
G IL L E S  G A U T H IE R

Territorial behaviour, forced copulations and mixed reproductive
strategy in ducks

Introduction

T he concept o f m ixed rep roductive strategy 
has received considerab le  a tten tion  since it 
was first p roposed  by T rivers (1972), e.g. 
B eecher and  B eecher (1979), K cK inney et 
al. (1983), Fitch and  S hugart (1984). In 
b irds, th e re  is grow ing evidence th a t ex tra 
pair copulations a re  p art o f a m ixed rep ro 
ductive stra tegy  o f  pa ired  m ales (B eecher 
and  B eecher 1979; M cK inney et al. 1984; 
A fton  1985; W estneat 1987). E x tra-pair 
copulations have been  rep o rted  in m any 
species bu t it is in the A natidae  (ducks and 
geese) th a t they  a re  com m on (M cK inney et 
al. 1983). In ducks, ex tra-pair copulations 
a re  com m only re fe rred  as forced copula
tions because successful m ounting  by m ales 
m ay occur even if fem ales are  unwilling to  
coopera te . R ecen t evidence indicates tha t 
forced copulations can resu lt in successful 
fertilisations (B urns et al. 1980; E varts and 
W illiam s 1987).

T he coun ter-stra tegy  to  ex tra-pair copu
lations adop ted  by paired  m ales is m ate 
guarding in m any non-anatids (B eecher and 
B eecher 1979; B irkhead  1979; C arlson et 
al. 1985; H atch  1987; M oller 1987) and in 
ducks (G oodburn  1984). A s we w ould ex
pect, m ate guarding is well developed  in 
ducks as m any species exhibit a m ate  d e 
fen ce  te r r i to r ia l i ty  (M cK in n ey  1986). 
H ow ever, th ere  is considerable variability 
in the intensity  o f m ate  guarding and te rri
toria lity , and  m uch o f this variance rem ains 
unexplained. F orced  copulations ap p ea r to  
be absen t in som e highly te rrito ria l species 
o f ducks (M cK inney et al. 1983; M cK inney 
1985; G au th ie r 1986).

In this pap e r, th e  variability  in te rrito ria l
ity and  in th e  occurrence o f  forced  copula
tions in ducks (sub-fam ily A natinae ) are 
review ed. A n a ttem p t is then  m ade to  
explain  this variab ility  by p roposing  a 
m odel o f m ixed rep roductive stra tegy  in 
m ales based on env ironm ental variance.

Territorial behaviour and mate guarding in 
ducks

T he sub-fam ily A n atin ae  includes 103 spe
cies separa ted  in 8  tribes (Johnsgard  1978).
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Sheldgeese (genus C yanochen, N eochen, 
Chloëphaga, and  A lo pochen ) have been 
excluded from  this review  because they  are 
ecological equivalen ts o f true  geese. D ucks 
p redom inantly  inhabit tem p era te  and  sub
arctic w etlands, and m ost species are  m igra
to ry . In  the no rthern  hem isphere , ducks 
generally  p a ir  on the w intering grounds, 
well before  th e  start o f the breed ing  season. 
U nlike m ost o th e r bird species, the fem ale 
is th e  sex a ttached  to  the b irth  place (ph ilo 
patric), and  th e  m ale follows th e  fem ale 
w hen she re tu rn s there  during th e  spring 
m igration. O nce on the  breed ing  grounds, 
only paired  m ales are  te rrito ria l. Lone 
m ales, how ever, a re  always p resen t on the 
b reed ing  g round  bu t they  never defend 
te rrito ries. A  territo ry  o f a p articu lar qual
ity is thus no t a pre-requisite  fo r the acquisi
tion of a m ate. Pair bonds usually b reak  
a fter fem ales have com pleted  egg-laying, 
a lthough the exact tim ing o f the  rup tu re  
varies am ong species. M ales then  leave for 
m oulting g rounds while fem ales incubate 
the clutch and  raise the young alone. In 
se v e ra l s o u th e rn  h e m isp h e re  sp e c ie s , 
how ever, p a ir  bonds o ften  last well in to  the 
brooding  period  o r m ay persist fo r m ore 
than  one breed ing  season, and  paren ta l care 
m ay be shared  by bo th  paren ts. A lthough 
som e species also defend  b rood  te rrito ries  
(Ball et al. 1978; Savard 1982; G au th ie r 
1987a), the p resen t p ap e r is lim ited to  the 
territo ry  defended  by paired  m ales from  the 
pre-laying to  the incubation  stage.

