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FRONTISPIECE. A pair of adult mountain ducks Tadorna tadornoides in breeding plumage. Male left
and female right.
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INTRODUCTION

The taking of ducks for meat or sport in
Western Australia has been recorded since
the arrival of European man; however, in
the past 50 years the sport of duck shooting
has gained rapidly in popularity. A total of
14 species of ducks occurs in the state, one
of which is protected, and of the 13 game
species, only 4 make major contributions to
the total bag. They are the grey teal Anas
gibberifrons, the black duck A. superciliosa,
the mountain duck Tadorna tadornoides,
and the wood duck Chenonetta jubata. In
terms of relative contribution to shooters’
bags, these species have changed markedly
in recent years. The first 2 have declined
relative to the last 2. Part of the increase in
the wood duck is attributed to increased
habitat provided by stock dams. However,
the change shown in mountain duck is not
so easily determined, and it is the aim of the
present work to investigate the problem.

Ducks of the genus Tadorna, known as
shelducks, are distributed throughout the
Southern Hemisphere. Three species are
represented in Australasia: T. variegata the
paradise shelduck of New Zealand, T. rad-
jah the burdekin duck from the tropical
areas of northern Australia, and T. tador-
noides the mountain duck of southern
Australia.

The burdekin and mountain duck both
occur in Western Australia. The former is
not common and has been listed by the De-
partment of Fisheries and Wildlife as a to-
tally protected species until future research
and management programs can be under-
taken. The mountain duck is common in the
southwestern part of the state and can be
taken as a game bird during the annual
duck hunting season.

Gould (1848) reported that the mountain
duck was nowhere plentiful but universally
spread over Van Dieman’s Land (Tasma-
nia), South Australia, and Western Austra-
lia. Other early ornithologists gave a similar
impression of the bird’s distribution, but
suggested that it was quite common (see
Mathews 1915). Carter (1923) stated that
thousands gathered on Lake Muir (south-

western Western Australia) when it was
full. The commonness of the species has
been confirmed by aerial surveys from 1965
to 1974. Concentrations of 8,000 to 10,000
mountain ducks were sighted on several
lakes and estuaries in the southwestern cor-
ner of Western Australia (see Riggert 1969,
unpublished doctoral dissertation, Univer-
sity of Western Australia, Nedlands, West-
ern Australia, Table 24, Fig. 42 for specific
location of wetland areas and numbers of
birds observed, 1965-1968). The general
impression from those surveys is that the
species is spread evenly over the wetland
areas of the Southwest and Eucla Land Di-
visions. However, during periods of sea-
sonal or sporadic rainstorms, the distribu-
tion may expand inland for several hundred
kilometers.

It is apparent from the aerial surveys that
aggregations of the mountain duck occur
along the shorelines and on sandy islands of
salt lakes and estuaries. Field observations
in those preferred areas indicate that the
bird makes regular visits to freshwater seep-
ages or lakes in the immediate vicinity. In
the winter or breeding season, many birds
shift to freshwater lakes, swamps, and stock
dams. Once the young are old enough,
adults and young assemble on the saltwater
areas.

No doubt agricultural development, such
as stock dams and sowing of grain crops.
has benetfited the species and resulted in in-
creased numbers. In many farming areas.
complaints have been made that mountain
ducks are so numerous that they foul dams
and destroy large areas of freshly sown
grain.

The following are possible causes of the
apparent change in status of the mountain
duck: (1) actual numerical increase in
mountain ducks; (2) relative increase in
mountain ducks due to decrease of habitat
of other game species; (3) change in shoot-
ers’ tastes; and (4) increased shooting pres-
sure, producing an overharvest of finer table
birds with the consequent increase in the
bag of mountain ducks relative to other
species.
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The destruction of duck habitat by clear-
ing and draining wetlands on the Swan
Coastal Plain has been investigated (Rig-
gert 1966). That study showed that 30 per-
cent of the wetlands on the study area had
been drained since 1955. Other factors such
as sanitary landfill, industrial pollution, min-
ing, and recreation also utilized wetlands
and caused physical changes. The final con-
clusion of the study by Riggert revealed
that the change brought about by draining
and other uses had caused degeneration of a
once highly productive waterfowl area to
one of low production. Similar problems of
wetland drainage have been observed
throughout the Southwest and Eucla Land
Divisions (areas not included in Riggert’s
study). The full effect on the mountain
duck population is not shown, but it is cer-
tain that once the activities mentioned
above occur in wetland areas, waterfowl no
longer frequent them.

From discussions with shooters, it seems
clear that shooters’ tastes have changed
along with reduction in waterfowl habitat
(other than saline habitat) and decline in
numbers of waterfow] other than mountain
duck. The foregoing suggest that a detailed
study of the ecology of the mountain duck
was desirable, thus allowing management
procedures to be devised before an acute
shortage of ducks for hunters created a seri-
ous problem.

The study area selected was Rottnest Is-
land (19 km west of Fremantle, Western
Australia), approximately 1,900 ha in area.
There is a permanent field biological station
with laboratory and accommodation facili-
ties, plus a 4-wheel-drive vehicle. Daily
transportation to and from the island is af-
forded either by boat or airplane.

Rottnest Island was gazetted an A Class
Reserve in May 1917, and protection of the
mountain duck on the island has been up-
held since then. The first documented rec-
ord of mountain ducks on the island was in
1864 (see Storr 1965), but not until Camp-
bell (1900:1030) recorded a count of 40 in
1889 was there any information on total
numbers. Many local residents living on the

island more than 30 years, have given ac-
counts of total mountain duck populations;
however, on the information provided, there
appears to be little difference between past
populations and numbers of birds present
today. All the foregoing indicates that a
population of mountain ducks has occupied
Rottnest Island for the past 100 years, and
such a period of occupancy indicates that
the island’s environment is adequate for the
species.

The research program on the mountain
duck of Rottnest Island commenced in Oc-
tober 1964 and ended December 1974. Dur-
ing that period, 930 days were spent on the
island making field observations and band-
ing 1,690 mountain ducks. In subsequent
trappings, with some birds being captured
several times, there were 2,084 birds re-
trapped, making a total of 3,776 trapped
birds.

The objectives of this study were (1) to
understand the breeding biology of the
mountain duck, with emphasis on behavior
during the prebreeding season, reproduc-
tion, growth and development, mortality,
and age at sexual maturity, and (2) to eval-
uate the dynamics of the Rottnest Island
mountain duck population and its relation-
ship to shooting pressure on the mainland
during the annual duck hunting season.
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METHODS AND MATERIALS

Field Methods

The duck traps used on Rottnest Island
were similar to those described by Addy
(1956) as semiportable funnel traps. The
dimensions of the traps were 6 X 6 X 1 m
with a small catching pen attached to the
end of the trap facing the center of the lake.
Trapping conditions were optimum in ap-
proximately 25 cm of water.

The traps were baited with wheat each
morning and evening after the ducks were
cleared. To clear the traps, the birds were
herded into the catching pen, scooped up
with a hand net, bagged, and taken to the
biological station for processing. As the

water dropped through evaporation, it was
necessary to move the trap into deeper
water.

The 2 original cannon nets used for tak-
ing mountain ducks on Rottnest Island were
similar to those described by Dill and
Thornsberry (1950). However, in 1966, a
modified type of cannon, known as the Dill,
Miller, and Thornsberry cannon, designed
by the U. S. Fish and Wildlife Service, was
substituted for the original design. The nets
used were of 2 sizes, the large net was 365
m? while the small net for trapping pairs of
birds was 18 m?.

When using a cannon net, it was neces-
sary to prebait for approximately 10 days
prior to firing. During the prebaiting pe-
riod, the nets were covered with hessian to
stop the birds from tangling the nets when
walking over them. The cannons were fired
electrically from a hide approximately 135
m from the trapping site. The birds caught
under the net were untangled, bagged, and
taken to the biological station for process-
ing. A prebaiting period of only 4 or 5 days
was required for trapping pairs with the
small net.

The original bands used in the study were
monel metal, size 15 (49 X 10 X 0.7 mm),
which were ineffectual because the presence
of sulfides in the hypersaline lakes on Rott-
nest Island caused them to become heavily
corroded and to fragment. The average time
the bands were legible was less than a year.

After consultation with I. C. I. Metals Re-
search Division, it was advised the most
suitable metal for saline waters of the con-
centrations on Rottnest Island was titanium.
The metal was supplied by courtesy of
I. C. I, stamped, and cut to size 15. No oc-
currence of corrosion or band wear was evi-
dent in the titanium bands used from Feb-
ruary 1967 to December 1974.

The “A-frame” bill tags used during the
study (Fig. 1) were made of “Cobex,” a
rigid PVC with a thickness of 0.35 mm. A
silk screen printing process was used for
painting the numerals and letters on 35.5 X
21.5-cm sheets of colored Cobex. The tags
were given an additional 2 coats of clear
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Fic. 1. Adult female (left) and adult male
(right) mountain ducks wearing A-frame bill tags,
Rottnest Island, Western Australia.

PVC paint to prevent sunfade of the colors
and damage through abrasion.

A small hole was burnt 2 cm from each
end with a small copper wire, to approxi-
mately the diameter of a 13.6-kg test mono-
filament line. The tags were folded in the
center and placed over the bird’s bill and
held in position by the monofilament line,
threaded through the nares, and tied on
each end with a simple knot.

In the field, with good light, tags could
be read at 180 m with 10 X 50 binoculars
or 455 m using a zoom spotting telescope,
25-50 X 60 mm mounted on a tripod. A
total of 9 different color combinations was
used to denote sex and age, and dur-
ing the study period, 1,012 birds were
tagged.

Brood counts and population counts were
made at least once a month, and usually 2 or
3 counts were taken on successive days from
a 4-wheel-drive vehicle driven over a pre-
determined route around all salt lakes and
freshwater swamps on the island. The latter
half of the morning after the major feeding
period of the day had finished gave the
most consistent counts. The counts were av-
eraged, and that figure was used as the pop-
ulation on the island for the particular
month. The sightings of tagged birds and
their locations were also recorded during
the counts.

Aerial surveys of mountain duck popula-
tions on the mainland were conducted in

1965-1968 during October-December. The
area surveyed was the lower southwestern
corner of Western Australia. Estimates of
the numbers of mountain ducks were made
by 2 observers using a 182 Cessna or Aero
Shrike Commander, both high-wing air-
craft. The total time of survey each year
was approximately 30 hours, commencing
daily at 0830 and terminating before 1600
hours. A standard procedure of circling
along the edge of the lake at an altitude of
150 m allowed all observers to see the main
concentrations of waterfowl. The average of
the total ducks observed by the 2 or 3 ob-
servers was taken as the population for the
particular area surveyed.

Laboratory Methods

The incubation and rearing of mountain
duck ducklings in the laboratory was car-
ried out during the breeding seasons of
1965-1968. Eggs were obtained from nests
in southwestern Western Australia and
taken to the laboratory in a thermostatically
controlled portable warming box heated
with a 6-volt lamp for incubation.

A commercial incubator was used in the
laboratory, thermostatically controlled at 36
C with a relative humidity level of 85 per-
cent. The eggs were turned twice a day,
and every 2 days the trays were reversed
back to front. Once pipping commenced,
the eggs were placed in the incubator’s
hatching cage and left for at least 10 hours
after hatching or until the ducklings were
dry and active.

Once ducklings were removed from the
incubator, they were banded with colored
plastic leg bands and placed in brood pens.
Each brood was kept separate throughout
the rearing period and fed on commercial
duck starter and given tap water to drink
initially.

All statistical tests of significance, unless
otherwise stated, were done at the 0.05 level
of significance. When the mean is given fol-
lowed by =, it signifies standard deviation,
as standard error is indicated as se. Addi-
tional methods in this study will be given in
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F1c. 2. Aerial photograph of Rottnest Island, Western Australia, from the eastern side looking west. Area
in immediate foreground is Thomsons Bay.

the text when deviations from standard
methods have been made.

DESCRIPTION OF STUDY AREA

Geography and Geology

Rottnest Island (19 km west of Freman-
tle) has an area of 1,912 ha. Churchill
(1959), using the data of Godwin et al.
(1958) and present bathymetry, deduced
that the time of isolation was 5,000 years
BC; he then showed by pollen analysis that
at the calculated time of isolation the flora
of Rottnest Island was similar to that on the
present mainland. The geology has been de-
scribed by Teichert (1950), Fairbridge
(1954), and mapped by the Geological Sur-
vey (Ellis 1952). The general topography
of Rottnest Island is of consolidated sand
dunes that rise to 50 m near the main light-
house. On the eastern half of the island
there are 8 large salt lakes that have a total
area of approximately 162 ha, and in addi-

tion, there are 7 swamps, some freshwater
and some brackish, each approximately 0.6
ha in size. The western end of the island
consists of a plateau with several limestone
ridges partially overlain by dunes. Fresh-
water and drainage systems are completely
absent as the soil is so porous that even after
heavy rains, surface water does not remain.
The major geographical features are shown
on the aerial photograph of Rottnest Island
(Fig. 2).

Climate

Hot, dry summers and cool, wet winters
are characteristic of the island. The hottest
months, January and February, have an av-
erage daily maximum of 26.7 and 26.8 C,
respectively. The highest temperature ever
recorded by the meteorological service on
Rottnest Island was 42.2 C on 29 January
1956. On numerous occasions throughout
the summer, temperatures reach near 38 C.
July is the coldest month with an average
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daily maximum of 17.3 C and an average
daily minimum of 7.7 C. The lowest temper-
ature ever recorded was 4.7 C. Annual and
monthly temperature changes for the 10-
year period 1958-1967 are shown in Fig. 3.
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The Government Meteorological Service
on Rottnest Island has recorded the long-
term annual rainfall as 73 cm. Most rain
falls during June and July, and less than 10
percent of the total precipitation occurs in
the summer, with some years recording as
little as 5 cm between November and April.
The average monthly annual rainfall for 75
years is shown in Fig. 3.

Water Impoundments on Study Area

Salt Lakes

The 8 salt lakes on Rottnest Island range
in size; Baghdad, the largest, has 44.5 ha
and Sirius, the smallest, has 0.4 ha (Fig. 4).
Water gauges were put in 6 of the 8 salt
lakes, and fortnightly records were kept of
water fluctuations and changes in salinity.
The mean variation from winter high water
level to summer low water level on the 6
gauges was 78 cm.

The lakes, which are shallow basins, were
thought at one time to be connected to the
sea when the sea level was little different
from the present (Hodgkin 1959). The nu-
merous deposits of shells around the lake
margins have been shown by Teichert
(1950) to be of paired lamellibranch shells
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apparently occurring in situ. Rapid evapo-
ration on the lakes during the summer re-
sults in high concentrations of the salts. The
greatest salinity change during the years of
investigation was in Pink Lake where the
total soluble salts were approximately 20,000
ppm in midwinter and rose to 320,000 ppm
in late summer. The greatest change in pH
occurred in Negri Lake which varied from
7.8 in midwinter to 9.5 in late summer,
during the normal rainfall year of 1967.

Hodgkin (1959) reported that no macro-
scopic plant life existed in the salt lakes.
During the present study, only spheres of
an algal film Botryococcus macropogon
(Xanthophyceae) were found on the rocks
or washed up on the shores. The 2 small
lakes, Negri and Sirius, are considered
brackish and do contain the macroscopic
plants Lamprothamnion macropogon (Cha-
rales), Ruppia maritima, and Crassula na-
tana.

The fauna in the salt lakes is very re-
stricted in number of species (Hodgkin
1959). Edward and Riggert (unpublished)
found that animal species and their numbers
fluctuated as salinity changed throughout
the year so that when salinities were low,
numbers were high, and conversely.

Freshwater seepages occur along the
shores of all salt lakes and appear as a film
of water between high and low lake levels.
Those seepages are shown as dotted areas in
Fig. 4. Some seepages are large enough to
form small pools that may trickle into the
salt lake while others appear as spongy
mats when Sporobolus virginicus grows on
the moist area.

Freshwater and Brackish Swamps

Those swamps, as mentioned earlier, oc-
cur only in the eastern half of the island and
usually are situated in interdune depres-
sions. Their combined area is 5 ha, and only
3 of the 7 swamps have water remaining in
them by the latter part of the summer.
Water gauges were placed in all swamps to
record water fluctuations. During the fort-
nightly inspections, water samples were

taken and analyzed for total soluble salts,
chloride, and pH (see Riggert unpublished
doctoral dissertation, Table 2).

As mentioned by Edward and Watson
(1959), there are 2 important factors that
affect the biology of the swamps: (1) water
is present only during winter (May-Octo-
ber), and (2) as the water starts to evapo-
rate it becomes brackish, and marked
changes in salinity occur. Collections were
made and identifications listed by Edward
and Watson (1959:86). Barkers Swamp,
typical of the temporary swamps on Rott-
nest Island, is shown in Fig. 5.

Natural Vegetation around and
in Lakes and Swamps

During periods of low water, samphires
grow to the water’s edge where the soil per-
mits. These samphires, Arthrocnemum ar-
buscula, A. halocnemoides, and Salicornia
australis may become completely flooded in
winter, but are tolerant to waterlogging and
remain healthy until the water recedes in
October. As this happens, low creeping pe-
rennials such as Hemichroa pentandia,
Samolus repens, Suaeda australis, and Wil-
sonia humilis can be found in the samphire
community.

Approximately 2 m above high water
level, the large tussocks of Gahnia trifida
grow to approximately waist height. Inter-
spersed among the tussocks are erect sedges
and rushes Scirpus nodosus, Hypilaena sp.,
and Juncus maritimus. Also, bushes such as
Myoporum viscosum, Atriplex paludosa,
and Arthrocnemum halocnemoides occur in-
frequently. On some lakes, a perennial grass
Sporobolus virginicus occurs between the
tussocks of Gahnia. The grass forms a
spongy mat and is highly nutritious food for
waterfowl. A more detailed description of
the vegetation on Rottnest Island was given
by Storr et al. (1959).

