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INTRODUCTION

W tcrfowl (Anatidae) brccci on and around
rvctlands in a lange of cnvironments. from dry
(ar ic l  o r  xer ic )  to  wc t  (hurn id  o l  mes ic ) .  Most
rcvicws of thc breetl ing biology of watcrfowl con-
ccn t ra tc  on  i tna t ids  in  mes ic  env i ronnrcn ts .  ma in lv
i D  N . ' r l l l  A t n ( l t ( i t  l r n . l  w e s l t . r n  E u r , , p c .  h c . l r u r i
thc  watc r fowl  in  these arcas  are  re la t i vc ly  we l l
. t t r r l i c . l .  f h i i  r e v r t q  t i , c L r s e .  ( , n  . r  ( l i l l ( r e n l  g r  l l f
o f  w i r tc r fowl .  thosc  tha t  b recd  in  a r i t l  and  scrn i -
: r r i , l  req i , '1 .  i r r  h , , th  h , . .m i .phcrc : .

Ar i t l  and  scmi -ar id  count ry  i s  charac ter izcd  by
klr' (<5(X) mn pcr vear). and variable rainfall
(Mac[ -can 1976:  Wcst  1983:  Evenar i  191J5) .  Thc
main  ar id  anc l  scmi -a l id  zones  o f  the  wor ld  a rc  in
northcrn and southcrn Africa. western Asia. south-
rvcstern North Anerica. south-wcstern and north-
c rs tc rn  South  Amer ic i t .  and  ccn t ra l  Aus t ra l i i r
(Bar thokrn tc rv  l97 l :  MacLcan 197{ r ;  McGinn ics
1979) .  Xer ic  lunds .  a l thoush dr . "  [o r  much o f  the
llmc. ottcn c0ntain Iargc arcas of f looclccj \\et-
l ; r r r r l s  l r r l I r u t r r !  l , x r r l  . r n , . ]  ( i r l \ ' h n l c l  r i r r . t o r r n r .
Consicierablc numbcrs of waterbirds lccci arrd
l ) rccd  on  these temporarv  wct lands  wh ic l r  fo rm in
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I\,4osl arid zone ducks are nomadic or display a combination of movemenl palterns. Arid zone
ducks that breed in lhe soulhern hemisphere (but not those that breed in the northern hemisphere)
lay n more monlhs ol the year than do non,arid zone ducks. Clutch s zes of ducks that breed n dry
envrronmenls are higher lhan those of sedentary ducks thai nest in mes c ands, and sim ar to clutch
srzes of migratory ducks lhat breed in non-arid habi lats. Duralons of incubation and f ledging
in ar d zone ducks approx mate those of sedentary spec es, but exceed those of annually migratory
anallds that breed in mesic lands. Thus, incubation and f ledging t imes in waterfowl lhal nesl in
and country do not conform with the brief periods of f looding oi many wellands in these low rainfal l
areas.

ar id  count ry  fo l low ing  he lvy  ra in fa l l s  (Hobbs
195( r ;  Brand 1966;  Fr i th  1967:  Uvs  and Mac leod
1967:  S ieg f r iec l  1970:  Coopcr  1974:  Gc ldcnuys
1982:  Gent i l l i  and  Bck le  l9 lJ3 ;  Maher  1988;  Rc id
l9 i lE :  K ings ford  1990:  l -a$ , lq r  and Br iggs  l99 l ) .

' l 'hc 
aims ol t lr is rcvicw are to dctcrmine

whcthcr  movcr lcn t  p i t t t cn ls .  nunrber  o f  lav ing
months .  c lu tch  anc l  cgg  s izes .  and dura t ions  o f
incubrtion and fledging ol clucks that brecd in arid
arcas differ from thosc of ducks that brccd in
non-ar id  a Icas .  I  a lso  c0ns idcr  $ 'he ther  t l t csc
charac tc r is t i cs  in  a r id  zonc  ducks  are  rc la tcd  to
thc i r  b rccd ing  hemisphcrc .  The rcvrcw covcrs
membcrs of  the water lowl t r ibcs Anat ini  i lnd
Avthy in i  (sub farn i l y  Anat inac) .  anc i  thc  scncr i r
Stidoncttu trnd Mulacorht ncllrrs (rcspcctivc sub,
fami l ies  S t ic tonet t inac  an t l  Tadorn in ic )  (L iveze!
1986) ;  the  te rn ls  ducks  anc l  watc r fowl  in  thc
rev icw rc fc r  to  t l t c  ducks  in  these l r ibcs  and
genera .  Ar id  anc l  xc r ic  inc ludc  ar ic l  an t l  scmi -ar id
lan i l s t  humic l .  non-ar ic l  z rnd  rnes ic  inc lude humic l
ancl subhurnicl lands. Crtrnmon anci scicntif ic
nanes ol spccics and subspccies of wittcrfi)wl
l i r l l o rv  . lohnsgar t l  (1978) .  cxccpt  whcrc  supcr
ccdcd b l  Marchant  lnd  H ier ins  (1990) .
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METHODS
' lhc 