T he occurrence o f te rrito ria lity  in ducks 
has long been  d eba ted  (H ochbaum  1944; 
D zubin 1955; Sowls 1955). In dabbling 
ducks, T itm an and  S eym our (1981) show ed 
th e  existence o f a  g rad ien t o f te rrito ria lity  
from  a w eak m ate  defence in species like 
the N orthern  P intail A n a s acuta  to  strong 
te rrito ria l behav iou r in th e  N orthern  Sho
veler A . Clypeata. H ow ever, th e re  is no 
sharp  d istinction  betw een  m ate  defence and 
te rrito ry  defence in ducks (see below ), and 
bo th  m ay be considered  as d ifferen t degree 
o f te rrito ria lity .

Four degrees o f te rrito ria lity  can be rec
ognised in ducks (F igure 1). T ype 1 species 
show little te rrito ria l behav iour during  the 
b reed ing  season . M ales are  no t very aggres-
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Figure I. Illustration of the types of territories defended in ducks (see text for details).
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sive, hom e ranges o f pairs are  large and 
overlapping  w ith no exclusive areas, and 
there  are  few  signs o f a defended  area. The 
Northern Pintail (McKinney 1973; Derrick
son 1978) and G reen-w inged  T eal A . crecca 
(M cK inney and  S to len  1982) exem plify this 
system .

M ales o f type 2 species are m oderately  
aggressive and  defend  a m oving territo ry  
a round  the fem ale w ithin the ir hom e range. 
T his is found in species like M allard  A . 
platyrhynchos  (T itm an  1983) and  G adw all 
A . streperà (D w yer 1974). T he expression 
“m oving te rrito ry ” was first applied  to 
ducks by D zubin (1955). A lthough  the term  
has been  criticised, it nonetheless describes 
this behav iour w ell; in these species, there  
is clearly a defended  a rea , bu t this area 
shifts th rough  tim e and  is o ften  no t exclu
sive (T itm an 1983).

Type 3 species also defend  a moving 
te rrito ry  a ro u n d  the fem ale. H ow ever, 
m ales are  m uch m ore aggressive, the de
fended  a rea  is m ore  site-specific, m ore 
exclusive, and som etim es has w ell-defined 
boundaries. Pairs nonetheless spend som e 
tim e feeding ou tside the  territo ry . This 
system  is found in A m erican  Black D uck 
A . rubripes (Seym our and T itm an 1978), 
B lue-w inged T eal A . discors (S tew art and 
T itm an  1980) a n d  N o rth e rn  S h o v e le r 
(Poston  1974; Seym our 1974a, b).

Finally , type 4 species have a very strong 
te rrito ria l system . M ales are  extrem ely  
aggressive and  defend  a sm all, w ell-defined 
a rea  w here all conspecifics bu t the m ate  are 
excluded. All activities o f the pair are 
restric ted  to  th e  territo ry . T he A frican 
Black D uck A . sparsa  (B all et al. 1978), 
B ufflehead B ucephaia albeola  (D onaghey  
1975; G au th ie r 1987c), C om m on and  B ar
row ’s G o ldeneyes B. clangula  and  B. islan
dica (Savard  1982, 1984) and  C om m on 
Shelduck Tadorna tadora  (Y oung 1970; 
P atterson  1982) exhib it this type o f te rri
toriality .

A lthough  this classification illustrates the 
variability  in te rrito ria l behav iour am ong 
ducks w ell, it is im portan t to po in t ou t th a t 
all species do no t clearly fall in to  any one 
type. In reality , th e re  is a g rad ien t from  
non-territo ria l species to  highly territo ria l 
ones. F u rth e rm o re , one species m ay exhibit 
varying degrees o f te rrito ria lity  in d ifferent 
hab ita ts  (D zubin  1955; N udds and  A nkney  
1982).

In ducks, p ro tec tion  o f the fem ale from  
harassm ent by conspecific m ales and vigi

lance fo r p red a to rs  are  im portan t roles of 
pa ired  m ales (A shcroft 1976; P atterson  
1982; M cK inney 1985; G au th ie r 1987c). 
Exclusive defence o f a fem ale is especially 
advantageous to  m ales because the adult 
sex ratio  is strongly m ale-biased in m ost 
species o f ducks (B ellrose et al. 1961; 
A ldrich 1973). In w eakly o r m oderately  
te rrito ria l species (types 1 to  3), th e  te rri
to ry  is clearly focused on the fem ale, and 
the m ale essentially  defends an a rea  around  
the fem ale. In highly te rrito ria l species 
(type 4 and  som e type 3), defence of an 
a rea  a round  the fem ale has evolved in to  the 
defence of an  a rea  per se. A lthough  the 
territo ry  is defended  by th e  m ale even in 
the absence of the fem ale (e.g . w hen she 
is on the nest), the  te rrito ry  is quickly 
abandoned  by the m ale if the fem ale is 
rem oved perm anen tly . T his suggests tha t, 
even in highly te rrito ria l species, the fem ale 
is the principal resource defended  by te rri
to ria l m ales.