DESCRIPTION OF SPECIES

In Australia, the common name given to
Tadorna tadornoides is mountain duck. The
origin of that name has been a point of con-
jecture for many years. In the early 1900’s,
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Fi1c. 5. Barkers Swamp, from south looking north, is typical of swamps on Rottnest Island, Western Aus-

tralia. Vegetation along the shore is a samphire community. Tussocks of Gahnia trifida are surrounded by

water when swamps are full, and it and Acanthocarpus preissii are primary representatives in the vegeta-
tion on the surrounding slopes and immediate foreground.

Mathews (1915), in correspondence with
fellow ornithologists, sought information
about the derivation of the name. At that
early date, explanations were many and
widely varied, making it impossible to draw
any conclusions. The name “Mountain
Duck” appears to be a local name made up
by Australian naturalists or duck shooters,
but it is definitely not descriptive of the
bird’s habitat.

Many recent descriptions of the species,
Mathews (1915), Delacour (1954), Oliver
(1955), and Frith (1967), have minor dis-
crepancies, most of which appear due to in-
ability to distinguish age groups. The color
variation in plumage and soft parts with
respect to age group will be discussed in the
section on “Growth and Development.” The
colored frontispiece shows an adult male
and an adult female mountain duck in full
breeding plumage.

Subadult Plumage (Age 200-600 Days)

Male and Female

Body plumage as for adult (Front.).
Wing plumage as juvenile, with incomplete
iridescent green on speculum and promi-
nent white edges on tips of ventral surface
of secondaries. Legs and feet vary from
charcoal gray to black.

Juvenile Plumage ( Age 71-199 Days)

Male and Female

Juvenile males and females are indistin-
guishable by plumage. Head and neck black
with many brown flecks throughout, chin
generally lighter; no white collar. Lower
neck, breast, and upper back light brown;
scapulars, back, flank, and abdomen brown
changing to dull black posteriorly; rump,
upper tail coverts, and tail dull black. Under
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tail coverts chestnut brown. Lesser and mid-
dle wing coverts white, greater coverts light
gray; primaries and their coverts dull black.
Secondaries black on exposed webs except
for small areas of iridescent green, white
crescent on tip prominent, inner web umber
gray with white crescent on tip. Tertiaries
rufous chestnut on exposed web, inner web
umber gray. Auxiliaries and under wing
linings white with gray tips where covering
primaries. Primaries black. Secondaries, in-
ner, and outer webs umber gray except for
tip which is white. Bill black. Iris brown.
Legs and feet gray with some pink areas on
webbing.

Duckling (Age 1-70 Days)
Downy Stage (1-35 Days)

Buff white, marked with light brown on
head down to eye level and along hind neck
to back, widening at back, along lower
back, and widening again on rump. Wings
have a continuous stripe from wing tip to
wing tip. Also, a stripe on the sides of back
leading toward the thighs. Legs and feet
dark olive green until 17-24 days old and
then turning light gray. The bill changes
from olive green to light gray within 24
hours of hatching. Iris brown. Some duck-
lings have a cream patch under the throat
that may remain for several days.

Feathered Stage (36-70 Days)

The 4 stages of feather development in
ducklings are described under Growth and
Development.

Voice

Adults

Frith (1967) and Johnsgard (1965) have
examined the trachea and studied the calls
of the mountain duck and found them simi-
lar to other “Casarcas.” They both observed
the ducks to be very vocal, especially in
flight, and sexes could be distinguished by
their calls, as the male has a strong honking
call compared to the female’s loud quacking
call. My observations in the field and in the

experimental yards of the University of
Western Australia, agree with Frith and
Johnsgard. In addition to the general calls,
it is possible to associate specific calls with
certain behavioral characteristics as alarm,
defense of territories and broods, and dis-
plays of status seeking in the hierarchy.

Ducklings

The first vocalization is emitted while the
duckling is still in the egg and may com-
mence some 24 hours before pipping starts.
When the duckling hatches, a frequent
cheeping can be heard in the nest for the
first few days. After that initial period, the
cheeping is heard only at times of distress.
At the age of 18-23 days, the cheeping
changes to a soft-throated quack. The
change from that to the adult call is gradual,
and no precise age was found for that trans-
formation. Sexing by voice is possible after
the birds are 4.5 to 5 months of age.

SUMMER AGGREGATION

Postbreeding Assemblage

The total number of birds on Rottnest Is-
land in mid-November fluctuated from 102
in 1970 to 153 birds in 1971. The composi-
tion of the group consisted of juveniles and
adults. Some subadults were present, but
within a few weeks their age classification
changed to adult.

At that time, the majority of broods have
reached the flying age (71 days) and are
referred to as juveniles. Short flights are
made by these birds and their parents over
the salt lakes throughout the day. As the
juvenile birds become stronger in flight,
the family groups leave their brood terri-
tories and fly to the freshwater swamps
where they forage for food and drink, and
bathe. The freshwater swamps become the
focal point of activity with daily gatherings
of family groups and other members of the
population.

To aid field observations, many birds had
been tagged previously with colored A-
frame bill tags, thus allowing recognition of
individuals by number, year class, and sex.
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Juvenile birds not tagged were easily rec-
ognized by lack of the white neck collar,
drab plumage, chestnut brown under tail
coverts and, when on shore, by their pinkish
gray legs.

The assemblage of age groups congregat-
ing on the freshwater swamps during that
period is well defined. Successful pairs with
their young stay on the outside edge of the
swamps, while unpaired adults, subadult
females, and pairs of adult birds without
young occupy the central area.

The dispersal of the groups within the
congregation occurs gradually. Often, the
reduction of surface water in the swamps
forces the birds together on the remaining
water. The family groups lose their identity
as juvenile birds wander from the parent
birds and mingle with the entire congrega-
tion. As the juveniles move through the
congregation, they are chased by paired fe-
males protecting their mates, and this re-
sults in a complete interspersion of all age
groups.

By late November, the temporary swamps
start to dry out and the congregation of
mountain ducks converges onto Pink and
Baghdad lakes, large salt lakes containing
small limestone islands. Here, all age groups
are interspersed, and continuous bickering,
chasing, and displaying can be observed
during the early morning and late after-
noon.

By mid-December, the population on
Baghdad and Pink lakes commences to dis-
perse. Many adult pairs with long-estab-
lished bonds evade the constant harassment
of the juvenile birds and unpaired females
and leave the group. Those pairs either re-
turn to old breeding territories on the salt
lakes or leave the island, presumably for the
annual molt migration to the mainland.
Juvenile, subadult, and adult birds that
have been successful in obtaining a mate
also leave the main resident population and
can be seen as distinct pairs on freshwater
seepages along the shores of the salt lakes.
It is apparent from the band and tag returns
from duck shooters on the mainland (see
later) that a great exodus of birds from

Rottnest Island occurs during this time each
year.

The remaining resident birds on the salt
lakes consisted of juvenile males and fe-
males either uninterested in pairing, un-
paired, or paired with very weak bonds.
Groups of adult and subadult females, that
remain isolated, give the impression of not
being receptive to pairing. Occasionally,
adult pairs remain in this group, but the
pair bonds seem so strong that no further
courtship is evident at that time of year.

The sightings of changes in tagged juve-
nile pairs were so numerous that records of
the pairings were difficult to maintain. Once
the birds reached the subadult age group,
the pairings became more stable, but 74
changes in partners were recorded. The
adult age group had 21 changes recorded
during the study period, but all took place
at the end of the breeding season and not in
December. A change in partners can occur
in all age groups, but observations have
shown that some pairs remained together
throughout the study, signifying that some
birds do create permanent pair bonds. The
belief that mountain ducks pair for life is
not supported by observations during this
study.

Resident Population

Throughout January and February, the
resident population takes on a fairly routine
existence. The birds feed in the salt lakes
and drink fresh water from the seepages
and then return to the limestone islands in
the salt lakes where they “loaf” during the
heat of the day. Squabbling and bickering
occur when lone females intrude on estab-
lished pairs, but in general, the overall pat-
tern of behavior is one of mutual acceptance
and peaceful coexistence. As temperatures
drop in the late afternoon, the birds drift
back to the seepage areas and drink and
preen for at least an hour. Feeding again
takes place on the salt lakes until dark, and
on moonlit nights the birds feed on into
the night.

As the summer continues, the population
numbers slowly dwindle with more birds



16 WILDLIFE MONOGRAPHS

leaving the island for the mainland. This
pattern of movement continues until the
population drops to its lowest point in late
February or early March, depending on the
dryness of the summer. Frith (1967) attrib-
uted movements like that to a mass molt
migration similar to that of the European
shelduck Tadorna tadorna.

This theory has merit when considering
mass migration of mountain ducks in West-
ern Australia during the spring in October
and November. Aerial surveys in 1965 to
1968 found each year groups of molting
mountain ducks exceeding 10,000 birds on
Lakes Namming, Dumbleyung, Gore, and
the Harvey Estuary. However, this does not
explain why mountain ducks gradually
leave Rottnest Island throughout ‘the sum-
mer months, especially juvenile birds which
will not molt for at least another 8 to 9
months.

There probably is no single reason for the
birds leaving Rottnest Island for the main-
land at that time of year, and contributing
factors may be the following: (1) the enor-
mous salinity changes in the lakes and
swamps caused by evaporation; (2) diffi-
culty of food getting once the swamps be-
come dry and birds are forced to feed on
the salt lakes; (3) summer monsoon rains
on the mainland draw ducks for hundreds
of kilometers after they pass (Frith 1959);
and (4) human disturbance at that time of
year as thousands of tourists use Rottnest
Island as a holiday resort. Fortunately, few
tourists use the salt lake areas and the dis-
turbance to the ducks is not continuous.

Detailed examination of points (1) and
(2) have shown them to be of major impor-
tance in imposing stress conditions upon
the population through a shortage of fresh
water and food. Water samples from Bull-
dozer Swamp over 4 years contained “Total
Soluble Salts” that exceeded 20,000 ppm by
mid-March (Riggert unpublished doctoral
dissertation, Table 2). The majority of birds
utilized that swamp, the largest permanent
one on the island, for bathing, and it was
observed that once the salinity exceeded
20,000 ppm the birds no longer used the

area. Evidence of a food shortage or salt
stress was found when an analysis was car-
ried out on birds that had been retrapped
numerous times throughout a summer. The
weights of the birds were statistically com-
pared to test the significance in change of
weight by the Student’s ¢-test. “Significant”
losses of weight did occur in both adults
and juveniles (P < 0.001 and P <0.05, re-
spectively). However, no change could be
found in the subadult group (P >0.05);
this is thought to be due to the insufficient
number of individuals tested (n=10).

CourtsHIP AND PAIRING

Courting and pairing begins on the salt
lakes in early December. Displaying in the
initial stages of pairing takes place on the
edge of salt lakes and “mock preening,”
“preening behind wing,” and “chasing”
(Lorenz 1953) take place during the latter
part of the morning when feeding has
ceased and the birds are drinking and
preening at the freshwater seepages. As
more juvenile birds join the main aggrega-
tion, the intensity of displaying increases,
especially by lone females. It is interesting
to note the aggressiveness of the females
that are responsible for most of the friction
within the group. Observations on paired
females have shown them to be extremely
aggressive when protecting their mates, and
they often resort to physical clashes on the
ground.

A second form of pairing display takes
place in the water when birds move from
the seepage areas and swim a short distance
from shore where they begin “head dip-
ping” and bathing (Johnsgard 1965). Lone
females swim to males and begin displaying
by “water thrashing” (McKinney 1965). As
the tempo of the display increases, the fe-
male captivates the male’s attention by duck
diving beneath the water for a few seconds
and then emerges to give a mocking chase
after the male. This display is repeated sev-
eral times until the male starts diving and
chasing the female in a similar manner. The
behavioral pattern is repeated on one or
more males until a male responds to her
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“inciting”; this term, used by Lorenz
(1941), described the part played by the
female in pair formation. Lorenz concluded
that inciting is the basic ceremony for pair
formation in all Anatidae. It is certain that
the mountain duck female relies on this be-
havioral trait to “choose” a mate. Reference
is made to the female obtaining a “mate”
rather than getting a “male,” as often it was
observed that females display to each other
with great response. Usually, the females
were juvenile birds, but nevertheless the
displaying captivates one of the birds, and
they act as though some bond has been cre-
ated, sometimes remaining together until
the next pairing period (mid-April to mid-
May). It is possible that female pairing
could come about because of the lack of
male birds as will be discussed later.

Few aerial displays were observed during
the December pairing period. The few seen
were of paired birds trying to elude pursu-
ing females. Some unpaired females re-

mained in the company of paired birds for

periods of up to 3 and 4 months.

Significance of Age

Pair formation occurs in all age groups;
juvenile, subadult, and adult. However,
brood production has been observed only in
adults. Data from field observations on
tagged birds during the breeding seasons of
1965, 1966, 1967, and 1968 on Rottnest Is-
land show that 89 birds were 22 months old
or older before they produced young.

The minimum age for pairing is 5-6
months. Paired birds isolate themselves
from the main aggregation. Few of these
pair bonds persist more than 3 months. Ad-
ditionally, there is always a group of juve-
nile females that remain completely on their
own and do not enter into the courting and
pairing activities. Those birds remained in
an isolated group on the study area for
several months.

During the latter portion of the breeding
period, unpaired subadult females migrate
to the island from the mainland, but they,
too, remain in small distinct groups on the
study area. Few lone juvenile and subadult

males were seen on the study area during
the breeding season (May-September). It
appears once they leave in the summer they
do not return until the following year. Dur-
ing the summers of 1966, 1967, and 1968,
there were 16 sightings on the mainland of
juvenile males identified from bill tags.

Subadult birds, in many cases, have
formed pairs, established brood territories,
and defended them quite aggressively.
However, few subadults either male or fe-
male, were observed to maintain a territory
against the aggressiveness of the adult
birds. Subadult females display behavioral
traits similar to the breeding adults, but the
lack of continuous breeding activities, i. e.,
nest site selection, egg laying, incubation,
etc., appears to soon cause the pair bond to
dissolve, with the female joining a group of
unpaired subadult females. Subadult males
usually remain solitary and are not seen on
the island once the breeding season com-
mences. The sex ratio in subadults observed
on the island favors the female.

Prebreeding Assemblage

The first break of the summer drought on
Rottnest Island usually occurs in mid-March
to mid-April, but only 50 mm of rain may
fall in that period (Fig. 3); however, it is
sufficient to cause a change in the behav-
ioral patterns of the resident ducks. Bicker-
ing and chasing commences, and the fe-
males guard their males from any intruders.
Immigrating birds from the mainland com-
mence to arrive, some being previously
tagged on Rottnest Island as juveniles and
not seen for more than a year. The new ar-
rivals are conspicuous as they are extremely
wary of humans compared to resident birds.
The composition of the population has al-
tered greatly since the early December ag-
gregation and now consists largely of adult
breeding birds. As the island’s mountain
duck population increases, the intensity of
courting and pairing behavior increases.

The courting and pairing displays of the
prebreeding season are similar to those pre-
viously described for the postbreeding pe-
riod. The difference is in the increased in-
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tensity of the females inciting males and the
aerial displays of paired birds eluding pur-
suing females.

The behavior of unpaired females when
pursuing a mate is to approach and com-
mence chasing or water thrashing with head
and neck outstretched and moving from side
to side making lateral pointing movements
with much vocalization. As the male re-
sponds, the female maneuvers the male
away from the group by continuous inciting
which may last for more than half an hour.
If the male is unresponsive to her displays,
the female may stay close by and continue
the display later, or more often, move on to
another male.

In the situation where lone females are
pursuing a paired male, the paired female
may attack the unpaired female outright or
incite the male into driving off the unpaired
female. Once gone, the male returns to his
female mate and displays sexually toward
her by mock preening, “lateral head shak-
ing,” or “chin lifting” in the high and erect
posture.

There are 2 types of aerial displays: (1)
flights made by unpaired birds, and (2)
paired birds eluding pursuing unpaired fe-
males. The first type of flight is the result of
aggressive display or inciting by one or
more unpaired females on a lone male. The
lone male rises and is followed by the fe-
males. The male is maneuvered by the pur-
suing females forcing each other from the
near position. It appears the objective of
the female’s behavior is to get close to the
male and stay as long as possible. If the
male responds to one of the females, the
pair will land and immediately the female
will commence inciting. The aerial display
will continue until one female captivates the
male and drives off all other females.

The second type of aerial display origi-
nates either on the ground or in the air
when a lone female intercepts a pair and
tries to separate them. It appears that the
object of this pursuit is similar to the one
previously described in that the female tries
to fly between the members of the pair and
then stay alongside the male as long as pos-

sible. In some flights, the unmated female is
skilled enough at maneuvering between the
paired birds that the pair will land and at-
tack the unpaired female on the ground.
Often, a female can be observed grabbing
at the tail feathers of another female forcing
a change in her flight direction so as to ob-
tain a position next to the male. Five fe-
males (4 alive and 1 dead) were found with
broken wings believed to have been caused
from hitting obstacles while trying to ma-
neuver in the aerial displays. That type of
injury is not observed at other times of the
year.

Weather conditions during the prebreed-
ing season have a considerable influence on
the behavior of displaying birds. On over-
cast days with rain and cool temperatures,
the displaying, both on the ground and in
the air, is continuous throughout the day;
however, if the weather changes and be-
comes warm with sunny days, the birds’ ac-
tivities are reduced sharply. They sit for
long periods on the shores of the salt lakes
preening and basking in the warmth, and
little courting takes place. During the win-
ter of 1966 when Rottnest Island received
less than the normal rainfall and the winter
was very mild, pairing activities were
greatly reduced, fewer pairs remained on
the breeding grounds, and poor retention of
established brood territories occurred.

Brood Territories

Paired birds leave the main congregation
and establish territories for raising their
broods. The basic requirement of each
brood territory is that it contains a fresh-
water seepage. Such seepages (Fig. 6) vary
in size and rate of flow but the total soluble
salts present in the seepage water varies lit-
tle between summer and winter (Hodgkin
1959).