sfecics rnd \ubspccics ofducks were t i rsr  arrangcd inro
cir lcgor ic\  lccording lo rhe c l imare of  rhei f  brccding habir i r l
( i r r id or  hunr id) .  Dlrcks thar gcnerLr l lv  (= most ly  or  a lw:rys)
ncsr rn Lrr id or  scmi-ar i ( l  areas (a l l  arc in thc sourhcrn hcDri -
\phcrc)  q,cre sepi l ra led f ronr rhose tha!  somet inrcs ( :  part ty)
ncs( rn r r ld or  semi-ar i r l  environment\ .  i lnd rhc l i i l lcr  group
rrs d iv idc( l  l )y  bfecding hemisphcrc.  Mcsic zone ducks were
t i r ' \ t  seprf r tcd according r( )  * .bcthcr  rhey arc scLlcntary or  not .' Ihc 

r ror-sc( ient . r ry.  or  nobi lc .  mcsic zonc ducks $erc then
cl i l \s i l icd in lo l ! !o r roups according to lhc i r  movemc l
pat tcm\ Annual  (= rcgular  or  seLrsonal)  migranrs rakc
rcgr ' lar .  scr \onl l  migral i ( )ns to and hom thci r  breeding
groLrnds Part i i r l  n igranrs havc i r rcgular .  aseasonal  movc-
mcnl \ .  or  a conrbin l r ion of  toveInent  pal terns ( i r rcgular .
regul i l r )  rnd scdcnrrrv bchaviour.  but  ar l j  not  cnt i re ly

Mosr o l  lhe informat ion on rhc brccding areas and move-
meol  pul lorns of  the waterf i )wl  was obtained i rorn Johnsgard
(1978).  \ ! , i rh supplenrcI t r r !  detai ls  f rom lhe sourccs l is led in
lhc Appcndix.  Thc locat ions oi  the wor ld 's ar id and semi-rr id
z( 'ncs wcrc ascerta inccl  f rom Barrhobmew (1971).  MacLcan
( 1976) od Mccinnics (  1979).  Brceci ing lar i rudcs are the mid
hrccding l r t i tudcs of  thc species or  subspecies.  Laying
pcr iods.  c lu lch s izcs.  and incubi l l ion and f ledging l imes werc
obtaincLl  f rom thc sourccs l is tcd in the Appendix.  Layiog
pcoods werr  rccorded in unirs of  one nlonth.  Ct lutch s izcs.
i rnd iocubrt ioo and f lcc lg ing t imcs of  rhe spccics and sub-
\pecics.  arc r rean values * ,here providecl  in thc sourcc rc ler-
eocc.  or  miLlpoint \  whcrc only a rangc ol  l ig l r res was avai lable.
[gg masscs rnd nrasscs of  lemale u 'atcr fowl  were obtaincd
froIn Rohwcr ( l9 i l l t ) .  Srat is t ical  tcsrs fo l low Zar ( l9 l t4) ;  nrean
drta lor  thc Sroups of  waler fowl  : r rc repor lcd as t  S.E.

TABLE I
Mcan 1 S.F. .  (n)  ln id$rccding lat i tu. le ( lo c i l rcsr  dcgrco)
rnd mcln nunrbcr of  months in " 'b ich laying h{s been
rccordcd in thc rr id and non,ar id zonc wrrcr fo\ ! ,1 l is ted in thc

Appcndix.