D efence o f a te rrito ry  in ducks provides 
the follow ing benefits: i) th rough  male 
vigilance it p ro tec ts the fem ale from  harass
m ent by conspecifics and  from  p redato rs 
thus increasing the chance th a t she will nest 
successfully, ii) provides her w ith an undis
tu rbed  feeding area and , iii) ensures the 
m ale’s pa te rn ity  th rough  m ate guarding 
(G au th ie r 1987c). A lthough  defence of 
food resources o r o f the  nest site are 
benefits th a t can be im portan t in som e 
species (e .g . M cK inney et al. 1978; G au th 
ier 1987c), cu rren t evidence suggests tha t 
territo ria l behav iour in ducks is essentially 
a fem ale-defence system .

Mating strategies in ducks

T he m ost p revalen t m ating  system  in ducks 
is seasonal m onogam y (M cK inney et al. 
1983; M cK inney 1986). In  m ost m igratory 
species, new  pair bonds are  form ed every 
w inter, a lthough  recen t evidence suggests 
tha t long-term  p a ir bonds m ay be m ore 
com m on th a t p rev iously  th o u g h t (e .g . 
D w yer et al. 1973; Savard 1985; G au th ie r 
1987b). A lthough  m ales associate closely 
w ith th e ir m ate  th roughou t the du ra tion  of 
the pair bond  (e .g . A nderson  1984), two 
o th e r m ating tactics are  available to  males: 
polygyny and  forced copulations.

Polygyny is rare  in wild populations of 
w aterfow l (M cK inney et al. 1983). A  m ale- 
biased sex ra tio  and  fairly synchronous 
b reed ing  a re  tw o factors th a t a re  likely to
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reduce the availability o f fertilisable fem a
les (M cK inney 1985; G au th ie r 1986), and 
thus decrease the po ten tia l for polygyny 
(E m ien and  O ring  1977) in ducks. R ecent 
e v id e n c e  n o n e th e le s s  su g g e s ts  th a t  
polygyny m ay be a secondary m ating tactic 
pursued  by initially m onogam ous m ales 
(Ohde<?/fl/. 1983; A nderson  1985; G au th ie r 
1986; Savard 1986).

Forced  copulations are com m on in ducks 
(M cK inney et at. 1983) and several lines of 
evidence suggest th a t they  are  a secondary 
m ating tactic. F irst, forced copulations are 
perfo rm ed  m ostly by paired  m ales; the 
main goal o f unpaired  m ales is to  court 
fem ales and pair w ith them  (M cK inney et 
at. 1983; A fton  1985). Second , forced copu
lation a ttem p ts are d irected  m ostly to  p re 
laying and  laying fem ales i.e . fertilisable 
fem ales (C heng  et al. 1982; A fton  1985). 
T h ird , paired  m ales often  defend  th e ir m ate 
during forced copulation  a ttem p ts (M cK in
ney et al. 1983). F inally, insem inations 
resulting from  forced copulation  can fertil
ise eggs even if th e  action is perfo rm ed  
w ithout the coopera tion  of the fem ale 
(B urns et al. 1980; E varts and  W illiams 
1987).

T his evidence suggests th a t forced copu
lations are  part o f the m ixed reproductive 
s tra teg y  o f m o n o g am o u s m ales. F ie ld  
observations in species like M allard , N o rth 
ern  P intail and  L esser Scaup A yth ya  affinis 
strongly support this hypothesis (M cK inney 
et al. 1983; A fton  1985). H ow ever, the 
frequency o f forced copulation  attem pts 
varies w idely am ong d ifferen t species. In 
fact, th ere  appears to  be an inverse re la tion 
ship betw een the degree of te rrito ria lity  and 
the frequency of forced copulation  (M cK in
ney et al. 1983). Forced  copulation  attem pts

are  com m on in w eakly te rrito ria l species 
(types 1 and 2 ), bu t a re  ra re  in m ore 
te rrito ria l species (types 3 and 4). In fact, 
despite intensive field observations, forced 
copulation  attem pts w ere never observed 
in strongly territo ria l species (type 4) like 
the A frican Black D uck (M cK inney et al.
1978), B arrow ’s G o ldeneye (Savard  1985) 
and B ufflehead (G au th ie r 1986).