The area of freshwater seepage defended
by the pair depends on 2 factors, the prox-
imity of adjacent seepage areas to the one
they hold, and the irregularity of the sur-
rounding terrain. If several seepages lie
close together (Fig. 6, north side of Bagh-
dad Lake near Parakeet Bay), the constant
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harassment of pairs seeking territories
makes it impossible for birds to defend large
areas. Some territories are small but their
boundary lines are well defended, and the
birds holding the territory are intolerant of
encroachment of other pairs or single birds
on their areas. In cases such as the western
end of Herschell Lake where there is only
one seepage area, the territorial birds seem
quite unconcerned about others feeding
along the shores or in the general area so
long as they do not come onto the seepage.

The 34 possible brood territories on the
island, the largest being No. 18 which ex-
tends along the shoreline for approximately
220 m and out over the water for 100 m, are
shown in Fig. 6. The smallest territory is
No. 7 on Negri Lake which has approxi-
mately 50 m of shoreline and 50 m out over

the water. The usual size for a territory on
the salt lakes is 100 m of shoreline by 50 m
out over the water.

The retention of a territory is a continu-
ous effort, and at first the female plays the
dominant part in chasing off all intruders;
however, her bickering and excitement
draw the male into doing most of the fight-
ing. This form of apparent behavioral con-
ditioning becomes most important in the
subsequent weeks as the male must defend
the territory on his own while the female is
away performing the incubation duties.

The primary function of the brood terri-
tory is to secure a supply of fresh water for
the brood, thus imposing a determinate pat-
tern of dispersion which allows broods to be
reared without intraspecific strife resulting
in deaths. The limited number of territories
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on the island imposes a ceiling on the breed-
ing density and is indirectly related to food
supply. Without sources of fresh water, the
ducklings cannot feed in the salt lakes.

In the breeding season, the ducklings and
parents feed on the brood territory. The
birds are opportunistic feeders as they feed
on a variety of plant and animal material in
a variety of ways,

Maturity

The establishment of a brood territory is
not a prerequisite to copulatory behavior,
as tagged birds, whose territories were later
found on salt lakes, have been observed
copulating on freshwater swamps. Other
tagged pairs have been observed copulat-
ing, but their territories were never found.
Throughout field observations, tagged birds
less than 21 months old have never been
seen copulating. However, 2 of our hand-
reared experimental male birds of 10
months had the same physical development
of the penis as that of a field bird 21 months
old. Histological examination of the testes of
the hand-reared birds showed no spermato-
zoa. From the foregoing it appears unlikely
that juvenile male birds breed in the first
year.

The act of copulation and associated dis-
plays of precopulatory and postcopulatory
behavior are not easily observed on the is-
land. During the breeding seasons of 1965-
1974, copulation was observed 9 times, but
on only 3 occasions were all behavioral
traits displayed. My field observations of
copulatory behavior in mountain duck pairs
agrees with the description by Johnsgard
(1965). A significant part of the behavior
of paired birds is the precopulatory display
which demonstrates the ability of the fe-
male to captivate the male by displays in-
volving the use of the wing speculum.

The female commences her display by
preening and flashing the wing speculum,
and as the male approaches her, the tempo
of preening increases and is combined with
water thrashing. The male soon commences
water thrashing in a similar manner. As he
approaches, the female swims in small cir-

cles with neck and head outstretched on the
water often grabbing mockingly at his
breast and lateral feathers while circling the
male several times. The female repeats the
performance again by swimming approxi-
mately 7-10 m away and calling the male to
her. As the display continues, the number of
mock attacks on the male is increased until
finally the female swims around the male
head down and bill half submerged in the
water with body lowered and flattened
causing a large bow wave. This action then
transforms to a complete submergence by
the female who swims underneath the male
simulating the copulatory position. This dis-
play may be repeated several times before
copulation takes place. It was observed that
the precopulatory display did not occur
with every act of copulation. The full se-
quence was observed in the field only 3
times during the breeding seasons.

NEest oF THE MouNTAIN Duck

Location

Nesting sites on Rottnest Island are con-
fined to limestone ridges along beaches and
the small offshore islands. The limestone
ridges extend along 15.2 km of Rottnest Is-
land’s 29.7 km of coastline. In addition,
there are 12 small offshore islands all of
which contain limestone areas suitable for
nesting sites. None of the offshore islands
are more than 1 km from the shore of the
main island.

Previously, only 2 nests of the mountain
duck have been recorded for Rottnest Is-
land, both on offshore islands. Storr (1965)
was unsuccessful in his search for nests
around the swamps and lakes; furthermore,
local residents had never seen a mountain
duck nest on the island.

By observing the daily movements of
birds from their territories to the beach
areas at sunrise and sundown, I located a
pair nesting in the limestone ridges on the
northern side of Rottnest Island. That was
the first nest found on the main island, and
it was apparent from the time and effort
spent that finding others would be difficult
because of the roughness of the terrain and
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wariness of the breeding pairs. During the
breeding seasons of 1965-1974, 26 nests
were found, and I examined 10 of them
without destroying the entrance or nesting
burrow. Observations on nest size, struc-
ture, contents, and previous use are based
on those 10 nests.

Seeking of Nesting Sites by Paired Birds

Paired birds leave the freshwater seepage
areas each day about midmorning and fly to
the coastal beaches. There, displays of head
throwing and lateral pointing by the male
and female, respectively, were observed. An
intrusion of other pairs into the area causes
much fighting and bickering as the male be-
comes very aggressive, often attacking pairs
flying past or swimming in the sea nearby.
The aggressive behavior of the male at the
nest site was observed only during the early
stages of nest site selection,

Wind and water erosion on the limestone
cliffs has created a maze of crevices and
holes, each one being a potential nesting
site. As the female moves from hole to hole
exploring each as a possible nesting site, her
tracks can be followed through the soft
sand that has been blown onto the lime-
stone. Those tracks made it possible to de-
termine the regularity and extent of nest
hunting. In following one bird’s movements,
I found that she had walked approximately
1 km along the ridges and entered at least
46 holes, some being previous nests of the
wedge-tailed shearwater Puffinus pacificus.
The exploratory behavior and numerous
nesting possibilities in the limestone cliffs
made it difficult to find nests by tracks or
looking into all suitable rock formations.

The exploring of the limestone ridge
areas for nesting sites by adult birds that
had nested before is much quicker than for
the young inexperienced breeding birds. It
is certain that adult birds used good nest-
ing sites repeatedly, as layers of egg shell
membranes can be found down through the
sand in nesting burrows. Observation of
tagged, experienced, breeding birds show
that they utilize the limestone areas close

to the salt lakes and protected from the
weather.

While the female is searching for the nest
site, the male takes a position where he can
observe the area for intruders. If the pair is
disturbed, they leave the area, often not re-
turning until the following day.

Nests

Once the female finds a suitable crevice
or burrow, she begins to clean it out (Fig.
7). The nest is formed by scooping out a
shallow bowl in the fine powdery sand,
about 45-55 cm in diameter and 7-10 cm
deep in the center. None of the nests ob-
served had a second entrance or escape
hole, a feature common in other species of
Tadorna (Hori 1964).

The distance of nests from water, either
salt lake or ocean, does not follow any pat-
tern. Occupied nests were found as close as
5 m from ocean water and as far away as 1
km. Distances from salt lakes are even
greater with nests ranging between 2 m and
9.5 km from the water. Nests have been re-
ported on Phillip Rock and Dyer Island, a
minimum of 5 km from salt lakes, but 1 km
out over the open sea. The closest distance
between 2 nests was approximately 10 m.

Ecc LAYING AND ASSOCIATED BEHAVIOR
Egg Laying

At first light, the pair leaves their brood
territory and flies to the nesting site. Seldom
do they fly directly to the nest, but land
nearby and observe the surrounding area.
The birds may stand and observe for over
an hour before the female flies directly to
the nest breaking her flight only as she en-
ters the opening of the burrow. The male
remains in position, watching. If disturbed,
the male sounds a high whistle and returns
to the brood territory. The female remains
on the nest and returns to the territory later,
presumably not disclosing the location of
her nest by darting out in times of danger.

The female may spend up to 40 min in
the nesting burrow at the onset of laying,
but as the clutch increases, the time is re-
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Fic. 7. Female mountain duck cleaning out nest in limestone crevice on Rottnest Island, Western Aus-
tralia.

duced greatly. On 10 July 1965, a female
entered and left a nesting burrow within 8
min, depositing 1 egg. The time required to
complete the clutch can be prolonged
greatly if the female is disturbed repeatedly
at the nest site. One nest that was disturbed
several times during the laying period took
21 days to complete a clutch of 11 eggs.
From observations on 10 nests during
breeding seasons of 1965-1968, 1 egg was
laid per day. In 4 nests, the first 3 eggs laid
were spaced at intervals of a day, and the
female visited the nest only on the day she
laid. The normal egg laying period on the
island extends from the first week in June
until mid-September.

At the onset of laying, care was taken to
see that the disturbance did not result in
abandonment of the nest by the pair. Num-
bers of eggs seen in nests ranged from 6 to
14, but a brood of 16 ducklings was seen on

Baghdad Lake in August 1968. The large
variation in clutch size could be normal for
the species, but with the limited number of
nests (10) available for examination on
Rottnest Island it was not possible to draw
conclusions on mean clutch size or standard
deviation for any season, or whether the oc-
cupants of the nest were young or inexperi-
enced breeders.

Dump Eggs

While searching for nests, numerous eggs
or portions thereof were found in areas that
definitely were not nest sites. This phenom-
enon appears to be common among Ana-
tidae and the eggs are known as “dump
eggs.” Eggs were found along the edges of
salt lakes, on offshore islands, and in cave
areas too draughty and exposed to be nest
sites. Most of those eggs probably were
eaten by the silver gull Larus novaehol-
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landiae and the Australian raven Corvus
coronoides, but a few in covered areas were
still intact and fresh.

Dump eggs could result from at least 2
causes. The adult females may choose not to
enter the nesting burrow to lay if they are
disturbed at the nest sites. Thus, eggs found
on the lake edges could be dropped by a fe-
male unable to go to her nest. It has been
possible to artificially incubate such eggs.
Alternatively, groups of unpaired females
are seen on the offshore islands almost
daily, and the eggs found there could be left
by females that are inexperienced layers,
probably without nests or brood territories.

Egg Losses to Predators

There are few enemies of waterfowl on
Rottnest Island. The domestic or feral cat,
snakes, lizards, ravens, and sea birds are the
only animals that could cause nesting losses.
Feral cats are only a recent arrival on the
island, being escaped pets of local residents
or holiday visitors. There is no evidence to
support the idea that they destroy eggs, but
they do take ducklings on the journey from
the nest to brood territories.

Local residents and some visiting ama-
teur ornithologists regard the dugite De-
mansia nuchalis affinis and the bobtail
skink Trachysaurus rugosus responsible for
egg losses in ground nesting birds on the is-
land. Examination of mountain duck nests
during the breeding seasons showed that
neither species was responsible for egg
losses. However, both species were seen fre-
quently on warm days in the limestone
areas. Again, the limited sample of 10 nests
observed does not allow definite conclusions
to be drawn on nest predation by those 2
species.

Both the silver gull and the Australian
raven have been observed preying on moun-
tain duck nests on Rottnest Island. How-
ever, in both instances it is felt that those
birds were drawn to the nesting burrows by
our presence. After we left the nest site, the
predators were searching for food scraps
and inadvertently discovered the nests. The

typical appearance of eggs eaten by silver
gulls is shown in Fig. 8.

Ecc, INCUBATION, AND
EMBRYONIC DEVELOPMENT

The Egg

Eggs examined in the field usually are
stained light brown by blood and dirt. If
washed before incubation commences, the
stains can be removed exposing the true
buff cream color. The surface of the shell is
smooth with a glossy finish. The color and
shell surface limit light transparency, but
candling is possible with a strong light
source.

A total of 49 eggs from Rottnest Island
and 98 from the mainland was examined,
measured, and weighed. There was no sta-
tistical difference in size or weight between
the 2 groups, therefore, the groups were
combined to provide as large a sample as
possible. The mean length and width of the
147 eggs was 68.76=2.2 mm (se=0.2) and
48.3+1.0 mm (se=0.1), respectively. The
thickness of the shell was nearly uniform
and measured approximately 0.33 mm (sE
=0.01). The mean volume, calculated by
water displacement was 79.8+3.1 ml.
Twenty-two eggs were weighed prior to in-
cubation and had a mean weight of 88.3=
5.1 g (se=1.1) with a specific gravity of
1.07.

Incubation

Data from 5 nests (49 eggs) on Rottnest
Island and 168 artificially incubated eggs in
the laboratory indicates that incubation
takes a minimum of 30 and a maximum of
32 days. Incubation commences the day on
which the female remains for at least 5 con-
secutive hours on the nest in natural condi-
tions, or the first full day eggs are placed in
a preheated incubator. Completion of incu-
bation is defined when the ducklings escape
the shell cover. Other workers such as
Moody (1939) and Delacour (1939, 1954)
cited approximately the same incubation
period (30-33 days) for birds held in cap-
tivity.
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F1c. 8. A. Normal appearance of shell of mountain duck when hatching is completed. B. Mountain duck
egg preyed upon by a silver gull.

As the clutch nears completion, the fe-
male plucks down from her breast and lines
the nest. That behavior continues until the
nest is lined completely, together with a
surplus that will form a mat over the top of
the eggs approximately 4 cm thick. The
down cushions the eggs and presumably re-
duces breakages. However, another func-
tion is to insulate the incubating eggs and
retard cooling when the brooding female
is absent. Brooding females can be seen
plucking down from their breasts on brood
territories. It is not known if that behavior
is incidental to normal preening activities
or whether it has some significance to the
male who remains on the brood territory
throughout the incubation period. The ap-
pearance of loose down on the breasts of
broody females can be seen throughout the
incubating period.

Once incubation commences, the pair
carries out their separate roles, the female
incubates the eggs and the male defends the

brood territory. During the early stages of
incubation, the male accompanies the fe-
male from the territory to the nest site each
morning. He seldom remains at the nest site,
but returns to the territory where he re-
sumes his duties of territorial defense.
There are 3 characteristic behavioral
traits displayed by the male when defend-
ing a territory: “mock feeding,” “standing
alert,” and “direct chasing.” Mock feeding is
performed when the male is feeding nor-
mally and an intrusion is made on the terri-
tory. He continues with the motions of feed-
ing but no food is taken and his attention is
focused on the intruder. The male does not
resume normal feeding until the intruder
leaves the area. Standing alert is performed
by standing in an elevated position on the
territory and observing the surrounding ter-
rain. When other mountain ducks fly near,
the male begins lateral head throwing and
short grunting whistles. That presumably
signifies the area is occupied. The most ag-
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gressive performance is the direct chase.
When intruders enter the territory, the male
comes into physical contact with them and
often such clashes are quite violent.

If the female is disturbed while incubat-
ing, a low hissing call can be heard from
within the nest burrow. That call is a threat
to the intruder and becomes louder with
continued disturbance. Hori (1962) re-
ferred to a similar hissing by the European
shelduck and stated that he witnessed a
would-be predator deterred from approach-
ing a nesting hole by such hissing. The call
was often heard when examining nests as
the female would retreat to the rear of the
burrow and hiss loudly. When examination
of the nest was complete, the female
stopped hissing and resumed incubating the
eggs.

Observations of the female’s movement
on and off the nest during incubation were
made by spreading fine sand in the en-
trance of the burrow. Regular checks of the
burrow for tracks gave approximate times
of her arrival and departure. The time a fe-
male spends on her nest during the first 2
weeks of incubation can be divided into 2
periods: (1) the daylight period, from mid-
morning to late afternoon, and (2) the
night period from sunset to approximately
half an hour before sunrise. On cold and
wet days, the female may spend longer
periods on the nest than on warm sunny
days. Each morning and afternoon a period
is spent on the territory drinking and feed-
ing.

When the female leaves the nest to feed
and drink, she seldom joins the male in de-
fense of the territory. Both birds appear so
preoccupied during that period they seem
unaware of the other’s presence.

At the end of the first 2 weeks of incuba-
tion, thermistors, attached to an electro-
thermograph by cables, were placed in a
nest. The thermistors were suspended in the
nesting burrow to record air temperature
and placed in the down surrounding the
nest to record nest temperature. A third
thermistor was taped to the surface of a de-
veloping egg. During each recording of the

TaBLE 1.—MaxiMuM AND MiNniMuM TEMPERA-

TURES (C) RECORDED IN A MouNnTAIN Duck NEST-

iIN¢ Burrow, axp ror Nest Down anp Ecc

DURING INCUBATION, ROTTNEST IsLAND, WESTERN
AUSTRALIA

Maximum Minimum Range

Nesting burrow 20.0 14.3 5.7
Nest down 22.0 17.1 4.9
Egg (first 26 days, female

not always present ) 38.5 24.5 14.0
Egg (last 4 days, female

always present) 38.5 33.5 49

3 areas, it was possible to see if the female
was on or off the nest, and from tracks in
the sand to note whether she had been ab-
sent from the nest since the previous record-
ing. Temperature data are given in Table 1.

Temperatures inside the nesting burrow
were almost constant and at all times were
above the average minimal temperature for
the month (July 1967) on the island. The
greatest recorded temperature fluctuation
inside a nesting burrow was 5.7 C. The tem-
perature of the down surrounding the eggs
also remained fairly constant regardless of
the presence or absence of the female on the
nest, and fluctuated over a range of 4.9 C,
above the average maximum for the month
(July 1967).

The temperature of the incubating egg
had a range of 14.0 C. The greatest temper-
ature fluctuation occurred during the end
of the third week of incubation with a drop
of 10.0 C. The female was off the nest when
the recording was made. During the last 4
days of incubation, temperature recordings
were made every 6 hours. The temperature
varied from 33.6 to 38.5 C, a range of 4.9 C
(Fig. 9). A rapid decline was noted once a
hole was punched in the shell by the pip-
ping duckling. The female was on the nest
during every temperature recording during
the last 4 days of incubation.