Carc! !ory of
watcr fowl I -at i lLrdc Laying months

Mosl ly
Parth

Southcrn
Northern

Non ar id zonc
Annualmigrants
Part ia lmigr ln ls
Scdcntary

29 ! 2.1 (22)
l.l r 3.0 (8.)
-rr a 2.5 ( l ' l )
1 0 1 1 . 5  ( 1 0 )
l4 :r 3.3 (.1)

5 2  r  1 . 1
21 t  5 .6
23 t  3 . :

9 . 2  t  0 . 9  ( 2 r )
12 .0  ( f r )
7 . 5  r  1 . 2  ( 1 3 )
e . r  1  l . l  ( 9 )
l . s : !  0 .1  ( , 1 )

3.1 I 0.2 (22)
1 .5  t  0 . t  ( 6 )
5 i t  a {).6 ( l l l )

(23)
(e )

(2s)

RESULTS

Twcnty-eight pcr ccnt (22/79) of the ducks
included in thc review eithcr generally (eight
taxa) or somctimes (14 taxa) breed in arid environ-
mcnts. and 72 pcr cent breed in non-arid or mesic
environnrcnts. All (8/8) of the ducks that gener-
ally nest in arid country havc partly or completely
irregular modes of movement, and all are austral.
Most ( I l / 14) of thc ducks that sometimes nest in
arid country display a combination of movement
types. with 43 per cent (6/14) having some degrcc
of irregular mobil ity. Seventy-one per cent (10/14)
of the partly arid zonc ducks are southcrn brecders.
Twenty-nine per cent (23119) of the ducks
includcd in the review nest in mesic cnvironments
and nigrate annually to and from thcir nesting
grounds; 11 per cent (9/79) are partial migrants
showing a combination ol movement patterns;
and 32 per ccnt (25179) arc sedentary in non-arid
country. The annual migrants are entirely
northcrn hemisphere species; with onc cxception,

the partial migrants breed in thc tropics or
southern hemisphcre, and thc scdentary water-
fowl l ive and brccd 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 thc mean breeding latitudes of partial migrants
and sedentary ducks of mesic arcas (Table l)
(ANOVA. F = 27.3, df : 3, 75, Student-Newman-
Keuls test, P < 0.001). All the ducks that mostly
or zrlways breed in arid lands can lay throughout
the year (Table l). The ducks that sometimes
ncst in arid lands in the southern hemisphere
can also lay over extendcd pcriods, but those in
northcrn arid lands do not (Table 1). Compared
with annual migrants, scdentary ducks and
pzrftial migrants also havc long laying periods
(Tab le  1 ) .

Clutch sizes do not diffcr between ducks that
generally nest in arid environments, ducks that
sometimes nest in arid austral environments, and
ducks that sometimes nest in arid boreal environ,
ments  (ANOVA,  F  :  1 .3 ,  d f  :2 ,  19 ,P >  0 .25)
(Table 2). The mean clutch size of all arid zone
nesting ducks is the same as the mean clutch size
of annually and partially migrating ducks that
brced in mesic environments, but smaller than thc
mcan clutch size of mesic zone, sedentary ducks
(ANOVA,  F  =  5 .7 ,  d f  :  3 ,75 ,  S tudent -Newman-
Keuls test, P < 0.05) (Table 2). Thc mean ratio
of egg mass to female mass in arid zone ducks
(0.075 + 0.003, n : 20) is similar to the mean egg:
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TABI-E 2
Mcln 1 S.E.  (n)c lu lch s izes and incubat ion per iods (c lays) in
th(r  ur id i rnd oon ar id zonc rvalcr f t ) lv l  l isrcd in rhc Appendix.

1 7

arid lands (Keast and Marshall 1954; Maclcan
1976; Davies 1984). Somc arid zone ducks display
a combination of movement types. Thcy rcrnain
on permanent watcr and may brccd thcrc during
dry timcs. but movc to cphemerally f loodcd wet-
lands to feed and brccd whcn these contit in watcr
following rain.

Thc numbcr ol months in which watcrfowl lay
is related to thc scasonalitv of thcir breeding
cnvironments. ancl is l inked to thcir movement
pattcrns. Regular migrants breed in highly seasonal
environments which arc covcred in snow and
unsuitable 1or waterfowl in wirter. Their repro-
ductivc cycles are closely ticd to changes in diry-
length (Murton and Kear 1t)76; Bluhn 1988;
relercnces therein), and they lay for a l imited
pcriod only. In most of the othcr ducks con-
sidcrcd in this review, laying is less closely l inked
with photoperiod. Scdentary and partially
migratorv ducks in non-arid areas havc prolonged
laying periods, whose durations and timing arc
oftcn influenced by rainfall as well as by changes
in daylength (Weller 1968. 19110; Johnsgard
1978) .