Habitat variability and reproductive 
strategy

D ucks inhabit a g reat diversity  o f hab ita ts  
such as shallow  p o n d s , lak e s , r iv e rs , 
estuaries, m arshes, m angroves and  open 
sea. Som e species like th e  T o rren t D uck 
Merganetta arm ata , Salvadori’s D uck  A nas  
waigiuensis and A frican B lack D uck are 
hab ita t specialists and a re  restric ted  to  fast- 
flowing rivers (K ear 1975; M cK inney et al 
1978; E ldridge 1986a). A t the o th e r end  of 
the scale, species like the M allard  and  G rey 
Teal A . gibberifrons  a re  generalists tha t 
b reed  in a wide variety  o f hab ita ts  subject 
to  unpred ictab le  fluctuations in rainfall and 
w etland conditions (F rith  1967; B ellrose
1979).

H ab ita t variability can have a p rofound  
influence on reproductive success. This is 
well docum ented  in p ra irie -nesting  ducks 
o f N orth  A m erica. In m ost o f these species, 
tem porary  and sem i-perm anen t w etlands 
are the p re fe rred  hab ita t (S tew art and K an
trud  1973; G ilm er et al 1975), and  nesting 
effort and  reproductive success are  strongly 
co rre la ted  w ith local w etland  conditions in 
spring. In years o f d rough t, a high p ro p o r
tion  of fem ales do no t a ttem p t to  b reed , 
desertion  rates increase , and  p red a to rs  
often  gain access to  norm ally secure nesting

Table 1. Association between habitat variability and the type of territory defended by the male 
during the breeding season in 64 species of ducks.

Type of territory*
Habitat Type 1 Type 2 Type 3 Type 4

Stable 6 11 11 21

Variable 5 8 2 0

X-adj =  10.46, PC0.01, d f =  1

* See Figure 1 for types of territories. 
Num bers are those of species.



Ex
pe

ct
ed

 
re

pr
od

uc
tiv

e 
su

cc
es

s

Lo
w 

Hi
gh

 
Lo

w 
Hi

gh
106 G illes G authier

Figure 2 (i) A graphical model to explain the evolution of territorial behaviour in ducks. (A) Expected 
reproductive success of paired males with their m ate, (B) expected reproductive success of paired 
males through forced copulations.
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Figure 2 (ii) A graphical model to explain the evolution of territorial behaviour in ducks. (C) total 
expected reproductive success o f paired males in a stable habitat, (D) total expected reproductive 
success of paired males in a variable habitat.
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sites, such as islands in d ried -ou t ponds, 
(K rapu et al. 1983; C ow ardin et al. 1985). 
T here fo re , rep roductive success should , on 
average, be low er, and especially m ore 
variable in unpred ic tab le  hab ita ts such as 
the tem porary  w etlands o f the p rairies.

M cK inney (1965) was the first to  relate 
the territo ria l system  o f ducks to  variability 
in the ir hab ita t. H e no ted  th a t N orthern  
Shovelers are  te rrito ria l and  they use m ostly 
perm anen t ponds, w hereas N orthern  P in
tails a re  no t te rrito ria l and they  p refer 
tem porary  ponds (M cK inney 1973, 1975). 
A n a ttem p t was m ade to  test M cK inney’s 
idea by ex tending  the classification of te rri
torial system s (F igure 1) to  all species o f 
ducks. Type of te rrito ria l behav iour exhi
b ited  by 64 of th e  103 species o f A natinae  
could be classified (see A ppend ix ). T he 
p referred  breed ing  hab ita t o f each species 
w as b road ly  classified  as be ing  stab le  
(estuaries, coast, rivers, stream s, and p e r
m anen t m arshes, ponds and  lakes) o r vari
able (fioodplain and  seasonal ponds and 
lakes). V ariab le  hab ita ts  are defined as 
ephem eral w etlands which dry ou t m ore o r 
less rapidly in th e  course o f the b reeding 
season depend ing  upon w eather conditions.