When recording whether incubating fe-
males of the European shelduck were pres-
ent or absent from the nest, Hori (1965)
placed a recorder under a “prepared” nest
and the incubation rhythm was automati-
cally plotted for the duration of the nesting
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period. Hori (1964) found that incubating
females spent 87 percent of their time incu-
bating. That amounted to 493 of a possible
564 hours on the nest. He also found that
when a clutch neared hatching, the female
remained continually on the nest, and par-
tial failure of a clutch occurred when a
broody hen was kept away from her nest for
13 hours on the twenty-second day of incu-
bation.

The significance of constant temperature
for eggs in their later stage of development
was confirmed when transporting mountain
duck eggs to the laboratory. If the incubat-
ing eggs were less than 2 weeks old and not
opaque when viewed with an egg candler,
it was possible to maintain them during
transportation by frequent warmings. Once
the egg development reached the latter half
of the incubation period (15-29 days), the
eggs were sensitive to temperature fluctua-
tion. Mortality from temperature fluctua-
tion during the later stage was eliminated
by placing the eggs in a thermostatically
controlled warming box maintained at 35+
2.0 C. Eggs in the laboratory incubator were
kept at 36 C and 85 percent relative humid-
ity.

As the eggs incubated in the portable in-
cubator in the laboratory, a gradual loss of
weight was noted. Romanoff and Romanoff
(1949:377-379) attributed the loss of
weight in incubating eggs to water evapora-
tion and gaseous exchange through the
shell. The total weight loss, and the rate at
which it was lost, was measured in the labo-
ratory on 4 clutches of mountain duck eggs.
Those clutches, totalling 48 eggs, were re-
moved from the incubator every third day
at 0900 hours and weighed on a Salter beam
balance to 0.1 g until the first sign of
pipping.

Clutches A and B were incubated for 30
days and had an average weight loss per egg
of 6.4 and 52 g, respectively, during the
incubation period. Weight loss per egg in
Clutch C for an incubation period of 18 days
was 5.0 g, and Clutch D, with an incubation
period of 10 days, had a mean weight loss of
3.3 g per egg (Fig. 10). In all clutches it was
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possible to tell when an embryo had died as
it no longer lost weight in a systematic way.

Embryonic Development

The daily embryonic development of the
mountain duck egg was studied in the labo-
ratory to assist with the aging of clutches
found in the field. That information made it
possible to time future visits to coincide
with hatching times.

The method was similar to that described
by Hanson (1954); however, the use of a
photographic dark room and Cannon elec-
tronic flashguns with adjustable flash times
eliminated some of the apparatus described
by Hanson. The film used was Ilford PAN
F with a green filter. Photographs of the
daily embryonic development of a moun-
tain duck are shown in Fig. 11.

During the first 2 weeks of incubation, it
is possible by direct observation with the
aid of an egg candler to establish the age of
an embryo. Once the development pro-
gresses to the fifteenth day and onward, age
criteria must be established on egg trans-
parency and size of the air sac only. When
the bill of the duckling can be seen in the
air sac at the large end of the egg, pipping
has commenced.
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Fic. 11A. Daily embryonic development of mountain duck eggs. Numbers indicate day of development,
0-11 days.
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24

Fic. 11B. Daily embryonic development of mountain duck eggs. Numbers indicate day of development,
12-23 days.
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+22 HRS, 3!

Fic. 11C. Daily embryonic development of mountain duck eggs. Numbers indicate day of development,
24-32 days.
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The following descriptions of the de-
velopment of a mountain duck embryo were
made from eggs artificially incubated in the
laboratory in 1966 and 1967. Reference was
made to Romanoff (1960) for terminology
of embryonic development.

Day 0 (Fresh egg)—Shell color buff,
fairly translucent.

Day 1-—Yolk appears darker and well de-
fined.

Day 2—Blastodisc approximately 9 mm in
diameter appears on surface of yolk.

Day 3—Area vasculosa appearing as a
crown approximately 20.5 mm in diame-
ter.

Day 4—Yolk now dark orange and well de-
fined. Area vasculosa enlarged to approx-
imately 29 mm in diameter and embryo
visible for first time.

Day 5—Embryo and vitelline veins now
prominent. Spidery shape with heartbeat
visible.

Day 6—Both amnion and embryo visible
when egg is rotated.

Day 7—Embryo moves regularly as muscle
fibers contract in amnion. Vitelline veins
have many branches.

Day 8—Eye is now very prominent and em-
bryo and area vasculosa not easily seen.
Day 9—Embryo 16.2 mm long in flexed po-
sition. Amnion 32 mm. Embryo very ac-

tive.

Day 10—Embryo becoming more obscure
by growth of allantois. Air sac prominent.

Day 11—Embryo extremely active, approx-
imately 23 mm in length.

Days 12-15—Little change during this pe-
riod, but growth of embryo to approxi-
mately 34 mm or half the distance across
the egg.

Day 16—Embryo now becoming slightly
opaque half the distance across the egg.
Movement slows.

Day 17—Embryo in relaxed condition con-
stitutes approximately two-thirds of dis-
tance across egg. Air sac enlarges.

Day 18—Detail now obscure by opaqueness

of egg.

Day 19—Embryo forms coil or ring for first
time, legs and wings seen moving,.

Day 20—Embryo approximately 41 mm in
diameter. Little detail of egg now visible.

Day 21—Embryo occupies three-fourths of
darkened portion of egg.

Days 22, 23—Thick blood vessels only de-
tail visible.

Day 24—Embryo now extends across egg
and halfway around it with large trans-
parent portion still visible at large and
small end.

Day 25-—Embryo becoming black. Blood
vessels not visible.

Days 26-29—Entire egg opaque except for
air sac at large end of egg and a small
area at opposite end. Aging of eggs dur-
ing this stage depends solely on size of
air sac.

Embryos that died during the first 2
weeks of development were recognized by
one or all of the following characteristics:
(1) rupturing of vitelline veins, (2) darken-
ing of amnion, and (3) no movement of
embryo.

Those embryos that died during the latter
half of development (15-29 days) were rec-
ognized by ruptured blood vessels that ap-
pear flat, no movement of embryo when egg
was rotated slowly, and entire embryo shift-
ing to small end of egg allowing one-half of
the egg to be transparent.

Once the eggs were hatched, the nests
were observed continually so that the de-
parture of family groups could be followed
overland to the lakes and swamps where the
brood territories were located.

HAaTcHING AND LEAVING THE NEST

Hatching

Progress of hatching is shown in Fig. 11C,
Stage 30, +10, +16, and +22 hours. The
time recorded in the laboratory for duck-
lings to hatch was approximately 24 hours,
but ranged from 18 to 30 hours. A clutch of
mountain duck eggs hatching on Rottnest
Island (Fig. 12) shows the different stages
of hatching within a single clutch.
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F1c. 12. A clutch of mountain duck eggs from a nest at Charlotte Point, Rottnest Island, Western
Australia. Note the variation in hatching progress within a single clutch.
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When the duckling emerges from the
shell it is wet with amniotic fluid and ex-
hausted (Fig. 11C, Stage 31). The first
movements of the duckling, even though too
weak to stand, are to preen its down feathers
which assists in drying. The warmth from
the female assists the drying, and 12 hours
after hatching the duckling is dry and
capable of standing erect.

Leaving the Nest

At the age of 2 days, the ducklings are led
by the male and female from the nest to the
brood territory. Usually, the time of depar-
ture is before sunrise allowing the group
the protection of darkness for a portion of
the trip. The route to the territory is as
direct as possible.

During the breeding seasons of 1965-
1974, 15 family groups were observed on
their way from nest sites to their territories.
Because of the time of departure from the
nest and the dense vegetation, it was not
possible to observe the groups continually,
but some insight was gained into their be-
havior during the journey.

As the parents lead the loosely bunched
brood along, a soft throaty call is given by
the male and female, presumably to aid the
ducklings in following them through the
dense undergrowth and to keep them to-
gether. If the parents stop calling, the duck-
lings remain motionless and are difficult to
detect. There is little doubt that some duck-
lings become lost during the journey and
die of exhaustion or exposure, but the only
mortalities witnessed occurred from preda-
tors.

Storr (1965) reported a fisherman wit-
nessed a pied cormorant Phalacrocorax
varius swallowing a submerged duckling at
sea. That took place during the brood’s jour-
ney from an offshore island to the brood
territory. During the present study, only
feral cats were observed taking ducklings
during the journey. On 8 August 1966, a
brood of 10 ducklings was eaten by a feral
cat before the parents could get them to
the territory, and 2 similar instances involv-
ing partial loss of broods were recorded in

1965. Feral cats killed 70 percent of the 3
broods.

In January 1966, the Rottnest Island
Board of Control commenced a project to
eradicate feral cats on the island and to re-
duce the number of domestic cats kept as
pets. During the following year, 86 feral
cats were destroyed and domestic cats were
reduced to 1 per household. All domestic
cats remaining on the island were sterilized
and it is strictly forbidden to bring cats onto
the island. No losses were recorded in the
12 broods witnessed making the journey in
1967-1974. ‘

When the group reached its territory, the
parents commenced drinking from the seep-
age, and that behavior was copied by the
ducklings. The brood spent the rest of the
day drinking from the seepage and resting
on shore close to the parents.

When the family group arrived at their
territory, I examined the nest contents. All
contained down and broken egg shells and
a total of 19 eggs was found unhatched in
9 nests. There was no development in 6
eggs, and 5 others were broken during in-
cubation. Three embryos died at 29 days of
development, and 5 embryos died at 2-3
days old. No ducklings were left behind at
the nest.

Broop REeARING

General Remarks

During the first week following their ar-
rival on the brood territory, ducklings fed
constantly. If the territory was on a salt
lake, the ducklings spent long periods drink-
ing and feeding at the freshwater seepage.
Stomach contents removed from 5 ducklings
5 days of age contained Chlorophyta and
seeds of Salicornia australis, Animal mate-
rial consisted of ephydrid larvae and pupae
and ostracods (Cypris spp.).

Toward the end of the first week, duck-
lings commenced feeding regularly on the
salt lakes by diving beneath the surface.
Three ducklings feeding in that manner
were taken and the stomach contents con-
tained chironomid larvae Tanytarsus barbi-
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tarsus and large quantities of Chrysophyta.
By midmorning and in the late afternoon,
ducklings and parents were on the seepage
drinking and preening.

Throughout the first 6 weeks, the broods
usually remained in the immediate vicinity
of their territory with the parents constantly
present. However, instances were recorded
where family groups entered neighboring
occupied territories while feeding, which
caused immediate fighting between the par-
ents. Often, when 2 sets of parents fought,
the ducklings became confused and became
mixed together. Usually, the broods sepa-
rated with their original numbers, presum-
ably with the same individuals in each
group. However, several instances were ob-
served when the separating broods had a
numerical change.

The only defense behavior displayed by
parents in protecting their brood from pred-
ators, humans, and lone females was direct
pursuit and broken wing display. Both par-
ents joined in pursuing predators, but the
male was the more aggressive, often leaving
the female with the brood. When humans
got close to the brood, the female showed a
typical broken wing display. That display
was seen only during times when parents
were leading their brood from the nest to
the territory overland, and ducklings were
hiding in the ground vegetation. Ravens
have been observed attacking broods on
land and the parents were quick to retaliate.
Silver gulls were seen swimming amongst a
brood, and little notice was taken of their
presence by either the ducklings or parents.
However, if the gulls attacked a duckling,
the parents pursued the gull and drove all
other gulls from the immediate area. Lone
female mountain ducks attempting to ac-
quire ducklings were common occurrences
and parent birds were quick to drive those
birds away. No instances were recorded of
a lone female acquiring ducklings by driv-
ing off one or both parent birds. The de-
fense of broods by parents continued until
the ducklings were able to fly.

Brood Counts

During the breeding seasons of 1965-
1973, brood counts were made fortnightly
on the salt lakes and swamps with the aid
of a 4-wheel-drive vehicle during the latter
half of the morning. A constant route was
taken on each count. The total time re-
quired for a count was approximately 2
hours.

Ages of ducklings were estimated by use
of a development chart compiled from hand-
reared ducklings in the laboratory. The
chart, plus prepared study skins, allowed
broods to be classified into 8 age divisions
in the field. In addition, specific identifica-
tion was made by one or all of the follow-
ing: (1) residence of a brood on a known
territory which was mapped and numbered,
(2) the presence of a numbered bill tag on
one or both parents tending the brood, and
(3) the age of individual broods estimated
with the aid of the development chart.

During the study period, broods were
present on lakes and swamps from June to
December. Arrival dates of new broods var-
ied from 19 June until 18 October. A total
of 233 broods with a total of 1,737 ducklings
arrived at the lakes and swamps to take up
territories preestablished by the parent
birds.

The largest number of ducklings observed
in a single brood was 24 in 1971 on Baghdad
Lake. It seems likely that that brood was the
result of 2 broods that combined prior to
their arrival on the territory. Several in-
stances were recorded of parent birds arriv-
ing at the lakes with only 1 or 2 ducklings.
Presumably, those family groups had been
reduced in numbers by predators. The mean
size of broods arriving at their territories
during the study period was 7.49+0.85 with
a variation from 6.52 (se=0.67) in 1972 to
8.35 (sE=0.55) in 1968. A statistical com-
parison of the numbers of ducklings per
brood arriving on the lakes and swamps be-
tween the years 1965-1966, 1966-1967,
1967-1968, 1968-1969, 1969-1970, 1970-
1971, 1971-1972, 1972-1973, and 1973-1965
showed no significant statistical difference
in numbers of ducklings per brood arriving
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on the territories during the study period.
The mean number per brood arriving on the
lakes apparently does not vary from year to
year.

Observations on the broods once they
were established on their territories were
made at least once every 2 weeks. When a
brood had developed to an “all feathered
and flapper” stage (age 57-70 days), the
counts on that brood were terminated and it
was considered to have survived the brood
period.

Survival data on broods reared in the
1968 breeding season could not be used as
24 ducklings were sacrificed from 9 of the
28 broods present for other research pur-
poses.

The total number of ducklings to reach
survival age was subtracted from the total
number of ducklings arriving at the lakes
and swamps. The difference was considered
the mortality suffered by the broods during
the developing period. There were, how-
ever, 10 broods that reached survival age
with more ducklings present then than
when first observed arriving at the lake or
swamp. Those excess birds were termed
gained as they were the result of an inter-
change of ducklings between broods. The
total number of birds gained was subtracted
from the assumed mortality to give a cor-
rected mortality.

During the 9 years of field observations
on broods, 10 broods that contained a total
of 16 ducklings had definitely made a
change from one brood to another. The
presence of those 16 ducklings in another
brood was quite obvious as the transient
ducklings were either much larger or much
smaller than the brood they joined. It is pos-
sible that that same phenomenon could oc-
cur in many more broods and go unnoticed
if the 2 broods joined together were approx-
imately the same age. However, brood inter-
change appears to occur only by accident or
as a result of fighting and is not of any sig-
nificant survival value.

In 1965-1967 and 1969-1973, a total of
205 broods arrived on the salt lakes with
1,503 ducklings, of which 185 broods and

1,215 ducklings (80.8%) reached the all
feathered and flapper stage and were con-
sidered to have survived. Only 20 broods
(0.09% ) were recorded as completely miss-
ing during the study period. The mean
brood size for those broods with birds that
reached the surviving age (57-70 days) was
6.58+0.69 with a variation of 546 (sE=
0.41) in 1972 to 7.24 (se=0.47) in 1965.
Broods that survived to the all feathered
and flapper stage during the study period
were, on the average, minus 0.91 ducklings.

The mortality among 1,503 ducklings that
arrived on the lakes and swamps in the 8-
year period of 1965-1967 and 1969-1973
was 288 ducklings (19.2%). The highest
mortality period was during the first week
on the brood territory with a mean mortality
of 13.12+4.26 percent that ranged from a
high of 19.32 percent in 1972 to a low of
7.23 percent in 1966. No pattern of decreas-
ing mortalities with advancement in age
during the remaining weeks prior to the
flapper stage could be found.

The high survival value in broods raised
on the island results in a surplus of ducks
being produced every year. The mean num-
ber of broods observed breeding per year
during 1965-1973 was 25.8 and the mean
number of ducklings surviving per year
during that period excluding 1968 was
151.9+30.8. A summary of the data for the
9-year period is in Table 2.

Throughout the brood counts, no duck-
lings were observed dying or being taken
by predators on the territories. However,
observations of broods before and after se-
vere winter storms indicated that ducklings
perished because of climatic conditions.
Those birds were thought to have perished
from exposure, exhaustion, or drowning.

Consequence of Brood Failure

Pairs of breeding birds were observed to
lose their unity during the latter half of the
breeding season if they were unsuccessful
in bringing a brood to their territory or if
they lost their brood within the first week.
Observations on pair retention were made
during brood counts, and it was observed
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TABLE 2.—SuMMARY OoF Broop Counts oF MouNtain Duck DuckrLings ForR 1965-1973, RoTTNEST Is-
LAND, WESTERN AUSTRALIA. MEANs ARE PLUS OR MINUS THE STANDARD DEVIATION OF THE MEAN AN-
NUAL VALUE

Mean Number Ducklings Mean Number
Number of of Ducklings Broods Surviving Surviving to of Ducklings
Number of Ducklings per Brood to Flapper Stage Flapger Stage per Brood
Year Broods Arriving Arriving (70 days old) (70 days old) Surviving
1965 29 241 8.31+29 29 210 7.24+2.55
(sE 0.54) (sE 047)
1966 19 141 7.24+3.3 18 123 6.83+3.12
(sE 0.76) (sE 0.47)
1967 26 171 6.57+3.6 24 134 5.58+3.58
(s 0.71) (sE 0.68)
1968 28 234 8.35+2.9 — — —
(sE 0.55)
1969 19 170 8.94+3.3 18 129 7.17+3.24
(sE 0.75) (se 0.76)
1970 27 192 7.11+3.3 20 140 7.00+£2.75
(sE 0.64) (sE 0.61)
1971 29 206 7.10£5.0 26 178 6.85+5.4
(sE 0.93) (se 1.05)
1972 27 176 6.52+3.4 24 131 5.46+1.9
(sE 0.67) (s 041)
1973 29 206 7.10+3.6 26 170 6.54+2.71
(sE 0.68) (se 0.53)
TOTALS 233 1,737 185 1,215
Means  25.88+4.04 7494085  231+4.05  151.9+308  6.58x0.69
Minus
Data of
1968 205 1,503 80.8%

that 21 breeding pairs made changes during
that period.

