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This  paper describes incidences of brood parasit ism of nests of Black 
Swans Cygnus atratus  by Musk Ducks Biziura Lobata. B lack Swans have a 
long incubation period, and as they are unlikely  to exhibit egg rejection 
behaviour, they are potentia lly  suitable as hosts for  Musk Duck para ­
sitism. Model eggs w ere used to test w h e th e r  the success of brood 
parasit ism in this system  is constrained by host responses (egg recogn i­
tion or nest abandonment),  or  egg shell strength. The resu lts  showed 
that B lack Swans readily accept foreign eggs, even when they are very  
d ifferent from  the ir  own. However, there was a substantia l loss of w e a k -  
shelled m odel eggs, thought to be accidentally  crushed by the swans. 
The relation of this to the unusua lly  th ick she ll  of Musk Duck eggs is d is ­
cussed.

KeyW ords: interspecific brood parasitism, egg recognition, egg rejection, model experi­
ments, shell thickness

Interspecific brood parasitism, or 
fem ales purposely  laying eggs in the 
nests of other species, is relatively  
w idespread am ong w ild fow l (Anatidae). 
The behaviour has been recorded in at 
least 36 out of Π 6  species (25%), and is 
p a r t ic u la r ly  co m m o n  am ong the 
O xyur in i  (st i f f -ta i led  ducks ; Sayle r

1992). The hosts of parasitic w i ld fow l 
mostly  involve other wildfowl, but also 
gu lls  (Laridae), Coots Fulica sp. and 
ibises (Threskiornithidae). The success 
of interspecific brood parasitism may 
be constrained by the tim ing of the p a r ­
asitism, and by host responses, such as 
nest site defence, d isp lacem ent of par-
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asitic eggs, egg rejection and nest 
ab an d on m en t (Sayter 1992). 
Furtherm ore, parasitic eggs may be 
damaged when quickly deposited in the 
nest o r  when the host a ttem pts to 
puncture it (M allory  2000). In response 
to these constraints, som e avian brood 
paras ites  have evolved adaptat ions 
such as egg m im ic ry  and strong egg 
shells  (Davies 2000). Studies on w i ld ­
fowl have so far found little evidence for 
egg d iscrimination among host species 
(Sorenson 1997, D u g ge r et at. 1999a, 
D u gge r et at. 1999b). A  study of Hooded 
M e rg a n se rs  Lophodytes cucu lla tus  
reported  that C o m m o n  Goldeneye 
Bucephaia clangula  eggs w ere  more 
likely  to be at the periphery  of the host 
clutch (Mallory  & Weatherhead 1993). 
Furtherm ore, parasitic species do not 
seem to have evolved 'stronger' egg 
s h e l ls  than n o n -p a ra s i t ic  species  
(M al lo ry  & W eatherhead 1990). The 
lack of adaptations in relation to brood 
parasitism in both hosts and parasites 
among w ild fow l is often taken as evi­
dence that the costs of parasitism to 
hosts and the benefits to the parasites 
are relatively sm a ll  in species with pre ­
cocial young, compared to those with 
a lt r ic ia l  young (R o h w e r  & Freem an 
1989, Lyon & Eadie 1991).

In this paper, a ra ther unexpected 
h o s t -p a ra s ite  co m bina t ion  am ong 
Austra lian w ild fow l is reported: Musk 
Ducks Biziura lobata laying eggs in the 
nests of Black Swans Cygnus atratus. 
A lthough  Musk Ducks are known to be 
brood parasites (Att iw il  et al. 1981), they 
have not previously  been recorded pa r ­
asitising B lack Swans. Musk Ducks are

a poorly -studied  species, and it is not 
c lear at present how important in ter­
specif ic  brood pa ras it ism  is as a 
reproduct ive  strategy. A t t iw i l  et at. 
(1981) is the only o ther study to report 
interspecific brood parasitism in the 
Musk Duck. A lthough  fu rther  studies 
are needed, it is possible that interspe­
cific brood parasitism by Musk Ducks 
may be relatively com m on, at least 
un d er certa in  c ircu m stan ce s .  Musk 
Ducks are unusual among w ild fow l in 
that fem ales d irectly  feed the ir  off­
spring for a considerable am ount of 
tim e after leaving the nest (Frith 1967). 
The incubation period of Black Swans 
takes on average  about 41 days 
(Braithwaite 1977), considerably  longer 
than that of Musk Ducks (about 24 
days, Marchant & Higgins 1990). Black 
Swans thus offer a relatively  large w in ­
dow of opportunity  during wh ich  the 
parasitic egg can hatch before the host 
f inishes incubation, compared to host 
species w ith shorte r  incubation. The 
main incubation  periods  of B lack  
Swans and Musk Ducks overlap at our 
study site (see Methods). Furtherm ore, 
incubation of an additional sm a ll  egg 
should not pose a large extra cost to 
the host and it w ould  thus seem un like ­
ly that Black Swans have evolved egg 
recognition abilities. Lastly, predation 
rates of B lack Swan nests are low co m ­
pared to those of sm a lle r  hosts. To 
assess w h e th e r  B lack Sw ans make 
suitable hosts for brood parasitism by 
Musk Ducks, a field experim ent using 
model eggs of different m im etic  qua li ­
ties and shell strength w as undertaken.
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Study Area and M ethods

