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ABSTRACT

Spacing behavipur of buffleheads was studied for three field
seasons to determine the nature of the spacing system(s) and its (thekr)
adaptive significance. Breeding pairs and females with broods were
observed Intensively from elevated blinds at a bog pond and ld6s
intensively at a gattall and a liJy pond.

BuffleNeads were caught and individually colour-marked with nasal
saddles. Unmarked palred males and their marked mates were watched
dally at the bog pond and their soclal interactions recorded during all

phases of the breeding cycle. Colour-marked female buffleheads with

£ -

broods were observed Intensively at a bog pond over a 23-day perlod,:§t>

and less intensively at the other ponds.

sAgonistic behaviour patterns of 5Jffleheads were described and
quantifled In terms of encounters. Spatial relationships among buffle-
heads were recorded by ploitlng the positions of Individuals engaged in
agonistic encounters.

. Paired males established and defended pair-spaces largely by
fighting and evicting conspecifics, but also by threat encounters,
du;ang the prelaying period. Most' agonistic encounters Involving paired
males occurred within boundary zones that were relatively stable on any
| glven day but shifted with time In relation to the reproductive state of
thelr mates. Space was nnlntalned.;ostly by threat encounters but also
by fighting during the laying and incubation periods. Paired males
defended their mates within thelr own space and even within their
nelighbour's ;plce.

At high densities paired males totally divided the open water area

of .'bog pond among themselves, and excluded unpaired males. At

tv



'intermediate and lower densities on a lily pond and a cattail pond,
respectively, paired males maintained an exclusive shoreline, boundary
zones were less dlstlnft away from the shoreline and unpaired males were
not expelled from the central parts of these ponds .

Frequency and Intensity of agonistic encounters involving males,
and size of pair-spaces varied according to the reproductive state of

4

females and the density of breeding pairs.

) Colour-marked females with broods established and maintained a
brood-space by fighting and threat encounters. [n one situation a
female gradually expanded her brood-space as that of another female
contracted, until she was evicted from th; pond, while the space of a
third female remained relatively sé:ble. The spacing system of females
with broods was simlilar to that of pairs in terms of agonistic boundary
encounters, expulsion of Intruders and exclusive occupation of an area.

Females with broods that held larger brood-spaces were more aggres:
sive in terms of the frequency, outcome and initiation of agonistic
encounters. Size of brood-space was positively correlated with size of
brood. Females with the largest broods were more aggressive suggesting
that brood size determined level of aggression which in turn determined
size of brood-sp;ée. Feyales with younger broods tended to be more
aggressive than those with older broods of the same size. Females with
larger, older broods wer; more aggressive apd held larger brood-spaces
than females with smaller, younger broods. Brood size appeared to be a
much more Important determinant of aggression than a#& of brood.

The concepts of home range and territory and the problems associa-

ted with studying them, particularly in ducks, are dlscussq“ The

nature of the spacing system In bufflehedds |s evaluated in terms of the



behavioural manifestations of territoriality. The adaptive significance
of spacing behaviour is discussed. .

It Is concluded that breeding pairs and female buffleheads with
broods defend a territory with boundary zones on ponds wlgﬁ#h their home
range. Thus bufflehgqgs exhibit a territorial system on ponds in a

southern boreal forest:region.

vi \
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INTRODUCT I ON

Members of a population of birds distribute themselves in space and
time. The resulting dispersion pattern reflects both the ecology and
the behaviour of the Speci;s. Ecological aspects of spacing involve the
_response of individuals to resources in the environmen;, while behav-
ioural aspects involve habitat selection and establishment and
maintenance of space through social interactions. The significance of
spacing is that it has important effects on the population dynamics,
population genetics, and evolution of species" (Brown and Orians, 1970).

The spaces occupied by individuals, pairs, or groups are referred
to as either a home range, a territory, an individual space, or a
colony (Brown and Orians, 1970). Terrltorlslity has recelve; mos t
attention because most birds are territorial and they have been studied
more than most other groups of animals.

There has been substantial research on territorial behavlouﬁ\ln
birds, particularly passerines, since Howard -(1920) first emphasized the,:
importance of this phenomengn in birds. Howard's concept of territory
~ was applied to ducks by Hochbaum (1944) in his study of canvasback
(Aythya valisineria) and other species of breeding ducks on Delta Marsh
in southern Manitoba. Hochbaum claimed that a number of species of
ducks were territorial in that they ''defended an area'' by ''territorial
defense flights''.

In subsequent research Sowls (1955:48) introduced the concept of
home range for ducks as the "‘area within which a bird spends its perlod
of isolation between the break-up of spring gregariousness following
spring arrival and the reformation of fall gregariousness'". Sowls (1955)

and Dzubin (1955) adopted the concept‘of home range for ducks because



they both found that territorial behaviour varied markedly from that
proposed by Hochbaum for the same dabbler species of the genus Anas and
for canvasbacks in that: a) paired males used and defended several‘
areas not just one; b) definite boundaries to defended areas were not
always established by pairs; c)'home ranges of nelghbouring pairs of ten
overlapped in space; d) resources were temporally shared between ﬁairs.
Thus Dzubin (1955:293) suggested that territory be restricted to the

" vdefended portion of the home range from which-a drake attacks another
pair, drake or female, of his own species''.

In a review of this subject, McKinney (1965) stated that 'much
attentjon has’been given to inquiring whether and how ducks 'defend
areas' and how chasing behaviour (especially aerial pursuit) is related
to such areas''. He stressed the need for investigating in ducks the
"broader biological problems of pair-spacing - the pattern of pal}
distribution on the breeding grounds, the [behavioural] mechanisms by
which this is achieved, and the survival value of the different patterns
f;und in different species''. : ~

| decided to Investigate this problem in buffleheads (Bucephala

albeola), a species of diving duck, because: 1) they are one of the

most abundant breeding ducks on wetlands in the boreal forest based on

v
a survey near Utikuma Lake, Alberta (Donaghey, 1974); and 2) buffleheads

apparently space themselves on ponds and lakeshores (Er’rlne, 1972:57)
but opinions differ on the nature of the spacing.

Erskine (1972) Implied that, in general, only the concepts of home
range and mated-female distance (Conder, 1949; Koskimies and Routamo,

1953) applied to buffleheads. However, Munro (1942) stated, without

evidence, that in buffleheads "'a breeding pair establishes a definite



territory which the male vigorously defends from encroachment by other
males''. VStansell (1909) observed that 'when two or more pai;s occupy a
single pond, the males are usually very pugnacious, often quarreling
and trying to drive each other off the pond for hours at a time'’.

These observations by Munro (1942) and Stansell (1909) ;uggest
that aggressive behaviour of males serves to space breeding palrs.-
Therefore | decided to thoroughly investigate spacing behaviour In
buffleheads, and to concentrate on social interactions between and
within breeding pairs in relation to space and time. | chose to watch
buffleheads only on small ponds, rather than lakeshores, becaﬁse ponds
have a higher ratio of shoreline to open water area, thus density of
buffleheads and their frequency of interactions are more likely to be
'greater on ponds.

Buffleheads seem particularly well suited for a study of spacing
behaviour because breeding pairs appear to restrict their activities to
part of a pond and to use mostly the open water. From elevated blinds
bufflejeads were visible almost continuously and spacing behaviour
could be accurately described and quantified.

The purpose of this study then was to determine: 1) the ;xact
nature of any spacing system(s) of bréedlng buffleheads on ponds, and

2) the adaptive significance of any spacing behaviour observed.



STUDY PONDS

The study ponds are situated north of Atikameg (55° S4'N, 115°
39'W) in the Utikuma - Lesser Slave Lakes region of north-central
Alberta. This area, in the Mixedwood Section of fhe southern Boreal
Forest (Rowe, 1959), is mostly covered with upland forests of youn'g‘
trembling aspen (Populue‘tremuloidea), mainly regeneration after fire,
interspersed with patches of mature aspen, white spruce (Picea glauca)
and white birch (Betula papyrifera). The lower, wetter upland sites
are characterised by balsam poplar (Populus balsamifera), while the low-
land sites have black spruce (Picea mariana) and tamarack (Larix
laricina) trees, and willow (Salix spp.), alder (Alnus spp.) and
labrador tea (Ledwm groenlandicum) shrubs.

The terrain is gently undulating with an average elevation of
about 670 m, Summers are short and cool. Mean summer precipitation is
20 cm, with June and July being the wettest months. Mean July tempera-
ture is around 16°C (Hardy, 1967). ,

Four study ponds were chosen. To record possible changing behav-
joural relationships in breeding pairs of buffleheads | considered
three ponds the maximug that could be studied satisfactorily. To docu-
ment soclal interactions between pair; relative to the e;vironment.
three ponds (H, J and K) were chosen that had more than one resident
palr of buffleheads and had different shoreline vegetat!on. An
additional pond (L) was selected to study behaviour of female buffle-
heads with broods. ‘

Some features of the bufflehead's environment were described by

classifying each pond as a habitat type dependlng‘on its wetland

* vegetation, and further described according to aspects of limnology and



the presence of othef aquatic birds (other ducks, grebes and rails).
Wetland vegetation of a pond refers here to the submersed vegetation of
the open water, and the emergent and oghir vegetation in a zone 10 to
20 m from the shoreline.

To aid in waterfow] research and management a detailed classifica-
tion of prairie wetlands has been developed based on the pattern of
vegetation zones and water permanence (Stewart and Kantrud, 1971).
Comparable classifica&ions of forest wetlands are few, some exceptions
being those of Gilmer‘(197l) and Cowardin and Johnson (1973) in north-
central Minnesota, and Jeglum's (1972) survey of boreal forest wetlands
in Saskatchewan. Jeglum (1972) quantified vegetation stands ot the
basis of their physiognomy and dominance, and Cowardin and Johnson
(1973) grouped stands into plan£ communities with or without permanent
water on the basis of species abundance. | made no attempt to quantify
vegetation stands. Instead each pond was classifled broadly on the
basis of its shoreline vegetation, irrespective of whether the shoreline
was composed of several plant communities or a single species of
emergent plant, or whether some combination of physical and botanical
characteristics was used. The main vegetative charactertstics of each
s;udy pond ar; described first, then their limno!oglilzifeatgre§ and

]

aquatic birds are briefly described and compared. « .
. . 1 4

POND J. Bog pond (1.5 ha) h Figure 1a
In‘the.zone of permanent open water submersed vege(atlon‘was
sparse.\ Most of the shoreline was relatively solid and was composed of

several bog communities with patches of marshy and/or spongy emergent

vegetation In the bays. Some shoreline was characteristic of sedge fen

(Jeglum, 1972) with Calamagrogtis spp. and a flhe-leaved sedge (Carex



Figure 1a.

Figure 1b.

Pond J with a shoreline of bog plants.

Aerial photograph taken July 1973 from south-west facing
north-east. An elevated blind is on south side to right
of centre. Small peripheral ponds occur around J. Part
of cattail Pond C is in middle top of photograph.

Pond H with a shoreline of cattail.

The lighter areas peripheral to the dark cattall represent
a narrow zone of sedges and grasses, and extensive open
meadows. Aerial photograph taken July 1972 from north-
west facing south-east. ‘A blind is left of centre at
edge of far shoreline in front of a clearing.
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:Jwit?!78) the dominants. Other sections of shoreline, better

classified as bog, consisted of an association of Ledwm groenlandicum -
Sphagnum spp. - Vaceiniwm vitis-idaea. Farther away from the shoreline
were shrubs such as tall willows (Salir spp.), and dwarf birch (Betula
glandulifera) and stands of muskeg (black ser:fe trees associated with
Ledum groenlandicum - Sphagnum - Vaccinium vitie-idaea). Marshy
emergent vegetation such as coarse-leaved sedges and EZeocharisl

? 0
palustris formed patches of shoreline in the bays. Common bladderwort
(Utricularia vulgaris) and marsh cinquefoil (Potentilla palustrie) were
the dominant vegetation of the small, peripheral bog ponds to the south.
\Nesting habitat of buffleheads included poplar stubs among stands of

mature and young aspen to the north and west.

POND H. Cattail ?Ond (3.8 ha) Figure 1b

In the zone of permanent open water Chara spp. was the dominant
submersed vegetation. The shoreline was composed entirely of a deep
marsh zone of cattall (Typha latifolia). Peripheral to the cattail was
a shallow marsh zone of coarse-leaved sedges (the domlqant species was
Carex rostrata) associated with whitetop (Secolochloa festucacea).
Surrounding the shallow marsh zone were extensive open areas of wet
meadow and prairie species of plants grazed by cattle in spring and
mowed at the end of summer. Nesting habitat of buffleheads included
popla} stubs among stands of mature and young poplar to the\south.
PONDS K and L. Floating-mat - pond-1ily ponds Figure 2a, b

(3.7 ha and 3.3 ha, respectively)
Yellow ponilllly (ﬁyphar yariegatum), the dominant aquatic plant

with floating leaves, covere‘ nearly half of the open water on Pond L

f’



Figure 2a.

Figure 2b.

Pond K with a floating-mat shoreline of mainly cattail
and sedges, and pond-lilies on the open water.

Aerial photograph taken July 1972 from west facing
east. Blind is to lower right of photograph.

Pond L with a floating-mat shoreline of mainly cattail
and sedges, and pond-lilies on the open water. ®

Aerial photograph taken July 1973 from south-east

facing north-west. An elevated blind is to lower left
of photograph.

£
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and about ope titth on Pond kK Nearer the shoreline (lasping leat pond-

s i im0 was the Jominant species of submersed

weed oy

vegetal ion The shoreline zone (onsisted of a tloating spongy mat of
*

cattail and sedges, mainly “mr roptnite. At the water's edge was a

tand ot tall willow and alder shrubs and mostly dead white birch with
an undercover of ericaceous bog shrubs in places. A forest of youny
aspen and stands of mature white spruce trees closely surrounded the
ponds. Hereafter this habitat type is simply referred to as lily pond.

Other characteristics of the study ponds are now briefly described
and compared. The four study ponds were all small (1.5 to 3.8 ha of
open water area), shallow (mostly less than 2 m), fresh (conductance
less than 500 micromhos), alkaline (ph 7.6 to 8.6), with permanent and
relatively stable water levels.

Characteristics of water chemistry (Table 1) were determined from
analysis of a surface sample of open water taken near the shoreline and
preserved with chloroform. Cattail! Pond H appeared to be more eutrophic
in terms of nutrients (as measurc2 by conductance, and total dissolved
solids) than the other ponds.

Aquatic invertebrates from each pond were sampled 1 to 2 m from
the shoreline with a dip net and preserved in 10 to 20 percent formalin.
Composition of aquatic invertebrates was similar for the bog and 1ily
ponds, but more diverse on cattail Pond H. For example, in addition to
groups common to both Pond H and the other ponds, cladocerans, mayfly
nymphs and some families of aquatic beetles were present in Pond H but
not the other ponds. Aquatic insects were more abundant in Pond H,

especially Corixidae, Diptera (mostly Chironomidae), Ephemeroptera and
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Odonata (especially Zygoptera nymphs). In the bug and 1ily ponds
Amphipoda and Diptera (mostly ko oborus) were the most common inverte-
brates taken in the samples. -

Waterfowl and other aquatic birds (Podicipedidae, Rallidae) were
censused on the study ponds (Donaghey, 1974) . Fourteen species of
ducks, including buffleheads, and five species of other aquatic birds
occurred on the study ponds. More resident species of dabbling and
diving ducks and other water birds occurred on cattail Pond H in a
species ratio (6:8:5) respectively, than on lily Ponds K and L combined
(5:4:3), with the least number of species on bog Pond J (k:2:2)
(Donaghey, 1974).

v Four species of dabblers - mallard (4nas platyrhynchos), American
wigeon (Anas americana), blue-winged teal (Anas discors), and American
green-winged teal (Anas crecca); two species of divers - lesser scaup
(Aythya affinig) and bufflehead; and two species of other aquatic birds -
red-necked grebe (Podiceps grisegena) and sora (Porsana carolina)

were resident on all study ponds. Common goldeneye (Bucephala

clangula) and ring-necked dugk (Aythya collaris) were resident on Ponds
K, L and H. On Pond J they were transient species, although the latter
species may have attempted to breed there.

There were a greater number of diving ducks than dabblers on all
ponds. Greater numbers of divers occurred on Pond H Epan on any other

pond. Lesser scaups were the most abundant diving ducks on all ponds,

but were u;wt numerous on Pond H.

-



METHODS

Field work was conducted over three summers, May to August 1972,
April to August 1973, and the end of April to mid-June and two weeks in
July in 1974.

No attempt was made to catch buffleheads in 1972, the first field
season. However, to study spacing behaviour, it became apparent that
ducks would have to be individually colour-marked. In 1973 almost all
potential capture methods were tried. To minimize disturbance and
possible disrupt}on of the breeding cycle of the few pairs on the study
ponds, | tested the techniques first on oth;r ponds. Trapping on the
study ponds began only when most pairs were well established. | caught
adult females at thelr nest cavity (Fig. 3, technique modified from
Erskine, 1959). Most buffleheads were caught in rectangular, welded
wire traps with mirrors (Fig. &b). | designed these traps with two
funnel entrances, one at each end, leading into a double-sided mirror
SO as.to stim;late birds towagd their image (basic trap design mod | fied
from Schierbaum and Talmage, 1954; Addy, 1956:sect. 1610 and 1620;
Rogers, 1964). Buffleheads were also caught By night-lighting from a
boat (technique and equ}pment Qodlfled from that used by Lindmeier and
Jessen, 1961; Bishop and Barratt, 1969), in floating bail traps
(Thornsberry and Cowardin, 1971) and In mist-nets. In 1974 traps were
set out ;t Pond J before pairs arrived.

Flying adults and yearlings, and class |11 flightless juveniles
(Gollop and Har;;all, 1954) , when trapped, were leg-banded and colour-
marked with nasal saddles (Sugden and Poston, 1968) (Fig: ha). These

markers were made of either plasticized polyvinyl chloride or nylon, and

attached with a nylon pin. Saddles were made of one colour (red,

L)



Figure 3.

Opening up female red's nest cavity 9.5 m (31 ft) above
ground.

Ropes hold a 9.1 m (30 ft) aluminum ladder upright away
from rotten stub. By lashing spruce poles to the base
of ladder the same technique was used to open up female
white's cavity 11.6 m (38 ft) above ground In a nearby
stub.
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Figure ba. A female bufflehead individually colour-marked with a
yellow nasal saddle.

U.S. Fish and Wildlife aluminum band is on the right
leg.

Figure 4b. Welded wire trap with two funne! entrances leading into
a double-sided mirror.

Sides of trap are constructed of one Inch welded wire
mesh, with plastic netting on top.






yellow, green, blue or white) and combinations of two colours in
contrasting broad stripes a) orange, yellow, blue or white with black;
b) red or green with white; c) yellow or red with blue. These saddles
were ideal for consistently recognizing individuals interacting
vigorously. To specify the sex of individuals | use the letter F for
females, a;d M for males. To denote females individually colour-marked
with nasal saddles | use letters, for example F B is the female with a
blue saddle, and F Or-Bk is the female with an orange and blask saddle.
fhe only colour-marked male will be designated M JQS), K indicating

the pond where he was resident.

Unmarked individual paired males were recognized with reference to
the space they occupied and their behaviour toward conspecifics,
especially their relationship with their mate, either marked or
unmarked. Unmarked females of a pair were recognized individually by
their flight path to a specific nest site. Unmarked females with
broods were individually recognized by the size and age of their brood
and their spatial relationships with other females with broods. To
denote unmarked individual females resident on a particular pond | use
a combination of letters and numbers, for example, F 1(JY is female

one on Pond J. In 1974 at Pond J none of the resident paired males were
individually colour-marked, yet they were all mated to marked females.
Every day for 6 weeks | watched the behaviourafl responses of these

males to their mates and neighbouring pairs. Thus | felt confident that
the same individual males were mated to the sa-a'colour-anrked females
throughout breeding cycle. | use letters to refer to these

individual males, for eéxample M W or palr W, means an individual

unmarked male mated to F V.



<

From blinds placed on the ground buffleheads were not visible
continuously In 1972. In 1973 elevated blinds (Fig. 5) were constructed
facing north where possible to have the best light conditions for
observing, and at a position where most shoreline was visible. During
April four towers were erected at three ponds (J, K and H) before the
arrival of buffleheads. An additional elevated blind was built in mid-
July at another pond (L) for watching female buffleheads with broods.

| observed buffleheads from blinds for a total of about 500 hours
during all three field seasons with emphasis throughout on recording
social interactions. ThrOughout_Qg!'to early June breeding pairs were
watched at Pond J in 1972, Ponds H, J, and K in 1973 and Pond J in
1974. In 1972 pairs were observed only during their incubation period,
while In 1973 at any one pond the interval between observation days
varied. Thus all palrs were not watched during all stages of the
breeding cycle. In 1974 | intensively watched breeding pairs for 30
days from their arrival through incubation. In 1972 buffleheads were
observed at all times of day. Interactions were few but seemed to peak
about mid-morning. Therefore in 1973 on any parttcular day lnter;;tlons
were recorded for ten hours from 0800 to 1800 D.S.T., and for five hours
from 0800 to 1300 In 197h.