A  sign ifican t asso c ia tio n  w as found  
betw een  the type of te rrito ry  defended  and 
hab ita t variability  (T able 1). All bu t two 
strongly te rrito ria l (types 3 and 4) species 
occur in stab le  hab ita ts  such as deep  lakes 
and  estuaries (e .g . Tadorna  sp .) , coastal 
regions (e .g . Tachyeres sp .) , m oun tain  
rivers (e .g . A n a s sparsa), and perm anen t 
ponds (e .g . Bucephaia  sp .). A lthough  only 
tw o species occurring in variable hab itats 
ap p ea r te r r ito r ia l, m any species using stable 
hab ita ts  are only w eakly territo ria l (types 1 

o r 2). F o r in stance , te rrito ries are con
spicuously absen t from  the tribe A ythyini.

Such a tes t is obviously prelim inary  as 
this review  is sub ject to  m any biases. For 
instance, te rrito ria lity  is uncertain  in sev
eral species and  no t studied  a t all in o thers. 
F u rth er, te rrito ria l species m ay be over
rep resen ted  in this sam ple, because te rrito 
rial displays are  usually conspicuous and 
thus m ore likely to  be repo rted  in the 
lite ra tu re . H ow ever, the re  is clear support 
for M cK inney 's con ten tion  th a t te rrito ria l
ity is p rim arily  associated w ith stable hab i
ta ts in ducks.

B ased on B row n’s (1964) m odel, M cK in
ney fu r th e r hypothesised  tha t the degree of 
territo ria lity  in ducks is a function o f the 
defendability  o f the food resources (see also 
N udds and A nkney  1982). In a stable 
env ironm en t, a p red ictab le  food supply 
w ould be econom ically  defendab le  and 
w ould account fo r te rrito ria lity . A n a lte r
native hypothesis can be suggested which 
e x p la in s  th e  d iv e r s ity  o f  te r r i to r i a l  
behav iour in ducks. T his hypothesis rests 
on the assum ptions th a t forced copulation  
is a secondary  m ating tactic o f pa ired  m ales 
and  th a t te rrito ria lity  is prim arily  a fem ale- 
defence system  (see above).

A model of mixed reproductive strategy in 
ducks

It is hypothesised  th a t variability  in the 
nesting success o f fem ales, and there fo re  in 
the expected  fitness gain o f paired  m ales, 
de term ines w h eth er m ales will be territo ria l 
o r no t. This m odel can be show n graphically 
(F igure 2). E SM (x) is defined as the average 
expected  reproductive  success o f paired  
m ales w ith th e ir  m ate. E SM (x) is directly 
re la ted  to  th e  degree of m ate  a ttendance  
(x) (F igure 2A ). T he reason is th a t the m ore

Table 2. Predictions of a model of reproductive strategy in ducks based on the degree of stability 
of the environment during the breeding season.

Stable
Habitat

Variable

Reproductive success (RS) high low
Variance in RS low high

Forced copulations rare frequent''
C uckoldry rare frequent

M ate-guarding strong weak

RS with mate (ESM (x)) vs by 
forced copulations (ESF(x))

ESM (x)>ESF(x) ESM (x)=ESF(x)

i! U nder these conditions, males should not only he opportunists but they should actively seek forced 
copulations.
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tim e a m ale spends away from  his m ate , the 
m ore the fem ale becom es exposed to forced 
copulations and harassm ent by o th e r m ales. 
H ence it is m ore likely tha t th e  m ale may 
lose his pa tern ity  o r his m ate  desert her 
nest. In m ore variable env ironm ents the 
probability  o f nest failure will increase 
(e .g ., because o f droughts) and  thus the 
average reproductive success will tend  to 
decrease. T he variability  in reproductive 
success will also increase because nest suc
cess is usually an “all o r nothing" event. 
This decrease in m ale rep roductive success 
is illu strated  by the slope o f ESM (x) which 
becom es shallow er in a m ore variab le  hab i
ta t.

M ales can  a lso  sire  som e o ffsp ring  
th rough  forced copulations. E SF(x) is d e 
fined as the average expected  reproductive 
success o f pa ired  m ales w ith other  fem ales 
than  th e ir m ates. T his function  is inversely 
re la ted  to  the degree o f m ate  attendance  
(F igure 2B ), i.e . as a m ale spends m ore 
tim e aw ay from  his m ate , he has m ore 
opportun ity  to  engage in fo rced  copula
tions. T he slope o f E SM (x) is generally 
steeper than  E SF(x) because th e  p robab il
ity o f fertilisation  for m ales is h igher from 
w ithin pair copulations than  from  forced 
copulations (B urns et al. 1980; C heng et al. 
1983; E varts and  W illiam s 1987). T he slope 
o f E SF(x) is also shallow er in variable 
hab ita ts  fo r the sam e reason as in ESM (x).