Most arid zone waterfowl that breed in thc
southern hcmisphere can lay throughout the ycar.
In these spccics, nesting is related to a combina-
tion of wetland flooti ing and photoperiod with the
effects of the former usually overriding thc effects
of thc latter (Siegfried 1965; Braithwaite and
Frith 1969: Braithwaite 1976a, bl Johnsgard 1978;
Crome 1986; Halse and Jaensch 19{19; Lawler and
Br iggs  l99 l ;  Br iggs  and Lawlc r  1991;  a lso  sce
Halse 1985). At least in Australia. arid zone
waterfowl rarely brccd in years whcn rainfall is
sparse and wetlands are not f looded (Frith 1959;
Gentil l i  and Bekle 19ft3; Halsc and Jaensch 1989;
Lawler and Briggs 1991). Laying in Pink-eared
Duck Mulacorhynchus membranacer.rs, Cape Teal
Anas capensis, and Grey Teal Anos gracilis, is
entirely dcpendent on good rainfall and wetlirnd
flooding (Siegfried 1974; Braithwaitc I976a, b:
Maclean 1985; Halse and Jaensch 1989). In one
of these species. the Pink-eared Duck. males have
an unusual testes morphology that permits con-
tinuous spcrmatogenic activity (Braithwaite
1969). This is regarded as an adaptation to thc
aseasonal and unprcdictable availabil ity of the
brccding habitats of this species (Braithwaite
1976a) .

S. V. Br./ggsr Arid zone ducks

(  r legory o i

Most ly
Pur l l !

Nor lhcrn

A n n u r l m i g r a n t s
Purt i i t l  n igr  anls
Scdenlr fv

21.0 ! O.1 (22)
l 7 . l  1  0 .6  (8 )
2 6 . 9 a 0 6  ( 1 4 )
16.9 t 0.rJ ( l0)
26.It  i  {) .5 (r)

2 5 . r a 0 . . 1  ( 2 1 )
27.1 r 0.8 (7)
2',7 .7 ! t).6 (22J

( ' lu tch s i re Incubrt ion pcr iod

8 .6  a  0 .3  (22 )
s . l  i  0 .1  (8 )
s . 8 a 0 . J  ( l . l )
n . 5  i  0 . 5  ( 1 0 )
e . 5  1 0 . s  ( l )

9 . I  a  0 . 1
u . - r  10 .6
7 .3  i  0 .J

tcnrale mass ratios in non-scdcntary ducks in
humid  arcas  (annua l  migran ts .  0 .072 +  0 .002,
n : 2 2 ;  p a r t i a l  m i € r r a n t s . 0 . 0 7 6  +  0 . 0 0 5 ,  n  =  8 ) .
The rlcan ratio in sedentary. mesic zone clucks is
0 .083 i  0 .008 (n  :  1E) .

The mean incubation time of arid zone ducks
is similar to the mean incubation times of mesic
zonc. sedentary ducks and partial migrants (Table
2), but bnger"than the rnian incubition time of
mes ic  zone,  annua l  migran ts  (ANOVA,  F  =  5 .1 ,
d f  =  3 .70 ,  S tudent -Newman-Keu ls  tes t ,  P
< 0.0-5) (Table 2). Incubation timcs do not diffcr
betwccn highly arid zone ducks, partly arid zone
southern ducks. and partly arid zone northern
ducks  (ANOVA.  F  -  1 .0 ,  d f  :  2 .  19 ,  P  >  11 .25) .
The linited data available show that ducklings of
rcgular migrants (mesic areas) fledge significantly
sooncr (7.2 :! 0.3 weeks, n = l9) than the duck-
lings of both arid zonc waterfowl (U.4 + 0.2
wccks, n : 14) and of sedentary ducks in mesic
arcas  (9 .0  |  0 .4  weeks .  n  :6 )  (ANOVA,  F
= 7 .5 .  d f :  2 .36 ,  S tudent -Newman-Keu ls  tes t ,  P
<  0 . 0 1 ) .

