

Stafford Smith. D. M. and Morton. S. R. (1990). A
framework for the ecology of arid Australia. J. Arid Environ.
18: 255-278.

Swanson, G. A. and Meyer, M. . (1977). Impact of fluctuating
water levels on feeding ccology of breeding Blue-winged
Teal. J. Wildl. Manage. 41: 426-433.

Tarsnane. S. (1985). “Waterfowl — A Guide to Maintenance
and Propagation.” (Tarsnane: Billings.)

Todd. F. S. (1979). *“Waterfowl — Ducks. Geese and Swans
of the World.” (Sea World: San Diego.)

Uys, C. J. and Macl.cod, J. G. R. 1. (1967). The birds of the
De Hoop Vliei region, Bredasdorp. and the effect of the
1957 inundation over a 10-year period (1957-1966) on the
distribution of species, bird numbers and breeding. Osirich
38: 233-254,

Van der Valk, A. G. and Davis, C. B. (1978). The role of
sced banks in the vegetation dynamics ol prairie glacial
marshes. Ecology 59: 322-335,

Weller, M. W. (1968). Notes on some Argentine anatids.
Wilson Bull. 80: 189-212.

Weller, M. W. (1980). ‘The Island Waterfowl.” (Iowa State
University Press: Ames.)

West, N. E. (1981). Nutrient cycling in desert ccosystems. In
‘Arid Land Ecosystems.” Volume 2. (Eds D. W. Godall and
R. A. Perry). pp. 301-324. (Cambridge University Press:
Cambridge.)

West, N. E. (1983). Approach. In “Ecosystems of the world.”
Volume 5. Temperate deserts and semi-deserts. (Ed. N. E.
West). pp. 1-2. (Elsevier: Amsterdam.)

Winterbottom, J. M. (1974). The Cape Teal. Ostrich 45:
110-132.

Williams, W. D. (1985). Biotic adaptations in temporary lentic
waters, with special reference to those in semi-arid and arid
regions. Hydrobiologia 125: 85-110.

Zaloumis, E. A. and Milstein, P. LeS. (1975). The conserva-
tion of wetland habitats for waterfowl in southern Africa.
Afr. Wildl. Suppl. 29: 2-12.

Zar, J. H. (1984). *Biostatistical Analysis.” Second edition.
(Prentice-Hall: Englewood Cliffs.)



March, 1992 S. V. Briggs: Arid zone ducks 21

APPENDIX

Mid-breeding latitude ("N or °S). movement pattern(s). months in which laying has been recorded. mean or mid clutch size, and
incubation (days) and fledging (weeks) times of waterfow! in the tribes of Anatini and Avthyini (subfamily Anatinace) and the
senera Stectonefta and Malacorhynchus (respective sublamilies Stictonettinae and Tadorninae). Data from Middlemiss (1958),
Rowan (1963). Frith (1965, 1967). Sicgfried (1965, 1974), Weller (1968, 1980), Clark (1969). Lack (1968, 1970). Winterbottom
(1974), Kear (1975). Bellrose (1976). Braithwaite (1976a). Murton and Kear (1976). Blake (1977). Cramp (1977). Douthwaite
(1977). Skead (1977). Johnsgard (1978). Todd (1979), Weller (1980), Amat (1982). Moulton and Weller (1984). MacLean (1983).
Tarsnane (1985), Dumbell (19860), Norman and McKinney (1987), Fullagar er afl. (1988). MacKinnon (1990), Marchant and Higgins
(19900, Lawler and Briggs (1991). Briggs (unpubl. data) and Maher (pers. comm. ). The categories of waterfowl (mostly arid zone
ducks: partly arid zone ducks: non-arid zone annual migrants; non-arid zone partial migrants: non-arid zone sedentary ducks) are
explained in the text.

Category of watertowl Latitude Movement(s)! Laying Clutch Incubation [ledging

Mostly arid zone

Stictonetia nacvosa 30°S 1/S All months 7 28 9
Mualacorhvochus membranaceus 30°8 1 All months 7 26 2
Anas capensis 1278 1 All months 8 28 7
AL gracilis 30°8 1 All months 3 28 b
Al w undulata 15% S/ All months S 29 10
A_ervthrorhyncha 1875 I/S All months 10 27 8
AL smithii 23°8 SIT/R All months 9 28 b
AL rhvachotis 3578 1 All months 9 24 !
Partly arid zone