T he to ta l expected  rep roductive  success 
of m ales is th ere fo re  the  sum m ation of 
E SM (x) and  E SF(x). In stable hab ita ts , the 
probability  th a t a m ale’s m ate  will produce 
som e offspring is high in m ost years. U nder 
these conditions, any gain in reproductive 
success ob ta ined  by leaving his m ate and 
actively seeking forced copulations is m ore 
than  offset by the  costs o f d is tu rbance to  
his m ate  and  of being cuckolded. T he to tal 
expected  reproductive success o f m ales 
(E SM (x) +  E SF(x) on Figure 2C) is m axi
mal if they  show a high degree  of m ate 
guarding, and there fo re  th e  m odel predicts 
th a t a m ixed rep roductive stra tegy  with 
forced copulation  as an alternative  m ating 
tactic should n o t  evolve in stab le  habitats. 
T his situation  is well illustrated  by the 
B ufflehead , a highly te r r ito r ia l species 
w h e re  fo rc e d  c o p u la t io n s  a re  a b se n t 
(G au th ie r 1986, 1987c).

In variable and unpred ic tab le  hab ita ts , 
bo th  curves (E SM (x) and  E SF(x)) are  shal
low er (F igure 2D ). H ow ever, and  this is the 
key po in t, the ratio o f  the slope E S M  (x)l

E SF(x) decreases, i.e . th e  slope o f ESM (x) 
approaches th a t o f E S F (x), as the hab ita t 
becom es m ore variab le . T he rationale  for 
this is th a t, in a situation  w here the risk of 
nest failure is high, m ales th a t insem inate 
several fem ales in stead  o f  only th e ir m ate 
will increase the ir average reproductive 
success and reduce its variance. T he reduc
tion in variance occurs because nest failure 
results in the loss o f the w hole reproductive 
effort fo r a b ird , bu t m ales can increase 
th e ir chance o f producing at least som e 
offspring by insem inating  several fem ales. 
In  o th e r w ords, because the variance of 
m ales’ expected  gain w ith the ir m ate  is high, 
diversifying the ir investm ent will reduce 
this variance. R ecen t theore tica l m odels 
suggest th a t na tu ra l selection  m ay indeed 
act on variance by favouring stra teg ies with 
the  sm allest payoff variance  (G illespie 
1977; R ubenstein  1982; Lacey et al. 1983). 
Such m odels have been  loosely te rm ed  as 
bet-hedging strategies. U n d er these con
d itions, the to ta l expected  reproductive 
success o f m ales in re la tion  to  the ir degree 
o f m ate  a ttendance  reaches a m axim um  
befo re declining (F igure 2D ). T herefo re , 
the m odel p redicts th a t m ales will persue a 
m ixed reproductive stra tegy  by actively 
seeking forced copulation  and  show ing a 
low degree o f m ate  guard ing , and  hence a 
loose te rrito ria l system  will evolve. This 
situation  is well illustrateci by the N orthern  
P intail.

T he predictions m ade by this m odel 
(Table 2) agree fairly well with the data 
available on territorial and m ating systems 
of ducks: strongly territo ria l species are 
m ore abundant in stable environm ents, 
forced copulation appears to be a secondary 
reproductive tactic o f paired  m ales, and its 
frequency is inversely related  with the d e 
gree of territoriality . O th e r predictions are 
also listed, although som e of the data 
reguired to  test them  m ay be difficult to 
collect in the field (e.g . success o f forced 
copulation). H ow ever, the m odel also p re 
dicts that, in highly variable hab ita ts , m ate 
guarding should be w eak and territorial 
behaviour should not evolve in m onoga
mous ducks. T herefo re , any evidence for 
that would argue against this m odel.