The study w as conducted between 
Ju ly  and October 2000 at two sites in 
ce n tra l V ictor ia ,  A u s t ra l ia :  Lake 

W en dou ree  in B a l la ra t  (S37°33' 
E 14-3°4-9 ’ ) and Reedy Lake, near 
Geelong (S38°11 E 14-4-°26'). The main 
incubation period for B lack Swans in 
Victoria takes place between early Ju ly  
and m id -N o v e m b e r  and clutch size 
varies  between two and seven 
(Kraaijeveld 2003). Lake Wendouree is a 
perm anent lake of 238ha, with a popu­
lation of around 170 Black Swans who 
are present at the site throughout the 
year. The swans breed mainly  in beds of 
Tal l  Sp ike -rush  Eleocharis sphacelate, 
and nests were found by searching veg ­
etation by canoe. The lake also has a 
perm anent population of about 20-60 
Musk Ducks, which are known to breed 
regu larly  [Thomas & W he e le r  1983). 
Most e gg - lay ing  by Musk Ducks at the 
site occurs between Septem ber and 
Novem ber (Frith 1967; K. Kraaijeveld, 
pers. obs.). Reedy Lake is a system of 
sh a l lo w  lakes conta in ing  nu m erou s  
reed beds. The study site w as an area 
of about 90ha around the perim eter of 
the reed beds, which only floods during 
spring. The vegetation consisted of low 
rushes  and n a rro w  s tr ip s  of Reed 
Phragm ites australis  w a te r  of less than 
50cm depth. During the study period 
about 130 swans inhabited the area, 
while at other tim es of the year the 
study area w as dry and no swans were 
present. Nests w ere m ostly  located 
among strips of reeds and were easily

found by wading  th rough  the study 
area. The contents of all  nests at both 
study sites were monitored weekly. No 
Musk Ducks were ever recorded at 
Reedy Lake.

Egg recognition experim ents  were 
conducted  at Reedy  Lake during  
Septem ber 2000. No experim ents  were 
conducted  at Lake W endouree , 
because the swans refused to leave 
the ir nest, making it impossible to add 
exper im enta l eggs unnoticed. Seven 
types of model eggs, differing in size, 
co lour and shell strength, were added 
to Black Swan clutches of varying age. 
W h ite  and brown eg gs  cam e from  
domestic chickens, whitish eggs came 
from  dom e st ic  ducks, and inferti le  
swan eggs from the same population 
w ere  also used. To investigate the 
effect of she ll  strength, we filled som e 
of the brown and white  chicken eggs 
with plaster of paris. Shells  of swan 
eggs (filled or unfilled) were used as a 
control.  The d im ensions of the experi ­
m enta l study eggs are listed in Table 1. 
Each nest only received one model egg. 
Nests were checked two days after 
addition of a m o de l egg. It w as 
assumed that during this time both 
partners would have had an opportunity 
to reject the model eggs. A l l  experim ents  
described in this paper were approved 
by the A n im a l Experimentation Ethics 
C o m m itte e  at the U n ive rs ity  of 
Melbourne.

To assess w h e th e r  the egg shell of 

Musk Ducks is s tro nge r than would  be 
expected from its size, we followed the 
approach of Mallory  (2000), using data 
from  M a llo ry  et al. (1990). L ine ar
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regression was used to examine the 

relationships between egg mass and 
shell thickness, o r  egg mass and egg 
shape. A l l  w a te r fo w l  w ere  in it ia l ly  
included, and the residuals plotted as a 
h istogram. A  second regression was 
then perfo rm e d  on a l l  w a te r fow l,  
except the Musk Duck, to generate pre ­
dictive equations for egg shape and 
shell th ickness based on egg mass. 
The values for the Musk Duck egg were 
then compared to the 95% confidence 
intervals of the predicted value. Data on 
egg characteristics  were loge t ra n s ­
form ed and tested for normality.