Throughout July 1973 colour-marked female buffleheads with broods
were watched Intensively at Pond J for a total of 100 hours, usually
from 0800 to 1800 on any given day, except from 1200 to 2200 (July 7
and. 1100 to 2100 (July 9). Other females with broods were watched for
shorter perlods at Ponds H and J in 1972, Ponds H and L In 1973 and
Pond J in 197h. Walking to the blind by myself alarmed females with

broods, especially near the blind, much more than pairs. Therefore
1

20
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Figure 5. Elevated blind with 360° vision at Pond J.

Four similar blinds were erected at Ponds H, K and L
i .







turing the brood period a person went with me to the blind, soon lett
and then these females quickly resymed their activity near the blind
All agonistic interactions seen between buffleheads and

conspecifics were recorded, mostly on tape. For each intraspecific
encounter | tried to record: time of day, individuals involved, main
behaviour patterns, initiator and outcome. With evenly matched
unmarked males it was difficult to determine the outcome of mogt

\

N\
encounters. Interactions seen between buffleheads and other species

were often incomplete and recorded in less detail.

To record spatial relationships betwéen interacting individuals,
their po;itions were located on Pond J with reference to colour-marked
stakes along the shoreline, and plotted on field maps. The error in
locating a bird's position near the shoreline and plotting it was
estimated to be £ 3 m. A bird's position out on thsf,pen water was
more difficult to plot because no stakes were placed there, but errors
were probably no greater than t 10 m, mostly £t 5 m,

At the larger study ponds there were much greater errors in
plotting positions of birds so these data have not been used to deter-
mine details of spatial relationships.

’

The location of supplanting attacks and fights, and the mid-point
between individuals engaged in threat and approach - withdrawal
encounters, were gﬁotted on overlay maps dr to scale. Boundaries
were plotted primarily from the positions threat and fighting
encounters. Palr and brood-spaces were measured with a planimeter and
expressed to the nearest 0.05 ha.

We searched for nest caiéties of breeding female buffleheads for

two main reasons. Firstly, to catch and mark the occupant, and
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Cevordly s to open up the cavity (brskine, 1954 to determine staye of

e breeding cycle, (lotih size and hatchinyg success.  Any nest cavilty
'n a4 stub visible from the blind was easily tound by watching the female
f1, directly to it. Nest sites of particular females nesting in the
torest well away trom the pond were more difficult to find. We located

-

these cavities by progressively following the female in flight from the
pond above the torest canopy, until she descended or was lost to sight,
ther a localized ground search was made for likely nest stubs.

Stages in the breeding cycle (the week of laying and incubation)
ot individual female buffleheads breeding in 1972 and 1973 were
estimated by backdating from the date of arrival at a pond of class la
{downy) broods. | crudely estimated‘dste of clutch-initiation of phree
females breeding in 1973 by making several assumptions regards date of
hatching, incubation period, clutch size and rates of egg-laying.
Firstly, young buffleheads leave the nest cavity 24 to 36 hours after
hatching (Erskine, 1972:92), therefore newly hatched broods (class la)
were considered to be two days old on the day they arrived at a pond.
In one instance, where a female deserted her clutch, | estimated age of
the embryos on the basis of characteristics used in determining the age
of embryos in other species of waterfow! (Cooper and Batt, 1972;
Caldwel) and Snmart, 1974). Secondly, Erskine (1972:85} found that
“"incubation periods ranged from 28 to 33 days, with most clutches
hatching 29 to 31 days after the last egg was laid', therefore |
assumed incubation perijod to be 30 days. Thirdly, clutch size was
known for two of the three females whose date of clutch-initiation was
estimated. In estimating clutch size of the third female | considered

»

two factors, the number of eggs that fail to hatch, and early mortality

»



At yvoung, which reters here to tosses of young in the tirst weehk,
including those that tail to leave the cavity, and losses that occur
while younqg are travelling on land to water, or after they have reached
Ht The contents of the cavity were determined by opening it up after
the brood had left. | assumed that one of her young was lost on land,
because they travelled about 300 m to wdater and | counted the number of
young in her brood only a few hours after they arrived at a pond (see
Erskine 1972:112-113 for further details regarding this assumption).
fFinally, based oﬁ\ifyinq rates of three females in this study, | assumed
that egqs were laid-at 2-day intervals, although as Erskine (1972:80)

!
pointed out Some indivibual females may lay eggs at a faster rate.

In 1974 the p{e;ise stage of the breeding cycle was determined for
three colour-marked females. For one female dates of laying were deter-
mined by daily inspection of her nest cavity during the laying period.
For the other two females | determined the days they laid from their
daily activity patterns (flights toward the nest site and the periods
of time away from the pond) together with known clutch size of one
female, and a good estimate of clutch size of the other female based on

3
her class la brood of,seven. For two females incubation probably
started the day the last egg was laid, but for convenience | assumed it
began next day. For the female whose clutch size was estimated, incuba-
tion probably started two days after the estimated date of laying of egg
seven, thus allowing for a clutch of eight eggs and the ﬁossibillty that
one of her young was lost because they travelled at least 600 m to
Pond J.

The availability of nest sites was increased at Pond K, in an

attempt to raise the density of breeding pairs and subsequent broods,



and hence the frequency of interactions. In early May 1973 at Pond K,
three nest-boxes (measuring 41 c¢m deep, 15 cm square bottom) and three
artificial cavitiss were erected on dead stubs and poles around the
shoreline for this purpose.

To determine the habitat used by female buffleheads with broods in
relation to other species of water birds | censused 20 ponds between
July 8 and 19, 1974, the optimal period for censusing bufflehead
broods.

Data were analyzed statistically using Chi-square tests, and
Spearman's rank correlation (Siegel, 1956). A probability value of

.

0.05 or less was considered significant.



RESULTS
LIFE HISTORY CHARACTERISTICS IN SPACE AND TIME

Annual Cycle

Buffleheads reared on the study area, or resident there as sub-
adults or adults, most likely winter on the Pacific coast as indicated
by two recoveries of birds banded on the study area and other birds
banded in the Peace River - Lesser Slave Lake region (Erskine, 1972:123-
124). One bufflehead banded at Pond H as a juvenile on August 9, 1973
was recovered in Washington State on November 9, 1973, and another bird
banded and colour-marked at Pond M as a subadult female on May 30, 1973
and last seen at Pond H on June 16, 1973 was recovered in Oregon State
on October 15, 1974. Both sexes tend to return to wintering grounds
used in previous years (Erskine, 1961).

Pair formation apparently can occur on the wintering grounds, but
also during spring migration and on the breeding grounds because
Erskine (1961) suggests that many male buffleheads start migration
unpaired.

Most adult females are paired on arrival at the breeding grounds
where there is a surplus of unpaired males in each season. Breeding
pairs settle on ponds and lakeshores, the female tending to return to
nest in the same area as in previous years (Erskine, 1961).

Tree-cavities, usually those excavated by common flickers (Colaptes
auratus), are used for nesting. While the female is occupied with
laying, her mate waits on a nearby pond or lakeshore. The pair bond
breaks up at about the onset of incubation (Drury et al., MS; Erskine,
1972:88, 90). While the female incubates,‘bost-breedlng males gather

for moulting on lakes used in previous years (Trauger, pers. comm.).
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The female alone cares for the brood, but usually leaves them
before they are fledged and able to fly, and homes to moulting areas

(Erskine, 1961). Fall migration in October to the wintering grounds

completes the cycle.

Spring Arrival

Arrival of buffleheads was studied at three ponds (H, J and K) in
1973, and two ponds (H and J) in 1974. Buffleheads were among the
earliest ducks to arrive on the study area. In 1973 | saw the first
bufflehead, a lone male, on April 22, L days after thg first mallards
were seen.

Early arriving buffleheads settle on ponds partially ice-free or

d

temporarily disperse to smaller peripheral ponds with open water. For
instance, on April 26, 1973 a pair flushed from the open water of a
small, peripheral pond near Pond J, the latter being still fully ice-
covered on that date. However, by May 2, 1973, though Pond J was still
almost fully ice-covered two breeding pairs had settled there on the
only available ice-free water, a strip along the north shorelln;.

Breeding Palrs settled a few days later on Pond H than Pond J.
Pond H was more than half ice-free on May 1, 1973 and had one pair and
a I?QF male bufflehead. A second pair settled between May 5 and 7, 3
to 5 days after the pond was probably ice-free.

Pond K was fully ice-covered on April 30, 1973 but completely ice-
free by May 3. It was not known if any buffleheads settled on May 1 or
2 but by May 3 one lone male bufflehead was present. By the afternoon
of May 4 two pairs of buffleheads were present on Pond K. Thus by
May 3, 1973 all three ponds (H, J and K) were Ice-free and each occupled

by at least one pair of buffieheads.



In 1974 on April 27 | saw the first bufflehead, a lone male, on
partially ice-free Pond J. This pond was ice-free by April 29, 4 days
earlier than in 1973. Three colour-marked females, all paired upon
arrival, returned to Pond J in 1974. | saw the first of these females
(F B) on April 28 at Pond M, then at Po:a J the next morning. The two
other colour-marked females with their mates were first seen at Pond J
on May 3 and May 4.

On ice-free Pond H | saw one unmarked pair on April 30, 1974 and
two pairs on May 14 (a colour-marked female and her mate and an
unmarked pair). f

In summary the break-up period of the study ponds occurred from
the last 2 to 3 days of April to the first 2 to 3 days of May. In both
years breeding pairs of buffleheads settled on ponds partially ice-free
and/or within a few days after ponds were fully ice-é}eé. Breeding

pairs settled a few days earlier on bog Pond J, than either cattail

Pond H or 1ily Pond K.

Migrational Homing

The degree of migrational homing by adult females to the study
ponds was determined from the return of colour-marked birds. Six adult
females (four from Pond J éhd two from Pond H) were individually
colour-marked in 1973. Four of these females returned to the study

ponds the next year. '

All three marked females that returned to Pond J in 197k occupied
this pond while nesting and/or with a brood the previous year. The only
marked female that returned to Pond H was resident there throughout the

nesting and brood periods the previous year. These returns of adult

female buffieheads provide evidence of a high degree of precise homing
) -
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to the same small ponds used the previous year. Evidence from a much
larger sample (Erskine, 1961) indicates a strong tendency for adult
female buffleheads to return to the same lake where they nested at the
previous year. Thus females appear to exhibit a strong homing tendency
to both lakes and ponds.

Migrational homing among other species of female ducks has been
well documented, for example, in species of ground-nesting dabblers of
the genus Anas (Sowls, 1955), the lesser scaup, a ground-nesting diver
(Trauger, 1971) and the cavity-nesting wood duck (Aix sponsa) (Grice
and Rogers, 1965).

The return of individual male buffleheads to a specific breeding
site used in previous years has not been documented. During this study
only one adult male bufflehead was colour-marked. This paired male,
B(K), but not his mate, was caught and mdrked at his breeding Pond;K on
June 12, 1973. On May 30, 1974 | saw M B(K) with an unmarked female on
the same part of the pond it occupied the prev{ous year. This pair was
not seen on visits to Pond K on May 10 and 14 but was seen on two
subsequent visits on June 3 and 5. -

These oﬁservatlons of the only paired male marked suggest that
male buffleheads also may tend to return to the same breeding po;d used
previously. Observations were too infrequent to determine If M B(K) was
paired on arrival, or homed to the breeding grounds ind acquired a mate
there. For several reasons M B(K) may have been paired to the same
female as in the previous year, and was paired on arrival, and thus
merely followed his mate home. Evidence preicntcd later suggests that
females select the breeding pond and the palr;sp!c. at that pond. Also

pair bonds of buffl“eads could be renewed either on the wintering

. ’
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grounds, because Erskine (1961) provided _evidence that both sexes tend
to return to the same areas in successive winters, or“during spring
migration, if they use the same stopover points, because Erskine (1961)
suggested that many male buffleheads start migration unpaired. Finally,
if males home to the breeding grounds separately from females then pair
bonds could be renewed there. The return of male buffleheads to
wintering, moulting and breeding areas in successive years suggests that
their homing tendency is well developed.

Poston (1974) provided evidence of migrational homing by unpaired
male northern shovelers (Anas clypeata). The only marked male
shovelers (two adults and one juvenile) to home to his study area were
all unpaired on arrival. Grice and Rogers (1965) found that among
cavity-nesting wood ducks only ten percent of adult males returned to
their natal and/or breeding areas. It was not stated if these males
were palred or unpaired on arrival. Recoveries elsewhere led Grice and
Rogers (1965) to conclude that male wood ducks, because‘they apparently
form pairs on the wintering grounds with females from other populations,

tend to follow a female to her natal area rather than his own.

A}

Survival of Adult Females

Adult female buffleheads appear to have a high survival rate,
based on small samples. In this study, of six a&u}t marked females,
four returned to the study ponds, a survival rate of 67 percent. An
even higher survival rate was found among the first eight female buffle-
heads rccapturid at thelr nest sites In Interior British Columbla
(Erskine, 1972:172). From mortality rates glven by Erskine (1972:179)
| calculated the average annual survival rate for these eight females

to be 76 percent for the first five years, or 72 percent over 3 ]-year

-
L
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period. On the basis of all recaptures of adult female buffleheads at
the nest site Erskine (1972:177) calculated their annual survival rate
to be 50 percent, only slightly higher than that obtained from recover-
ies of banded birds. Erskine (1972:180) pointed out that the numbers of
"a breeding population of buffleheads in British Columbia could not be
maintained "'unless the survival rates of first-year birds or of mature
females or both were higher than those here obtained from banding
recoveries and recaptures''. Female buffleheads first breed at the age
of two years (Erskine, 1972:84) . Ricklefs (1973) showed that among
birds in general the greater the age at first breeding the higher the
annual adult survival rate. In birds first breeding at the age of two
years, such as swifts, herons, geese, owls and shorebirds, the annual
average survival rate ranged from 60 to 80 percent (Ricklefs, 1973).
This general relationship between age at first breeding and average
ahnual survival rate, and the survival rate of adult female buffleheads
based on small samples suggests that a 50 percent average annual
survival rate of adult female buffleheads is an underestimate. Thus
the survival rate observed in this study (67 percent) is probably more

realistic.
4
Distribution of Breeding Palrs on Ponds

Pattern of pair-spacing was determined in May 1972 by censusing
breeding buffleheads on ponds along 13 km (8 miles) of road: Of ED‘N}en

ponds, six had breeding buffleheads (three ponds each with one patr,

and three ponds each with two to three pairs). This distribution
a clumped spatial pattern of breeding palrs (Fig. 6). This pattern
reflects the distribution and availability of ponds and nesting

habitat suitable for buffleheads.

o



Figure 6.

Distribution of breeding pairs of buf fleheads on ponds
on the study area in 1972. ‘
Letters refer to indivfdual ponds visited and numbers
in parentheses to the number of pairs of buffleheads on
each pond. Zero indicates ponds with no pairs. No
ponds are denoted with letter 0. Stippled areas
represent open water of lakes, but not ponds. Thicker
lines are roads.
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Numbers and Densities of Breeding Pairs on Ponds

The nd densities of breeding pairs resident on the study

ponds v ponds for each year, but was relatively constant
fog the ween years (Table 2).

that maintained a pair-space on a study pond

th nd early June, and were known to have nested or most
1ik are termed residents. Colour-marking of individual
fema d that a sample of birds in the Pond J area definitely
cons i two groups of breeding pairs: 1) the resident breeding
pairs, 2) breeding pairs that failed to establish a %?ir-space on

Pond J, occupied nearby peripheral ponds and nested nearby.
Because latter group were resident in the Pond J area, but not on
Pond J, | pose to call them peripheral breeders, rather than non-
residents.

* Both nt and peripheral breeding palirs occurred in the Pond J
area in 1974. In 1973 both the two resident females on Pond J
and two Ipheral females were colour-marked. OQOne peripheral pair
occupied small pondi aroHnd Pond J (Fig. 1a) and the female of this
pair (F Y) nested in a cavity within 50 m of Pond J. The other periph-
eral female (F B) was first individually recognized with her brood on a
small pond adjacent to J, and then on Pond J.

In 1974 the three paired females resident on Pond J were all
colour-marked. A peripheral female (F Or) nested nearbyl and settled
on Pond J with her brood. A second female, may havé been a peripheral
breeder, because Pond C north of J was not occupied by any resident
.breeding pairs, but an unmarked female with a brood arrived there.

Therefore on Pond J there were two and three resident breeding pairs In
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1973 and 1974 respectively. In addition there was at least one and
probably two peripheral breeding pairs in both years in the Pond J
area.

The sample of breeding pairs in the Pond H area includes resident
breeding pairs on Pond H, in addition to other females that settled on
Pond H with their broods. With unmarked individuals it was not clear
whether this latter group were resident pairs that settled on Pond H
later than the known resident pairs, or were peripheral breedingleairs
that occupied nearby lakes, rather than ponds (see Fig. 6). In 1972
there were an estimated three breeding pairs, and four broods on
Pond H. However, it was not known whether these broods were with
females of resident or peripheral breeding pairs. .

In 1973 there were definitely two resident breeding pairs on Pond
M, with one of the females colour-marked (F R-W). Female R-W arrived
with her b(90d at Pond H, then another female with a brood arrived but
left soon after. A third female with a brood arrived between July 19
and 21. This latter fepale had no pair-space on Pond H at the time she
would have been laying, so she must have been a peripheral breeder
that brought her brood to Pond H. ‘ .

The sample of breeding pairs seen in the Pond K area included resi-

L4

-

dent pairs that presumably nested, and late ar‘iving pairs that settled
on Pond K then dispersed. In f973 three resident pairs settled, then
two other pairs arrived later, but subsequently lé?&. Hitho;t marked
individuals it was not possible to kpow the exact statdl:of breeding
pairs. However, the numbef of resident pairs on Ponds K, L _and |

(Fig. 6) always exceeded the subsequent number of broods on these ponds,

suggesting that few if any peripheral breeding pairs nested nearby.



SEACTING BEHAV IR S BREE CING PATRY,

Pttt
BRI T B O I IV T Y A SIS Pharts as et ined here as any behgy

\

) cothat g e ! Ditterent nabiitats and spaces out pa
W TN ven b (gt SPacing bebavionr of hreeding pairs of buttle
Pedds o hondte ey alve s two o madc - lement - Pothe selection of g pond
et res g habtitat, and 20 gy nia i hehay oy ¥ may serve to
drsperae pairs to ditferent ponds, or to space Pairs on a single
pond Sexaal tebavioyr on the breeding grounds, such as pair-mainte-

nance di1s; 3y and copulatary behaviour, is included here as spacing
behavicur because it is space-related This section emphasizes
agonistic and sexual behaviour of buffleheads on ponds in relation to
>pace and time. For the present it seems preferable to use the term
space (for example, pPair-space or brood-space), rather than territory,
to denote that part of a study pond held by a pair or individual . The
territory concept has generated much controver ay when applied to ducks,
so use of this concept in relation to my findings will be evaluated
later. The time referred to here is the nesting period from the arrival
of pairs to the hatching of young.

Fighting between male buffleheads at more or less fixed positions
in space, when their mates were boph present and absent, was first
recorded at one pond in 1972. At this pond (J) the two resident pairs
were observed only during the incubation period. Most fights were
recorded during the first two weeks of incubation, but fighting persis-
ted into the third week, when the pair bond of one o;.the males

apparently broke. These observations of use of the pair-space by

paired females and fighting between their mates along a boundary zone
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e ted that male maintarn an exclasive partospace tor therr mates

oo alant the entire nesting petrod

Ohservations of buffleheads in 1973 at three ponds confirmed the
atove general nature of their aqonistic behaviour patterns in relation
1o space, but showed that at ditterent ponds the resident pairs

“aintained pair-spaces tor varying periods relative to the breeding

cydle

In both years no individuals were marked during the nesting period
while the pair-bond was intact and observations were incomplete at any
one pond for all stages of the breeding cycle. Thus the exact nature
of the spacing mechanism over time remained unclear.

In 1974, however, the spatial-temporal relationships between and
within pairs were determined at one pon daily recording the social
interactions of marked individuals dury all stages of the breeding
cycle. The rest of this section consists of three parts. Part |
describes tpe sexual and agonistic behaviour of breeding pairs, Part 1l

describes and quantifies agonistic behaviour in space and time, and

Part 111 deals with sexual behaviour in space and time.