A sibilarrix 45°8 S/R Aug.-Dec. 7 26

AL Havirosers 4078 S/R Sept.-Dec. 7 24 7
AL platyrhynchos diazi 25°N S Apr.—July 9 28 ;
AL castanea I I/S All months 10 28 8
AL superciliosa rogersi 28°S /s All months 9 29 8
Ao voversicolor 37°s R/S - 8 25 :
AL hotentota 17°S S/ All months 7 27 9
AL platalea 3558 R/S Sept.—Nov., 7 25 ;
Chenonetta jubata 30°8 I/S All months 10 33 8
Marmaronetta angustirostris 37N IS Apr.=Junc 1l 26 ‘
Netta rufina 33°N R/S Apr.—Junc Y 27 10
N.ervthropthalma brunnea 8°8 S/IR All months ) 27 9
Avthva australis 2878 [ All months 11 25 *
Avihiva nyvroca 40°N R Apr.—Junc Y 26 8

Annual migrants

Aiv sponsa 42°N R Feb.~July 12 30 9
AL galericulata 45°N R Apr.—July 10 29 O
Anas penelope S8°N R May—July 9 24 6
A americana S55°N R May-July 8 25 6
AL falcata 62°N R May-July b 25 ’
AL strepera 45°N R May=July 10 26 8
AL formosa 60°N R May-July 8 25 *
AL crecea S6°N R Mareh-June Y 22 5
A p.platvrhvachos 49°N R Apr.=July 10 28 8
AL rubripes 47°N R Mar.—June 9 27 9
AL a. acuta RN R Apr.—July 9 22 6
AL querquedula SI°N R Apr.—June 9 23 6
AL discors 48°N R Apr.—July 10 24 6
AL cvanoprera septentrionalitim 40°N R Apr.—July 9 23 7
A. clypeata S5°N R Apr.—June 9 25 7
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Category of waterfowl Latitude Movement(s)' Laying Clutch Incubation Fledging
Annual migrants — continued
Avihiva valisneria 58°N R Apr.~May Y 25 Y
AL americana S0°N R May-July 8 24 9
AL ferina 45°N R Apr.—June 8 25 8
AL collaris 52°N R May-July 9 26 3
A baeri S50°N R e 8 27 *
A fudiguda 58N R May-Aug. 10 24 7
AL marila 62°N R June=July 0 25 !
AL affinis S8°N R Mav—July 10 24 7
Partial migrants
Nettapus pulehellus 15%8 S/l Dec.—-Mar. 10
N. coromandelianus I S/ Dec.—Mar. 5 ‘
N. aunritus 0° S/ Oct.—May 9 24 9
Anas platvehynchos maculosa 27°N S/IR 10 26 10
AL specularis 46°S S/R 5 30
AL s speculariondes 4578 R/S Sept.—Nov. 7 30 10
AL georgica spinicanda 27°8 R/S Aug.—Dee. 7 26 *
Callonetta leweophrys 25°8 RIS ¥ 4y 27
Netta peposaca 35°8 R/S Oct.—Dec. 10 2t
Sedentary ducks
Preronetta hartaubi 8N S ' 9 32 8
Cairina moschata 5% S Nov.—June 12 35
C.oscurilata T°N S o 34
Anas waigiuensis 5°8 S May-Jan. 3 28+ 8
AL s sparsa 22°8 S July=Feb. o] 28 9
AL g gibberifrons 5°8 S Apr.—Aug. 9 25 4
Anas gibberifrons albogularis 12°N S : 7 24 *
. a. aucklandica 5078 S Oct.=Jan. 4 : *
AL ancklandica chlorotis 4178 S July-Dec. 6 29 8
AL platvrhiynchos wyvilliana 20°N S All months 3 28 9
AL polavsanensis 25°N S Feb.—July 4 26 :
AL platvrhvnchos fulvigela 27°N S Feb.—July 10 26
A. poectlorhvncha 20°N S July—Dec. b 28
AL melleri 20°8 S July-Sept. 10 28 9
AL pelewensis 5°8 S ‘ 8 28 ’
AL sosuperciliosa 45°S S Sept.—Dee. 8 28
A luzonica °N S ® 10 26
V. acuta eatont 52°8 S Nov.—Feb. & 26
\. g. geargica 54°8 S Oct.—Feb. 5 26
. Do bahamensis 17°N 5 May-Nov. 8 25
A versicolor puna 15°S S Nov.-Jan. 0 26
\tnazoneita brasiliensis 10°S S 7 25
Rhodonessa carvophvilacea 30°N S May—luly 8 ¢
Avthva mnotata 2078 S Oct.—Jan, &} 27
Avihva novae-seelandiae +1°5 S Oct.—Mar. 7 29 11

Lo wrregular movements: R, regular movements: S. sedentary; “no data.