DISCUSSION

Few ducks that breed in arid regions arc rcgular
migrants or wholly scdentary. Most make irregular
movements at t itnes. Such irregular movcmcnts,
somct imes ca l l cd  nomadism.  a re  common in  b i rds
in arid environments. Nomadism is regarded as
an adaptation to thc unpredictable food resources
causcd try the variable rainfall in arid and scmi-

(23)
( e )

(25)
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Arid zone watcrfowl brced when wetlands
flood because inundation of drv ground enhances
production of thcir food resources, particularly
aquatic invertebratcs (Frith 1959; Brand 1966;
Braithwaite and Frith 1969; Zaloumis and Milstcin
1975; Maher and Carpcnter 1984: Briggs and
Mahcr 1985: Crome 1986). Food supplies for
waterfi)wl incrcase in wetlands in both aricl and
non-aricl rcgions folktwing watering after drying
(Kad lcc  1962;  Krapu 197,1 :  Swanson and Mcycr
1977:  Van c lc r  Va lk  and Dav is  1971 i ;  Dane l l  and
Sji;bcrg l9ti2). Howevcr, the effects oI wctting
ancl drving on productivity of invertcbratcs and
plants may bc more narkcd in arid environmcnts
becausc ol the grcatcr variabil ity in rainfall
(Nicholls anci Wong 1990), and hence grearer
arcas  o f  ephemcra l  wc t lanc ls  in  such cnv i ron-
mc n  ts .

' l 'he 
relatively short laving-periocls of arid zonc.

borcal ducks comparcd with their itustral countcr-
purts arc probably related to thcir more seasonal
. n r i r , r r r n r , . n l r .  . l r ) ( l  l o  I h (  l o u c r  r i t [ i t r t i t ' n  i n
annua l  ra in fa l l  in  nor thcrn  ar id  lands  compt rcc i
w i th  thosc  in  thc  south  (N icho l l s  and Wong 1990) .
Th is  k rwcr  var ia t r i l i t l  i n  annua l  ra in fa l l  in
nor thcrn  hemisphcrc .  u r id  count ry  w i th  con-
scqucntlv ferver of the heavv lalls of rain requirec]
to l i l l  \\,ctlands nra) also cxplain thc compara-
tivclv srlall number of cluck taxa in northern arid
lands .

The sinli lrr clutch sizes. and egg mass to fcntalc
bodv  mass  ra t ios .  in  mob i le  ducks  in  bo th  a r id
i lnd  r lon-ar id  a reas  ind ica te  tha t  c lu tch  s izes  in
arid zone watcrfowl arc not more l imitecl by low
li)od rcsources (or other environmcntal l irctors)
pr io r  to  o r  dur ing  lay ing .  t l l an  a rc  annua l  migran ts
or  par t ia l l y  mi ! { ra to rv  ducks .  So i l s  in  a r id  and
serni-arid regiorls sometines have lower nutricnt
leve ls  lhan so i l s  in  humid  lands  (Jackson 1957:
Wcst  l9 lJ l ) .  a l thoush thcrc  i s  cons iderab le  var ia -
tion l)ct\\ 'cen contincnts (Jackson 19-57: Stafford
Slnith and Mork)n 1990). Horvcver. even int-erti le.
l r r id  count ry  cun conta in  rvc t lands  w i th  h igh
nrL t r i cn t  l cvc ls  bccausc  a l tc rna t ing  f lood ing  and
r i rv in {  enhance the i r  p roduc l ion  and brcakdown
o l  o rgan ic  matc r ia l .  and t l re  t rL rnover  o f  nu t r ien ts
(l l irch 1960; Rccitl l- ancl Patrick 1975: (irwling
l97 lJ l  West  19811 Br iggs  c l  .?1 .  1985) .  A lso .  $a tc r
in  u r id  count r l r  c r r r i cs  nu t r ien ts  in to  temporar i l y
Ik roc lcd .  mn-on areas  or  wc t lands  (S ta f tb rd  Smi th
i rn t l  Mor ton  1990) .  lhc  c lu tch  s izcs  o f  a r id  zonc

Core l l a  16 (1 )

watcrfowl thus appear to be set to thc peaks in
theil food rcsources that occur alter rain fi l ls thcir
wct/dry/wet breecling habitats, rathcr than to thc
avcragc availabil ity of food in their breeding wet-
lands .