Part |. Description of Sexual and Agonistic Behaviour

Sexual! Behaviour

Sexua! behaviour in buffleheads Is space-related as it assists to
maintain the pair-bond and the maic‘s attachment to a space for the
duration of that bond.

In describing sexual behaviour of buffleheads | have used the
terminology of Myres (1959a; 1959b) and Johnsgard (1965) , and have
followed the ethological convention of capitalizing ritualized behaviour
patterns which are Q;nsldered to be displays.

Sexual behaviour of buffleheads has been described in detail
(Myres, 1959a; 1959b) and summarized (Johnsgard, 1965; Erskine, 1972,
Drury et al., MS) so brief mention of their terms and display sequences
supp lemented by my own observations should suffice. Although pair-
forming displays and sequences, such as Fly-over and Landing,
Alternating and Cutting-out (Myres, 1959a), do occur on the breeding
grounds they are not considered here as adult females were paired on
arrival at the study ponds.

1. Pair-maintaining Displays

a. Female
The two most common female displays are Head Display and

Following (Myres, 1959a). Head Display Is similar to Crest-

erection of males. Following is the female's main response to male

display. In response to Leading by a particular male the female
rushes after, and follows him, gives a loud, gutteral call, and
alternately extends and withdraws her neck (Myres, 1959a).

Drury et al., (MS) describe two other female patterns of<

behaviour, the Side-to-Side and Sweep,(gbth of which express

Lo
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aggressive and sexyual elements and occur when the pair are close
together, either in the ab;ence (Side-to-Side) or in the presence
of another male (Sweep). In the Side-to-Side, Drury et al., (MS)
describe the female posture as intermediate between a4 crouch and
Head-forward (Myres, 1953a) of the male, and that in the Sweep a
female threatens a rival male. | observed an individual (FY) with
similar behaviour to the above patterns. This female adopted a
crouched posture while fairly stationary and close to her mate
engaged in a threat encounter with a neighbouring male.” As her
Mmate dove she called and stretched her neck in response to the
approach of a rival male in the Head-forward posture. | did not
distinguish between the Side-to-Side and Sweep.
b. Maje

The most common male display is Head-bobbing (Myres, 1959a) ,
perhaps more correctly‘termed Oblique-pumping (Jo, sgard, 1965§).

Three sequences of dfsplay, that apparent function to
maintSIn the pair bond, occur on the breeding grounds. _The first
Is an approach flight and/or approach swim - Head-bobbing - Leading
(Myres, 1959a) with or without Lateral Head-turning and Bi]]-
pointind“?dohnsgard, 1965) by the male to the female, and Following
by the female. Bill-pointing, tﬁe rapid bill movements by a
Leading male back towards the female Following, has been termed
Pecking (Myres, 1959a) or Ticking (Drury et al., MS). | observed
this sequence throughout the breeding cycie more often than those
below. |

The second sequence by a male is the Display Flight (Fly-

over-Landing) - Headshake-forwards - Wing-1ifting - Head-bobb ing

»
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(Myres, 1959a). Hyres‘(|959a) states that Wing-lifting is some-
times not performed in the sequence but it always precedes high
intensity Head-bobbing. Johnsgard (1965) reports that the Folded-
wings-lifted posture (wihg-lifting) sometimes briefly interrupts
Oblique-pumping, and then the latter display is usually resumed.
He does not link Wing-lifting in the Display Flight sequence,
instead he describes Short Flights ending in Wing-flaps (my
sequence three). On a few occasions | saw Head-bobbing punctuated
by Wing-1lifting, but my observations agree more with those of
Myres' since Wing-1ifting was mostly seen in the Display Flight
sequence preceding Head-bobbing, rather than following It. My
1974 observations of paired colour-marked females suggest that the
Display Flight sequence with Wing-lifting mostly occurs during the
prelaying and laying periods, and that the first sequence above

is the more frequent one during the incubation period.

Johnsgard #(1965) described a third sequence by a male as
ritualized Short Flights followed by Wing-flaps as he lands near a
female. | frequently observed this sequence especially after
intra- and*iqterspecific aggressive encounters. A male also
gigforms this sequence of behaviour patterns in the absence of ﬁls
mate, suggesting that the first two sequences have a more specific
function in pair maintenance, whereas the third sequence has a more
‘general function, perhaps in malntenance of space.

Other'pair-malntalning displays are Crest-erection (Myres,
1959a) by males, and Diving-as-a-pair (ErSkine, 1972). Thé latter
display was seen more often durlng,prelaflng than during J%y other

stage of the breeding cycle. Finally, evidence that.copulatory
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behaviour functions to maintain the pair bond is presented later.
Analysis of the frequency of these displays in various
situations and in relation to the breeding cycle is needed to
)

clarify their function in regards to maintenance of the pair bond.

2. Copulatory Behaviour

The female assumes a Prone posture while the male performs two
precopulatory displays: the Water-twitch and Preen-dorsally. Then the
male mounts the female, waggles the tail from side to side during copu-
lation and may give a Wing-flick (Flick-of -the-wings) about the time of
intromission. The sequence of post-copulatory behaviour is Rotations by
the pair, then male Plunge and/or Splash-bathe: Upward-stretch, Wing-
flap and Tail-wag, while the female bathes, and gives ypward-stretch,
wing-flap and tail-wag (Myres, 1959a; 1959b). A

My observation; agree with Myres (1959a; 1959b) and Johnsgard
(1965) that Water-twitch is more frequent than Preen-dorsally. The
sequence of copulatory behaviour | saw in June 1974 contradicts

“"are

Erskine's (1972:33) statement that the two pre-copulatory displays
each repeated several times, in no particular sequence''. | observed
that Water-twitch initiated the sequence and was followed either by
Preen-dorsally, or mostly by one or more Water-twitches, then Preen-
dorsally, and this sequence may be repeated one or more times. Water-
twitch preceded and followed each Preen-dorsally. Mounting was preceded
by the Water-twitch. Wing-flick was not seen. Post-copulatory
behaviour varied among individuals. Pair Y performed faster Rotations
than either pair W or pair B. The mate of F Y usually Splashfbathed

N
with no Plunge, whereas MW and M B mostly Plunged.

.

Myres (1959a; 1953b) mentions that first attempts at mounting

v



oq32 of 12 occasions and® apparently successive attempts were unsuccess-
ful as Rotations and male Plunge were not seen. | observed many
copulations in which the first attempt was unsuccessful, but most of
these were followed by a successful copulation. When a male slipped off
the back of a female with no Rotation or Plunge, he usually quickly gave
either a Water-twitch, or Water-twitch - Preen-dorsally - Vater:twitch

followed by a successful mounting and post-copulatory behaviour.

Copulatory behaviour in relation to space and time is dealt with lated.

Intraspecific Agonistic Behaviour )

In describing the agonistic behaviour of male buffleheads | have
again capitalized ritualized behaviour patterns, such as the Head-
forward posture, which are‘distinguished as displays by Myres (1959a)
and Johnsgard (1965). | trave not considered as displays any agonistic
behaviour patterns that involved movement toward or away from an
opponent (such as in an approach - withdrawal encounter) or behaviour
patterns Involving pure attack and escape elements (such as supplanting
attacks, retreats, fighting, flap-paddle chasing on the water surface,
and aerial pursuits). Therefore these behaviour pat:Lrns have not been
capitalized.

VitQ the exception of the Head-forward posture (Myres, 1959a),
descriptions of agonistic behaviour have been brief, incomplete and
mostly associated with pair-formation (Myres, 1959a; Erskine, 1972;
Drury et al., MS).

Agonistic behaviour patterns in relation to space will be desérlbed
in terms of encounters Setwqen males. An encounter involving two paired‘
males refers hars to a continuous sequence of agonistic behaviour that

ends when one male engages in other activity such as Wing-flap Display,

Ly
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preening, swimming or flying away from his opponent. Ehcounters
involving males were classified into five categories according to their
intensity and sequence of behaviour patterns, and further subdivided
according to the number and sex of other individuals involved. Agonis-
tic behaviour is described below in order of increasing intensity.
1. Approach - Withdrawal
a. Male - male encounters

These encounters, either between paired males or a paired
and an unpaired male, occur mostly within or near a boundary zone
when the approach of one male results in prompt withdrawal or
avoidance by another male. The most common form of approach -
withdrawal is swimming and diving. Only the approaching male may
assume a Head-forward posture unlike threat encounters where it is
performed by both males.

Approach flights were distinguished when one bird flew
toward and landed short of its opponent or its position, before the
latter escaped, usually by a retreat flight or retreai swim under-
water. When an unpaired male flew over the pair-space of a palred<;
‘male the latter often made a short approach flight and landed as
the intruder flew out of his palr-space.

b. Palr - male encounters
i. Palred male - palr boundary encounter
When a paired male swims and dives toward a neighbour-
ing female or pair wlthln.or near a boundary zone, the male
with the fema!e withdraws by rapid Leading with his mate
Following. ‘ .

ii. Unpaired male - pair encounter inside the pair-space of
the palr
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This encounter occurs when an unpaired male performs
the Display Flight sequence close to a pgired femasle with her
mate. The paired male responds by Leading his mate away and
she responds by Foldowing. The paired male may then attack the

unpaired male.

2. Threat

Reciprocal threat eﬁcounters occur mostly bgﬁween two paired
neighbouring males along a boundary zone, but sometimes involve an
unpaired male or three males. A male approaching a boundary zone by
either swimming and diving and alternately surfacing in the Head-forward
posture, or especially by an approach flight, provides a visual stimulus
for a neighbouring male to respond with a similar approach and then a
threat encounter ensues. Opponents then face each othef in the Head-
forward posture and maintain an individual distance of 20 to 30 m by
diving attacks and escapes back and forth along a boundary zone. |If the
attacker C in the Head-forward posture turns and dives toward its
opponent, the attacked D usually responds by an escape dive and retreat
swim underwater either laterally or directly away from C. Both birds
usually surface in the Head-forward posture. C usually responds in one
of three ways: 1) C dives in escape in response to D's attack dive; 2)
C turns and/or swims away from D and C responds by approach swimming and
diving; or 3) when D escapes laterally C may dive in attack. In this
way attack and escape movements may continue from 1 to 5 minutes, some-
times longer.

One bird usually ends an encounter by an avoidance flight or by
swimming away an& preening for a minute or more. Threat dliplay along a

boundary zone may be interrupted by momentary preening or wing-flick for
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a few seconds and then be resumed.
kY

During threat encounters | confirmed that interacting males
capture invertebrates during diving because on many occasions }hey
surfaced with green animals, presumably Chironomidae larvae, in their
bills and mouthed them on turning away from their opponent. Feeding was
especially noticeable when individual distance was maintained at 30 m or
more. Presumably this feeding was displacement activity, but the
possibility that it was furictional cannot be excluded. Sometimes in
encounters between paired males, one male remains close to his mate
while she feeds and either performs quick shallow dives or remains in

the Head-forward posture or crouched in response to his opponent's

diving.

3. Attack - Retreat ,

This encounter is initiated when the attacker makes a supplant-
ing attack directly at an intruder. The bird attacked r;trgats and the
aggressor occuplies its vacated or a nearby position a moment later. One
attack is often sufficient to expel the intruder, but if it only
retreats a short distance, the attacker makes repeated attacks until the
trespasser “flees from the pair-space. Retreat by the attacked ends the
encounter. There is no aerial pursuit.

Three types of supplanting attacks can be distinguished, the
attack underwater, attack rush and aerial attack, which increase in °
intensity from low to high, respectively. The bird attacked responds by
escape ine and retreat swim underwater, retreat rush or retreat flight.
All these responses were recorded for each intensity of attack. For

example attack flight by the attacker usually elicited retreat flight by

the attacked It sometimes the latter made an escape dive or retreat

L7
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rush to avoid an attack flight. Attack flights varied in length from
10 m to 100 m. .

Most supplanting attacks were by paired males directed at
unpaired males that intruded well within the pair-space of the forqer.
Established paired males rarely intruded into their neighbour's pair-
space much beyond the boundary zone. A supplanting attack by a male at

a female is described later.

L. Fighting _

Hinde (1952) and Marler (1956) used the term fighting to
include both supplanting attacks (with no contact between: individuals)
and combats (with contact). Raveling (1970) and Ridpath (1972a) used
fights to refer to situations where only contact occurs. An intermedi -
ate situation to the above is fighting in blue-winged ducks which
McKinney (1970) describes as mainly posturing and attack lunges with
little contact. Similarly in male buffleheads | use fighting to refer
to reciprocal attacks at close quarters whether contact is seen or not.
Contact is not consplicuous in underwater fighting, but is clearly seen
during fights on the surface of the water when one bird sometimes seizes
another.

Munro (1942) and Erskine (1972) each saw one fight, apparently
associated with pair-formation. Myres (1959a) reports that threat may
lead to fights but gives no description. Thus fighting has been rarely
seen, and has not been described in any detail nor in relation to space:

Fighting between neighbouring males occurred in four situations
according to their position in relation to boundary zones, and involve-

ment of females. ‘



a. Male - male encounters
i. Boundary fights

These fights, mainly between paired males, but also
between a paired and an unpaired male, were seen often but much
less frequently than threat. wHost fights follow threat
encounters and occur within a boundary zone when individual
distance is reduced rapidly to 10 m or less. Opposing birds
dive in attack and a fight erupts underwater accompanied by
vigorous splashing and wing thrashing with the birds mostly
submerged. Presumably contact often occurs underwater. When
the combatants surface, one bird sometimes has hold of the
tail, back or a wing of its opponent which vigorously flaps
away to get free. when the attacked bird break; free it may
continue fighting or flap-paddle in retreat prompting its
opponent to initiate a flap-paddie chase (described later).
Males fighting on the surface of the water constantly change
positions and repeatedly miss contact as they lunge at each
other and jab down with open bills. During flap-paddle chases
the pursuer sometimes grabs the pursued by the tail or backf
Fights usually last less than a minute. Fighting !ncountérs
usually end with both males side by side giving an appeasement
display then the Wing-flap Display (both described later) .

g ii. Fights inside a neighbour's space

A male, chasing an unpaired male out of his pair-space
or attacking other species of ducks, may suddenly land withi;
his neighbour's pair-space or wl£hln the boundary zone. |In

e, the occupant promptly launches an aerial attack



djrectly at the intruder and fighting follows if the latter
does not flee.
b. Pair - male encounters
i. Pair attacked inside their own space by male intruder

when a rival male directs an attack flight at a
neighbouring female inside her pair-space, one response by her
mate is to fly over in defence, intercept his opponent's
attacks and fight with the intruding male.

11. Intruding pair attacked inside their neighbour's space
by resident male

A female intruder inside her neighbour's pair-space
releases an attack flight by the resident male. The mate of
the attacked female, if not by her side, flies over to defend
her, and a fight between the males may break out.

c. Flap-paddle chasing
These chases between two males can be included as fighting
because they often interrupt or terminate boundary fights and
three-bird encounters within a pair-space. A flap-paddle chase
refers to two males, one in pursuit of the other, rushing and flap-
paddling wltg thelir wings over the water for a short distance.
When the attacker makes a rush or lunges with open bill at an

opponent, the attacked may flap-paddle in escape prompting the

attacker to Initiate a flap-paddle chase.
[

o

5. Aerial Pursuit Between Two Males
a. Paired male - unpaired male
In most aerial pursuits a pilred male chases an unpaired

male. When an unpaired male flies low with intent to land, or



lands within the pair-space of a paired male, the latter usually
launches an immediate aerial attack and aerial pursuit of the
intruder in retreat flight. The pursuing male breaks off the chase
and lands near his boundary zone as the trespasser flees from his
pair-space.

b. Paired males

Aerial pursuit is infrequent between established paired

males. In contrast, aerial pursuits are frequent, energetic and
long lasting when one male is re-establishing a pair-space after a
temporary absence of several days because of disturbance or
exclusion. In vigorous aerial pursuits the pursuer opens its bill
and occasionally grabs the tail of the pursued in flight and they

often plunge Into the water.

6. Three-bird Attack and. Pursuit Encounters
a. Pair - paired male neighbours

wWhen an intruding paired male attacks a neighbouring female
of a pair her mate flies over to defend her. Tactics preceding
attack are as follogs. "During threat encounters between two paired
neighbouring males C and D, male C swims and dives away from pair D
and male D follows without his mate. Thel{male C dives toward
female D, so that male C surfaces closer to female D than male D.

N

When male D dives, male C (instead of diving in résponse) directs
an aerial attack at female D while her mate Is underwater. Counter-
acting tactics by the male of a pair are to stay close to his mate
during threat encounters and to dive shallowly and surface qu!ckly,
so that he can fly to his mate and intercept any attacks by his
opponent before the female takes flight. The att;cked female dives

/

/
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rotashes eocape s bt gl t : cetreat espescally when hed
nyte 1 fiow o Jetend ber A three bird parsait-thoght occurs
when the temale takes tlight pursued by the attacking male with

her mate followinyg During high intensity pursuit-flights the
attacking male lunges at the female of a4 pair in the air, and when
her mate catches up to them he buffers the attacks by constantly
positioning himself between his mate and the attacker. Females
appeared to be much more manoeuvrable in the air than males, so the
attacking male rarely succeeded in grasping a female. The attacked

pair may be temporarily forced off the pond but a tenacious temale

soon returns.,

In high intensity three-bird encounters on the water,  the
attacker (male (), after maklng an aerial attack, repeatedly lunges
at female D while Mer mate (male D) continually tries to intercept
the attacks. Fighting often erupts between the two males. At the
end of a fight the mate of the attacked female flies over to her,
performs rapid Leading and she responds by following. |f the three
birds land tugether after a pursuit-flight, the defender (male D)
also performs rapid Leading with his mate Following. If the
attacker still remains near the pair after Leading and Following,

e 'her at the end of a three-bird“flight or a three-bird encounter
on the water, the mate of the female usually dives in attack
underwater. Male C usually responds with a retreat flight, but

may flap-paddle in retreat prompting male D to initiate a short
flap-paddle chase before male C flies in retreat to his pair-space.

Low Intensity three-bird encounters occur on the water

&
1

between established pairs. Male attacks at a paired female are not



persistent or vigorous and gre inhibited when her mate flies over v
to defend her, and pertorms Leading with his mate Following. The
sequences of behaviour patterns in high and low intensity three-

bird attack and pursuit encounters are shown in Figure 7.

Three-bird pursyit-flights may allso occur shortly before a
resident pair flies toward the nest site. When the pair take
ttight and circle the pond, a neighbouring male flijes up in attack
and sometimes forces the pair to land again.

b. Strange pair - neighbouring male .

A three-bird pursuit-flight occurs when a strange pair
attempts to settle on a pond already occupied by resident conspe-
cifics. As a strange pair flies over a pond and attempts to land
in a pair-space, one resident male after another repeatedly chase
the strange pair from their pair-spaces until eventually the

strange pair leaves the pond.

7. Appeasement Display

Males give an appeasement display during fighting on the water.
Two males cease attacking and orient themselves alongside each othér in
a parallel posture with the head forward, wings flicking and tail
elevated. One bird, usually the loser of an encounter, turns his head
away and they both swim apart. This appeasement display which | shall
term Facing Away (after Tinbergen, 1959) serves to conceal the bill
(fighting weapon) and inhibit attack (Cullen, 1957). The bird that
initiated Facing Away swims away and may glance back at its oppoﬁent,
who sometimes makes an attack rush. Another short fight or flap-paddle
chese may occur, or the attacked male dives and retreat swims underwater

before both birds swim apart and end the encounter. Similarly in the



Figure 7. Sequence of behaviour patterns in attack and pursuit
encounters among a paired male and a neighbouring pair.
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kittiwake (Rissa tridactyla) Cullen (1957) observed that attack is not

t
appeased completely and may continue on an opponent or be redirected at

a mate.

The Facing Away appeasement posture is widespread among gulls
(Moynihan, 1958; Tinbergen, 1959), but, except for Myres (1959a),
appeasement display has not een described for ducks {Lorenz, 1951,
1952, 1953; McKinney, 1961, 1970; Johnsgard, 1965). In Canada geese
(Branta canadensis) Raveling (1970) describes a Submissive posture which
"serves the functions of identifying single geese, allowing approach,
habituation, and ultimately pair formation'' and ''also serves to prevent
violent attacks''.

in buffleheads the Upward-stretch and Wing-flap following
fighting and occurring during palr-formation were consider;d %9 Myres
(1959a:186) to be an appeasement display. After fighting male buffle-
heads Face Away and do not perform the Wing-flap until they are well
apart from each other. Thus it Is unlikely that the Wing-flap Display

-.uﬁould serve to inhibit attack at close quarters and therefore should

not be considered an appeasement display.