Results

At Lake Wendouree 66 Black Swan 
nests were located, constituting 95% of 
a ll nests on the lake, and three nests 
(5%) contained a Musk Duck egg. These 
eggs were greenish white in co lour and 
unm arked, s l igh t ly  l igh te r  in co lour 
than Black Swan eggs, and consider­
ably sm a lle r  (Table 1). One w as found in 
a clutch of five swan eggs, 21 days after 
the clutch had been completed. The 
egg was stil l  present in the nest 17 days 
later, after the swan eggs had hatched 
and the cygnets had left the nest. The 
egg w as cold and contained a fully 
developed M usk Duck em bryo . The 
second Musk Duck egg w as found in a 
clutch of four swan eggs, 20 days after 
clutch completion. This egg was still

Table 1. Dimensions (mm± SD] of different types of eggs found in nests of Black Swans and 
of those used in egg recognition experiments (the latter are marked with *). All eggs are 
plain in colour.

Egg Type Length Width Colour

Black Swan (n=33) 106±3 67+2 Pale Green

Musk Duck (n=2) 58±1 47+7 Pale Greenish-white

White Ibis (n=1 ) 68 47 White

*Chicken (n=16) 57±2 43±1 Brown or White

*Duck (n=12) 62±3 47±1 White
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present in the nest 14 days later. The 
swan eggs hatched a fu rthe r  seven 
days later, so the Musk Duck egg could 
have been incubated for over 21 days. 
T he  eventua l fate of th is  egg w as 
unknown, but a Musk Duck chick unac­
companied by a parent w as observed 
about 600m from the nest on the first 
day the swan pair were  seen with 
cygnets away from the nest. The third 
Musk Duck egg was found with a clutch 
of two swan eggs. Th is  nest was found 
after the clutch was completed, but 
judging from the hatching date it was 
seven days old when found. A  week 
later the egg had disappeared. Thus the 
Musk Duck cannot have been in the 
nest fo r  lo n g e r  than 15 days. The 
c lutches of swan eggs in a ll  the nests 
remained intact and none of the nests 
were deserted after being parasitised. 
A t Reedy Lake, 31 nests w ere  found and

monitored. As  all  of the study area at 
this site is easily accessible, it is likely 
that all  nests were located. None of the 
nests at Reedy Lake contained Musk 
Duck eggs.

The results of the egg recognition 
experim ents  are sum m arised  in F igure
1. None of the experim enta l nests were 
deserted after addition of the model 
egg. A l l  m odel eggs that remained in 
the nests after two days were w arm , 
indicating that they had been incubat­
ed. None of the m odel eggs had been 
pushed outside the nest cup or buried 
into the nest material. The percentage 
of norm al chicken eggs remaining in 
the nest after two days was low, but 
increased s ign ificantly when eggshells  
filled with p laster w ere used (F isher 
Exact test, P<0.0001], P la s te r - f i l le d  
chicken eggs did not differ s ignificantly 
from control swan eggs in the ir l ike li -
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Figure 1. Percentage of experim enta l eggs rem aining in the nests of B lack Swans two days after addi­
tion. Sam ple sizes are indicated above the bars. No p laster-filled  duck eggs w ere used.
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hood of remaining in the nest. The 

slightly  h igher percentage of unfilled 
duck eggs remaining in the swan nests 
compared to unfilled chicken eggs was 
not significant and probably due to their 
s tronger shell. There  was no significant 
d ifference between unfil led ch icken 
eggs of different co lour in the ir  l ike li­
hood of remaining in the nest.

F ig u re  2 show s the residuals of the 
regression of egg shell  th ickness on 
egg mass for a ll waterfow l.  The egg of 
the Musk Duck has a large positive 
residual,  second only to that of the 
Hooded Merganser. When Musk Duck 
is removed from the regression, shell 
th ickness can be predicted from the 
egg mass by the equation:

Loge thickness = -2.847 + 0.440 (Loge mass); 
R2=0.77,F1120=408.9, P<0.001

From this equation, a 128g egg (the 
weight of an average Musk Duck egg) is 
predicted to have a shell  th ickness of 
0.49mm, w ith a 95% confidence interval 
on the prediction of 0.37 -  0.65mm. The 
average shell  th ickness of a Musk Duck 
egg is 0.70mm [Mallory  et at. 1990), 
w h ich  fa lls  outs ide th is confidence 
interval, indicating that it is s ign ificant­
ly th icker than expected for its mass. A  
s im ila r  analysis on egg shape showed 
that the shape index for the Musk Duck 
egg is not different from  the expected 
value. Egg shape can be predicted from 
egg mass by the equation:

Loge shape = 0.096+ 0.059 (Loge mass); 
R2=0.44, F1,120=93.90, P<0.001

From this equation, a 128g egg is 
predicted to have a shape index of 
1.462, with a 95% confidence interval

35

30

» 2 5
0
§ 20

1  15 

¿  10

5

0

-0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 

Residual

F igu re  2. H istogram  of residual values from  the regression of egg sh e ll thickness on egg m ass fo r 122 
species of w aterfow l [data from  M allory ef aí. 1990). The Musk Duck is indicated w ith an asterix.
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on the prediction of Ί.35 -  1.58. The 
shape index of a Musk Duck egg is 
1.503 (Mallory  et al. 1990), wh ich  falls 
inside this confidence interval, indicat­
ing that the shape of a Musk Duck egg 
is not s ignificantly different from that 
predicted.