The breakdown of pair unity was initi-
ated by paired or single birds entering onto
an unoccupied territory and not being
chased off. The new arrivals soon intermin-
gled, the bonds of unity in the territorial
pair appeared to dissolve, and soon the ter-
ritory was vacated by one or both territorial
birds. Often, one of the original pair was
found on a new territory with a new mate.
However, no ducklings were ever observed
to be produced from those second matings
during the same breeding season. It appears
that pair unity is maintained through suc-
cessful production and rearing of young.

GROWTH AND DEVELOPMENT

To establish the rate of growth and devel-
opment in mountain ducks and their duck-

lings, observations were made on birds re-
siding on Rottnest Island and those reared
in the laboratory. Data were collected at
predetermined intervals for groups of duck-
lings and mature birds reared in the labora-
tory. Mature birds from Rottnest Island
were trapped and data were recorded
throughout the study period. A computer
was used to analyze the rate of growth in
each group and to compare the growth rate
between groups. The developmental se-
quences of plumage were established from
data on observations in both groups.

The experiment was divided into 2 parts.
One deals with ducklings up to 70 days of
age and the second deals with flying birds
in the juvenile, subadult, and adult age
groups. In both sections, observations and
measurements were made and recorded in a
similar manner so that a continuous pattern
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TasLE 2. (CoNT.)

Number of Ducklings Mortality
Number of Ducklings Corrected Surviving to to Mortality
Ducklings Exchanged Mortality 70 Days Old 70 Days Old  During First Week
Year Dead between Broods in Ducklings (%) (%) %)
1965 34 3 31 87.14 12.86 14.18
1966 18 0 18 87.23 12.77 7.23
1967 39 2 37 78.36 21.64 11.11
1968 — —_ — — — —
1969 41 0 41 75.88 24.12 19.27
1970 53 1 52 72.92 27.08 10.59
1971 35 7 28 86.41 13.59 11.65
1972 47 2 45 74.43 25.57 19.32
1973 37 1 36 82.52 17.48 11.65
TOTALS 304 16 288
Means 38.0+10.3 2.0+2.3 36.0+10.5 80.6+5.96 19.39+5.96 13.12+4.26
Minus
Data of
1968 19.2%

of growth and development could be estab-
lished for all age periods of the bird’s life.

Ducklings

In the laboratory, 65 ducklings were arti-
ficially hatched and reared on commercial
duck food and given tap water to drink.
Measurements were taken every third day
of development of plumage, soft parts (cul-
men, tarsus, and metatarsus), and cloacal
organs as follows: culmen length, culmen
width, tarsus length, metatarsus length, pri-
mary down and feathers, secondary down
and feathers, tail length, and weight. Tech-
niques for measuring the birds are given in
Riggert (unpublished doctoral dissertation,
Appendix II).

Wild ducklings on Rottnest Island, whose
ages had been established when they first
arrived on their territories, were caught and
measured at predetermined times. Duck-
lings were caught by chasing them on a

surfboard and scooping them up with a
hand net. To establish the growth rate for
a particular age, a minimum sample of 11
ducklings from 2 broods was required.
When observations and measurements were
completed, the broods were released onto
their territories. When the ducklings were
able to fly, or 70 days of age, recording of
data for the duckling age group was termi-
nated.

Growth

The average lengths of soft parts and
feathers, and weights of ducklings reared in
the laboratory and in the wild are shown in
Fig. 13. In all cases except tail length, the
growth rates of the 2 groups were similar.
However, that similarity can only be taken
as a rough approximation of the true com-
parison which must be analyzed statisti-
cally.
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The data from the ducklings were ana-
lyzed on the PDP6 University computer,
and measurements of culmen length, cul-
men width, tarsus, and age were selected as
criteria for determining growth rate. Anal-
yses of the selected data are given in Table
3. A correlation was carried out on the 4
selected measurements of wild and labora-
tory birds. The correlation coefficients of
the logarithm X are shown in a correlation
matrix block in Table 4. The high order of
the correlation .936-.976 (wild birds) and
.934-.966 (laboratory birds) validates the
comparison of the regression coefficients of
the log-log relations.

From the shapes of the graphs in Fig. 13,
the model selected to compare the growth
rates of culmen length, culmen width, tarsus
length, and age were of the form:

CL = KxAGE®
Log B2=Log K+B Log—AGE

The linear regressions of the logarithms
of culmen length, culmen width, and tarsus
on the logarithm of age were calculated by
the computer using the above formula for
the 2 experimental groups. Comparison of
each of the cases showed that the slope of
the regression equation for the ducklings
reared in captivity was significantly larger
than that for wild birds on Rottnest Island
(P<0.001). However, the magnitude of
the difference between the groups at any
particular age was not great (Fig. 14).

The greatest difference between the
length of the culmen in the 2 groups was
2.7 mm at 5 days of age. At 50 days of age,
the culmen length for both groups was
nearly the same (difference, 0.1 mm), while
at 70 days of age the difference was 0.8 mm.
At 15 days of age, the culmen width was
nearly identical (difference, 0.1 mm) in
both groups, and at 70 days of age the dif-
ference was 1.7 mm. In the tarsus, the great-

TABLE 3.—STATISTICAL ANALYSIS OF THE 4
CRITERIA FOR DETERMINING GROWTH RATES IN
MountaliN Duck DuckrLINGs, ROTTNEST ISLAND,
WESTERN AUSTRALIA. ALL MEASUREMENTS IN MIL-

LIMETERS
Rottnest
Island Laboratory
Culmen length
Geometric mean 29.50 30.50
Squariance 90.60 6,968.00
Variance 1.02 1.03
sE of mean 1.02 1.01
Standard Deviation 1.29 1.35
Maximum 44.80 78.39
Minimum 15.00 16.20
Culmen width
Geometric mean 14.60 16.03
Squariance 15.21 537.00
Variance 1.01 1.01
sE of mean 1.01 1.01
Standard Deviation 1.22 1.22
Maximum 19.60 20.89
Minimum 8.30 9.17
Tarsus
Geometric mean 50.67 53.58
Squariance 155.10 1.011 x 10°
Variance 1.03 1.03
SE of mean 1.02 1.01
Standard Deviation 1.31 1.30
Maximum 72.80 75.50
Minimum 26.30 29.49
Age
Geometric mean 22.2 days 28.40
Squariance 7.841 x 102 2.443 x 10
Variance 1.39 1.25
sE of mean 0.30 1.03
Standard Deviation 2.40 2.06
Maximum 67.00 67.00
Minimum 2.00 4.00

est difference between the groups occurred
at 5 days of age (3.6 mm). At 40 days of
age, the calculated difference in tarsus
length between groups was 0.2 mm, while
at 70 days of age it was 2.6 mm.,

Development of Ducklings

The development of plumage in mountain
duck ducklings has been established on 85
birds reared in captivity. The classification

«

Fic. 13. Average daily growth rate of culmen length, culmen width, tarsus length, primary down and

feather, secondary down and feather, length of longest tail feather, and weight of mountain duck duck-

lings captured on Rottnest Island, Western Australia, or reared in the laboratory. Wild birds shown as ‘0’,
laboratory birds shown as x.
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TABLE 4.—CORRELATION MATRIX BLOoCkS FOR WILD

MounTaIN Duck DuckLiNGs AND TuosE REARED

IN THE LABORATORY FOR CULMEN LENGTH, CUL-

MEN WipTH, TARSUS, AND AGE, ROTTNEST ISLAND,
WESTERN AUSTRALIA

Culmen  Culmen
Length Width  Tarsus Age
Wild ducklings
Culmen length 960 976 .966
Culmen width 444 963 .954
Tarsus +++  +4+ .936
Age +++ +++ +++
Laboratory reared
ducklings
Culmen length .958 961 .957
Culmen width 44+ 934 .966
Tarsus +4++  +++ .948
Age +++ +++ +++

+++ Indicates significance at 0.001 level.

system has been made to conform to previ-
ously established methods and criteria for
aging waterfow] broods in the field as pre-
sented by Gollop and Marshall (1954),
Weller (1957), and Yocom and Harris
(1966).

The classification of plumage develop-
ment in mountain duck ducklings up to 70
days of age is presented in Table 5. Study
skins of ducklings of each subclass of the
classification system are shown in Fig. 15.
The classification is intended for use in the
field, and assumes the observer obtains an
excellent view of the ducklings in good
light. The binoculars used for field observa-
tions during formation of the development
chart were 10X50 mm. Birds in the hand
usually show greater feather development
and lighter colors of the soft parts than indi-
cated for the earlier classes and more down
than indicated for the later classes.

Capturing 203 ducklings on Rottnest Is-
land which represented all subclasses al-
lowed a comparison of plumage develop-
ment between wild ducklings and those
reared in the laboratory. No difference

«

Fic. 14. Growth rate of culmen width, tarsus

length, and culmen length in wild and laboratory

reared mountain duck ducklings established by log

time (days) versus log tarsus (mm), Rottnest Is-
land, Western Australia.
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TABLE 5.—CHART OF DEVELOPMENTAL STAGES IN
MountaIN Duck DuckLings, ROTTNEST ISLAND,

TasLE 5. (ConT.)

WESTERN AUSTRALIA Plumage Sub- Age
Class class (days) Description
Plumage Sub- Age gray down are nape of neck and
Class class (days) Description lower back on occipital region.
i d feet un-
I A 0-8 Newly Hatched Young: Patterns Sl?;grge?if. blét;a:)igl:,r anand flank
distinct with large dark brown feathers completely grown by lat-
stripes approximately 1.5 cm wide ter stage of this category. Primar-
DOWNY commencing at posterior edge of ies and secondaries burst quills,
BIRDS bill forming a dark brown cap but greater primary coverts and
Wh(;Ch d1v1dles heiald ]uslt belo:iv eyel greater wing coverts still sheathed.
and runs laterally along dorsa Tertiaries out of quill sheaths.
surface of neck and back to tail Ducklings now one-third as large
é‘?i?:l :’: :;igz]:r“;zr:ldsmt;po‘;:r as adult female or two-thirds
gion); cheeks, throat, neck, breast, swim length of parent bird.
and belly all white with a creamy B  43-48 Feathers Well Developed: Head
tilrlllge nol}::;:eable at b&s;e of lower feathers black with bits of gray
bill in throat area. Wing brown down intermingled and more so
with transverse stripe of white at on nape. Breas% and belly feath-
midpoint. Iris dark brown, bill ers are a buffy-chestnut, but rust
olive green, with egg caruncle color still persisting on undertail
present and legs and feet a yel- coverts. The upper tail feathers,
lowish-green. black, are now obvious at long
B 9-16 Bright Balls of Down: Patterns distances and resemble adult par-
still distinct. Head close to body, ent bird. Wings now half feathers
neck visible but not holding head and half quill with white tips on
erect as yet. Creamy tinge spread- secondaries. On dors:al surface of
ing on throat area. Bill becoming wing greater and middle coverts
gray and more conspicuous, egg now white. Pelvic area would be
caruncle now absent. Legs and only area where down occurs
feet still olive green but turning heavily. Juveniles approximately
gray. Ducklings appear approxi- three-fourths swim length size of
mately twice the size of newly adult.’ The juveniles have lost
hatched birds duckling appearance and resemble
: the adults at this stage.
C 17-24 Gawky and Downy: Patterns still
distinct, head erect with neck con- C 49-56 Mostly Feathers: Head black
spicuous. Cream tinge on white and pieces of down intermingled
throat area still persisting. Bill occasionally. Breast and belly
now obviously large, grayish-blue feathers well developed and color
and nail nodule on anterior end. is becoming more intense. Ventral
Legs and feet becoming sturdy rust patch on tail still obvious and
and strong, color gray on legs and is quite noticeable when juveniles
toes with webbing between toes tip up to feed on submergent veg-
darker and charcoal in color. Toe- etation. Wings heavily feathered
nails very light in color. Tail now with iridescent green on specu-
obvious and birds are looking lum. The under wing lining is
about 3 times as large as newly developing but bare patches of
hatched or one-fourth swim length skin are still present. A juvenile
size of adult female bird. closely resembles an adult female
D 25-34 Dark Downy: Patterns starting to in size when swimming, but the
fade, but still obvious. Head erect juveniles neither have the white
with small dark patch of ear coll'ar around necls or other white
down showing. Neck and breast facial fe:}ther? .Whl.Ch can be used
white down being replaced by for sex }dentnffcatlon. Sopg gray
gray down. Bill gray-blue with dpwn still persists on occipital re-
legs and feet unchanged and toe- gion.
nails dark. Tail obvious, with D  57-70 All Feathered and Flappers: Head

feathers starting to replace down.
Scapulars and flank feathers no-
ticeable at close distances or when
examined in hand. Birds now one-
third swim length size of adult
female.

II A 35-42 First Feathers: Patterns not pres-
ent, head dark with feathers. Gray
down being replaced by feathers

FEATH- on neck, breast, and belly with
ERED undertail feathers buffy-rust. The
BIRDS upper surface of tail feathers are

black. The regions still containing

buffed black, breast light chestnut
and turning darker approaching
belly region. Wings fully feath-
ered but primaries still show some
sheath while secondaries are com-
pletely unsheathed. Wing lining
mostly grown in by midpoint of
this stage. No white ring on neck
and no dowr present. When bird
is capable of flight the brownish
tertials are as fully developed as
the iridescent green feathers of
speculum.
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Fic. 15A. Study skins of mountain duck ducklings, downy stage, plumage class I, subclasses A-D. Up-
per photograph shows dorsal surface, lower photograph shows ventral surface.
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|

Fic. 15B. Study skins of mountain duck ducklings, feathered stage, plumage class II, subclasses A and
B. Upper photograph shows dorsal surface, lower photograph shows ventral surface.
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C

Fic. 15C. Study skins of mountain duck ducklings, feathered stage, plumage class II, subclasses C and
D. Upper photograph shows dorsal surface, lower photograph shows ventral surface.
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F1c. 16. Growth chart of juvenile (71-199 days

old) mountain ducks captured in the wild and

reared in the laboratory, Rottnest Island, Western
Australia.

could be detected between the groups in
the sequential development of plumage or
the time required to pass through the sub-
classes of the classification system.

Mature Birds

When the birds reared in the laboratory
were able to fly (70 days of age), they were
transferred to separate yards and measured
once a week until they were 200 days old.
Subsequent measurements were made ap-
proximately once every 3 weeks. Flying
mountain ducks on Rottnest Island were
captured and measured in a manner similar
to the laboratory reared birds.

Data from measurements on juvenile, sub-
adult, and adult mountain ducks reared in
the laboratory or caught on Rottnest Island
were analyzed on the NCR 315 computer.
The measurements analyzed were: total
length, wing span, culmen length, culmen
width, tail length, tarsus length, metatarsus

Fic. 17. Growth chart of subadult (200-600 days

old) mountain ducks captured in the wild and

reared in the laboratory, Rottnest Island, Western
Australia.

length, and weight (Figs. 16, 17, 18). Corre-
sponding numerical data are listed by Rig-
gert (unpublished doctoral dissertation,
Appendix II).

The data were tested to see whether ma-
ture birds reared in the laboratory grew at a
rate similar to that of wild birds on the is-
land. It has already been shown that duck-
lings reared on Rottnest Island do not grow
in a manner similar to their counterparts
reared in the laboratory (P<0.05). There-
fore, it was realized that birds in the 2
groups had little chance to be similar in the
early juvenile age group, but the difference
possibly would diminish with advancement
toward maturity.

Data on the 2 groups are compared in
Table 6. The test shows that the majority of
the measurements compared are signifi-
cantly different (P<0.01), and only the
length of the tail was nonsignificantly dif-
ferent in all age groups for both sexes.
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Fic. 18. Growth chart of adult (6004 days old)
mountain ducks captured in the wild and reared in
the laboratory, Rottnest Island, Western Australia.

In general, a similar situation exists for
the growth rates of mature birds. The birds
reared in captivity were larger, but though
the differences between the 2 groups were
quite small, they are statistically significant.
Because the differences were so small, the
2 groups were considered similar for prac-
tical purposes.

Development

Once the ducklings are able to fly, the
subsequent plumage development is in the
form of molts. The molting sequence in
mountain ducks was established by regular
examination of 68 birds reared in the labo-
ratory and 3,776 trapped on Rottnest Is-
land. Those data show that mountain ducks
of both sexes undergo 2 molts annually. No
difference could be detected between the 2
experimental groups during the plumage
molts.