Conclusion

It has been shown before that all m onoga
m ous species o f ducks tha t are highly te rri
torial are found in relatively stable habitats.
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although m any o th e r  species th a t occur in 
sim ilar env ironm ents are  only w eakly te rri
to ria l (e .g . m ost o f  the  tribe  A ythyini). This 
suggests th a t stability  o f th e  env ironm ent is 
a necessary bu t n o t always sufficient con
d ition  to  explain th e  evolution  o f te rrito ria l
ity and  the absence o f forced  copulations 
as an  a lternative  m ating tactic. In fact, 
according to  th e  m odel, any fac to r tha t 
consistently influences the m ean and/or 
variance o f m ale reproductive  success could 
be im portan t. F o r instance, the poten tia l 
fo r renesting  o r fo r m ultip le b roods w ould 
decrease the variance in m ale reproductive 
success in variab le  hab itats . O n th e  o ther 
hand , if nest p reda tion  is very high in som e 
stable hab itats , this should increase the 
variance. T hus, any fac to r th a t increases 
variance of reproductive  success in stable 
h ab ita ts  m ay p rev en t th e  evo lu tion  of 
strong te rrito ria lity  and con tribu te  to  m ain
taining forced copulations as a secondary 
m ating  tac tic . C learly , m ore  d a ta  are  
needed  adequate ly  to  test the predictions 
o f the m odel and to  evaluate  the  influence 
o f o th e r factors. T he study of species using 
variable hab ita ts should be an especially 
prom ising area.
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Summary

Ducks (sub-family A natinae) exhibit consider
able variability in their degree of territoriality 
and in the occurrence of extra-pair forced copula
tions. A model is proposed to explain this 
variability. C urrent evidence suggests that terri
torial behaviour in ducks is closely associated 
with mate defence. The degree o f territoriality 
is also inversely related to the frequency of forced 
copulations, and there is good evidence that 
forced copulation is a secondary mating tactic of 
paired males and part of a mixed reproductive 
strategy. Furtherm ore, strongly territorial spe
cies are restricted to stable habitats. Based on 
this evidence, it is hypothesised that variability 
in the nesting success of females, and therefore 
in the expected reproductive success of paired 
males, determ ines w hether males will engage in 
a mixed reproductive strategy or exhibit a strong 
territorial system. In stable habitats, the proba
bility that a m ale’s mate will produce some 
offspring is high in most years, and males should 
therefore strongly guard their m ate and not 
actively engage in forced copulation. In variable 
habitats, the risk of nest failure is high and the 
variance in male reproductive success will be 
greater. However, because the variance in male 
reproductive success will be reduced if they 
insem inate several fem ales, m ate guarding 
should be weak in these males and they should 
pursue a mixed reproductive strategy by actively 
seeking forced copulations.
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Appendix

Territorial system and preferred breeding habitat o f 64 of the sub-family Anatinae.

Type of
Species Zoogeography* Habitat T errito ry t Ref. f t

TR IB E TA D O R N IN I
Tadorna ferruginea PA brackish lakes (steppe) 4 10
Tadorna tadornoides AU brackish lakes, estuaries 4 32
Tadorna variegata AU stream s, lakes 4 49
Tadorna tadorna PA estuaries, coast 4 30,51
Tadorna radjali AU coastal mangroves, mudflats 4 17

TR IB E  TA C H Y ER IN I
Tachyeres patachonicus NO lakes, estuaries 4 48
Tachyeres pteneres NO coast 4 25
Tachyeres brachypterus NO coast 4 25

TR IB E CAIRINI
Cairina moschata NO slow-moving rivers, marshes 7 21
Sarkidiornis melanotos NO/OR/ET temporary ponds in open woodlands> 3 39
Pteronetta hartlaubi ET small streams in rain forest 3 22
Nettapus pulchellus AU perm anent lagoons, lakes 

(tropical forest)
4 17

A ix  sponsa NA slow-moving rivers, floodplains 2 20
A ix  galericulata PA slow-moving rivers, ponds 3 8

Chenonetta jubata AU slow-moving rivers, 
floodplains, swamps

2 24

TR IB E M ERGA NETTINI
Merganetta armata NO mountain rivers 4 15

TR IB E  ANATINI
Hymenolaimus malacorhynchos AU m ountain rivers 4 16
Anas waigiuensis AU m ountain rivers, lakes 4 21
Anas sparsa ET fast-flowing rivers 4 4
Anas penelope PA ponds, lakes (boreal forest) 2 10
Anas americana NA/PA ponds, lakes (parkland) 3 50
Anas falcata PA lakes (boreal forest) 9 11
Anas streperà NA/PA seasonal ponds (mixed prairie) ? 14,43
Anas crecca NA/PA perm anent ponds (parkland, 

boreal forest)
1 28

Anas capensis ET shallow ponds, saline pools 2 41
Anas gibberifrons AU seasonal lagoons, floodplains 2 18
Anas aucktandica AU coastal stream s, estuaries 4 46
Anas platyrhynchos NA/PA seasonal ponds (mixed prairie, 