The mean incubation and fledging tinles in aricl
zone waterfowl arc as cxpccted for ducks brecd-
ing at their relativcly low latitudes. Durations of
both incubation and fledging in waterfowl gcner-
ally decrease as latitudc incrcases (Lack 19611;
Johnsgard 1978). Thc rclatively long incubation
and fledging periods of arid zonc ducks compared
with the short incubation and fledging times of
regrilar migrants in non-arid couDtrv suggests that
wctlnnds in lrrid areas are usually f loodcd long
enouglr lor ducks to fledge their young (also scc
Fullagar er a.1. 191313). However. wctlands in arid
country do not always contain watcr for sufficient
time to enable ducklings to fly (Frith l9-59; pers.
obs . )  (see  Ge ldenhuys  1982;  Mo lgan 1982;  Good-
r ick  1984;  Wi l l ians  1985:  Jaensch c t  a / .  1988;
Mahcr l9ll i l  for durations of f looding in arid antl
semi -ar id  wc t lands) .  Pcrhaps  bccausc  o f  th is ,  a r id
zone waterfowl appear to breed mainly (but not
always) on wetlands that hold watcr for several
months. although they often feerl on more
cphcmcral watcrs (Maher l98lJ; Lawler and
Briggs 1991). Thus. arid zonc waterti)wl have not
adapted thcir incubartion lnd fledging times to the
shorl periods oI jnundation which sonetimcs
occur  in  t l l c  wc t lands  o f  thc i r  b rccd ing  cnv i ron-
mc n  ts .
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| n c u b i l 1 u l ( d a \ \ ) a n d l l e d g i n g ( [ c c k \ ) t i m c s

R o w a n  ( 1 9 6 3 ) .  I r r i r h  { 1 9 6 5 .  1 9 6 7 ) .  S i c g i r i € d  ( 1 9 6 5 .  l 9 7 a ) .  W c l l c r  ( t ( ) 6 8 .  1 9 8 0 ) .  ( t l a r k  ( 1 9 6 9 ) .  L r c k  ( t 9 6 8 .  1 9 7 0 ) .  W i n r e r b o l o m
( 1 9 7 - 1 ) .  K c a r  ( 1 9 7 5 1 .  B c l l r o s c  ( 1 9 7 6 ) .  B f r i l h w a i t c  ( 1 9 7 6 u ) .  N t u r r o n  a n d  K c a r  ( 1 9 7 6 ) .  B l u k e  ( 1 9 ? ? ) .  C r r m p  ( 1 9 7 7 ) .  D o u l h w a r l c
11977).  Skcld (1977).  John\gr  l l l )7u).  l ix ld (1979).  Wcl lcr  (1980).  Amal ( l9 l t2) .  Nloul ton l |nd Wcl lcr  ( l9 l l , : l ) .  Maclean (1985).. f i l r s n i l D c ( l ( ) 3 5 ) . D u n r b c l 1 ( l 9 8 6 ) . N o r m a n a n d M c K i n n c Y ( l 9 | t 7 ) . I i r l l a g l r r ' c l a 1 .

( l 9 9 ( ) ) . I - | w l e r l ' r d B r i g g s ( l 9 9 l ) . B r i g g s ( u n p u h 1 ' d n t a ) a n d N , 1 a h c r ( p c r s ' c o n m ) . I . h e c l e g o r i e
( lncksi  panl \

cxpl i l lncd ln thc lex l .

(  i r tcgor!  of  watrr for ' l L  t i ludc Mo\ 'emen!(s) La)in8 Clutch I n ! u h J t i o r l Flcdging