In the first year, the mountain duck has a
postjuvenile and prebreeding seasonal molt.
During the second year and thereafter, the
postbreeding and prebreeding seasonal molt

TABLE 6.—CoMPARISON OF GROWTH RATES (mm) BETWEEN WILD AND LABORATORY REARED MOUNTAIN
Ducks BY THE STUDENT’s ¢-TEST, ROTTNEST ISLAND, WESTERN AUSTRALIA

Juvenile Subadult Adult

Male Female Male Female Male Female
Total length 6.6475° 5.5820° 2.7806* 1.9392¢ 4.4216° 2.8951*
Culmen length 7.1918° 4.9484° 5.5287° 4.1449° 6.9040° 3.3042
Culmen width 3.1606* 3.8940° 2.3634* 2.6581* 4.4370° 2.0005*
Tail length 1.4455* 0.9782* — 1.2500* 0.4454* 0.0899*
Metatarsus 9.6182°* 6.1851° 5.6927° 6.0277* 5.2364* 0.5451*
Tarsus 4.1002° 1.9599* 3.3669° 4.5533° 2.5087 3.2148°
Weight (g) 4.3650° 0.1428* 0.3711* 0.5103* 0.9668* 2.1928
Degrees of freedom
Total length 98 135 30 30 66 88
Wing span 120 153 22 22 59 81
Bill length 180 209 39 42 94 127
Bill width 127 165 39 41 77 100
Tail length 66 68 26 29 51 49
Metatarsus 176 209 39 42 94 126
Tarsus 180 210 39 42 94 126
Bursa 84 112 22 23 0 4
Weight (g) 258 292 60 49 142 182

1 Significant at 0.05 level.
2 Significant at 0.01 level.
3 Significant at 0.001 level.
4 Not significant.
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TABLE 7.—STAGES OF POSTJUVENILE MOLT IN THE
MounTtaiN Duck, RoTTNEST IsLaND, WESTERN

AUSTRALIA
Time
Plum- Re-
age Sub- Age quired
Class class (days) (days) Description
st A 90— 15 1. Male head dark mottled
115 black brown. Female
head slightly mottled and
no obvious white.
FIRST 2. No new feathers obvious
MOLT on breast or belly but are

in sheaths (pin feathers).

3. Flank and scapulars first
feathers to break sheaths.

4. Under and upper tail co-
verts and rectrices not
yet commenced.

B 115- 25 1. Male head turning darker
140 with  fewer  mottled
patches. Female white
appearing on anterior of

face.

2. Breast coloration becom-
ing obvious in both sexes.
Belly now mottled and
adult plumage appearing.

3. Flank and scapulars now
obvious.

4. Under and upper tail co-
verts commenced. Rec-
trices obvious.

C 140- 60 1. Male head black with iri-
200 descent green visible. Fe-
male head black with
white obvious around bill
and eye.

2. Breast almost covered
with  adult plumage.
White collar becoming
apparent.

3. Belly almost adult ap-
pearance. Scapular and
flank feathers fully de-
veloped.

4. Under and upper tail co-
verts well out and have
burst sheaths. Rectrices
apparent.

D 200 Com-
plete

Feather development and
patterns as described for
subadult.

occurs. The postjuvenile and prebreeding
are incomplete molts, while the postbreed-
ing is a complete seasonal molt.

Incomplete Molt

Postjuvenile Molt

Prior to the commencement of the post-
juvenile molt, the plumage is drab and the
sexes are not distinguishable by color (Rig-

gert unpublished doctoral dissertation).
The molt commences at approximately 90
days of age and lasts for about 110 days.
During the molt, the feathers from the body
and tail are lost while the wing feathers re-
main intact. The 4 stages of the postjuvenile
molt, age of the bird, time required for each
stage, and a description of feather develop-
ment are given in Table 7. Photographs of
study skins showing the beginning of the
molt (Stage A) and the completion (Stage
D) are shown in Fig. 19.

Prebreeding Seasonal Molt

At approximately 10 months of age, moun-
tain ducks undergo a second molt known as
the prebreeding seasonal molt. The molt
lasts for only 30 days, and under field con-
ditions is easily overlooked. There does not
appear to be any sequence to feather loss
or development; the molt merely replaces
some body feathers that gives the birds the
contrasting plumage associated with the
breeding season (Front.). No feathers are
shed from the wing or tail.

Complete Molt

At approximately 15 months of age, sub-
adult birds commence their first complete
molt. Observations of 42 birds reared in cap-
tivity indicate that the first complete molt
in subadult birds starts about 50 days later
than in adult birds undergoing their second
or consecutive molts.

Toward the end of the breeding season,
mid-September to October, adult birds un-
dergo a plumage fade. The fading, or semi-
eclipse, occurs in both sexes and can often
be observed in parents still rearing young.
The term semieclipse has been used, as
sexes of the birds can still be determined by
plumage characteristics during that period.
Subadult birds do not undergo a fade in
plumage as obvious as that in adult breed-
ing birds.

The loss of feathers during the complete
molt occurs in 2 stages. The first consists of
all body and tail feathers while the second
consists of wing feathers only. The loss of
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body and tail feathers follows the identical
pattern set out in Table 7; however, the
time required to complete the molt is some-
what shorter, approximately 90 days. The
second stage commences as the body molt
nears completion and can last for 60 days.

The loss of 1 or 2 tertial feathers indicates
that the wing molt has commenced. That
loss is followed by the loss of the outermost
primary feathers, dropped in the order of
10, 9, 8, and 7. A period of 16 days is re-
quired to advance the molt through this
phase. In the following 3 to 4 days, the re-
maining 6 primaries are dropped simulta-
neously and the bird is flightless. The loss
of the secondary, greater, middle, and lesser
coverts follows, and all are dropped within
2 days. The wing is now void of all major
feather groups, except 24 tertials, approxi-
mately 22 days from the beginning of the
wing molt. The remaining tertials drop ran-
domly during the regrowth period.

Regrowth of the wing feathers is rapid,
and by the time the secondaries have
dropped, the primaries are more than 120
mm long and half unsheathed. The second-
aries have regrown fully by 44-46 days
from the beginning of the wing molt; there-
fore, the bird is flightless for 26 days during
the second stage. The number 10 primary is
the last feather to finish developing, and
completes the wing molt. The total time uti-
lized in both stages of the postbreeding sea-
sonal or complete molt was 150 days or 5
months.

Age Criteria by Wing Plumage

Examination of wing feathers in moun-
tain ducks reared in the laboratory and
those banded and recovered on Rottnest Is-
land showed a distinct color difference be-
tween adult birds and immature birds in the
secondaries. The tips of the secondaries on
the ventral surface of immature birds (juve-
nile and subadult) had prominent white
markings while adult birds had black tips.

The color change in the secondaries oc-
curred after the first complete molt. It has
been stated previously that the age of the
birds at the beginning of the first complete
molt is 15 months; however, the wing feath-
ers are not dropped until the latter stage of
the molt period, 18-19 months of age. Ob-
servations were made on laboratory birds
that had 3 complete molts and the second-
aries have been retained throughout each
consecutive molt. Also, no white tips were
found on the secondaries of adult birds
banded and recaptured on Rottnest Island.

The application of aging birds by the
coloration of secondary feathers allowed
adult birds capable of breeding to be sep-
arated from subadult nonbreeding birds.
This proved to be of major importance once
the birds reached 1 year of age and cloacal
examination for age determination was no
longer accurate.

The Cloaca and Related Structures

The cloaca and its related structures are
widely recognized as criteria of sex and age
in waterfowl (Gower 1939, Hochbaum
1942, Elder 1946, Hanson 1949). In examin-
ing the organs of a living bird (sphincter
muscle, penis, oviduct, and bursa), it is
necessary to hold the bird so that struggling
is reduced to a minimum and good observa-
tion of the organs can be obtained. The bird
should be held belly up, tail away, with the
outer finger of each hand holding the wings
and legs. See Cowan (1963) for technique
for inspecting the cloaca, probing the bursa,
and illustrations of genital organs of male
and female waterfowl.

Sphincter Muscle

The appearance of the sphincter muscle
in juvenile mountain ducks is white and re-
mains so until the birds are fully feathered.
By the completion of the postjuvenile molt,
the sphincter is white intermingled with
charcoal gray. At the age of 10 months, the

=

Fic. 19. Study skins of mountain duck plumage class II1, subclasses A and D, left and right, respectively.
Upper photograph shows dorsal surface, lower photograph shows ventral surface.
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Fic. 20. Stages of development in the penis of the mountain duck, Rottnest Island, Western Australia.

sphincter becomes black, and often maroon The Penis
color is apparent. The bare flesh area of The penis of a mountain duck lies on the

the sphincter is much larger in mature males  wall of the cloaca, on the anterior side in
than in mature females. young birds and on the left side in adults.
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As the cloaca is exposed by holding the bird
in the manner just described, the penis will
protrude if present. The 4 stages of develop-
ment can be seen in Fig. 20. Sexing is possi-
ble at an age of 4 days by this method.
However, it is important to know the exact
location of the penis in ducklings as the or-
gan is inconspicuous and can be easily over-
looked. In the cloaca of a male duckling
aged 35 days, the position is pointed out by
the white arrow in Fig. 20A. In the cloaca
of a juvenile male 90 days old, the penis in-
dicated by the arrow is unsheathed, small,
and very dark (Fig. 20B). The position of
the penis is the same as in the duckling in
Fig. 20A. Once the birds advance to sub-
adult stage (200 days), a major change is
noticeable; the position changes from the
antcrior to the left side, a conspicuous
sheath covers the penis, and it is no longer
straight. The color changes to white at the
base turning red toward the tip (Fig. 20C).

Full development of the penis is attained
when the bird becomes subadult. A fully
developed mountain duck penis measures
approximately 13X6 mm when extended
and appears as a corkscrew-shaped organ
with a conspicuous lefthand twist (Fig.
20D). The penis is white during the breed-
ing and nonbreeding seasons from that age
on.

Observations on 31 male birds reared
in captivity showed that full development
could be reached as early as 300 days of age.
Usually, the time required was 450 days
which coincided with the end of the normal
breeding season on Rottnest Island. There-
fore, aging by development of the penis
alone is not foolproof, as a subadult with a
well-developed penis could be mistaken for
an adult male during the breeding season.

The Oviduct

Sex in female mountain ducks usually can
be determined in both the subadult and
adult age groups by the white ring of feath-
ers at the base of the bill and around the
eye. However, in juveniles 71-199 days old,
the white feathers are not prominent and
other sexing criteria are necessary for posi-
tive identification.

The membrane that covers the opening of
the oviduct into the cloaca usually is not re-
sorbed until the end of the first winter
breeding period or at an age of 450 days. If
the opening of the oviduct is present it will
be seen on the left wall of the cloaca. Exam-
ination of the cloaca for the oviduct is done
in the same manner as described previously.
However, the use of a fine blunt probe may
be necessary in searching for the opening.
Therefore, the first year nonbreeding fe-
male mountain ducks can be detected that
way with reliability, but a good check to
verify it is the presence of the bursa of
Fabricius.

The Bursa of Fabricius

The use of the bursa to distinguish im-
mature from older waterfowl has been de-
scribed by Gower (1939:427) and Hoch-
baum (1942:304-360) and for Canada geese
by Elder (1946:106-108). However, little
work has been done on the bursa as an ag-
ing device in Australia where breeding cy-
cles are much different from those in North
America.

Measurements of the depth of the bursa
were made on 60 mountain duck ducklings
reared in the laboratory. Measurements
were commenced when the ducklings were
25 days old and were continued at regular
intervals until the bursa was closed. A grad-
uated stainless steel probe was used in the
measurements.

The depth of the bursa in juvenile males
varied from 38 to 20 mm with a mean of
29+6 mm, and in females from 45 to 26
mm with a mean of 32+5 mm. The bursa
remained fully open at those depths until
300 days of age (subadult). Once the birds
exceeded that age, the bursa closed rapidly.
At 330 days of age, the mean depth was 8
mm and by 355 days it was 5 mm or less in
all birds. The closure rate was the same for
both sexes (Fig. 21).

On Rottnest Island, depth measurements
of the bursa were made on 110 males and
139 females in the juvenile and subadult age
groups. A statistical comparison of the bursa
depth of wild birds and those in the labo-
ratory by the Student’s ¢-test showed no sig-
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Average daily depth of the bursa of Fabricius in mountain duck ducklings, Rottnest Island,

Western Australia.

nificant statistical difference between the 2
groups. Observations of bursa closure in
wild birds, whose approximate age was
known from banding records, showed that
the bursa closed at the same age as in lab-
oratory birds.

Absence of a bursa in either sex identifies
that bird as at least 1 year old. A bird with
a bursa depth of 10 mm or greater and an
undeveloped penis or membrane covering
the oviduct can be categorized with cer-
tainty as a nonbreeding first year mountain
duck. The greatest value of bursa probing
is the aging of female birds, as determina-
tion of age by use of the oviduct can be mis-
leading and unreliable. Proficiency at aging
female mountain ducks by cloacal examina-
tion is important in establishing true figures
for the proportion of the flock less than 1
year old.

UTILIZATION OF SALINE HABITAT

It is common knowledge among duck
shooters and ornithologists that mountain
ducks tend to frequent salt lakes and brack-
ish lagoons. Aerial surveys throughout

southwestern Western Australia confirm
that supposition. The salt lakes of Rottnest
Island are typical of the habitat frequented
by mountain ducks.

Salt concentrations of the Rottnest Island
salt lakes varied from approximately 2.5 to
24.5 percent sodium chloride in 1 year, and
over that range, ducklings and mature birds
have been observed feeding on the lakes.
The avian kidney is well known for its in-
adequacy in eliminating high concentra-
tions of salt, and this tends to conflict with
habitat preference of the mountain duck.
Investigations into the development and
tunction of the supraorbital salt gland made
it possible to understand how that gland
permits utilization of saline areas (Riggert
unpublished doctoral dissertation, Chapter
12). Examination of the salt glands removed
from 71 mountain ducks showed them to be
well developed, highly vascularized, and
similar in function to the salt gland of sev-
eral species of Anatidae described by other
workers (Heinroth and Heinroth 1926-
1928, Schildmacher 1932, Technau 1936,
Scothorne 1959, and Cooch 1964).
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The salt glands of ducklings from the salt
lakes on Rottnest Island showed a marked
change with increased age. It was evident
from the appearance of the glands that they
were undergoing hypertrophy in response
to the osmotic stress imposed by the intake
of saline water from Baghdad Lake. Salt
glands of ducklings residing on the salt
lakes and those on varying concentrations
of salt as drinking water from the laboratory
commenced secreting at approximately the
same time, 6 days of age. The concentrations
of sodium ions emitted in the initial and
subsequent nasal secretions averaged the
same for both the wild and laboratory
groups.

The development of ducklings reared in
the laboratory on drinking water concen-
trations that exceeded 2.0 percent sodium
chloride showed marked decreases in body
weight and growth rate; however, once
fresh water was substituted for the salt solu-
tions of more than 2.0 percent, there was an
increase in weight followed by a general
improvement in the ducklings’ physical con-
dition. Ducklings that resided on Rottnest
Island salt lakes gained weight in a steady
manner with increasing age (see Growth
and Development p. 36).

The information gained from the experi-
ments was utilized in the field to interpret
behavior of paired birds in selecting brood
territories that contained a supply of fresh
water. Initially, ducklings require at least 6
days for the salt gland to hypertrophy and
become functional, and during that time are
unable to survive without fresh water. Sec-
ondly, as ducklings feed on the salt lakes
where concentrations of salt exceed 2.0 per-
cent throughout the year, the ducklings re-
quire a source of fresh water to flush out the
salt gland and the renal system to maintain
an electrolyte balance. If the fresh water is
not available, erratic weight and growth
rates occur followed by physiological de-
terioration and death.

Mature mountain ducks may breed on
freshwater swamps on the island and need
not be forced to move to saline waters until
conditions of summer drought. The accom-

panying shrinkage of fresh water under
such conditions forces ducks to deal with
salt solutions for the first time.

Experimentation with wild birds and lab-
oratory birds demonstrated that the major-
ity in all experimental groups previously
subjected to salt water excreted a greater
volume of fluid than received during salt
loading with a stomach tube, thus suffering
a net loss of fluid as a result of saltwater
loading, and yet none cleared the salt load.
It seemed clear from the experiments that
the birds can only excrete the full amount
of the salt loading by seeking fresh water
when they can drink so that fluid is avail-
able for further excretion through the salt
gland. Birds not exposed to previous salt-
water experiments were quite unable to
handle salt loads (Riggert unpublished doc-
toral dissertation, Table 19),

Field observations on Rottnest Island sup-
port the evidence that some mountain ducks
are not capable of handling the high con-
centrations of sodium chloride found in the
salt lakes. Several mature mountain ducks
were incapable of flight through partial
paralysis of the wings and legs, and their
feet were greatly swollen with fluid under
the skin. Autopsies showed those birds to
have physiological damage similar to labo-
ratory birds reared on concentrations of so-
dium chloride exceeding 2.0 percent in their
drinking water. The salt glands also had the
appearance of being only semifunctional.
Since none of the birds was banded, the fol-
lowing interpretation may be made: (1)
there are birds reared on freshwater sites
where hypertrophy of the salt gland did not
occur; (2) following the onset of summer
conditions, the birds shifted from the fresh-
water swamps or migrated to Rottnest Is-
land from the mainland and fed in the salt
lakes where a heavy salt load was ingested
along with the diet, and (3) the salt load-
ing was such that “salt intoxication” oc-
curred within the 6 days necessary before
the salt gland could hypertrophy and com-
mence excreting the salt load.

That interpretation suggests that sudden
onset of summer drought following very wet
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TaBLE 8. —NUMBERS OF MATURE MOUNTAIN Ducks oN ROTTNEST IsLAND, WESTERN AUSTRALIA, EAcH
MonTtH EAcH YEAR, TOGETHER WITH THE ANNUAL MEANs FOR THE ENTIRE StUuDY PERIOD, 1965-1974.

NuMmBERS WERE EsTABLISHED BY DIiRect COUNT

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1965 249 195 158 — 255 131 95 139 88 51 100 150
1966 217 92 101 84 128 37 32 102 75 122 130 136
1967 145 — 82 76 166 138 101 39 98 105 113 130
1968 235 250 150 195 — 185 100 105 99 — 150 330
1969 303 162 135 153 —_ 95 85 118 91 156 175 142
1970 189 123 — 131 147 101 96 110 64 78 102 194
1971 295 252 117 211 241 152 135 135 85 110 153 230
1972 307 223 112 186 185 221 86 104 74 117 107 250
1973 230 251 205 268 — — 100 104 85 120 116 310
1974 374 306 205 275 — 182 121 61 71 75 149 363
Mean 2544 206.0 1406 1754 187.0 1380 99.1 101.7 83.0 103.8 129.5 223.5
SE 21.0 23.1 145 239 209 185 5.7 9.7 37 104 82 276

winters may lead to mortality among birds
reared on freshwater sites but forced onto
saline waters by the drought. Conversely, it
would appear that those birds reared at sites
where brackish water was available would
be little inconvenienced by seasonal
drought which forced them to saline situa-
tions, and under such circumstances would
suffer no mortality.