parkland)
2 42.43

Anas rubripes NA perm anent ponds, coastal 
m arshes

3 36
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Anas melleri ET stream s, forested ponds 3 22
Anas superciliosa AU seasonal ponds 2 18
Anas specularis NO fast-moving rivers 4 22
A nas specularioides NO mountain lakes, coast 4 45
Anas acuta NA/PA seasonal ponds (prairie) 1 12
Anas georgica NO ponds, lakes, estuaries 2 47
Anas bahamensis NA/NO brackish ponds, mangroves 3 27
Anas erythrorhyncha ET seasonal ponds, lakes I 26
Anas hottentota ET tem porary ponds, marshes 1 9
Anas querquedula PA shallow ponds (steppe, forest) 3 10
Anas discors NA shallow marshes (prairie, 

parkland)
3 40,43

Anas cyanoptera NA/NO shallow ponds 3 22
Anas smithii ET seasonal ponds, marshes 2 37
Anas clypeata NA/PA perm anent ponds (prairie, 

parkland)
3 31,35

Marmaronetta angustirostris 
TR IB E  AYTH YINI

PA alkaline ponds, floodplains 1 10

Netta rufina PA large alkaline ponds 2 10
A ythya välisinenä NA lakes, ponds, marshes 

(parkland)
1 3,22

A ythya ferina PA lakes, alkaline marshes 
(steppe)

2 10

A ythya americana NA perm anent alkaline lakes 1 22
Aythya collaris NA acidic marshes, bogs 2 29
A ythya fuligula PA lagoons, deep lakes 

(boreal forest)
2 10

A ythya affinis 

T R IB E  M ER G IN I

NA marshes, ponds, lakes 
(parkland)

1 1,22

Somateria mollissima NA/PA coast, estuaries 2 10
Histrionicus histrionicus NA/PA mountain rivers 3 6,7
Clangula hyemaIis NA/PA coast, tundra lakes 3 2
Bucephaia albeola NA ponds (parkland, boreal 

forest)
4 13,19

Bucephaia islandica NA/PA ponds, lakes (parkland, 
boreal forest)

4 33,34

Bucephaia clangula NA/PA ponds, lakes (boreal forest) 4 34
Mergus senator NA/PA lakes and stream s (forest) 1 10
Mergus merganser NA/PA lakes, ponds (boreal forest) 1 10

TR IB E  O X Y U RIN I
Heteronetta atricapilla NO perm anent marshes 2 44
Oxyura jamaicensis NA/NO perm anent marshes (parkland) 2 38
Oxyura maccoa ET marshes, ponds 4 38
Oxyura australis AU perm anent marshes 3 22
Biziura lobata AU perm anent marshes 4 22

* Zoogeographical region inhabited by the species.
NA =  Nearctic N O =  Neotropical PA = Palearctic ET = E thiopian O R  =  Oriental AU =  Australian

t  See Figure 1 for types of territories
t t  References: 1. Afton 1985 ; 2. Alison 1975; 3. Anderson 1984; 4. Ball et al. 1978; 5. Bellrose 

1976; 6. Bengston 1966; 7. Bengston 1972; 8. Bruggers 1979; 9. Clark 1971; 10. Cramp and 
Simmons 1977; 11. Dem entiev and Gladkov 1967; 12. Derrickson 1978; 13. Donaghey 1975; 14. 
Dwyer 1974; 15. Eldridge 1986a; 16. Eldridge 1986b; 17. Frith 1967; 18. Fullagar, P. pers, comm.; 
19. G autier 1987c; 20. Grice and Rogers 1965; 21. Johnsgard 1975; 22. Johnsgard 1978; 23. Kear 
1975; 24. Kingsford 1986; 25. Livezey and Hum phrey 1985; 26. McKinney 1985; 27. McKinney 
and Brugger 1979; 28. McKinney and Stolen 1982; 29. M endall 1958; 30. Patterson 1982; 31. 
Poston 1974; 32. Riggert 1977; 33. Savard 1982; 34. Savard 1984; 35. Seymour 1974a; 36. Seymour 
and Titm an 1978; 37. Siegfried 1965; 38. Siegfried 1976; 39. Siegfried 1979; 40. Stewart and 
Titm an 1980; 41. Stolen and McKinney 1983; 42. Titman 1983; 43. Titman and Seymour 1981; 
44. W eller 1968 ; 45. W eller 1972; 46. W eller 1975a; 47. W eller 1975b; 48. W eller 1976; 49. 
Wiliams 1979; 50. W ishart 1983; 51. Young 1970.