21

N{o\t ly  ar id ronc
Sttiotfttu nd(r't)!u
Il u lau h y nc h us nu nt b nunL us

A (r \ t l tk)rh\n(hd

Part ly  r f iL lzoDc

A l . I ( t  i rost ' l l
A.  t ) luI \  th\  n( ln!  d iu: t

A. sup?t tiliosa ngt:t si
A.  r .  t  t , t  s i to lo l

( -htntum jubunt
M a r,aronc I k! u ngu s I i ro s I ri s

N. cr \ thropth ln la brunnu
Arth\a uustttlis

A n n u a l m i g r a n l s

A. p.  p lu! \ ' thtn(hos

A - .r/lnt lpt( ru se pt( n ! riuut I i ut,1

,12'N R
15'N R
58'N R
55'N R
62'N R
15"N R
6O"N R
56"N R
,19"N R
,17"N R
58'N R
5 I "N  R
18'N R
4O'N R
55'N R

l(fs
30's
l2 "s
t0"s
l5"s
I lt"s
23'S
l5"s

.15"S

.10"s
l5 'N
35'S
23'S
l7"s
l7's
u5's
l0"s
l7"N
33"N

8"S
2ll's
.10"N

YS
I
I
I

S/ I
I/S

S/I/R
I

S/R
s/R
S

VS
I/S
R/S
S/I
R/S
I/S
I/S
R,/S
S/R

I
R

:3
l6
t8
:r
29
)7
2fi
2.1

26
21
28
:3
l(l
25
2 /
25
l l
26
1',7
2',7
25
26

l0
29
21
25
25
26
25
22
zlJ
27
22
23
21
23
25

7 \ l lmon ths
A l lmon ths
A1 l  mon ths

All  nlonths

Aug.-Dcc.
Sept.-Dec.
Apr. July

A l l n1on ths

A l l n l on lbs
Scp r .  Nov .

Apr.-Junc

A l lmoo ths
A l lmon lhs

Fcb.-J uly
Apr. July
May July
May-July
May July
May Jul.v
Mav-July
March Junc
Apr. July
Mar. June
Apr. July
Apr. June
Apr. J uly
Apr.-J uly

'I

1
l{
11
IJ

1
I

I u

u
7
7

l o
l l

l l
I

12
I O
9
IJ
tJ

8

l 0

9
l(]
9

,|

1
8

1 0
u
I

,,

i

I

,ll

It

6
6

I
5
8

6
,7

1
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Appendix - continuetl

S. Y. Er/grgs. Arid zone ducks Corel la 16(1)

Category ofwaterfowl Lat i tude Movenent(s)r Laying Clutch Incubation Fledging

Annual migrants -conrinael

Ayhya valisneria

A. fulisula

A. alfnis

Part ial migrants
Nettapus pulchellus
N. coromanclelianus

Anas platf fuynchos maculosa

A. s. specularioides
A. Beorgica spinicauda
Callonetta leucophrys

Sedentary ducks
Ptercnexa hartIaubi
Cairha moschata
C. scutulata
Anas waigiuensis

A. g. gibberilions
A nas gi b b e ifr o ns a I b o gula r is
A. a. aucklandica
A. aucklandica chlorotis
A. platyrhy nchos wyvil Iiana
A. p. laysanensis
A. plaryrhynchos fulvigula
A. poecilorhfncha

A. s. skperciliosa

A. 8- SeotStca
A. b. bahamensis
A. versicolor puna
Anozonella brasiliensis
R h o d o ne ss a c tr y o p h v I I ac e a
Aythya innolata
A ! | h y o n o v ae - s e e I andie a

58'N
50"N
45"N
52"N
50"N
58'N
62"N
58'N

l5's
0"
0'

27"N
46"S
45'S
27"5
25"S
35"S

8"N
5'S
7"N
5"S

22'S
5"S

l2"N
50"s
41"S
20'N
25'N
27'N
20'N
20"s
5"S

45"S
l2'N
52'S
54.S
17'N
i5"s
l0's
30"N
20's
11"S

9
9
8

:
'7

1

9
10

l0

;

24
25
26
2',7
24

24

24
26
30
30
26
2"7
28

9
tJ

9
8

l0
9

l0

1 0
8

10
5
1
7
9

l 0

S,{
S/I
S/I
s/R
S/R
R/S
R/S
R,/S
WS

32
35
34
28+
28
25
24

29
28
26
26
28
28
28
28
26
26
26
25
26
25

R
R
R
R
R
R
R
R

S
S
s
S
s
s
s
S
S
s
s
s
S
S
S
S
S
S
s
S
S
S
S
S
S

t2
8
3
6
9
7

6
8
1

l0
8

I O
ti
8

l 0
5
5
8
6
1
8
6
,7

11

Apr.-May
May-July
Apr.-June
May July

May Aug.
JuDe-July
May-July

Dec.-Mar.
Dec.-Mar.
Oct.-May

Sept.-Nov.
Aug. Dec.

Oct. Dec.

Nov.-June

t* r"r.
July-Fcb.
APr.-Aug.

Oct.-Jan.
July Dec.
All nlonths
Feb.-July
Feb. July
July-Dec.
July-Sept.

Sept. Dec.

Nov. Feb.
Ocr.-Feb.
May-Nov.
Nov.-Jan.

May July
Oct.-Jan.
Oct.-Mar.

27
29

rl,  i rregular movements: R, regular movements; S. sedentary; *no data.