’

8. Wing-flap Display
This display usually, but not always, termlﬁates fighting,
attack and pursuit encounters. The sequence of d}splay components is
Splash-bathing (Head-dipping - VIhg-ruffllng) - dpuard~stretch - Wing-
flap - Tall-wag. ‘ln male - male encounters Wi ;-flap seems to be

usually initiated by the loser, then performgd by the winner. In some

situations, regardless of whether an apparent loser flies to his mate
or stays near his opponent, the winner Wifg-flaps first. Thus inltia-

Eion of the Wing-flap Is not a reliable ndicator of the outcome of an



encounter.

before it can be u

Further study of the context of the Win

ced in predicting outcome.

g-flap is needed
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Part I1. Agonistic Behaviour in Space and Time

Introduction

These results deal firstly with selection of a particular part of
a study pond by buffleheads and then emphasize the spatial-temporal
relationships between and within pairs on these ponds.

The space occupied by four colour-marked adult females in
successive years suggests that selection of a particular part of a pond
may be initiated by the female of a pair. Three marked paired females
returned to Pond J in 1974. Only one of these (F W) occupied the pond
as a resident nesting female in ‘973.‘ The other two females (F B and
FY) were first resident on Pond J in 1973 as females with broods. In
1974 pair B arrived first and settled on the same space (east-end bay)

.selected by F B with a brood in 1973 (compare Fig. 10 - Map 1 and Flé.
20 - Maps | to 9). Pair W arrived next and settled nearest pair B's
space, rather than in‘the north-west bay occupied apparently by two
transient pairs (Fig. 10 - Map 1), perhaps because F W preferred to
settle nearest the east-end bay which she occuplied as a nesting female
the previous year. On arrival F W repeatedly trespassed into the east-
end bay strongly suggesting she preferred this space. Pair Y arrived
last and settled in the north-west bay, the core area of the space
occupled by F Y with a brood in 1973 (compare Fig. 10 - Map 2 and Fig.
20 - Maps 1 to 9). On Pond H in May 1974 a paired female (F R-W)
settled on the same space she octupied while nesting and with a Sf;od )
in the previous year. Thus the most important factor in selection of i
particular palr-space appears to be the female's previous familiarity
with it either while nesting or with a brood. Moreover, 3 female that

-successfully raises a brood on 2 particular pond or space may have a
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stronger tendency, than a female that is unsuccessful, to return there
as a nesting female the following year. Of the four marked females
that returned to the study ponds in 1974, only F W failed to rear a
brood in 1973. However, the nest cavity used by FWin 1973 was
occupied the previous year by an unmarked female which arrived at Pond
J with a brood of 12, nine of which apparently survived to fledging.
Adult female buffleheads show a strong tendency to use the same nest
cavity at least in two successive years (Erskine, 1961; 1972) and to
return to the same ponds used previously (see above). Although F W
deserted her clutch in 1973, it seems highly likely that this unmarked
female that successfully reared a brood in 1972 and used the same nest
cavity as F W did in 1973, was In fact F W. Therefore all marked
females that apparently selected a pair-space on the study ponds in
1974 probably successfully reared broods there in previous years.

Selection of a particular pair-space appears to be modified by
environmental stimull at the time of settling. The most important of
these stimuli probably Is the density and location of other bufflehead
pairs in relation to the sultable bays of the pond. Other pond charac-
teristics such as the shoreline vegetation and availability of food and
loafing sites are possible additional cues that birds use in selecting
8 space. . | °

On the lleonce prosenkbd, the female Initiates selection of the
palr-space. However, it |s possible that at times paired male buffle-
heads select the space, for example, M 8(Kk) oécupldd the same space in

;:E;uccossI;0 years but hny"ave merely followed his mate to the space

that she had selected.’’

For a detalled quantitative snalysis of spatia]-temporal
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relationships between and within pairs at least one member of each pair
should be colour-marked, the precise stage of the breeding cycle known
for each pair and for statistical purposes there should be a large
number of interactions recorded. Only the 1974 data for Pond J met
these conditions. Analysis of these data first should provide a frame-
work for comparing data for other years and habitat types. Unless
otherwise mentioned all data refers to that for Pond J in 1974. The
1973 data revealed variations in the nature of spacing systems and
differences in social behaviour in:relation to the environment. These

w B
data are included where appropriate.

?

Establishment of Space - Pond J 1974

1. Introduction
Early arriving pairs that acquire a space on a pond by
settling do not alwdys remain to breed (Table 3). None of the early
arriving unmarked pairs became reﬁldents, even though one unmarked pair
occupied the pond on April 29 (ice-free date) and at least two unmarked
pairs settled there before F W arr}ved about 4 days léter.’ Also on
May 4, the day before F Y settled on the pond, three unmarked pairs were
present but none of these became residents. Thus arriving first does
not ensure that a pair will establish a space on the pond.
Next, only previously marked paired females became residents
(Table 3). 1in 1973 F 8 and F Y each reared a brood at Pond J, while
“F W was resident on Pond J during the nesting period. So only those
males mated to females with breeding experience on Pond J the previous
year succeeded in establishing a space there in 1974. The unmarked
pairs that left the pond may have been transients or were evicted by

A S

the resident males. Thus these unmarked pairs maylhave dispersed to

\



Table 3. Numbers of pairs of buffleheads on Pond J during the period
of establishment from April 28 to May 8, 1974.

1§

Colour-marked

Number of paired females
Date pairs observed present
Aprit 282 0 - .
29° 2 B
30 2 B
May 1 3 B
2 2 B
3 4 B, W
4¢ 5 ) B, W
5d *l B, W, Y
6 b B, W, Y
7 B, W, Y
. 8 B, W, Y

3%pond J partially ice-free. Female B and mate seen at 2000 at bog
Pond M. .

blce-free date for Pond J.

CFemale Y and mate seen at peripheral pond near J at 1830.

90800 1 red-necked grebe, 2 bufflehead pairs (B, Y) on pond
0930 1 unmarked bufflehead pair arrived ~
1015 Pair W arrived
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other ponds or remained in the Pond J area as the peripheral pairs.

How then do palrs establish and maintain a space? The behav-
ioural mechanisms involved appear to be complex so these should be most
clearly identified by a detailed analysis of changes in agonistic
behaviour between individuals in relation to space, time and the breed-
ing cycle.

Agonistic encounters were classified into five categories
described earlier: 1) approach - withdrawal, 2) threat, 3) attack -
retreat, 4) fighting, and 5) aerial pursuit. These encounters were
further subdivided mainly into male - male and male - pair encounters.
The number and category of these agonistic encounters between individ-
uals over time for different combinations of members of pairs are given
in Figures 8 and 9. ‘

The location of agonistic encounters between individuals
changed over time, sometimes daily, resulting in changes in boundary
zones and size of pair-space{ of the residents (Fig. 10 - Maps 1 to 11).
In 1974 inaccuracies were greater in plotting the location of
encounters between M W and M Y than those between M W and M B. To
check the location of encounters involving M Y, on one afternoon {
determined the positions of M Y from the west side of Pond J, and these
were in general agreement to those | plotted from the blind on the
south side. Thus despite the above inaccuracies in plotting positions
of birds, | believe the maps accurately reflect changing spatial rela-
tionships between individuals.

To determine how space Is established these daily changes,
especially from May & to 7, are analyzed in more ;etall. with emphasis

‘on the frequency, intensity and locations of agonistic encounters
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Figure 8.

Frequency and intensity of agonistic encounters among two
males and their colour-marked mates oOn Pond J during May

and early June, 1974,

The numbers 1 to 5 correspond to the following. 5 categories
of male - male and male - pair agonistic encounters

described in the text.

1.

The relative stage in the breeding cycle of each of the two
marked females is presented parallel to the abscissa and
' indicated by the following letters.

2
3.
b,
5

Approach - withdrawal
Threat

Attack - retreat
Fight

Aerial pursuit

. P - prelaying period

L - laying period

| - Incubation period
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Figure 9. Frequency and intensity of agonistic encounters among two
males and thelir colour-marked mates on Pond J during May

and early June, 1974.

The numbers 1 to 5 correspond to the following 5 categories
of male - male and male - pair agonistic encounters
described in the text.

1. Approach - withdrawal
Threat
Attack - retreat ..
Fight :}

Aerial pursuit

S A AV

The relative stage of the breeding cycle of each of the two
marked females iS presented parallel to the abscissa and
indicated by the following letters.
) .

P - prelaying period ¢

L - laying period

| - incubation period ;

]
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figure

10.

spatial relationships among three resident males and their
colour-marked mates on Pond J between May 4 and June 6,

1974,

A male symbol, numbers or letters preceding deagmal
fractions and placed in each space oOn given days denotes
the f#ollowing individuals:

d unmarked unpaired male
1, 2 or3 unmarked pairs
B, Wor Y females individually colour-marked

with nasal saddles and their
respective mates

female blue and her mate
W female white and her mate

female yellow and her mate

Degi fractions following the above prefix represent the
arka of space expressed to the nearest 0.05 hectare (ha),
hgld by each pair or individual on given days. For
example, B-0.40, indicates a space of 0.40 ha held by

pair B. * )
Solid lines are boundaries based on locations of
interacting males engaged in threats and fights
especially, and other agonistic encounters. Dashed lines
are boundaries estimated from movements of Individuals.
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between individuals. Changes in size of space and agonistic behaviour
in relation to the stages of the breeding cycle are emphasized later.
The establishment period was recognized as that interval from
the arrival of breeding pairs to the establishment of stable boundary
zones and the division of the open water area of the pond among the
pairs. These conditions appear to be satisfied by May 7 (Fig. 10 -
compare Maps 2 and 3), but from May 8 to 12 an unpaired male was again
resident on the pond (Fig. 10 - Maps 4 and 5). Thus the pond was not
totally divided up among the pairs until May 13 (Fig. 10 - Map 6) when
the unpaired male was no longer resldent; Therefore from April 29 to

May 12 was chosen as the establishment period.

2. Interactions Among Paired Males

From pair B's arrival on April 29 to May 3, when pair W
probably arrived, there was little aggression between the pairs. -On
May 4 hostility between pairs rose steeply as the newly arrived pair W
challenged mostly pair B. There were ten fights Involving M W, eight
with M B and two'with an unmarked palired male (M f); more than any
other day (Figs. 8 and 9). On May & F W repeatedly Intruded into pair
B's space resulting in more M B - pair W encounters than any o;her‘day
(Fig. 8). Of eight M B - M W fights, six were caused by F W's position
"in space and two of these ended in a threo-blrd pursult- fllght. Even
though pair W usurped some shoreline from palr B (Fig. 10 - Hap 1), ne
reslstcd?the intrusion of palr V.

On May 5 th& lull IQ 'lntn_ractlons probably reflects the
arrival of d red-necked 9'05C-on‘ﬁho pond snd the ghsence of pair U‘for,{zé;' !
n“rly half the observation portod. Thlt jr*ho gode frc- tho m '

CEa ' IR
v Ea . R SR L

bY “.Y 6. ' A P o
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involving M 8 were'male - pair (M W - pair B), whereas -more than Malf
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On May 6 M W diverted aggression away from pair B to pair 1.
Male W was involved in almost twice as many encounters with M 1} Fhan
with M B. There was only one fight between M W and M B, but four
fights between M W and M 1. Male Y had three fights with M 1, so
increased pressure from both neighbouring males was aﬁplled against M1
(Fig. 10 - Map 2, Figs. 8 and 9). Pair 1 left the pond sometime between
1800 on May 6 and 0800 on May 7. Their departure probably resulted from
Increased encroachment and aggression toward them at both their
boundary zones with neighbouring pairs, particularly the boundary zone
wl}h pair W, because pair 1's space and shoreline was about halved from
May 4 to May 6. Thus pair W's strategy to expand th;}r shoreline was

first to encroach and exert pressure on pair B's boundary zone, and

when this met with resistance, to apply pressure on their other neigh-

]
bours.

On May 7, with the departure of pair 1, not only did M W
interact nﬁro hlf!'h Y (19 encounte than with M B (13 encounters),
but the category of encounters dif ered marke@y (Fig. 10 - Map 3:

Figs. 8 and 9). Of ghe 13 encounters involving M B nearly all (11)

were male ~ male, mostly threat. However, of 1§ encounters Involving

M Y nearly half (9) were male - male. Only two of the 13 encounters

of the encouniprs involving M ¥ (lO)‘were male - pair. Maje W initisted

all olght NV - pllr Y nncountcrs,by intruding . aerlal attacks at F Y,

lal utocks resulted In three-ifil pursult- fllghts,

Six of these ae

because M Y was too slaw to dufond hls mate novortholoss each time F Y

*

seturned to her space. Palr V was forcod off the pond once but soon

returned. Female Y's ltrn.' tenaclty ;;ﬁ;f;"nlr-spoco probably




resulted largely from her previous experience with it. A female without
previous breeding experience on the pond may have been less tenacious
and more easily driven off the pond.

From May 8 to 12 (Fig. 10 - Maps 4 and 5) the increased
hostility against the resident unpaired male by the paired males is
described later. Among the paired males from May 8 to 12 (Figs. 8 and
9) ther; were few M B - M W encounters. Male W continued a high level
of aggression toward F Y up to May 12, when | believe F Y entered a
_sultable nest cavity for the first time since her arrival. It is note-
worthy that M W initiated attacks at F Y on May 9 and 11 when M W's
mate was away from the pond, but not on May 8 and 10 when M W remained
cJose to his mate on the days before she laid eqgs. The fewer three-
bird pursuit-flights reflects M Y's defence of his mate Qﬁ'tho water.
The high number of pursuit flights on May 12 are of & different nature.
These were all initiatéd by M W while palr Y engaged in nest-searching
flights and were not I61tiated by aerial attacks at F Y on the water.

On May 10 M Y firstgnade an Intruding aerial attack at F W.
& . ,
)

3. Locatlons of Paired Male Encounters

\

\

Paired males established wide boundary zones!within which they
interacted mostly by threat and f!ghtlng encounters. These zones were
not fixed In space over glme but sogetimes changed from dey to dfy. .
However, for any glven day boindary zones were relatively stable because
the locations of alsost all mt}e encounters were clustered along a
definite boundary zone; most encounters occurred near the shoreline
(Fig. 10-- Maps l to 6). Thc wigth of'thc zone was determined by the

location of encounters nhlch varied accordlng‘lp the booltlon of the

encroaching individual and ;ho response of and distance to Its opponent.

e,
¥

‘ T i
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Paired males initiate aerial attacks at the female of a neigh-
bouring pair, whereupon the mate of the attacked female flies over to
defend her. The approach of a neighbouring paired female or pair may
elicit attack by a neighbouring male. Thus even within boundary zones
the position of agonistic encounters could result from defence of a mate
or defence of a space. One way to distinguish between these two types
of defence is to know the position in space of paired females in
relation to their interacting mates, and to know the position in space
of the birds that release aggression. Three examples were chosen to
illustrate clearly'the position of paired females in relation to tthr
interacting mates and the boundary zones (Fig. 11). These examples
occurred on Hay.z when pair W actively challienged pair B both by deep
intrusion and encroachment at the boundary zone. In all three cases/it
was the challenger's behaviour and position in space In relation to a
boundary zone that released aggression by a paired male opponent. The ”
approach flight ogf:\fhallenglng pair (pair W) to a boundary zone was a
prime stimulus for she nelghbourln§ male (M B) to’respond'ﬁlth an
approach flight (Fig. 11 - Map i) Likewise thetposltlonfof a nelghbour-
ing male (M W) at a boundary zone and his behavﬂ;ur (swlmnlng and diving

in threat) elicited approach swiuming and diving in threat by his

opponent (Fig. 11 - Map 2). In theé third case the posltlon of the

L.}

intruding palr W cliclspd;bJproﬁ‘c direct aerial attack by the resident

Y

M8 (Fig. 11 - ﬁip, ). ‘Inll_cages the male occupant initiating the

encounters rOSpoﬂd.d to GQp chi1|:nger s position ih relatlon to a
boundary zono\and not ;o the slatter's proximity to the former's mate.
Thus M B excluded céa‘pg;lf!cs from an a;oa;:and was not Just‘dofonding
the psssonal spece arapﬁ his nto,fronithq 'ngroc&\ and attacks of .

i 5

3



Figure 11. Release of agonistic behaviour in response to positions
in space and behaviour patterns of neighbouring males
with respect to positions of their mates, boundary zones
and area of space held by each pair.

Solid lines indicate the movements of male B. Dashed (
lines indicate the movements of pair W. Numbers inside
each map of Pond J refer to the sequential positions,
movements and behaviour patterns of opposing individuals
during agonistic encounters on May L, 1974 as follows:

Map 1.

1 Pair W land at position 1 after being away from
the: pond. :

2 Male B leaves mate and initliates an encounter
by making an approach flight and landing at
position 20

3 Male B approach swims toward pair V.
4 Pair Wwithdraw with male W Leading and female
W Following. ’
Map 2.

1 Male W at boundary away from his mate. Male B

. with his mate. '

2 Male B initiates threat encounter by approach
swimming and diving toward male V. Male W
retreats, swimming and diving.

3 Male B continues approach swimming and diving.
Male W approaches, swimming and diving.

b Fight between male W and male B. 3

Map 3.

1 Pair B resting. Male W swims toward female V.
2 Pair W (female leading) swim toward and intrude
along shoreline into pair B's space while

pair.8 resting.

3 Male 8 alert, detects intruders. Male B swims
s short distance ‘towards trespassers.

L Male B asrlal attack at pair W. Brief fight
between male ¥ and male B, with male W
intercepting male B's lunges at female V.

5 Three-bird pursult-flight with male B-the pursuer.

6 HRale B breaks off pursuit and lands near the
boundsry zone as palr W flee into their own
space.

7 Male B swims toward mete. .

]
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neighbours. However, when a trespassing paired male attacks the female
of a neighbouring pair, the mate of the attacked female defends her
within their own space. Paired males even defend their mates within the
space o)\a neighbouring pair. Thus defence of a mate occurs in certain
contexts. Exc)udfng conspecifics from an area and defence of a mate are

~
not mutually exclusive; both occur.

L. Interactions Among Unpaired and Paired Males
Two unmated males were present on Pond J on April 30 and May 1,
and one unpaired male from May 2 to 12, except for May 7. On May 4 and
5 a lone male was not attached to any partifular area of the pond,
rather It intruded within the pair-spaces and.approached near the
females of paired males, and was continuously attacked and chased by the

\
latter (Fig. 10 - Map 1). By May 6 a lone male was localized on a space

that presumably became vacant by the withdrawal of M B (Fig. 10 - Map 2).

On May 7 there was no unpaired male on the pond. From May 8 to 12 an
unmated male, presumably the same individual, occupied more or less the
same space as that of a lone male on May 6 ®Fig. 10 - Maps 4 and 5).

This unpaired male engaged in threats and fights with paired males and

initially excluded them from his space. This unmated male also contin-

ved to intrude into the space of paired males by approach and Display
Flights to their mates. Once the unpaired male made an aerlal';ttack‘
and then pursued a strange pair attempting to settle within his space;
The hostility 6f all the palrgd males towardge unpaired male
resldent on his own spad® increased from May 8 to 12 (Fig. 10 - Maps 4
and 5). In the three days from May 8 to 10 there were a total of seven

fights between the unpaired male and the paired males, whereas in the

two days of May 11 and 12 there were 11 fights.
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The unpaired male resisted eviction from the pond until‘ May 12.
-
Then there was a dramatic change in the intensity of hostility of the
paired males and the response of the unpaired male. On May 13 at 0800
there was no unpaired male on the pond. On four occasions a lone male
flew over the pond but quickly left after being attacked and pursued by
thefpaired males. At 1000 an ;npaired male flew over the pond and for
"

the next 18 minutes before i.t left it continually retreated fMm the
repeated aerial attacks and pursuit flights by one paired male after
another, mostly M W and M B, whenever the unpaired male flew over or,
landed within their pair-space. From then on no unmated males estab-

lished a space on the pond as they were always promptly attacked and

pursued and forced off the pond by the palired males.

5. Lbcations of Paired Male - Unpaired Male Enfounters 4
The boundary zone of the unpaired male's space was more
distinct and the space more exclusive from May 8 te_10 than from May 11
to 12 (Fig. ld - Maps 4 and 5). Thef? was no distfhict boundary zone on
May 11 and 12 as most encourters were concentrated in a disputed area

occupied by the unpaired male, and M Wand MY (Fig. 10 - Map §).

Maintenance of Space - Pond J 1974

1. Interactions Among Paired Males

The period of maintenance of space re re to that interval

from May 13 to June 6. Two phases can be dif "ﬁed? phase | when

boundary zones were faf}ly stible, and phase || whep boundary zones were
changing. Phase | corresponds to the eight days from May 13 to'io from
about mid-laying to about the start of lncubation’gor two of the three

paired females. Thus phase | could be.called the late laying phase.