The movements of mountain ducks on
Rottnest Island are influenced by the loca-
tion of fresh water for drinking and bathing.
During the summer months, freshwater
seepages are the primary source of drinking
water, and birds congregate each morning
at the seepages on the edges of the salt
lakes. The permanent freshwater swamps
adjacent to the salt lakes are used primarily
for bathing, and movement to those areas
occurs daily in the late afternoon or early
evening. On numerous occasions, over 70
percent of the island’s mountain duck pop-
ulation could be observed simultaneously
on the larger freshwater swamp, approxi-
mately 0.5 ha in area. Once autumn rains
recharge the wetlands on the island, the
movement of mountain ducks is not as regi-
mented at specific times or locations.

PopuLaTiON DYNAMICS

Population Counts

The numbers of mountain ducks, exclud-
ing ducklings, recorded each month on

Rottnest Island during the study period are
given in Table 8. The maximum population
found was 374 in January 1974 and the min-
imum was 32 in July 1966. The mean num-
ber for all years of the study was 140.6 (s
=14.5).

The peak population on Rottnest Island
occurs in December and January when the
ducklings reared on the island are able to
fly and are counted as part of the mature
population. As the summer continues, the
population declines slowly until the first
rains of March or April break the summer
drought. The first rains bring migrant birds
to the island, and the peak population for
the breeding season is reached by mid-May.
From that influx, the island obtains the ma-
jority of its breeding pairs.

As the breeding season progresses, the
population slowly declines and falls to its
minimum in September. It is noteworthy
that during the breeding seasons of 1965,
1966, 1967, 1969, 1970, and 1972, the popu-
lation had a sudden increase, and the ma-
jority of the new arrivals were unpaired fe-
males that moved about in small distinct
groups of up to 14 birds. The numerous bill
tags on birds in those groups identified
them as subadults or nonbreeders. The
groups of nonbreeding females stayed on
the island approximately a month.

In October and November, the population
slowly increased with a few birds arriving
on the island with the addition to the popu-
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Fic. 22. Numbers of mature mountain ducks
counted each month 1965-1974 on Rottnest Island,
Western Australia.

lation of early hatched birds able to fly. The
great range between maximum and mini-
mum population counts each year, taking
into consideration the number of birds pro-
duced, reflects the fact that the mountain
duck population of Rottnest Island is not an
entirely separate community from the popu-
lation on the mainland. The fluctuation in
numbers by month is shown in Fig. 22.

Age Ratio

Records of tag sightings during popula-
tion counts in November, December, and
January throughout the study period show
the age ratio of mountain ducks on Rottnest
Island as 4 juveniles:1 subadult:2 adults.
The proportion of the population tagged
ranged from 49 percent in January 1967 to
84 percent in March 1969.

In March or April prior to the breeding
season, a rapid increase occurred in the is-
land’s population, and by May the age ratio
shifted to approximately 3 subadults:7
adults. As the population decreased to the
minimum for the year in September, the age
ratio was 1 subadult:6 adults.

A computer was used to analyze the data
on the ages of 870 new birds and 579 re-
trapped birds taken during 1965-1969, in-
clusive, and in November, December, and
January of the same year. The age groups
were juvenile, subadult, adult, and unaged
birds. The numbers in each group and for
all groups are given in Tables 9 and 10 and
analyzed for each year and for all years
combined.

To test the hypothesis that all age groups
(sexes combined) of mountain ducks were
being taken by the traps each year in simi-
lar proportions, a Chi-square analysis was
significant (P<0.001) on both tables;
therefore, age composition varied signifi-
cantly between years. A possible explana-
tion of the bias shown in the age-year
sampling could be the high numbers of
juveniles taken in 1966 and 1968 while other
age groups remained nearly constant.

A second Chi-square analysis was carried
out on the data to test the hypothesis that
age ratios of the birds taken by traps in No-
vember and December were the same as
those observed from tag sightings (4:1:2)
during population counts over the same
months. For both new and retrapped birds,
the ratios for trapped birds differed signifi-
cantly from the tag sighting ratio of 4:1:2,
x2=33.63 on 2 df, P<0.001, and x2=23.56
on 2 df, P<0.001, respectively. During the
trapping period, many juvenile birds be-
came “trap happy” and were trapped sev-
eral times, while some adults were observed
never to be in the vicinity of the traps; that
could explain the differences shown in the
ratios.

Sex Ratio

Sex ratios of the mountain duck popula-
tion on Rottnest Island were determined
from field observations and trapping. Dur-
ing regular population counts, sexes of sub-
adult and adult birds were established by
plumage characteristics. Juvenile birds
could not be sexed by observation with cer-
tainty unless they had been tagged. All
trapped birds were sexed by cloacal exami-
nation.
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TABLE 9.—CHI-SQUARE ANALYSIs OF NEwW Birps AND RETRAPPED Birps TAKEN ALL YEAR, 1965-1969,
ROTTNEST IsLAND, WESTERN AUSTRALIA

2%

1965 1966 1967 1968 1969 TOTAL (;(ex) df
. 3 30 50 25 90 8 203 456 4
Juvenile Q 49 56 43 106 17 271 NSt
3 2 61 9 9 10 36 097 2
Subadult Q 5 4 6 11 1 27 NS
NEW Adult 3 24 24 17 32 7 104 371 3
Biros Q 20 35 31 46 2 134 NS
3 39 1 0 0 0 40
Unaged Q 53 1 1 0 0 55
Total Aged 4 95 81 51 131 25 383 437 4
and Unaged @ 127 96 81 163 20 487 NS
- 8 13 45 17 41 6 122 569 3
Juvenile Q 20 36 8 50 1 115 NS
8 3 3 9 1 4 20 801 2
Subadult ¢ 4 3 2 12 1 22 NS
RETRAPPED Adult 3 9 33 14 19 7 82 1.96 4
BIrDS Q 10 67 30 37 10 154 NS
8 12 4 3 0 0 19 0005 1
Unaged Q 28 13 3 1 0 45 NS
Total Aged & 37 85 43 61 17 243 755 4
and Unaged Q 62 119 43 100 12 336 NS

* x2.05(1)=3.84, x2.05(2)=>5.99, x2.05(3)="7.81, x2.05(4)=9.49.
t NS, Not significant (P > 0.05).

TABLE 10.—CHI-SQUARE ANALYSIs OF NEw Birps AND RETRAPPED Birps TAkEN DuRING NOVEMBER, DE-
CEMBER, AND JANUARY 1965-1969, ROTTNEST ISLAND, WESTERN AUSTRALIA

2%

1965 1966 1967 1968 1969 TOTAL (sex) df
. s 29 47 22 65 6 169 522 4
Juvenile Q 39 49 41 70 13 212 NSt
8 2 6 8 5 8 29 107 2
Subadult o 2 4 6 4 1 17 NS
NEW Adult 3 18 15 5 16 3 57 665 3
Birps e 11 23 14 19 2 69 NS
& 23 1 0 0 0 24
Unaged Q 22 1 1 0 0 24
Total Aged & 72 69 35 86 17 279 524 4
and Unaged @ 74 77 62 93 16 392 NS
. 8 9 38 7 19 1 74 092 3
Juvenile Q 9 29 4 12 0 54 NS
3 3 1 4 1 0 9
Subadult ° 0 3 1 3 0 7
RETRAPPED 3 8 16 7 1 3 35 4.8 3
Birps Adult Q 5 37 12 8 2 64 NS
85 11 2 1 0 0 4 20 1
Unaged Q 11 8 1 0 0 20 NS
Total Aged 4 31 57 19 21 4 132 305 3
and Unaged ¢ 25 77 18 23 2 145 NS

* x2.05(1)=3.84, x2.05(2)=>5.99, x*.05(3)=7.81, x*.05(4)=9.49.
T NS, Not significant (P > 0.05).
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Throughout each year and the entire
study period, assessment of sex ratios dur-
ing population counts indicated that fe-
males were more abundant than males. The
observed sex ratio was 66.7 males to 100 fe-
males; however, during the breeding sea-
sons of 1965 and 1966 some assessments
rose to a male to female ratio of 25:100. As
much as 50 percent of that weighted sex
ratio toward females during the breeding
season can be attributed to the groups of
nonbreeding females.

Sexes of 870 new birds and 579 retrapped
birds analyzed are given in Tables 9 and 10.
In addition, an analysis was made of sex
ratios of birds captured in November, De-
cember, and January, 1965-1969. That pe-
riod of the year is known to have a high
proportion of juvenile birds reared on the
island.

A Chi-square analysis of the data on sex
ratios showed that there were significantly
more females than males, x?*=12.43 on 1 df,
P<0.001.

To determine if the trapping on Rottnest
Island through the years was biased toward
one sex or the other, the data tested by Chi-
square showed that the sex ratios of birds
taken by traps through the years were not
significantly different (P>0.05). Even
though juvenile birds were observed to be-
come trap happy, it could not be shown that
retrapped individuals of one sex were taken
more frequently than the other. Therefore,
the sex ratio of trapped birds was repre-
sentative of the population, and, on the
average, the male:female ratio of mountain
ducks on Rottnest Island was 81.8:100.

Band Recoveries

During the study period, 147 bands were
recovered from mountain ducks banded on
Rottnest Island, 8.69 percent of the 1,690
birds banded. Shooting afforded the largest
portion of band returns with 108 birds
(73.5% of the bands recovered; 6.39% of
of all bands) (Table 11). The remaining 39
bands recovered (26.5% of bands recov-
ered; 2.30% of all bands) were divided into
3 groups: (1) 35 birds found dead, (2) 2

TABLE 11.—NUMBERs AND PERCENTAGES OF BANDs
RECOVERED FROM MouNnTaIN Ducks TAKEN BY
HunNTERS, 1965-1974, ROTTNEST ISLAND, WESTERN

AUSTRALIA
Percentage of
Total Bands
Year Number Recovered
1965 17 15.74
1966 26 24.07
1967 14 12.96
1968 16 14.81
1969 14 12.96
1970* 5 4.63
1971* 4 3.71
19722 4 3.71
1973 5 4.63
1974* 3 2.78
Total 108 100.00
Mean=10.8+7.33. SsE=5.64.

1 Drought conditions reduced duck shooting activities.
2 Drought conditions precluded duck shooting season.

taken for experimental purposes, and (3) 2
accidentally killed during cannon net trap-
ping.

Bands recovered from the mainland were
separated into 2 groups, those taken above
latitude 32° and those taken below. Lati-
tude 32° passes through Rottnest Island
forming a north-south boundary. That sepa-
ration shows that bands recovered north
and south of Rottnest Island are at a ratio of
1:4, respectively.

The majority of band recoveries (Fig. 23)
were from the Mandurah Estuary or asso-
ciated lakes area. That water mass is the
largest on the Swan Coastal Plain (Riggert
1966) and very similar to the salt lake habi-
tat of Rottnest Island. No doubt the protec-
tion afforded by the Rottnest Island sanctu-
ary causes many birds to be shot unaware
in the Mandurah area.

The farthest recovery from Rottnest
Island was 603 km southeast at Lake Gore
near Esperance. The farthest north a band
has been recovered is at Snag Island salt
lakes, a distance of 233 km, and the farthest
south was at Lake Muir, a distance of
297 km.

The ages of the 108 birds taken by shoot-
ers were: juvenile, 54 (50.00% ); subadult,
1 (0.92%); adult, 35 (32.41%); and un-
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Fic. 23. Locations of band recoveries from mountain ducks banded on Rottnest Island and recovered
on the mainland of Western Australia.

aged, 18 (16.67%). To determine whether
the ratio of age groups taken by shooters
was similar to that on Rottnest Island, viz.,
4 juveniles:1 subadult:2 adults, a Chi-
square analysis showed that birds were not
shot in the same ratios (x?*=12.1 on 2 df,
P<0.01). Juvenile birds were taken more
frequently than other age groups.

The 108 birds taken by shooters consisted
of 58 males (53.7%) and 50 females
(46.3%). To test the hypothesis that birds
were shot in the same sex ratio as they exist
in the population (male:female, 81.8:100),

a Chi-square analysis on the adult and juve-
nile age groups showed no significant dif-
ference in the sex ratio between the 2
groups (x*=3.64 on 1 df, P>0.05) and
(x*=2.0 on 1 df, P>0.05), respectively.

Aerial Surveys

Aerial surveys of mountain duck popula-
tions on the mainland were conducted in
1965-1968 during October-December. The
area surveyed was the Southwest and Eucla
Land Divisions in the lower southwestern
corner of Western Australia. The numbers
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TABLE 12.—NUMBERS OF LAKES SURVEYED ON THE MAINLAND, WESTERN AUSTRALIA, AND NUMBERS OF
MounTAIN Ducks oN THOSE LAKES ESTIMATED BY AERIAL SURVEYs, 1965-1968

Numbers of Birds on Each Lake

<100 <300 <500 <1,000 <1,500 <3,000 <7,000 <10,000 >10,000 Tntal Birds Lakes
Numbers of Lakes Surveved Observed Surveyed!
1965 41 22 7 5 2 8 8 4 2 131,216 99
1966 47 12 10 6 2 11 9 2 5 166,450 104
1967 43 15 13 6 4 9 14 5 2 185,059 111
1968 47 9 11 6 2 10 11 2 3 133,434 101

1 Survey included only lakes that contained water. That number varies greatly from year to year.

of mountain ducks seen on each lake sur-
veyed and the total observed each year was
given in detail by Riggert (unpublished
doctoral dissertation). A summary of the
surveys giving the numbers of lakes con-
taining mountain ducks in 9 categories
ranging from fewer than 100 to more than
10,000 birds is shown in Table 12. In the 4
years the surveys were conducted, the mean
number of mountain ducks observed was
154,039 with a maximum of 185,059 in 1967
and a minimum of 131,216 in 1965. The
driest of the 4 years surveyed was 1966,
which could account for the large number
of mountain ducks seen congregated on the
remaining waters.

From the aerial surveys, it is evident that
mountain ducks prefer brackish or salt lake
habitat during the nonbreeding period simi-
lar to that on Rottnest Island. Also, the birds
tend to choose those lakes that contain
islands or sandbars where they can retreat
and rest during the day.

The distribution of the mountain duck in
Western Australia is broadly established
along the coast from Geraldton to Esper-
ance, and in normal rainfall years may ex-
tend 480 km inland; however, even though
the birds are capable of moving long dis-
tances inland when cyclones pass, they are
essentially coastal birds seeking the coastal
salt lake waters as their habitat.

Discussion

Population Fluctuations

For nearly 100 years a population of
mountain ducks has been known to live on
Rottnest Island, Western Australia. The

work of Storr (1965) showed that mountain
ducks were regular breeders on the island
and produced a surplus of young which he
suggested migrated to the mainland. The
present study found, through banding and
tagging birds on the island that not only do
they emigrate to the mainland but also re-
turn to the island and breed there when
they come of age. As the study progressed,
it became evident from the predictable in-
creases or decreases in numbers of birds on
the island at certain times of the year, that
a complex system of population regulation
existed between the birds and the island’s
natural resources.

The annual periods of population in-
crease and decrease are presented in Fig.
24, The basis of the diagram was extracted
from Fig. 22 utilizing the mean monthly
population counts as an index of population
fluctuations throughout the study. Each
year on the island, 2 distinct population
groups formed; one was the summer aggre-
gation and the other the breeding congre-
gation. Separating the 2 groups are transi-
tional periods in which the birds assemble
before and after the breeding season for so-
cial reassessment.

The population undergoes 2 major reduc-
tions in numbers each year. The first de-
cline occurs in the summer from late De-
cember through March and the second in
the winter from June through September.
In each period, the population has a differ-
ent status, sex, and age composition. The
summer aggregation is gregarious and com-
posed of juveniles, subadults, and adults in
a ratio of 4:1:2, respectively, with a male:
female ratio of 81.8:100. The winter breed-
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Fic. 24. Annual fluctuation in numbers of mountain ducks on Rottnest Island, Western Australia, show-
ing the periods of social and environmental stress.

ing congregation is territorial and composed
of subadults and adults in a ratio of 1:6,
respectively, and a sex ratio which favors
females, fluctuating as high as 25:100,
males:females.

Birds in the summer aggregation com-
mence leaving the island in late December,
and the population slowly declines as
drought continues to reduce the area of
surface water, the number of freshwater
seepages, and increase the salinity in the
permanent waters. Band recoveries from the
mainland support the observation that birds
emigrate from the island at that time. Field
observations on tagged birds have shown
that 81-95 percent of the juveniles has left
the island by late March.

Observations on food supplies and fresh
water available during the summer months
indicate that they are in short supply. That
hypothesis was tested statistically and found
to be correct in that juvenile and adult birds
caught numerous times throughout the sum-
mer showed significant loss in weight (P<
0.05 and P<0.001, respectively). The de-
cline in weight, as it does in all birds, argues
for food shortage. If fresh water had been
responsible, it would be expected that only
those birds unable to compete for access to
it would have suffered the decline. In addi-
tion to the statistical testing, the following
observations support the hypothesis that
food was in short supply:
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(1) No single food item was a principal
source of food. Birds utilized different feed-
ing techniques and changed feeding sites
regularly indicating that food sources were
limited in quantity.

(2) Birds became increasingly aggressive at
the remaining freshwater seepages as sum-
mer progressed, indicating that fresh water
was becoming scarce and the remaining re-
sources had become objects of competition.
No age group or individual birds were ob-
served to be able to continually dominate a
freshwater source.