Discussion

At first sight, the d isappearance of 
experim enta l eggs from B lack Swan 
nests seem s consistent w ith a n t i -pa ra -  
sitic behaviour. However, m any of our 
model eggs had thin she lls  (the shells  
of chicken eggs are genera l ly  about 
0.33- 0.36mm thick, Verna et at. 1998; 
Nwosu et al. 1987) and probably d isap­
peared because they were accidentally  
crushed by the incubating swans. This 
suggestion was supported by the fact 
that when s im ila r  model eggs filled 
with p laster were added, these were 
accepted by the swans. Th is  h ighlights 
the caution required when interpreting 
evidence of egg -recogn it ion  or anti- 
parasitic behaviour. The study suggests 
that Black Swans did not d isplay egg 
recognition behaviour, even when pre ­
sented with m odel eggs that were very 
different from the ir  own. In order to 
have any chance of hatching, the para ­
sitic egg needs: (i) to be deposited in 
the host nest within the first 17 days of 
the start of incubation of the host 
clutch, and (ii) to have a she ll  that is 
strong enough to withstand the weight 
of a Black Swan. Even though the w in ­
dow of opportunity  for parasitism of a 
swan nest is long compared to that of

sm a lle r  potential hosts, the observed 
incidences of parasitism in this study 
appear not to have occurred within the 
requisite tim e window. It has also been 
demonstrated that the shell of Musk 
Duck eggs are strong enough to avoid 
being crushed by an incubating swan, 
and is su b sta n t ia l ly  th ic k e r  than 
expected for its m ass when compared 
to other w ate rfow l.  W ithout fu r th e r  
study of the basic biology of the Musk 
Duck, it remains unclear w hether thick 
shells  produced by the species are an 
evolutionary adaptation to parasitism of 
B lack Swans, or are a by -p roduct of 
som e other function.

It is possible that incidences of par­
asitism of Black Swans at the study site 
are due to a lack of nests of other 
hosts. Previously , Musk Ducks have 
been recorded pa ras it is ing  Pacific 
B lack Duck Anas superciliosa, Grey Teal 
Anas gibberifrons, Hardhead Aythya aus­
tralis, P ink-eared Duck Malacorhynchus 
membranaceus, B lue -b i l led  Duck and 
Dusky  M oorhen G allinu la  tenebrosa  
(Att iwil et al. 1981 ). Of these, the Pacific 
B lack Duck and the Dusky Moorhen 
breed com m only  at Lake Wendouree, 
while the B lue-b i l led  Duck breeds in 
sm a ll  num bers  (Thom as & W hee ler 
1983). As many of these were observed 
breed ing  c o n c u rre n t ly  w ith  B lack 
Swans, it is unlikely that no other host 
nests were 'available'.

The Black Swan, Musk Duck, and 
experim enta l eggs that were added to 

nests were plain in colour. The lack of 
m ark ings  might constrain recognition 
of parasitic eggs by the host. However,
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this seem s unlikely, as the eggs used in 
o u r  e xpe r im e n t  a lso differed from  
Black Swan eggs in co lour and size. 
Diederik Cuckoo Chrysococcyx caprius 
parasitise several species of Weavers 
(Davies 2000), and in this host-parasite  
system both have unm arked eggs and 
the host is able to recognise parasitic 
eggs.

The success of brood parasitism of 
B lack  Sw ans by Muck Ducks as a 
reproductive stra tegy  appears to be 
facilitated by host egg acceptance, and 
may also depend on egg strength and 
the t im ing  of pa ras i t ism . However, 
unlike the precocia l young of most 
other waterbirds, Musk Duck young 
appear to be far m ore dependent on 
parental care once they leave the nest 
(Frith 1967), and fem ales are known to 
feed the young for several weeks. As 
the m ajority  of the ir  potential hosts, 
including B lack Swans, do not exhibit 
such behaviour, it would  seem that the 
survival chances of the parasitic duck ­
ling w ou ld  be low  un less  fem ales 
collect the ducklings once the host has 
finished incubation. Such retrieval of 
young from parasitised nests would  be 
unique am ong brood parasites (Davies
2000) and has not been observed.
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