.

o
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ABSTRACT

Spacing behavipur of buffleheads was studied for three field
seasons to determine the nature of the spacing system(s) and its (thekr)
adaptive significance. Breeding pairs and females with broods were
observed Intensively from elevated blinds at a bog pond and ld6s
intensively at a cattall and a 1i)y pond.

BuffleNeads were caught and individually colour-marked with nasal
saddles. Unmarked palred males and their marked mates were watched
dally at the bog pond and their soclal interactions recorded during all

phases of the breeding cycle. Colour-marked female buffleheads with

£ -

broods were observed Intensively at a bog pond over a 23-day perlod,:§t>

and less intensively at the other ponds.

sAgonistic behaviour patterns of 5Jffleheads were described and
quantifled In terms of encounters. Spatial relationships among buffle-
heads were recorded by ploitlng the positions of Individuals engaged in
agonistic encounters.
Palred males established and defended pair-spaces largely by

e

fighting and evicting conspecifics, but also by threat encounters,
du;ang the prelaying period. Most' agonistic encounters Involving paired
males occurred within boundary zones that were relatively stable on any
| glven day but shifted with time In relation to the reproductive state of
thelr mates. Space was nnlntalned.;ostly by threat encounters but also
by fighting during the laying and incubation periods. Paired males
defended their mates within thelr own space and even within their
nelighbour's ;plce.

At high densities paired males totally divided the open water area

of .'bog pond among themselves, and excluded unpaired males. At



'intermediate and lower densities on a lily pond and a cattail pond,
respectively, paired males maintained an exclusive shoreline, boundary
zones were less dlstlnft away from the shoreline and unpaired males were
not expelled from the central parts of these ponds .

Frequency and Intensity of agonistic encounters involving males,
and size of pair-spaces varied according to the reproductive state of

4

females and the density of breeding pairs.

) Colour-marked females with broods established and maintained a
brood-space by fighting and threat encounters. [n one situation a
female gradually expanded her brood-space as that of another female
contracted, until she was evicted from th; pond, while the space of a
third female remained relatively sé:ble. The spacing system of females
with broods was simlilar to that of pairs in terms of agonistic boundary
encounters, expulsion of Intruders and exclusive occupation of an area.

Females with broods that held larger brood-spaces were more aggres:
sive in terms of the frequency, outcome and initiation of agonistic
encounters. Size of brood-space was positively correlated with size of
brood. Females with the largest broods were more aggressive suggesting
that brood size determined level of aggression which in turn determined
size of brood-sp;ée. Feyales with younger broods tended to be more
aggressive than those with older broods of the same size. Females with
larger, older broods wer; more aggressive apd held larger brood-spaces
than females with smaller, younger broods. Brood size appeared to be a
much more Important determinant of aggression than a#& of brood.

The concepts of home range and territory and the problems associa-

ted with studying them, particularly in ducks, are dlscussq“ The

nature of the spacing system In bufflehedds |s evaluated in terms of the



behavioural manifestations of territoriality. The adaptive significance
of spacing behaviour is discussed. .

It Is concluded that breeding pairs and female buffleheads with
broods defend a territory with boundary zones on ponds wlgﬁ#h their home
range. Thus buffleheads exhibit a territorial system on ponds In a

southern boreal forest:region.

vi \
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INTRODUCT I ON

Members of a population of birds distribute themselves in space and
time. The resulting dispersion pattern reflects both the ecology and
the behaviour of the Speci;s. Ecological aspects of spacing involve the
_response of individuals to resources in the environmen;, while behav-
ioural aspects involve habitat selection and establishment and
maintenance of space through social interactions. The significance of
spacing is that it has important effects on the population dynamics,
population genetics, and evolution of species" (Brown and Orians, 1970).

The spaces occupied by individuals, pairs, or groups are referred
to as either a home range, a territory, an individual space, or a
colony (Brown and Orians, 1970). Terrltorlslity has recelve; mos t
attention because most birds are territorial and they have been studied
more than most other groups of animals.

There has been substantial research on territorial behavlouﬁ\ln
birds, particularly passerines, since Howard -(1920) first emphasized the,:
importance of this phenomengn in birds. Howard's concept of territory
~ was applied to ducks by Hochbaum (1944) in his study of canvasback
(Aythya valisineria) and other species of breeding ducks on Delta Marsh
in southern Manitoba. Hochbaum claimed that a number of species of
ducks were territorial in that they ''defended an area'' by ''territorial
defense flights''.

In subsequent research Sowls (1955:48) introduced the concept of
home range for ducks as the "‘area within which a bird spends its perlod
of isolation between the break-up of spring gregariousness following
spring arrival and the reformation of fall gregariousness'". Sowls (1955)

and Dzubin (1955) adopted the concept‘of home range for ducks because



they both found that territorial behaviour varied markedly from that
proposed by Hochbaum for the same dabbler species of the genus Anas and
for canvasbacks in that: a) paired males used and defended several‘
areas not just one; b) definite boundaries to defended areas were not
always established by pairs; c)'home ranges of nelghbouring pairs of ten
overlapped in space; d) resources were temporally shared between ﬁairs.
Thus Dzubin (1955:293) suggested that territory be restricted to the

" vdefended portion of the home range from which-a drake attacks another
pair, drake or female, of his own species''.

In a review of this subject, McKinney (1965) stated that 'much
attentjon has’been given to inquiring whether and how ducks 'defend
areas' and how chasing behaviour (especially aerial pursuit) is related
to such areas''. He stressed the need for investigating in ducks the
"broader biological problems of pair-spacing - the pattern of pal}
distribution on the breeding grounds, the [behavioural] mechanisms by
which this is achieved, and the survival value of the different patterns
f;und in different species''. : ~

| decided to Investigate this problem in buffleheads (Bucephala

albeola), a species of diving duck, because: 1) they are one of the

most abundant breeding ducks on wetlands in the boreal forest based on

v
a survey near Utikuma Lake, Alberta (Donaghey, 1974); and 2) buffleheads

apparently space themselves on ponds and lakeshores (Er’rlne, 1972:57)
but opinions differ on the nature of the spacing.

Erskine (1972) Implied that, in general, only the concepts of home
range and mated-female distance (Conder, 1949; Koskimies and Routamo,

1953) applied to buffleheads. However, Munro (1942) stated, without

evidence, that in buffleheads "'a breeding pair establishes a definite



territory which the male vigorously defends from encroachment by other
males''. VStansell (1909) observed that 'when two or more pai;s occupy a
single pond, the males are usually very pugnacious, often quarreling
and trying to drive each other off the pond for hours at a time'’.

These observations by Munro (1942) and Stansell (1909) ;uggest
that aggressive behaviour of males serves to space breeding palrs.-
Therefore | decided to thoroughly investigate spacing behaviour In
buffleheads, and to concentrate on social interactions between and
within breeding pairs in relation to space and time. | chose to watch
buffleheads only on small ponds, rather than lakeshores, becaﬁse ponds
have a higher ratio of shoreline to open water area, thus density of
buffleheads and their frequency of interactions are more likely to be
'greater on ponds.

Buffleheads seem particularly well suited for a study of spacing
behaviour because breeding pairs appear to restrict their activities to
part of a pond and to use mostly the open water. From elevated blinds
bufflejeads were visible almost continuously and spacing behaviour
could be accurately described and quantified.

The purpose of this study then was to determine: 1) the ;xact
nature of any spacing system(s) of bréedlng buffleheads on ponds, and

2) the adaptive significance of any spacing behaviour observed.



STUDY PONDS

The study ponds are situated north of Atikameg (55° S4'N, 115°
39'W) in the Utikuma - Lesser Slave Lakes region of north-central
Alberta. This area, in the Mixedwood Section of fhe southern Boreal
Forest (Rowe, 1959), is mostly covered with upland forests of youn'g‘
trembling aspen (Populue‘tremuloidea), mainly regeneration after fire,
interspersed with patches of mature aspen, white spruce (Picea glauca)
and white birch (Betula papyrifera). The lower, wetter upland sites
are characterised by balsam poplar (Populus balsamifera), while the low-
land sites have black spruce (Picea mariana) and tamarack (Larix
laricina) trees, and willow (Salix spp.), alder (Alnus spp.) and
labrador tea (Ledwm groenlandicum) shrubs.

The terrain is gently undulating with an average elevation of
about 670 m, Summers are short and cool. Mean summer precipitation is
20 cm, with June and July being the wettest months. Mean July tempera-
ture is around 16°C (Hardy, 1967). ,

Four study ponds were chosen. To record possible changing behav-
‘ioural relationships in breeding pairs of buffleheads | considered
three ponds the maximug that could be studied satisfactorily. To docu-
ment soclal interactions between pair; relative to the e;vironment.
three ponds (H, J and K) were chosen that had more than one resident
palr of buffleheads and had different shoreline vegetat!on. An
additional pond (L) was selected to study behaviour of female buffle-
heads with broods. ‘

Some features of the bufflehead's environment were described by

classifying each pond as a habitat type dependlng‘on its wetland

* vegetation, and further described according to aspects of limnology and



the presence of other aquatic birds (other ducks, grebes and rails).
Wetland vegetation of a pond refers here to the submersed vegetation of
the open water, and the emergent and o;;Er vegetation in a zone 10 to
20 m from the shoreline.

To aid in waterfowi research and management a detailed classifica-
tion of prairie wetlands has been developed based on the pattern of
vegetation zones and water permanence (Stewart and Kantrud, 1971).
Comparable classificailons of forest wetlands are few, some exceptions
being those of Gilmerl(197l) and Cowardin and Johnson (1973) in north-
central Minnesota, and Jeglum's (1972) survey of boreal forest wetlands
in Saskatchewan. Jeglum (1972) quantified vegetation stands o the
basis of their physiognomy and dominance, and Cowardin and Johnson
(1973) grouped stands into plan£ communities with or without permanent
water on the basis of species abundance. | made no attempt to quantify
vegetation stands. Instead each pond was classified broadly on the
basis of its shoreline vegetation, irrespective of whether the shoreline
was composed of several plant communities or a single species of
emergent plant, or whether some combination of physical and botanical
characteristics was used. The main vegetative charactertstics of each
s;udy pond ar; described first, then their limno!ogliga }eatqre§ and

< -

aquatic birds are briefly described and compared. '« .
. . ’

]

POND J. Bog pond (1.5 ha) h Figure 1a
In‘the.zone of permanent open water submersed vege(atlon‘was
Sparse.\ Most of the shoreline was relatively solid and was composed of

several bog communities with patches of marshy and/or spongy emergent

vegetation In the bays. Some shoreline was characteristic of sedge fen

(Jeglum, 1972) with Calamagrogtis spp. and a flhe-leaved sedge (Carex

’
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Figure 1a.

Figure 1b.

Pond J with a shoreline of bog plants.

Aerial photograph taken July 1973 from south-west facing
north-east. An elevated blind is on south side to right
of centre. Small peripheral ponds occur around J. Part
of cattail Pond C is in middle top of photograph.

Pond H with a shoreline of cattail.

The lighter areas peripheral to the dark cattall represent
a narrow zone of sedges and grasses, and extensive open
meadows. Aerial photograph taken July 1972 from north-
west facing south-east. ‘A blind is left of centre at

edge of far shoreline in front of a clearing.
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:qwiti!is) the dominants. Other sections of shoreline, better

classified as bog, consisted of an association of Ledwm groenlandicum -
Sphagnum spp. - Vaceiniwm vitie-idaea. Farther away from the shoreline
were shrubs such as tall willows (Salir spp.), and dwarf birch (Betula
glandulifera) and stands of muskeg (black spruce trees associated with
Ledun groenlandicum - Sphagnum - Vaccimium vitie-idaea). Marshy
emergent vegetation such as coarse-leaved sedges and EZeocharisl

? 0

palustris formed patches of shoreline in the bays. Common bladderwort

(Utricularia vulgaris) and marsh cinquefoil (Potentilla palustrie) were

the dominant vegetation of the small, peripheral bog ponds to the south.

\Nesting habitat of buffleheads Included poplar stubs among stands of

mature and young aspen to the north and west.

POND H. Cattail 7’ond (3.8 ha) Figure 1b

In the zone of permanent open water Chara spp. was the dominant
submersed vegetation. The shoreline was composed entirely of a deep
marsh zone of cattall (Typha latifolia). Peripheral to the cattail was
a shallow marsh zone of coarse-leaved sedges (the domlqant species was
Carex rostrata) associated with whitetop (Secolochloa festucacea).
Surrounding the shallow marsh zone were extensive open areas of wet
meadow and prairie species of plants grazed by cattle in spring and
mowed at the end of summer. Nesting habitat of buff eads included
popla} stubs among stands of mature and young poplar to the\south.
PONDS K and L. Floating-mat - pond-1ily ponds Figure 2a, b

(3.7 ha and 3.3 ha, respectively)
Yellow poni-llly (ﬁyphar yariegatum), the dominant aquatic plant

with floating leaves, covere‘ nearly half of the open water on Pond L

f’

X



Figure 2a.

Figure 2b.

Pond K with a floating-mat shoreline of mainly cattail
and sedges, and pond-lilies on the open water.

Aerial photograph taken July 1972 from west facing
east. Blind is to lower right of photograph.

Pond L with a floating-mat shoreline of mainly cattail
and sedges, and pond-lilies on the open water. ®

Aerial photograph taken July 1973 from south-east

facing north-west. An elevated blind is to lower left
of photograph.

£






. .
abonut one titth on Pond K Nearer the shoreline laspiog leat pond-

an
weed e o s i e o) was the dominant species of <ubmersed
vegetation The shoreline zone consisted of a tloating spongy mat of
N

cattail and sedges, mainly ‘iex roptnito. At the water's edge was a
tand ot tall willow and alder shrubs and mostly dead white birch with

an undercover of ericaceous bog shrubs in places. A forest of youny
aspen and stands of mature white spruce trees closely surrounded the
ponds. Hereafter this habitat type is simply referred to as lily pond.

Other characteristics of the study ponds are now briefly described
and compared. The four study ponds were all small (1.5 to 3.8 ha of
open water area), shallow (mostly less than 2 m), fresh (conductance
less than 500 micromhos), alkaline (ph 7.6 to 8.6), with permanent and
relatively stable water levels.

Characteristics of water chemistry (Table 1) were determined from
analysis of a surface sample of open water taken near the shoreline and
preserved with chloroform. Cattail! Pond H appeared to be more eutrophic
in terms of nutrients (as measurc2 by conductance, and total dissolved
solids) than the other ponds.

Aquatic invertebrates from each pond were sampled 1 to 2 m from
the shoreline with a dip net and preserved in 10 to 20 percent formalin.
Composition of aquatic invertebrates was similar for the bog and 1ily
ponds, but more diverse on cattail Pond H. For example, in addition to
groups common to both Pond H and the other ponds, cladocerans, mayfly
nymphs and some families of aquatic beetles were present in Pond H but
not the other ponds. Aquatic insects were more abundant in Pond H,

especially Corixidae, Diptera (mostly Chironomidae), Ephemeroptera and



12

(L e L oL AN L0°0 ZU€LL LO°O OM°S 010 t°wg 0 09°L o0g8L 64 08T (T "6ny 1 At
L 88 L 80l 4w/ 800 1°9{t (00 00w LL'O Z°(8 0 28°( 06L 85 00t [z 6oy ¥ _ A1
0t M8 8ZL 0L T0°0 .m.owf S0°0 06°% OL°0 O° L0V L°S ‘8 Owt ([t 91 LT *6ny ¢ Gog
88 Ot't B80Z 9it (00 O'tlt n0'0 S%'% 40°0 O°i1tL L°S T®M'g OO Ot it ST '6ny W ||®mIe)
w () mOuMu mm. - w -~ z w © o4 o0 °© Y [w] o v - x
c - - [e R o] - — T & O i x 30 XcC (] -4 m [ ]
3§ csstwedew S ZE 3 o 8 85 §% o &a &3 g s a g
g = a — o N © T I o AC - [ = [ad
2 g "o & @ 4 5% ¢ §5 2 ° § :
D W —t o ‘ W. 9_ w.c W. W..J - [ - ”
o] (%) wn Z 4] x ~ T (4 ] O3 rx :u
—~ — w - Y] < o w» o o~ -
o 0O o] — —— — ) ~® 0 .M
— - —_— o —_— v - — o
[ < = 3 w0 x
3 9.3 ' ~ — 2 1) —
a T - o — -
(o] ~ w — O
a = » O 2, S
[* B VS | -~ S
~
3i11| 49d sweubi||iwW
“spuod Apnis ayl U0 AJUlS|1WIYD 4IIRM JO SD|IS|AIIdNVARY) | d|qe]



Odonata (especially Zygoptera nymphs). In the bug and 1ily ponds
Amphipoda and Diptera (mostly ko oborus) were the most common inverte-
brates taken in the samples. -

Waterfowl and other aquatic birds (Podicipedidae, Rallidae) were
censused on the study ponds (Donaghey, 1974) . Fourteen species of
ducks, including buffleheads, and five species of other aquatic birds
occurred on the study ponds. More resident species of dabbling and
diving ducks and other water birds occurred on cattail Pond H in a
species ratio (6:8:5) respectively, than on lily Ponds K and L combined
(5:4:3), with the least number of species on bog Pond J (k:2:2)
(Donaghey, 1974).

v Four species of dabblers - mallard (4nas platyrhynchos), American
wigeon (Anas americana), blue-winged teal (Anas discors), and American
green-winged teal (Anas crecca); two species of divers - lesser scaup
(Aythya affinig) and bufflehead; and two species of other aquatic birds -
red-necked grebe (Podiceps grisegena) and sora (Porsana carolina)

were resident on all study ponds. Common goldeneye (Bucephala

clangula) and ring-necked dugk (Aythya collaris) were resident on Ponds
K, L and H. On Pond J they were transient species, although the latter
species may have attempted to breed there.

There were a greater number of diving ducks than dabblers on all
ponds. Greater numbers of divers occurred on Pond H Epan on any other

pond. Lesser scaups were the most abundant diving ducks on all ponds,

but were u;wt numerous on Pond H.

-



METHODS

Field work was conducted over three summers, May to August 1972,
April to August 1973, and the end of April to mid-June and two weeks in
July in 1974.

No attempt was made to catch buffleheads in 1972, the first field
season. However, to study spacing behaviour, it became apparent that
ducks would have to be individually colour-marked. In 1973 almost all
potential capture methods were tried. To minimize disturbance and
possible disrupt}on of the breeding cycle of the few pairs on the study
ponds, | tested the techniques first on oth;r ponds. Trapping on the
study ponds began only when most pairs were well established. | caught
adult females at thelr nest cavity (Fig. 3, technique modified from
Erskine, 1959). Most buffleheads were caught in rectangular, welded
wire traps with mirrors (Fig. &b). | designed these traps with two
funnel entrances, one at each end, leading into a double-sided mirror
SO as.to stim;late birds towagd their image (basic trap design mod | fied
from Schierbaum and Talmage, 1954; Addy, 1956:sect. 1610 and 1620;
Rogers, 1964). Buffleheads were also caught By night-lighting from a
boat (technique and equ}pment Qodlfled from that used by Lindmeier and
Jessen, 1961; Bishop and Barratt, 1969), in floating bail traps
(Thornsberry and Cowardin, 1971) and In mist-nets. In 1974 traps were
set out ;t Pond J before pairs arrived.

Flying adults and yearlings, and class |11 flightless juveniles
(Gollop and Har;;all, 1954) , when trapped, were leg-banded and colour-
marked with nasal saddles (Sugden and Poston, 1968) (Fig: ha). These
markers were made of either plasticized polyvinyl chloride or nylon, and

attached with a nylon pin. Saddles were made of one colour (red,

L)



Figure 3.

Opening up female red's nest cavity 9.5 m (31 ft) above
ground.

Ropes hold a 9.1 m (30 ft) aluminum ladder upright away
from rotten stub. By lashing spruce poles to the base
of ladder the same technique was used to open up female
white's cavity 11.6 m (38 ft) above ground In a nearby
stub.
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Figure ba. A female bufflehead individually colour-marked with a
yellow nasal saddle.

U.S. Fish and Wildlife aluminum band is on the right
leg.

Figure 4b. Welded wire trap with two funne! entrances leading into
a double-sided mirror.

Sides of trap are constructed of one Inch welded wire
mesh, with plastic netting on top.






yellow, green, blue or white) and combinations of two colours in
contrasting broad stripes a) orange, yellow, blue or white with black;
b) red or green with white; c) yellow or red with blue. These saddles
were ideal for consistently recognizing individuals interacting
vigorously. To specify the sex of individuals | use the letter F for
females, a;d M for males. To denote females individually colour-marked
with nasal saddles | use letters, for example F B is the female with a
blue saddle, and F Or-Bk is the female with an orange and blask saddle.
fhe only colour-marked male will be designated M JQS), K indicating

the pond where he was resident.