(3) Once trapping operations terminated
and wheat was no longer used as bait, the
number of birds on the island decreased im-
mediately.

The second major decline in population
numbers is associated with the limited num-
ber of brood territories available to the
breeding population in winter. The mean
number of territories taken up each year
throughout the study period was 25.9=4.0.
Population counts during the study in June,
July, and August, when brood territories are
established, showed that numbers of breed-
ing pairs on the island was 48.3%15 pairs
which exceeds the number of brood terri-
tories by nearly 50 percent. The following
observations support the theory that terri-
tories are limited in number and are com-
peted for by breeding pairs:

(1) Removal experiments by cannon net-
ting showed that on 11 occupied territories
once the territorial pair was removed, the
vacant territory was taken up almost im-
mediately by a new pair.

(2) Twenty-one marked breeding pairs,
successful in rearing a brood, retained their
territory for 3 breeding seasons or longer.

(3) Field observations showed that both
male and female territorial holders were
frequently observed defending their terri-
tory and would resort to violent physical
clashes to maintain their area.

Periods of Social Stress

When the population is increasing in
number each spring and autumn by recruit-
ment and immigration, respectively, it un-
dergoes a period of social stress. The first
period of such stress is in April and May
and known as the prebreeding assemblage.
At that time, birds are actively seeking
mates and thus a position in the dominance
hierarchy. The sex ratio always favors fe-
males by approximately 65 percent, and
those birds are the initiators of the social
stress imposed on the population.

The following observations made on
tagged or banded birds supports the hy-
pothesis that social stress does exist:

(1) Observations on tagged adult breeding
pairs associated with assemblages showed
that they took positions outside the main
gathering and maintained a relatively uni-
form distance from other birds. This indi-
cated that those adult pairs have well-
formed pair bonds and are capable of
defending themselves and their chosen area
against challengers.

(2) Of the known 21 pairs that held terri-
tories for 3 years or more, 15 were perma-
nent residents on the island. Observations
on those resident birds showed them to be
on a high level of the dominance hierarchy
and rarely are subjected to competition for
their brood territories or nest sites, nor have
they been observed taking part in the pre-
breeding assemblage gatherings.

(3) In the 11 removal experiments, when
members of the original territorial pair were
released, they won back their territory from
the new arrivals without exception.

(4) Tag observations on inexperienced
breeders showed them often to be unable
to exclude pursuing females, and those fe-
males remained with the pair for 3 to 4
months; the consequence was that those
groups of 3 or more birds have never been
observed with ducklings.

The second period of population increase
occurs in November and December and is
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from recruitment of young now able to fly
that have survived the brood period.
The postbreeding assemblages gather ini-
tially on the ephemeral waters but shift to
the salt lakes as the temporary swamps be-
come dry. The first matings of juvenile birds
are early in December along with rematings
of territory holders that were not successful
in rearing a brood the past breeding season.
Evidence that social stress occurs at that
time has been observed as follows:

(1) The gathering of birds in the postbreed-
ing season assemblage motivates courtship
displays and females to incite males. Juve-
nile birds stimulated by the displaying of
mature birds display to each other result-
ing in 2 juvenile females forming a pair
bond. Such a situation suggests that pair
bond formation during the assemblage is
motivated by displaying of unpaired birds
even though most are sexually immature.

(2) Parent birds with well-established pair
bonds usually are not seen in the assem-
blages. Those that have been observed did
not take part nor were they challenged by
juvenile females seeking a mate.

(3) Field observations on mate selection
and pair retention behavior have shown that
all age groups do make changes. Juvenile
birds made so many changes that records
could not be maintained; subadults made
74 changes and adults made 21. That indi-
cated that some males are more sought after
than others, and females select for the more
desirable males.

(4) Observations of tagged birds in the
island have shown that the most subordi-
nate group is the unmated juvenile. Once
juveniles are paired, they are elevated in
rank, but still subordinate to adult pairs
with well-established pair bonds. All age
groups, whether single or paired, are subor-
dinate to adult resident pairs that have
reared broods successfully.

Population Regulation Mechanisms

The foregoing statement on the forces of
social and environmental stress imposed

upon the Rottnest Island mountain duck
population demonstrates the action and re-
action that occurs twice a year that adjusts
the numbers of birds on the island to the
level of the prevailing requisites, food and
fresh water. The availability of food and
fresh water in summer is noticeably less
than in winter when seasonal rains produce
ephemeral waters on the island rich in
plant and animal life. As resource levels
change, so do the objects of competition;
thus, birds competing for food and fresh
water in the summer for self-preservation
are observed in the winter to compete for
brood territories that contain fresh water.
Those freshwater sources are critical if the
brood is to make use of the food resources
of the saltwater lakes without suffering dis-
turbance of electrolyte balance that at best
reduces growth rate and at worst results in
death of the young. The freshwater source
is imperative up to 6 days of age, after
which the supraorbital salt gland is func-
tional and the young have greater salt toler-
ance. Even though the environmental influ-
ence of the population changes markedly in
the 2 periods, the mechanisms of population
regulation, intraspecific competition, do
not. '

Population densities increase in the
spring through recruitment of juveniles that
survive the brood period and enter summer
aggregation. The consequence of the first
period of social stress in late December
showed that birds either removed them-
selves from the postbreeding assemblage or
left the island. Those that remained, even
though fewer in number and not actively
competing for mates, were nevertheless still
subjected to continuing social stress im-
posed by the shortage of food and fresh
water by the drought conditions.

In the resident population, direct physical
competition for food was rarely seen except
at the trap sites where birds congregated to
feed on wheat, and again in late summer
when supplies of fresh water are limited and
the birds were forced together at the re-
maining freshwater seepages to drink. In
those 2 periods characterized by physical
competition for food and fresh water, some
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birds are dominant while others are sub-
missive, the latter giving way to feed or
drink in other areas or at other times. That
reaction is in effect density dependent and
is the proximate stimulus to emigration in-
voked by the birds themselves as predicted
by Wynne-Edwards (1962:480) “those
members of the society standing higher in
the hierarchy will continue to exert stress
on those lower in the scale, until the popu-
lation is thinned down to a threshold recog-
nized to be conventionally consistent with
the remaining food resources.” A similar
concept was given by Lack (1954:242), and
both authors agreed that the individuals
evicted were the junior hierarchy or juve-
niles, respectively, which has proved to be
the case in the present study.

As the breeding season approaches and
the prebreeding assemblage increases in
number of birds immigrating onto the
island, the intensity of epideictic displays
increases (Wynne-Edwards 1962:16). That
behavior was particularly noticeable on
days with overcast skies and rain, and no
doubt the climatic condition stimulated the
excitation and tension among the birds. The
social reassessment that takes place during
this period is one of status seeking to gain
a position in the dominance hierarchy which
in turn allows the pair to secure a brood
territory. The preassessment by rivals in the
assemblage means that once a territory is
acquired, rarely has its tenure been lost to
another pair.

The primary function of the brood terri-
tory is to secure a supply of fresh water for
the brood, thus imposing a determinate pat-
tern of dispersion which allows broods to
be reared without intraspecific strife that
results in social mortalities. The limited
number of brood territories on the island
imposes a ceiling on the breeding density
and is directly related to food supply, as
without sources of fresh water the ducklings
cannot feed in the salt lakes. This conclusion
supports the prediction of Wynne-Edwards
(1962:164) that the ceiling imposed on
breeding densities is related to “local carry-
ing-capacity (or food-productivity).”

The breeding surplus which varies from
19.5 to 67 percent with a mean of 43.8 per-
cent during June, July, and August, con-
sists of those birds that have been unable
to obtain a territory. On 4 occasions (12
June 1967, 9 July 1967, 5 June 1971, and 22
June 1972), tagged pairs whose brood terri-
tories were never found, were observed
copulating. That could account for dump
eggs found in areas that were not nest sites.

Field observations suggest that obtaining
a brood territory is a precursor to nest selec-
tion, but evidently not to copulation. Also,
the meticulous behavior of females when
searching for a nest site by entering nu-
merous crevices and burrows before making
her selection, and the excitation of the male
standing in observation suggest that the be-
havior has some psychosomatic role in the
reproductive cycle.

By late September, the end of the nesting
period, the population falls to its lowest
numbers of the year. The reasons for the
departure of the last surplus breeders at
that time could be:

(1) Nearly all brood territories are occu-
pied by family groups and the possibility of
obtaining a vacancy is remote.

(2) The time required to rear a brood is at
least 3 months; therefore, young hatched in
late October would not fly until late De-
cember or January. Such late hatching has
never been witnessed on the island.

(3) Annual molt migrations to specific
lakes on the mainland begin in October.

The rate of recruitment in this population
appears to be regulated by restricting the
number of females breeding. The maximum
number is determined by the 34 territories
available. The mean percentage of birds to
survive the brood period over the study
period was 80.6+5.96, ranging from 72.92
in 1972 to 87.23 in 1966. This infers that on
the average 25.8+4.0 pairs were capable of
rearing 151.9+30.8 birds annually. Thus,
the replacement rate of breeding partici-
pants was threefold or 300 percent.

The average annual mortality in broods
over the study period was 19.39+5.96 per-
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cent, ranging from 12.77 in 1966 to 27.08 in
1970. The annual mortality of flying birds
(70 days and older) was 8.69 percent, and,
assuming that no loss of bands occurred,
shooters were responsible for 6.39 percent
of the deaths. The information on mortality
suggests that the numbers of birds that died
as ducklings or flying birds is not great, and
seems unlikely as a mechanism to control
the rate of recruitment. However, since emi-
gration does occur, there could be addi-
tional mortalities unaccounted for as fol-
lows:

(1) Banded birds die on the mainland and
are not found.

(2) Banded birds remain on the mainland
and are not taken by shooters.

(3) A combination of points (1) and (2).

The remaining 2 ways to control the re-
cruitment rate as suggested by Wynne-
Edwards (1962:527) are to restrict the fre-
quency of successive broods and to hold
down the number of ova fertilized per fe-
male. Neither of those appears applicable to
this population since a regular annual
breeding season occurs in which the ma-
jority of adult pairs that hold a territory pro-
duce a brood. The large range in numbers
of ducklings that arrive on their brood terri-
tories (1-16), and numbers of undeveloped
eggs (6) in the 9 clutches observed, suggest
that control of recruitment by holding down
fertilization of ova seems most unlikely.

The basis of this system of population
regulation is one of population balance that
culminates in a condition of equilibrium,
thus, as Nicholson (1954:50) wrote, “The
densities (N) of populations and those (G)
of their governing requisites are counter-
posed, and any change in these quantities
(whether produced by the environment or
by the action of the population itself) sets
up reactions which tend to cause approach
to a condition of equilibrium.” The forces
found to be counterposed were those of so-
cial stress governing densities (N) and en-
vironmental stress governing the popula-
tion’s requisites (G). Those forces became
counterposed twice yearly, once during the

summer with the resident population and
again during the winter in the breeding
population.

To determine if the population had the
stability in numbers predicted by Nicholson
(1954:50) or Wynne-Edwards (1962:484),
the data of the average monthly population
counts were tested statistically. The slope of
the regression line fitted to the data dif-
fered significantly from zero ($=2.72,
df=8, P<0.05), and hence it seems rea-
sonable to assume that the population was
increasing by an average of 7 birds per year
over the study period. One of the following
deductions may present an acceptable con-
clusion on the stability of numbers in the
Rottnest Island mountain duck population:

(1) The slight increase, by an average of 7
birds per year, in the population over the
study period seems likely to fall within the
limits set by both Nicholson and Wynne-
Edwards.

(2) The period of observation on the popu-
lation may be too short to observe the full
cycle of fluctuations in numbers in the
island’s population.

(3) The resident population has been sup-
plied with an unnatural food resource
through using wheat for bait in trapping op-
erations. That could allow more birds to
remain on the island or even survive, thus
giving a slight increase in the population
over the study period.

(4) The system of population balance or
stability may not be totally understood until
the mortalities that occur on the mainland
become known in detail.

Of the 4 deductions, I favor (1), and be-
lieve (2) would, in fact, reduce the slight
numerical increase in the population over
the study period if the period of observa-
tion were extended another 10 years.

Success of the Species
The mountain duck is a successful species
in Western Australia and maintains a large
population. It is able to exploit varied wet-
land habitats both saline and freshwater,
and has readily adapted to utilizing man-
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made waters, such as stock dams, for rear-
ing young or as a source of fresh water. The
birds exhibit facultative feeding habits,
grazing, surface dabbling, upending in shal-
low water, padding and sifting biotic ooze,
and combing the shorelines, and are op-
portunistic feeders. Also, they are able to
make use of varied nesting sites from rock
crevices to high treeholes.

Its success also derives from its effective
pair forming and pair bond maintaining
mechanisms, thus resulting in a high repro-
ductive success rate. Other patterns that
promote successful reproduction include:

(1) Population aggregation and mixing on
breeding grounds after the breeding season
which results in rematings of single birds to
establish pair bonds well in advance of the
next breeding season.

(2) Establishment of a brood territory by
the parents which is maintained for the ex-
clusive use of the young.

(3) Large clutch size, and close parental
care of the broods, which result in a high
rate of survival of young.

(4) The establishment of permanent pair
bonds, if the pair is capable of successful
reproduction (i. e., nest site selection, egg
laying, and producing young).

The unusual environmental conditions
within the breeding environment of the
mountain duck have selected in favor of
prolonged pair bonding. In that way, both
parents establish strong ‘rights’ to the fresh-
water seepages essential to successful rear-
ing of the brood. This is characteristic of
the primitive anatids.

The mountain duck also has the capacity
to remate quickly if the pair is broken, thus
assuring the maximum proportion of the
adult population the opportunity to con-
tribute to the maintenance of the popula-
tion. That trait is more typical of the ad-
vanced anatids.

SuMMARY AND CONCLUSIONS

This study on the biology of the mountain
duck is an attempt to elucidate the reasons

for its apparent increase in abundance
throughout southern Western Australia.

Life history data from Rottnest Island in-
dicate that sexual maturity is not reached
until an age of 22 months, and, while pair-
ing occurs in younger birds, no young are
reared and the bonds are not permanent.
Furthermore, most pairs, irrespective of age,
that failed to breed successfully tended to
dissolve pair bonds.

Nest site selection, an important aspect
of successful rearing of a brood, is a lengthy
process, and selection of favored sites cor-
relates with age. The incubation period
varies from 30 to 32 days, and predators
such as silver gulls and ravens have been
found to prey upon unattended nests. Feral
cats prey upon ducklings moving overland
from nest sites to brood territories.

The limited number of brood territories
imposes a ceiling on the number of pairs
breeding during the annual breeding sea-
son. Fresh water in the brood territories is
essential for ducklings which appear un-
able to excrete salt the first 6 days of life.
Once safely in territories, there is little
mortality among ducklings except for incle-
ment weather. Ducklings reach the flying
stage at an age of 57-70 days, when family
groups break up.

Investigation of the bursa of Fabricius as
an age criterion showed the bursa closed by
1 year of age. Study of marked birds
showed that there are 2 molts (complete
and incomplete), but in only the complete
molt are the birds flightless and hence sus-
ceptible to predators. Additionally, the
study of marked birds showed that the Rott-
nest Island population is part of the main-
land population and there is a migration to
and from the island. The analysis of trap-
ping data showed an excess of female birds
in the population (P<0.001). Bands re-
covered from the mainland as a result of
shooting confirm the widespread movement
of birds reared on Rottnest Island.

Studies on the ability of laboratory reared
and wild birds to excrete salt loads admin-
istered by stomach tube suggested that birds
reared on fresh water are at a disadvantage
when forced to saline habitats during sum-
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mer drought. The capture of salt intoxi-
cated birds on Rottnest Island suggests that
mortality induced in that way is not uncom-
mon.

The loss of monel metal bands early in
the study negated any attempt at census
except by direct count of birds on salt lakes
and swamps on Rottnest Island. However,
those counts showed considerable changes
in population size throughout the year and
from year to year, and those changes formed
a cyclic pattern. The present banding work
using titanium bands allows for future cen-
suses of the population by methods other
than direct counts.

Assuming no loss of bands, the shooters’
returns indicated that 6.39 percent of birds
banded on Rottnest Island were shot. Fur-
ther analysis of hunters’ returns showed a
significantly higher proportion of juveniles
were shot than older birds.

From the foregoing, it is possible to con-
clude that:

(1) The mountain duck is able to live in
highly saline situations provided it has ac-
cess to fresh water. Fresh water within
brood territories appears essential for suc-
cessful rearing of broods.

(2) Birds reared on fresh water are at a
disadvantage compared with those reared
on brackish water during severe summer
droughts. Indications are that sudden de-
pendence on saline water leads to salt in-
toxication and death.

(3) Assuming that shooting pressure on
Rottnest Island birds reflects the pressure
on the total population, it seems clear that
mortality induced by shooting is low.

(4) Since the mountain duck is capable of
handling saline water (provided it has ac-
cess to freshwater seepages), it seems likely
that the species has been able to maintain
its numbers because brackish and saline
marshes and lakes have remained little af-
fected by the agricultural development
which has drained so many freshwater situ-
ations (Riggert 1966). Nevertheless, the sa-
line habitats now persisting probably cannot
in themselves sustain a larger breeding

population than at present because the
number of freshwater seepages which form
the nucleus of brood territories is limiting.
The creation of sources of fresh water
through farmers’ building stock dams has
meant that birds are substituting them for
freshwater seepages, and hence population
increases are occurring in areas where birds
have been sparse or absent previously.
Breeding on ephemeral fresh water in very
wet seasons can lead to significant increases
in population size. However, since the birds
cannot handle salt readily, they are likely
to suffer considerable mortality should
there be a summer drought which forces the
birds onto brackish or saline localities. Un-
der such circumstances, the hunting pres-
sure, high susceptibility of juveniles to
hunters, and the mortality induced by salt
intoxication, are likely to combine to se-
verely deplete the year class.
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