Unmarked individual paired males were recognized with reference to
the space they occupied and their behaviour toward conspecifics,
especially their relationship with their mate, either marked or
unmarked. Unmarked females of a pair were recognized individually by
their flight path to a specific nest site. Unmarked females with
broods were individually recognized by the size and age of their brood
and their spatial relationships with other females with broods. To
denote unmarked individual females resident on a particular pond | use
a combination of letters and numbers, for example, F 1(JY is female
one on Pond J. 'In 1974 at Pond J none of the resident paired males were
individually colour-marked, yet they were all mated to marked females.
Every day for 6 weeks | watched the behaviourafl responses of these
males to their mates and neighbouring pairs. Thus | felt confident that
the same individual males were mated to the sa-a'colour-anrked females
throughout breeding cycle. | use letters to refer to these

individual males, for eéxample M W or palr W, means an individual

unmarked male mated to F V.
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From blinds placed on the ground buffleheads were not visible
continuously In 1972. In 1973 elevated blinds (Fig. 5) were constructed
facing north where possible to have the best light conditions for
observing, and at a position where most shoreline was visible. During
April four towers were erected at three ponds (J, K and H) before the
arrival of buffleheads. An additional elevated blind was built in mid-
July at another pond (L) for watching female buffleheads with broods.

| observed buffleheads from blinds for a total of about 500 hours
during all three field seasons with emphasis throughout on recording
social interactions. ThrOughout_Qg!'to early June breeding pairs were
watched at Pond J in 1972, Ponds H, J, and K in 1973 and Pond J in
1974. In 1972 pairs were observed only during their incubation period,
while In 1973 at any one pond the interval between observation days
varied. Thus all palrs were not watched during all stages of the
breeding cycle. In 1974 | intensively watched breeding pairs for 30
days from their arrival through incubation. In 1972 buffleheads were
observed at all times of day. Interactions were few but seemed to peak
about mid-morning. Therefore in 1973 on any parttcular day lnter;;tlons
were recorded for ten hours from 0800 to 1800 D.S.T., and for five hours
from 0800 to 1300 In 197h.

Throughout July 1973 colour-marked female buffleheads with broods
were watched Intensively at Pond J for a total of 100 hours, usually
from 0800 to 1800 on any given day, except from 1200 to 2200 (July 7
and. 1100 to 2100 (July 9). Other females with broods were watched for
shorter perlods at Ponds H and J in 1972, Ponds H and L In 1973 and
Pond J in 197h. Walking to the blind by myself alarmed females with

broods, especially near the blind, much more than pairs. Therefore
1

20
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Figure 5. Elevated blind with 360° vision at Pond J.

Four similar blinds were erected at Ponds H, K and L
i .







turinyg the brood period a person went with me to the blind, soon lett
and then these females quickly resymed their activity near the blind

All agonistic interactions seen between buffleheads and
conspecifics were recorded, mostly on tape. For each intraspecific
encounter | tried to record: time of day, individuals involved, main
behaviour patterns, initiator and outcome. with evenly matched
unmarked males it was difficult to determine ‘the outcome of mogt
encounters. Interactions seen between buffleheads and other SPeCj:S
were often incomplete and recorded in less detail.

To record spatial rélationships betwéen interacting individuals,
their po;itions were located on Pond J with reference to colour-marked
stakes along the shoreline, and plotted on field maps. The error in
locating a bird's position near the shoreline and plotting it was
estimated to be £ 3 m. A bird's position out on thsf,pen water was
more difficult to plot because no stakes were placed there, but errors
were probably no greater than t 10 m, mostly t 5 m,

At the larger study ponds there were much greater errors in
plotting positions of birds so these data have not been used to deter-
mine details of spatial relationships.

’

The location of supplanting attacks and fights, and the mid-point
between individuals engaged in threat and approach - withdrawal
encounters, were ;ﬁotted on overlay maps dr to scale. Boundaries
were plotted primarily from the positions threat and fighting
encounters. Palr and brood-spaces were measured with a planimeter and
expressed to the nearest 0.05 ha.

We searched for nest caiétles of breeding female buffleheads for

two main reasons. Firstly, to catch and mark the occupant, and
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Cevordly s to open up the cavity (brskine, 1954 to determine staye of

e breeding cycle, (lotih size and hatchinyg success.  Any nest cavilty
'n a4 stub visible from the blind was easily tound by watching the female
f1, directly to it. Nest sites of particular females nesting in the
torest well away trom the pond were more difficult to find. We located

-

these cavities by progressively following the female in flight from the
pond above the torest canopy, until she descended or was lost to sight,
ther a localized ground search was made for likely nest stubs.

Stages in the breeding cycle (the week of laying and incubation)
ot individual female buffleheads breeding in 1972 and 1973 were
estimated by backdating from the date of arrival at a pond of class la
{downy) broods. | crudely estimated‘dste of clutch-initiation of phree
females breeding in 1973 by making several assumptions regards date of
hatching, incubation period, clutch size and rates of egg-laying.
Firstly, young buffleheads leave the nest cavity 24 to 36 hours after
hatching (Erskine, 1972:92), therefore newly hatched broods (class la)
were considered to be two days old on the day they arrived at a pond.
In one instance, where a female deserted her clutch, | estimated age of
the embryos on the basis of characteristics used in determining the age
of embryos in other species of waterfow! (Cooper and Batt, 1972;
Caldwel) and Snmart, 1974). Secondly, Erskine (1972:85} found that
“"incubation periods ranged from 28 to 33 days, with most clutches
hatching 29 to 31 days after the last egg was laid', therefore |
assumed incubation perijod to be 30 days. Thirdly, clutch size was
known for two of the three females whose date of clutch-initiation was
estimated. In estimating clutch size of the third female | considered

»

two factors, the number of eggs that fail to hatch, and early mortality

»



ot young, which reters here to losses ot youny i the tirst weehk,
including those that tail to leave the cavity, and losses that occur
while younqg are travelling on land to water, or after they have reached
't The contents of the cavity were determined by opening it up after
the hrood had lett. | assumed that one of her young was lost on land,
because they travelled about 300 m to wdater and | counted the number of
young in her brood only a few hours after they arrived at a pond (see
Erskine 1972:112-113 for further details regarding this assumption).
Finally, based oﬁ\ifyinq rates of three females in this study, | assumed

that eqggs were laid.at 2-day intervals, although as Erskine (1972:80)
!
pointed out Some indivibual females may lay eggs at a faster rate.

In 1974 the p{e;ise stage of the breeding cycle was determined for
three colour-marked females. For one female dates of laying were deter-
mined by daily inspection of her nest cavity during the laying period.
For the other two females | determined the days they laid from their
daily activity patterns (flights toward the nest site and the periods
of time away from the pond) together with known clutch size of one
female, and a good estimate of clutch size of the other female based on

3
her class la brood of,seven. For two females incubation probably
started the day the last egg was laid, but for convenience | assumed it
began next day. For the female whose clutch size was estimated, incuba-
tion probably started two days after the estimated date of laying of egg
seven, thus allowing for a clutch of eight eggs and the ﬁossibillty that
one of her young was lost because they travelled at least 600 m to
Pond J.

The availability of nest sites was increased at Pond K, in an

attempt to raise the density of breeding pairs and subsequent broods,



and hence the frequency of interactions. In early May 1973 at Pond K,
three nest-boxes (measuring 41 c¢m deep, 15 cm square bottom) and three
artificial cavitiss were erected on dead stubs and poles around the
shoreline for this purpose.

To determine the habitat used by female buffleheads with broods in
relation to other species of water birds | censused 20 ponds between
July 8 and 19, 1974, the optimal period for censusing bufflehead
broods.

Data were analyzed statistically using Chi-square tests, and
Spearman's rank correlation (Siegel, 1956). A probability value of

.

0.05 or less was considered significant.



RESULTS
LIFE HISTORY CHARACTERISTICS IN SPACE AND TIME

Annual Cycle

Buffleheads reared on the study area, or resident there as sub-
adults or adults, most likely winter on the Pacific coast as indicated
by two recoveries of birds banded on the study area and other birds
banded in the Peace River - Lesser Slave Lake region (Erskine, 1972:123-
124). One bufflehead banded at Pond H as a juvenile on August 9, 1973
was recovered in Washington State on November 9, 1973, and another bird
banded and colour-marked at Pond M as a subadult female on May 30, 1973
and last seen at Pond H on June 16, 1973 was recovered in Oregon State
on October 15, 1974. Both sexes tend to return to wintering grounds
used in previous years (Erskine, 1961).

Pair formation apparently can occur on the wintering grounds, but
also during spring migration and on the breeding grounds because
Erskine (1961) suggests that many male buffleheads start migration
unpaired.

Most adult females are paired on arrival at the breeding grounds
where there is a surplus of unpaired males in each season. Breeding
pairs settle on ponds and lakeshores, the female tending to return to
nest in the same area as in previous years (Erskine, 1961).

Tree-cavities, usually those excavated by common flickers (Colaptes
auratus), are used for nesting. While the female is occupied with
laying, her mate waits on a nearby pond or lakeshore. The pair bond
breaks up at about the onset of incubation (Drury et al., MS; Erskine,
1972:88, 90). While the female incubates,‘bost-breedlng males gather

for moulting on lakes used in previous years (Trauger, pers. comm.).

27



28

The female alone cares for the brood, but usually leaves them
before they are fledged and able to fly, and homes to moulting areas

(Erskine, 1961). Fall migration in October to the wintering grounds

completes the cycle.

Spring Arrival

Arrival of buffleheads was studied at three ponds (H, J and K) in
1973, and two ponds (H and J) in 1974. Buffleheads were among the
earliest ducks to arrive on the study area. In 1973 | saw the first
bufflehead, a lone male, on April 22, 4 days after the first mallards
were seen.

Early arriving buffleheads settle on ponds partially ice-free or

d

temporarily disperse to smaller peripheral ponds with open water. For
instance, on April 26, 1973 a pair flushed from the open water of a
small, peripheral pond near Pond J, the latter being still fully ice-
covered on that date. However, by May 2, 1973, though Pond J was still
almost fully ice-covered two breeding pairs had settled there on the
only available ice-free water, a strip along the north shorelln;.

Breeding Palrs settled a few days later on Pond H than Pond J.
Pond H was more than half ice-free on May 1, 1973 and had one pair and
a '?ﬁf male bufflehead. A second pair settled between May 5 and 7, 3
to 5 days after the pond was probably ice-free.

Pond K was fully ice-covered on April 30, 1973 but completely ice-
free by May 3. It was not known if any buffleheads settled on May 1 or
2 but by May 3 one lone male bufflehead was present. By the afternoon
of May 4 two pairs of buffleheads were present on Pond K. Thus by
May 3, 1973 all three ponds (H, J and K) were Ice-free and each occupled

by at least one pair of buffieheads.
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In 1974 on April 27 | saw the first bufflehead, a lone male, on
partially ice-free Pond J. This pond was ice-free by April 29, 4 days
earlier than in 1973. Three colour-marked females, all paired upon
arrival, returned to Pond J in 1974. | saw the first of these females
(F B) on April 28 at Pond M, then at Po:a J the next morning. The two |
other colour-marked females with their mates were first seen at Pond J
on May 3 and May 4.

On ice-free Pond H | saw one unmarked pair on April 30, 1974 and
two pairs on May 14 (a colour-marked female and her mate and an
unmarked pair). f

In summary the break-up period of the study ponds occurred from
the last 2 to 3 days of April to the first 2 to 3 days of May. iIn both
years breeding pairs of buffleheads settled on ponds partially ice-free
and/or within a few days after ponds were fully ice-é}eé. Breeding

pairs settled a few days earlier on bog Pond J, than either cattail

Pond H or 1ily Pond K.

Migrational Homing

The degree of migrational homing by adult females to the study
ponds was determined from the return of colour-marked birds. Six adult
females (four from Pond J éhd two from Pond H) were individually
colour-masrked in 1973. Four of these females returned to the study

ponds the next year. ’

All three marked females that returned to Pond J in 1974 occupied
this pond while nesting and/or with a brood the previous year. The only
marked female that returned to Pond H was resident there throughout the

nesting and brood periods the previous year. These returns of adult

female buffleheads provide evidence of a high degree of precise homing
) -

Sy
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to the same small ponds used the previous year. Evidence from a much
larger sample (Erskine, 1961) indicates a strong tendency for adult
female buffleheads to return to the same lake where they nested at the
previous year. Thus females appear to exhibit a strong homing tendency
to both lakes and ponds.

Migrational homing among other species of female ducks has been
well documented, for example, In speclies of ground-nesting dabblers of
the genus Anas (Sowls, 1955), the lesser scaup, a ground-nesting diver
(Trauger, 1971) and the cavity-nesting wood duck (Aix sponsa) (Grice
and Rogers, 1965).

The return of individual*male buffleheads to a specific breeding
site used in previous years has not been documented. During this study
only one adult male bufflehead was colour-marked. This paired male,
B(K), but not his mate, was caught and mdrked at his breeding Pond;K on
June 12, 1973. On May 30, 1974 | saw M B(K) with an unmarked female on
the same part of the pond it occupied the prev{ous year. This pair was
not seen on vislits to Pond K on May 10 and 14 but was seen on two
subsequent visits on June 3 and 5. -

These oﬁservatlons of the only paired male marked suggest that
male buffleheads also may tend to return to the same breeding po;d used
previously. Observations were too infrequent to determine If M B(K) was
paired on arrival, or homed to the breeding grounds ind acquired a mate
there. For several reasons M B(K) may have been paired to the same
female as in the previous year, and was paired on arrival, and thus
merely followed his mate home. Evidence preicntcd later suggests that
females select the breeding pond and the palr?spoc. at that pond. Also

pair bonds of buffl‘geads could be renewed either on the wintering

. r
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grounds, because Erskine (1961) provided gvidence that both sexes tend
to return to the same areas in successive winters, or“during spring
migration, if they use the same stopover points, because Erskine (1961)
suggested that many male buffleheads start migration unpaired. Finally,
if males home to the breeding grounds separately from females then pair
bonds could be renewed there. The return of male buffleheads to
wintering, moulting and breeding areas in successive years suggests that
their homing tendency is well developed.

Poston (1974) provided evidence of migrational homing by unpaired
male northern shovelers (Anas clypeata). The only marked male
shovelers (two adults and one juvenile) to home to his study area were
all unpaired on arrival. Grice and Rogers (1965) found that among
cavity-nesting wood ducks only ten percent of adult males returned to
their natal and/or breeding areas. |t was not stated if these males
were paired or unpaired on arrival. Recoveries elsewhere led Grice and
Rogers (1965) to conclude that male wood ducks, because‘they apparently
form pairs on the wintering grounds with females from other populations,

tend to follow a female to her natal area rather than his own.

A}

Survival of Adult Females

Adult female buffleheads appear to have a high survival rate,
based on small samples. In this study, of six a&u}t marked females,
four returned to the study ponds, a survival rate of 67 percent. An
even higher survival rate was found among the first eight female buffle-
heads recaptured at thelr nest sites In interior British Columble
(Erskine, 1972:172). From mortality rates given by Erskine (1972:179)
| calculated the average annual survival rate for these eight females

to be 76 percent for the first five years, or 72 percent over a J-year

-
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period. On the basis of all recaptures of adult female buffleheads at
the nest site Erskine (1972:177) calculated their annual survival rate
to be 50 percent, only slightly higher than that obtained from recover-
ies of banded birds. Erskine (1972:180) pointed out that the numbers of
'a breeding population of buffleheads in British Columbia could not be
maintained ''unless the survival rates of first-year birds or of mature
females or both were higher than those here obtained from banding
recoveries and recaptures''. Female buffleheads first breed at the age
of two years (Erskine, 1972:84). Ricklefs (1973) showed that among
birds in general the greater the age at first breeding the higher the
annual adult survival rate. In birds first breeding at the age of two
years, such as swifts, herons, geese, owls and shorebirds, the annual
average survival rate ranged from 60 to 80 percent (Ricklefs, 1973).
This general relationship between age at first breeding and average
ahnual survival rate, and the survival rate of adult female bufflieheads
based on small samples suggests that a 50 percent average annual
survival rate of adult female buffleheads is an underestimate. Thus
the survival rate observed in this study (67 percent) is probably more

realistic.
4

Distribution of Breeding Palrs on Ponds

Pattern of pair-spacing was determined in May 1972 by censusing

breeding buffleheads on ponds along 13 km (8 miles) of road: Of zb.ﬁfen

ponds, six had breeding buffleheads (three ponds each with one patr,

and three ponds each with two to three pairs). This distribution 3
a clumped spatial pattern of breeding palrs (Fig. 6). This pattern
reflects the distribution and availability of ponds and nesting

habitat sultable for buffleheads.



Figure 6.

Distribution of breeding pairs of buf fleheads on ponds
on the study area in 1972. ‘
Letters refer to indivfdual ponds visited and numbers
in parentheses to the number of pairs of buffleheads on
each pond. Zero indicates ponds with no pairs. No
ponds are denoted with letter 0. Stippled areas
represent open water of lakes, but not ponds. Thicker
lines are roads.
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Numbers and Densities of Breeding Pairs on Ponds

The nd densities of breeding pairs resident on the study

ponds v ponds for each year, but was relatively constant

fog the ween years (Table 2).
that maintained a pair-space on a study pond

th nd early June, and were known to have nested or most

ik are termed residents. Colour-marking of individual
fema d that a sample of birds in the Pond J area definitely

cons i two groups of breeding pairs: 1) the resident breeding

pairs, 2) breeding pairs that failed to establish a %?ir-space on
Pond J, occupied nearby peripheral ponds and nested nearby.

Because latter group were resident in the Pond J area, but not on

Pond J, | pose to call them peripheral breeders, rather than non-
residents.

* Both nt and peripheral breeding palrs occurred in the Pond J
area in 1974. In 1973 both the two resident females on Pond J
and two Ipheral females were colour-marked. Qne peripheral pair

occupied small pondi arand Pond J (Fig. la) and the female of this
pair (F Y) nested in a cavity within 50 m of Pond J. The other periph-
eral female (F B) was first individually recognized with her brood on a
small pond adjacent to J, and then on Pond J.

In 1974 the three paired females resident on Pond J were all
colour-marked. A peripheral female (F Or) nested nearbyl and settled
on Pond J with her brood. A second female, may havé been a peripheral
breeder, because Pond C north of J was not occupied by any resident
breeding pairs, but an unmarked female with a brood arrived there.

Therefore on Pond J there were two and three resident breeding pairs In
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1973 and 1974 respectively. In addition there was at least one and
probably two peripheral breeding pairs in both years in the Pond J
area.

The sample of breeding pairs in the Pond H area includes resident
breeding pairs on Pond H, in addition to other females that settled on
Pond H with their broods. With unmarked individuals it was not clear
whether this latter group were resident pairs that settled on Pond H
later than the known resident pairs, or were peripheral breedinglfairs
that occupied nearby lakes, rather than ponds (see Fig. 6). In 1972
there were an estimated three breeding pairs, and four broods on
Pond H. However, it was not known whether these broods were with
females of resident or peripheral breeding pairs. .

In 1973 there mere definitely two resident breeding pairs on Pond
H, with one of the females colour-marked (F R-W). Female R-W arrived
with her b(POd at Pond H, then another female with a brood arrived but
left soon after. A third female with a brood arrived between July 19
and 21. This latter fepale had no pair-space on Pond H at the time she
would have been laying, so she must have been a peripheral breeder
that brought her brood to Pond H. ‘ .

The sample of breeding pairs seen in the Pond K area included resi-

L4

-

dent pairs that presumably nested, and late ar‘iving pairs that settled
on Pond K then dispersed. In f973 three resident pairs settled, then
two other pairs arrived later, but subsequently lé?&. Uitho;t marked
individuals it was not possible to kpow the exact statdl:of breeding
pairs. However, the numbef of resident pairs on Ponds K, L _and |

(Fig. 6) always exceeded the subsequent number of broods on these ponds,

suggesting that few If any peripheral breeding pairs nested nearby.

%



SEACTING BEHAV IR S BREE CING PATRY,

Pttt
BRI T B O I IV T Y A SIS Pharts as et ined here as any behgy

cothat g e ! ditterent naghitats and SPdces out par s
W TN ven b (gt SPacing bebavionr of hreeding pairs of buttle
Pedds o hondte ey alve s two o madc - lement - Pothe selection of g pond
et res g habtitat, and 20 gy nia i hehay oy ¥ may serve to
drsperae pairs to ditferent ponds, or to space Pairs on a single
pond Sexaal tebavioyr on the breeding grounds, such as pair-mainte-

nance di1s; 3y and copulatary behaviour, is included here as spacing
behavicur because it is space-related This section emphasizes
agonistic and sexual behaviour of buffleheads on ponds in relation to
space and time. For the present it seems preferable to use the term
space (for example, pPair-space or brood-space), rather than territory,
to denote that part of a study pond held by a pair or individual . The
territory concept has generated much controver ay when applied to ducks,
so use of this concept in relation to my findings will be evaluated
later. The time referred to here is the nesting period from the arrival
of pairs to the hatching of young.

Fighting between male buffleheads at more or less fixed positions
in space, when their mates were boph present and absent, was first
recorded at one pond in 1972. At this pond (J) the two resident pairs
were observed only during the incubation period. Most fights were
recorded during the first two weeks of incubation, but fighting persis-
ted into the third week, when the pair bond of one o;.the males

apparently broke. These observations of use of the pair-space by

paired females and fighting between their mates along a boundary zone
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e ted that vales maintare g exclanive partospace tor therr mates
to gt the entire nesting petod
Ohservations of buffleheads in 1973 at three ponds confirmed the
atove general nature of their aqonistic behaviour patterns in relation
1o space, but showed that at ditterent ponds the resident pairs

“aintained pair-spaces tor varying periods relative to the breeding

cycle

In both years no individuals were marked during the nesting period
while the pair-bond was intact and observations were incomplete at any
one pond for all stages of the breeding cycle. Thus the exact nature
of the spacing mechanism over time remained unclear.

In 1974, however, the spatial-temporal relationships between and
within pairs were determined at one pon daily recording the social
interactions of marked individuals dury all stages of the breeding
cycle. The rest of this section consists of three parts. Part |
describes tpe sexual and agonistic behaviour of breeding pairs, Part 1l
describes and quantifies agonistic behaviour in space and time, and

Part 111 deals with sexual behaviour in space and time.



Part |. Description of Sexual and Agonistic Behaviour

Sexual! Behaviour

Sexua! behaviour in buffleheads Is space-related as it assists to
maintain the pair-bond and the maic‘s attachment to a space for the
duration of that bond.

In describing sexual behaviour of buffleheads | have used the
terminology of Myres (1959a; 1959b) and Johnsgard (1965) , and have
followed the ethological convention of capitalizing ritualized behaviour
patterns which are Q;nsldered to be displays.

Sexual behaviour of buffleheads has been described in detail
(Myres, 1959a; 1959b) and summarized (Johnsgard, 1965; Erskine, 1972,
Drury et al., MS) so brief mention of their terms and display sequences
supp lemented by my own observations should suffice. Although pair-
forming displays and sequences, such as Fly-over and Landing,
Alternating and Cutting-out (Myres, 1959a), do occur on the breeding
grounds they are not considered here as adult females were paired on
arrival at the study ponds.

1. Pair-maintaining Displays

a. Female
The two most common female displays are Head Display and

Following (Myres, 1959a). Head Display Is similar to Crest-

erection of males. Following is the female's main response to male

display. In response to Leading by a particular male the female
rushes after, and follows him, gives a loud, gutteral call, and
alternately extends and withdraws her neck (Myres, 1959a).

Drury et al., (MS) describe two other female patterns of<

behaviour, the Side-to-Side and Sweep,(gbth of which express

40
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aggressive and sexyual elements and occur when the pair are close
together, either in the ab;ence (Side-to-Side) or in the presence
of another male (Sweep). In the Side-to-Side, Drury et al., (MS)
describe the female posture as intermediate between a4 crouch and
Head-forward (Myres, 1953a) of the male, and that in the Sweep a
female threatens a rival male. | observed an individual (FY) with
similar behaviour to the above patterns. This female adopted a
crouched posture while fairly stationary and close to her mate
engaged in a threat encounter with a neighbouring male.” As her
Mmate dove she called and stretched her neck in response to the
approach of a rival male in the Head-forward posture. | did not
distinguish between the Side-to-Side and Sweep.
b. Maje

The most common male display is Head-bobbing (Myres, 1959a) ,
perhaps more correctly‘termed Oblique-pumping (Jo, sgard, 1965§).

Three sequences of dfsplay, that apparent function to
maintSIn the pair bond, occur on the breeding grounds. _The first
Is an approach flight and/or approach swim - Head-bobbing - Leading
(Myres, 1959a) with or without Lateral Head-turning and Bi]]-
pointind“?dohnsgard, 1965) by the male to the female, and Following
by the female. Bill-pointing, tﬁe rapid bill movements by a
Leading male back towards the female Following, has been termed
Pecking (Myres, 1959a) or Ticking (Drury et al., MS). | observed
this sequence throughout the breeding cycie more often than those
below. |

The second sequence by a male is the Display Flight (Fly-

over-Landing) - Headshake-forwards - Wing-1ifting - Head-bobb ing

»
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(Myres, 1959a). Hyres‘(|959a) states that Wing-lifting is some-
times not performed in the sequence but it always precedes high
intensity Head-bobbing. Johnsgard (1965) reports that the Folded-
wings-lifted posture (wihg-lifting) sometimes briefly interrupts
Oblique-pumping, and then the latter display is usually resumed.
He does not link Wing-lifting in the Display Flight sequence,
instead he describes Short Flights ending in Wing-flaps (my
sequence three). On a few occasions | saw Head-bobbing punctuated
by Wing-1lifting, but my observations agree more with those of
Myres' since Wing-1ifting was mostly seen in the Display Flight
sequence preceding Head-bobbing, rather than following It. My
1974 observations of paired colour-marked females suggest that the
Display Flight sequence with Wing-lifting mostly occurs during the
prelaying and laying periods, and that the first sequence above

is the more frequent one during the incubation period.

Johnsgard #(1965) described a third sequence by a male as
ritualized Short Flights followed by Wing-flaps as he lands near a
female. | frequently observed this sequence especially after
intra- and*iqterspecific aggressive encounters. A male also
performs this sequence of behaviour patterns in the absence of ﬁls
mate, suggesting that the first two sequences have a more specific
function in pair maintenance, whereas the third sequence has a more
‘general function, perhaps in malntenance of space.

Other'pair-malntalning displays are Crest-erection (Myres,
1959a) by males, and Diving-as-a-pair (ErSkine, 1972). Thé latter
display was seen more often durlng,prelaflng than during J%y other

stage of the breeding cycle. Finally, evidence that.copulatory
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behaviour functions to maintain the pair bond is presented later.
Analysis of the frequency of these displays in various
situations and in relation to the breeding cycle is needed to
)

clarify their function in regards to maintenance of the pair bond.

2. Copulatory Behaviour

The female assumes a Prone posture while the male performs two
precopulatory displays: the Water-twitch and Preen-dorsally. Then the
male mounts the female, waggles the tail from side to side during copu-
lation and may give a Wing-flick (Flick-of-the-wings) about the time of
intromission. The sequence of post-copulatory behaviour is Rotations by
the pair, then male Plunge and/or Splash-bathe: Upward-stretch, Wing-
flap and Tail-wag, while the female bathes, and gives ypward-stretch,
wing-flap and tail-wag (Myres, 1959a; 1959b). N

My observation; agree with Myres (1959a; 1959b) and Johnsgard
(1965) that Water-twitch is more frequent than Preen-dorsally. The
sequence of copulatory behaviour | saw in June 1974 contradicts

Erskine's (1972:33) statement that the two pre-copulatory displays "are

each repeated several times, in no particular sequence''. | observed
that Water-twitch initiated the sequence and was followed either by
Preen-dorsally, or mostly by one or more Water-twitches, then Preen-
dorsally, and this sequence may be repeated one or more times. Water-
twitch preceded and followed each Preen-dorsally. Mounting was preceded
by the Water-twitch. Wing-flick was not seen. Post-copulatory
behaviour varied among individuals. Pair Y performed faster Rotations
than either pair W or pair B. The mate of F Y usually Splash-bathed

S~
with no Plunge, whereas MW and M B mostly Plunged.

.

Myres (1959a; 1959b) mentions that first attempts at mounting

v



oq32 of 12 occasions and® apparently successive attempts were unsuccess-
ful as Rotations and male Plunge were not seen. | observed many
copulations in which the first attempt was unsuccessful, but most of
these were followed by a successful copulation. When a male slipped off
the back of a female with no Rotation or Plunge, he usually quickly gave
either a Water-twitch, or Water-twitch - Preen-dorsally - Vater:twitch

followed by a successful mounting and post-copulatory behaviour.

Copulatory behaviour in relation to space and time is dealt with lated.

Intraspecific Agonistic Behaviour )

In describing the agonistic behaviour of male buffleheads | have
again capitalized ritualized behaviour patterns, such as the Head-
forward posture, which are‘distinguished as displays by Myres (1959a)
and Johnsgard (1965). | trave not considered as displays any agonistic
behaviour patterns that involved movement toward or away from an
opponent (such as in an approach - withdrawal encounter) or behaviour
patterns Involving pure attack and escape elements (such as supplanting
attacks, retreats, fighting, flap-paddle chasing on the water surface,
and aerial pursuits). Therefore these behaviour pat;Lrns have not been
capitalized.

VitQ the exception of the Head-forward posture (Myres, 1959a),
descriptions of agonistic behaviour have been brief, incomplete and
mostly associated with pair-formation (Myres, 1959a; Erskine, 1972;
Drury et al., MS).

Agonistic behaviour patterns in relation to space will be desérlbed
in terms of encounters Setwqen males. An encounter involving two paired‘
males refers hars to a continuous sequence of agonistic behaviour that

ends when one male engages in other activity such as Wing-flap Display,

Ly



preening, swimming or flying away from his opponent. Efcounters
involving males were classified into five categories according to their
intensity and sequence of behaviour patterns, and further subdivided
according to the number and sex of other individuals involved. Agonis-
tic behaviour is described below in order of increasing intensity.
1. Approach - Withdrawal
a. Male - male encounters

These encounters, either between paired males or a paired
and an unpaired male, occur mostly within or near a boundary zone
when the approach of one male results in prompt withdrawal or
avoidance by another male. The most common form of approach -
withdrawal is swimming and diving. Only the approaching male may
assume a Head-forward posture unlike threat encounters where it is
performed by both males.

Approach flights were distinguished when one bird flew
toward and landed short of its opponent or its position, before the
latter escaped, usually by a retreat flight or retreai swim under-
water. When an unpaired male flew over the pair-space of a palred<;
‘male the latter often made a short approach flight and landed as
the intruder flew out of his palr-space.

b. Palir - male encounters
i. Palred male - palr boundary encounter
When a paired male swims and dives toward a neighbour-
ing female or pair wlthln'or near a boundary zone, the male
with the fema!e withdraws by rapid Leading with his mate
Following. ‘ ‘

ii. Unpaired male - palr encounter inside the pair-space of
the palr

L5
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This encounter occurs when an unpaired male performs
the Display Flight sequence close to a pgired femasle with her
mate. The paired male responds by Leading his mate away and
she responds by Foldowing. The paired male may then attack the

unpaired male.

2. Threat

Reciprocal threat eﬁcounters occur mostly bgﬁween two paired
neighbouring males along a boundary zone, but sometimes involve an
unpaired male or three males. A male approaching a boundary zone by
either swimming and diving and alternately surfacing in the Head-forward
posture, or especially by an approach flight, provides a visual stimulus
for a neighbouring male to respond with a similar approach and then a
threat encounter ensues. Opponents then face each othef in the Head-
forward posture and maintain an individual distance of 20 to 30 m by
diving attacks and escapes back and forth along a boundary zone. |If the
attacker C in the Head-forward posture turns and dives toward its
opponent, the attacked D usually responds by an escape dive and retreat
swim underwater either laterally or directly away from C. Both birds
usually surface in the Head-forward posture. C usually responds in one
of three ways: 1) C dives in escape in response to D's attack dive; 2)
C turns and/or swims away from D and C responds by approach swimming and
diving; or 3) when D escapes laterally C may dive in attack. In this
way attack and escape movements may continue from 1 to 5 minutes, some-
times longer.

One bird usually ends an encounter by an avoidance flight or by
swimming away an& preening for a minute or more. Threat dliplay along a

boundary zone may be interrupted by momentary preening or wing-flick for
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a few seconds and then be resumed.
kY

During threat encounters | confirmed that interacting males
capture invertebrates during diving because on many occasions }hey
surfaced with green animals, presumably Chironomidae larvae, in their
bills and mouthed them on turning away from their opponent. Feeding was
especially noticeable when individual distance was maintained at 30 m or
more. Presumably this feeding was displacement activity, but the
possibility that it was furictional cannot be excluded. Sometimes in
encounters between paired males, one male remains close to his mate
while she feeds and either performs quick shallow dives or remains in

the Head-forward posture or crouched in response to his opponent's

diving.

3. Attack - Retreat ,

This encounter is initiated when the attacker makes a supplant-
ing attack directly at an intruder. The bird attacked r;trgats and the
aggressor occuplies its vacated or a nearby position a moment later. One
attack is often sufficient to expel the intruder, but if it only
retreats a short distance, the attacker makes repeated attacks until the
trespasser *flees from the pair-space. Retreat by the attacked ends the
encounter. There is no aerial pursuit.

Three types of supplanting attacks can be distinguished, the
attack underwater, attack rush and aerial attack, which increase in °
intensity from low to high, respectively. The bird attacked responds by
escape ine and retreat swim underwater, retreat rush or retreat flight.
All these responses were recorded for each intensity of attack. For
example attack flight by the attacker usually elicited retreat flight by

the attacked @iat sometimes the latter made an escape dive or retreat

L7
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rush to avoid an attack flight. Attack flights varied in length from
10 m to 100 m. .

Most supplanting attacks were by paired males directed at
unpaired males that intruded well within the pair-space of the forqer.
Established paired males rarely intruded into their neighbour's pair-
space much beyond the boundary zone. A supplanting attack by a male at

a female is described later.

L. Fighting _

Hinde (1952) and Marler (1956) used the term fighting to
include both supplanting attacks (with no contact between: individuals)
and combats (with contact). Raveling (1970) and Ridpath (1972a) used
fights to refer to situations where only contact occurs. An intermedi -
ate situation to the above is fighting in blue-winged ducks which
McKinney (1970) describes as mainly posturing and attack lunges with
little contact. Similarly in male buffleheads | use fighting to refer
to reciprocal attacks at close quarters whether contact is seen or not.
Contact is not consplicuous in underwater fighting, but is clearly seen
during fights on the surface of the water when one bird sometimes seizes
another.

Munro (1942) and Erskine (1972) each saw one fight, apparently
associated with pair-formation. Myres (1959a) reports that threat may
lead to fights but gives no description. Thus fighting has been rarely
seen, and has not been described in any detail nor in relation to space:

Fighting between neighbouring males occurred in four situations
according to their position in relation to boundary zones, and involve-

ment of females. ‘



a. Male - male encounters
i. Boundary fights

These fights, mainly between paired males, but also
between a paired and an unpaired male, were seen often but much
less frequently than threat. wHost fights follow threat
encounters and occur within a boundary zone when individual
distance is reduced rapidly to 10 m or less. Opposing birds
dive in attack and a fight erupts underwater accompanied by
vigorous splashing and wing thrashing with the birds mostly
submerged. Presumably contact often occurs underwater. When
the combatants surface, one bird sometimes has hold of the
tail, back or a wing of its opponent which vigorously flaps
away to get free. when the attacked bird break; free it may
continue fighting or flap-paddle in retreat prompting its
opponent to initiate a flap-paddie chase (described later).
Males fighting on the surface of the water constantly change
positions and repeatedly miss contact as they lunge at each
other and jab down with open bills. During flap-paddle chases
the pursuer sometimes grabs the pursued by the tail or backf
Fights usually last less than a minute. Fighting !ncountérs
usually end with both males side by side giving an appeasement
display then the Wing-flap Display (both described later) .

g ii. Fights inside a neighbour's space

A male, chasing an unpaired male out of his pair-space

or attacking other species of ducks, may suddenly land withi;

his neighbour's pair-space or within the boundary zone. In

‘e. the occupant promptly launches an aerial attack



djrectly at the intruder and fighting follows if the latter
does not flee.
b. Pair - male encounters
i. Pair attacked inside their own space by male intruder

wWhen a rival male directs an attack flight at a
neighbouring female inside her pair-space, one response by her
mate is to fly over in defence, intercept his opponent's
attacks and fight with the intruding male.

11. 1Intruding pair attacked inside their neighbour's space
by resident male

A female intruder inside her neighbour's pair-space
releases an attack flight by the resident male. The mate of
the attacked female, if not by her side, flies over to defend
her, and a fight between the males may break out.

c. Flap-paddle chasing
These chases between two males can be included as fighting
because they often interrupt or terminate boundary fights and
three-bird encounters within a pair-space. A flap-paddle chase
refers to two males, one in pursuit of the other, rushing and flap-
paddling wltg their wings over the water for a short distance.
When the attacker makes a rush or lunges with open bill at an

opponent, the attacked may flap-paddle in escape prompting the

attacker to Initiate a flap-paddle chase.
[

o

5. Aerial Pursuit Between Two Males
a. Paired male - unpaired male
In most aerial pursuits a pilred male chases an unpaired

male. When an unpaired male flies low with intent to land, or



lands within the pair-space of a paired male, the latter usually
launches an immediate aerial attack and aerial pursuit of the
intruder in retreat flight. The pursuing male breaks off the chase
and lands near his boundary zone as the trespasser flees from his
pair-space.

b. Paired males

Aerial pursuit is infrequent between established paired

males. In contrast, aerial pursuits are frequent, energetic and
long lasting when one male is re-establishing a pair-space after a
temporary absence of several days because of disturbance or
exclusion. In vigorous aerial pursuits the pursuer opens its bill
and occasionally grabs the tail of the pursued in flight and they

often plunge Into the water.

6. Three-bird Attack and Pursuit Encounters
a. Pair - paired male neighbours .

wWhen an intruding paired male attacks a neighbouring female
of a pair her mate flies over to defend her. Tactics preceding
attack are as follogs. "During threat encounters between two paired
neighbouring males C and D, male C swims and dives away from pair D
and male D follows without his mate. Thel{male C dives toward
female D, so that male C surfaces closer to female D than male D.

.

When male D dives, male C (instead of diving in response) directs
an aerlial attack at female D while her mate is underwater. Counter-
acting tactics by the male of a pair are to stay close to his mate
during threat encounters and to dive shallowly and surface qu!ckly,
so that he can fly to his mate and intercept any attacks by his
opponent before the female takes flight. The att;cked female dives

/

/
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rotashes eocape s bt gl toe cetreat espescally when hed
nyte 1 fiow o Jetend ber A three bird parsait-thoght occurs
when the temale takes tlight pursued by the attacking male with

her mate followinyg During high intensity pursuit-flights the
attacking male lunges at the female of a4 pair in the air, and when
her mate catches up to them he buffers the attacks by constantly
positioning himself between his mate and the attacker. Females
appeared to be much more manoeuvrable in the air than males, so the
attacking male rarely succeeded in grasping a female. The attacked

pair may be temporarily forced off the pond but a tenacious temale

soon returns.,

In high intensity three-bird encounters on the water,  the
attacker (male (), after maklng an aerial attack, repeatedly lunges
at female D while Mer mate (male D) continually tries to intercept
the attacks. Fighting often erupts between the two males. At the
end of a fight the mate of the attacked female flies over to her,
performs rapid Leading and she responds by following. |f the three
birds land tugether after a pursuit-flight, the defender (male D)
also performs rapid Leading with his mate Following. If the
attacker still remains near the pair after Leading and Following,

e 'her at the end of a three-bird“flight or a three-bird encounter
on the water, the mate of the female usually dives in attack
underwater. Male C usually responds with a retreat flight, but

may flap-paddle in retreat prompting male D to initiate a short
flap-paddle chase before male C flies in retreat to his pair-space.

Low Intensity three-bird encounters occur on the water

&
1

between established pairs. Male attacks at a paired female are not



persistent or vigorous and gre inhibited when her mate flies over v
to defend her, and pertorms Leading with his mate Following. The
sequences of behaviour patterns in high and low intensity three-

bird attack and pursuit encounters are shown in Figure 7.

Three-bird pursyit-flights may allso occur shortly before a
resident pair flies toward the nest site. When the pair take
ttight and circle the pond, a neighbouring male flijes up in attack
and sometimes forces the pair to land again.

b. Strange pair - neighbouring male .

A three-bird pursuit-flight occurs when a strange pair
attempts to settle on a pond already occupied by resident conspe-
cifics. As a strange pair flies over a pond and attempts to land
in a pair-space, one resident male after another repeatedly chase
the strange pair from their pair-spaces until eventually the

strange pair leaves the pond.

7. Appeasement Display

Males give an appeasement display during fighting on the water.
Two males cease attacking and orient themselves alongside each othér in
a parallel posture with the head forward, wings flicking and tail
elevated. One bird, usually the loser of an encounter, turns his head
away and they both swim apart. This appeasement display which | shall
term Facing Away (after Tinbergen, 1959) serves to conceal the bill
(fighting weapon) and inhibit attack (Cullen, 1957). The bird that
initiated Facing Away swims away and may glance back at its oppoﬁent,
who sometimes makes an attack rush. Another short fight or flap-paddle
chese may occur, or the attacked male dives and retreat swims underwater

before both birds swim apart and end the encounter. Similarly in the



“igure 7. Sequence of behaviour patterns in attack and pursuit
encounters among a paired male and a neighbouring pair.
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kittiwake (Rissa tridactyla) Cullen (1957) observed that attack is not

t
appeased completely and may continue on an opponent or be redirected at

a mate.

The Facing Away appeasement posture is widespread among gulls
(Moynihan, 1958; Tinbergen, 1959), but, except for Myres (1959a),
appeasement display has not een described for ducks {Lorenz, 1951,
1952, 1953; McKinney, 1961, 1970; Johnsgard, 1965). In Canada geese
(Branta canadensis) Raveling (1970) describes a Submissive posture which
"serves the functions of identifying single geese, allowing approach,
habituation, and ultimately pair formation'' and ''also serves to prevent
violent attacks''.

in buffleheads the Upward-stretch and Wing-flap following
fighting and occurring during palr-formation were consider;d %9 Myres
(1959a:186) to be an appeasement display. After fighting male buffle-
heads Face Away and do not perform the Wing-flap until they are well
apart from each other. Thus it Is unlikely that the Wing-flap Display

R

-.uﬁould serve to inhibit attack at close quarters and therefore should

not be considered an appeasement display.

’

8. Wing-flap Display
This display usually, but not always, termlﬁates fighting,
attack and pursuit encounters. The sequence of d}splay components is
Splash-bathing (Head-dipping - VIhg-ruffllng) - dpuard~stretch - Wing-
flap - Tall-wag. ‘ln male - male encounters Wi ;-flap seems to be

usually initiated by the loser, then performgd by the winner. In some

situations, regardless of whether an apparent loser flies to his mate
or stays near his opponent, the winner Wifg-flaps first. Thus inltia-

Eion of the Wing-flap Is not a reliable ndicator of the outcome of an



encounter. Further study of the context of th

before it can be used in predicting outcome.

e Wwing-flap is needed
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Part I1. Agonistic Behaviour in Space and Time

Introduction

These results deal firstly with selection of a particular part of
a study pond by buffleheads and then emphasize the spatial-temporal
relationships between and within pairs on these ponds.

The space occupied by four colour-marked adult females in
successive years suggests that selection of a particular part of a pond
may be initiated by the female of a pair. Three marked paired females
returned to Pond J in 1974. Only one of these (F W) occupied the pond
as a resident nesting female in ‘973.‘ The other two females (F B and
FY) were first resident on Pond J in 1973 as females with broods. In
1974 pair B arrived first and settled on the same space (east-end bay)

.selected by F B with a brood in 1973 (compare Fig. 10 - Map 1 and Flé.
20 - Maps | to 9). Pair W arrived next and settled nearest pair B's
space, rather than in‘the north-west bay occupied apparently by two
transient pairs (Fig. 10 - Map 1), perhaps because F W preferred to
settle nearest the east-end bay which she occuplied as a nesting female
the previous year. On arrival F W repeatedly trespassed into the east-
end bay strongly suggesting she preferred this space. Pair Y arrived
last and settled in the north-west bay, the core area of the space
occupled by F Y with a brood in 1973 (compare Fig. 10 - Map 2 and Fig.
20 - Maps 1 to 9). On Pond H in May 1974 a paired female (F R-W)
settled on the same space she octupied while nesting and with a Sf;od )
in the previous year. Thus the most important factor in selection of i
particular palr-space appears to be the female's previous familiarity

with it either while nesting or with a brood. Moreover, 3 female that

-successfully raises a brood on 2 particular pond or space may have a
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stronger tendency, than a female that is unsuccessful, to return there
as a nesting female the following year. Of the four marked females
that returned to the study ponds in 1974, only F W failed to rear a
brood in 1973. However, the nest cavity used by FWin 1973 was
occupied the previous year by an unmarked female which arrived at Pond
J with a brood of 12, nine of which apparently survived to fledging.
Adult female buffleheads show a strong tendency to use the same nest
cavity at least in two successive years (Erskine, 1961; 1972) and to
return to the same ponds used previously (see above). Although F W
deserted her clutch in 1973, it seems highly likely that this unmarked
female that successfully reared a brood in 1972 and used the same nest
cavity as F W did in 1973, was In fact F W. Therefore all marked
females that apparently selected a pair-space on the study ponds in
1974 probably successfully reared broods there in previous years.

Selection of a particular pair-space appears to be modified by
environmental stimull at the time of settling. The most important of
these stimuli probably Is the density and location of other bufflehead
pairs in relation to the sultable bays of the pond. Other pond charac-
teristics such as the shoreline vegetation and availability of food and
loafing sites are possible additional cues that birds use in selecting
8 space. . | °

On the lleonce prosenkbd, the female Initiates selection of the
palr-space. However, it |s possible that at times paired male buffle-
heads select the space, for example, M 8(Kk) oécupldd the same space in

;:E;uccossI;0 years but hny"ave merely followed his mate to the space

that she had selected.’’

For a detalled quantitative snalysis of spatia]-temporal
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relationships between and within pairs at least one member of each pair
should be colour-marked, the precise stage of the breeding cycle known
for each pair and for statistical purposes there should be a large
number of interactions recorded. Only the 1974 data for Pond J met
these conditions. Analysis of these data first should provide a frame-
work for comparing data for other years and habitat types. Unless
otherwise mentioned all data refers to that for Pond J in 1974. The
1973 data revealed variations in the nature of spacing systems and
differences in social behaviour in:relation to the environment. These

w B
data are included where appropriate.

?

Establishment of Space - Pond J 1974

1. Introduction

Early arriving pairs that acquire a space on a pond by
settling do not alwdys remain to breed (Table 3). None of the early
arriving unmarked pairs became reﬁldents, even though one unmarked pair
occupied the pond on April 29 (ice-free date) and at least two unmarked
pairs settled there before F W arr}ved about 4 days léter.’ Also on
May 4, the day before F Y settled on the pond, three unmarked pairs were
present but none of these became residents. Thus arriving first does
not ensure that a pair will establish a space on the pond.

Next, only previously marked paired females became residents
(Table 3). 1in 1973 F 8 and F Y each reared a brood at Pond J, while
“F W was resident on Pond J during the nesting period. So only those
males mated to females with breeding experience on Pond J the previous
year succeeded in establishing a space there in 1974. The unmarked
pairs that left the pond may have been transients or were evicted by

A S

the resident males. Thus these unmarked pairs maylhave dispersed to

\
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Table 3. Numbers of pairs of buffleheads on Pond J during the period
of establishment from April 28 to May 8, 1974.

Colour-marked

Number of paired females
Date pairs observed present
Aprit 282 0 - .
29" 2 B
30 2 B
May 1 3 B
’ 2 2 B
3 4 B, W
4° 5 ) B, W
5d d] B, W, Y
6 b B, W, Y
7 B, W, Y
. 8 B, W, Y

3%pond J partially ice-free. Female B and mate seen at 2000 at bog
Pond M. .

blce-free date for Pond J.

CFemale Y and mate seen at peripheral pond near J at 1830.

90800 1 red-necked grebe, 2 bufflehead pairs (B, Y) on pond
0930 1 unmarked bufflehead pair arrived ~
1015 Pair W arrived



other ponds or remained in the Pond J area as the peripheral pairs.

How then do pairs establish and maintain a space? The behav-
ioural mechanisms involved appear to be complex so these should be most
clearly identified by a detailed analysis of changes in agonistic
behaviour between individuals in relation to space, time and the breed-
ing cycle.

Agonistic encounters were classified into five categories
described earlier: 1) approach - withdrawal, 2) threat, 3) attack -
retreat, 4) fighting, and 5) aerial pursuit. These encounters were
further subdivided mainly into male - male and male - pair encounters.
The number and category of these agonistic encounters between individ-
uals over time for different combinations of members of pairs are given
in Figures 8 and 9. ‘

The location of agonistic encounters between individuals
changed over time, sometimes daily, resulting in changes in boundary
zones and slize of pair-space§ of the residents (Fig. 10 - Maps 1 to 11).
in 1974 inaccuracies were greater in plotting the location of
encounters between M W and M Y than those between M W and M B. To
check the location of encounters involving M Y, on one afternoon |
determined the positions of M Y from the west side of Pond J, and these
were in general agreement to those | plotted from the blind on the
south side. Thus despite the above inaccuracies in plotting positions
of birds, | believe the maps accurately reflect changing spatial rela-
tionships between Individuals.

To determine how space Is established these dally changes,
especially from May k to 7, are analyzed in more ;etall. with emphasis

‘on the frequency, Intensity and locations of agonistic encounters
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Figure 8.

Frequency and intensity of agonistic encounters among two
males and their colour-marked mates oOn Pond J during May

and early June, 1974,

The numbers 1 to 5 correspond to the following. 5 categories
of male - male and male - pair agonistic encounters

described in the text.

1.

The relative stage in the breeding cycle of each of the two
marked females is presented parallel to the abscissa and
' indicated by the following letters.

2
3.
b
5

Approach - withdrawal
Threat

Attack - retreat
Fight

Aerial pursuit

. P - prelaying period

L - laying period

| - Incubation period
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Figure 9.

frequency and intensity of agonistic encounters among two
males and thelir colour-marked mates on Pond J during May

and early June, 1974.

The numbers 1 to 5 correspond to the following 5 categories
of male - male and male - pair agonistic encounters
described in the text.

1.

S A AV

Approach - withdrawal

Threat

Attack - retreat .
Fight :}

Aerial pursuit

The relative stage of the breeding cycle of each of the two
marked females iS presented parallel to the abscissa and
indicated by the following letters.

A
P - prelaying period ¢

L - laying period
| - incubation period ;

‘3

—
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figure

10.

spatial relationships among three resident males and their
colour-marked mates on Pond J between May 4 and June 6,

1974,

A male symbol, numbers or letters preceding deagmal
fractions and placed in each space oOn given days denotes
the f#ollowing individuals:

d unmarked unpaired male
1, 2 or3 unmarked pairs
B, Wor Y females individually colour-marked

with nasal saddles and their
respective mates

female blue and her mate
W female white and her mate
female yellow and her mate

Degi fractions following the above prefix represent the
arka of space expressed to the nearest 0.05 hectare (ha),

hgld by each pair or individual on given days. For

example, B-0.40, indicates a space of 0.40 ha held by
pair B. * )
Solid lines are boundaries based on locations of
interacting males engaged in threats and fights
especially, and other agonistic encounters. Dashed lines
are boundaries estimated from movements of indlviduals.
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between individuals. Changes in size of space and agonistic behaviour
in relation to the stages of the breeding cycle are emphasized later.
The establishment period was recognized as that interval from
the arrival of breeding pairs to the establishment of stable boundary
zones and the division of the open water area of the pond among the
pairs. These conditions appear to be satisfied by May 7 (Fig. 10 -
compare Maps 2 and 3), but from May 8 to 12 an unpaired male was again
resident on the pond (Fig. 10 - Maps 4 and 5). Thus the pond was not
totally divided up among the pairs until May 13 (Fig. 10 - Map 6) when
the unpaired male was no longer resldent; Therefore from April 29 to

May 12 was chosen as the establishment period.

2. Interactions Among Paired Males

From pair B's arrival on April 29 to May 3, when pair W
probably arrived, there was little aggression between the pairs. -On
May 4 hostility between pairs rose steeply as the newly arrived pair W
challenged mostly pair B. There were ten fights Involving M W, eight
with M B and two'with an unmarked paired male (M f); more than any
other day (Figs. 8 and 9). On May & F W repeatedly Intruded into pair
B's space resulting in more M B - pair W encounters than any o;her‘day
(Fig. 8). Of eight M B - M W fights, six were caused by F W's position
"in space and two of these ended in a threo-blrd pursult- fllght. Even
though pair W usurped some shoreline from palr B (Fig. 10 - Hap 1), ne
reslstcd?the intrusion of palr V.

On May 5 th& lull IQ 'lntn_ractlons probably reflects the
arrival of d red-necked ortbb-on‘mho pond snd the ghsence of pair U‘for,{zé;' !
n“rly half the observation portod. Thlt jr*ho gode frc- tho m : ;

CEa ' . RO

bY “.Y 6. ' A Sl aE o

i
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On May 6 M W diverted aggression away from pair B to pair 1.
Male W was involved in almost twice as many encounters with M 1} Fhan
with M B. There was only one fight between M W and M B, but four
fights between M W and M 1. Male Y had three fights with M 1, so
increased pressure from both neighbouring males was aﬁplled against M1
(Fig. 10 - Map 2, Figs. 8 and 9). Pair 1 left the pond sometime between
1800 on May 6 and 0800 on May 7. Their departure probably resulted from
Increased encroachment and aggression toward them at both their
boundary zones with neighbouring pairs, particularly the boundary zone
wl}h pair W, because pair 1's space and shoreline was about halved from
May 4 to May 6. Thus pair W's strategy to expand th;}r shoreline was

first to encroach and exert pressure on pair B's boundary zone, and

when this met with resistance, to apply pressure on their other neigh-

]
bours.

On May 7, with the departure of pair 1, not only did M W
interact nﬁro hlf!'h Y (19 encounte than with M B (13 encounters),
but the category of encounters dif ered marke@y (Fig. 10 - Map 3:
Figs. 8 and 9). Of ghe 13 encounters involving M B nearly all (11)

were male - male, mostly threat. However, of 1§ encounters involving

M Y nearly half (9) were male - male. Only two of the 13 encounters

involving M 8 were'male - pair (M W - pair B), whereas -more than Malf

of the encounﬂprs involving M ¥ (lO)‘were male - pair. Maje W initisted
all olght NV - pllr Y nncountcrs,by intruding . aerlal attacks at F Y,

Six of these aerjal utocks resulted In three-ifil pursult- fllghts,

because M Y was too slaw to dufond hls mate novortholoss each time F Y

*

seturned to her space. Palr V was forcod off the pond once but soon

'y urnu tenaclty ,f’

returned. Femsle ;ﬂ jnlr-spoco probably
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resulted largely from her previous experience with it. A female without
previous breeding experience on the pond may have been less tenacious
and more easily driven off the pond.

From May 8 to 12 (Fig. 10 - Maps 4 and 5) the increased
hostility against the resident unpaired male by the paired males is
described later. Among the paired males from May 8 to 12 (Figs. 8 and
9) ther; were few M B - M W encounters. Male W continued a high level
of aggression toward F Y up to May 12, when | believe F Y entered a
_sultable nest cavity for the first time since her arrival. It is note-
worthy that M W initiated attacks at F Y on May 9 and 11 when M W's
mate was away from the pond, but not on May 8 and 10 when M W remained
cJose to his mate on the days before she laid eqgs. The fewer three-
bird pursuit-flights reflects M Y's defence of his mate Qﬁ'tho water.
The high number of pursuit flights on May 12 are of & different nature.
These were all initiatéd by M W while palr Y engaged in nest-searching
flights and were not I&Rtiated by aerial attacks at F Y on the water.

On May 10 M Y firstgnade an Intruding aerial attack at F W.
& . .
)

3. Locatlons of Paired Male Encounters

\

\

Paired males established wide boundary zonestwithin which they
interacted mostly by threat and f!ghtlng encounters. These zones were
not fixed In space over glme but sogetimes changed from dey to dfy. .
However, for any glven day boindary zones were relatively stable because
the locations of alsost all mt}e encounters were clustered along a
definite boundary zone; most encounters occurred near the shoreline
(Fig. 10-- Maps l to 6). Thc wigth of'thc zone was determined by the

location of encounters nhlch varied accordlng‘.g the booltlon of the

encroaching individual and tho response of and distance to Its o'ponont

.

[ .
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Paired males initiate aerial attacks at the female of a neigh-
bouring pair, whereupon the mate of the attacked female flies over to
defend her. The approach of a neighbouring paired female or pair may
elicit attack by a neighbouring male. Thus even within boundary zones
the position of agonistic encounters could result from defence of a mate
or defence of a space. One way to distinguish between these two types
of defence is to know the position in space of paired females in
relation to their interacting mates, and to know the position in space
of the birds that release aggression. Three examples were chosen to
illustrate clearly'the position of paired females in relation to tthr
interacting mates and the boundary zones (Fig. 11). These examples
occurred on Hay.z when pair W actively challienged pair B both by deep
intrusion and encroachment at the boundary zone. In all three cases/it
was the challenger's behaviour and position in space In relation to a
boundary zone that released aggression by a paired male opponent. The ”
approach flight ogf:\fhallenglng palr (pair W) to a boundary zone was a
prime stimulus for she nelghbourln§ male (M B) to’respond'ﬁlth an
approach flight (Fig. 11 - Map i). Likewise thgtposltloo;of a nelghbour-
ing male (M W) at a boundary zone and his behavﬂ;ur (swl;n1?g>and dlylng.
in threat) elicited approach swimming and diving in thrcatrgy his a
opponent (Fig. l} - Map 2). In thé‘thqu case the position of the

N
intruding palr W cliclspd;bJproﬁsc'dlrect aerial attack by the resident

Y

M8 (Fig. 11 - ﬁip, ). ‘Indll c{’;s the male occupant initiating the
- JF

encounters rospoﬂdud to fhp chi\lcnger s position ih relatlon to a
boundary zone and not ;o the slatter's proximity to the former's mate.
Thus M B excluded cqa‘poclflcs from an a;ea, and was not just dofcndlng
the psssonal spece arapd his nto,fromthq 'ngrocd\ and attacks of .

i 5
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Figure 11. Release of agonistic behaviour in response to positions
in space and behaviour patterns of neighbouring males
with respect to positions of their mates, boundary zones
and area of space held by each pair.

Solid lines indicate the movements of male B. Dashed (
lines indicate the movements of pair W. Numbers inside
each map of Pond J refer to the sequential positions,
movements and behaviour patterns of opposing individuals
during agonistic encounters on May L, 1974 as follows:

Map 1.

1 Pair W land at position 1 after being away from
the: pond. :

2 Male B leaves mate and initliates an encounter
by making an approach flight and landing at
position 20

3 Male B approach swims toward pair V.
4 Pair Wwithdraw with male W Leading and female
W Following. ’ .
Map 2

1 Male W at boundary away from his mate. Male B

. with his mate. '

2 Male B initiates threat encounter by approach
swimming and diving toward male V. Male W
retreats, swimming and diving.

3 Male B continues approach swimming and diving.
Male W approaches, swimming and diving.

b Fight between male W and male B. 3

Map 3.

1 Pair B resting. Male W swims toward female V.
2 Pair W (female leading) swim toward and intrude
along shoreline into pair B's space while

pair.8 resting.

3 Male 8 alert, detects intruders. Male B swims
s short distance ‘towards trespassers.

L Male B asrlal attack at pair W. Brief fight
between male ¥ and male B, with male W
intercepting male B's lunges at female V.

5 Three-bird pursult-flight with male B-the pursuer.

6 HRale B breaks off pursuit and lands near the
boundsry zone as palr W flee into their own
space.

7 Male B swims toward mete. .

]
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neighbours. However, when a trespassing paired male attacks the female
of a neighbouring pair, the mate of the attacked female defends her
within their own space. Paired males even defend their mates within the
space o)\a neighbouring pair. Thus defence of a mate occurs in certain
contexts. Exc)udfng conspecifics from an area and defence of a mate are
-~
not mutually exclusive; both occur.
L. Interactions Among Unpaired and Paired Males

Two unmated males were present on Pond J on April 30 and May 1,
and one unpaired male from May 2 to 12, except for May 7. On May 4 and
5 a lone male was not attached to any partifular area of the pond,

.

rather it intruded within the pair-spaces and.approached near the
females of paired males, and was continuously attacked and chased by the

\
latter (Fig. 10 - Map 1). By May 6 a lone male was localized on a space

that presumably became vacant by the withdrawal of M B (Fig. 10 - Map 2).

On May 7 there was no unpaired male on the pond. From May 8 to 12 an
unmated male, presumably the same individual, occupied more or less the
same space as that of a lone male on May 6 ®Fig. 10 - Maps 4 and 5).

This unpaired male engaged in threats and fights with paired males and

initially excluded them from his space. This unmated male also contin-

ved to intrude into the space of paired males by approach and Display
Flights to their mates. Once the unpaired male made an aerlal';ttack‘
and then pursued a strange pair attempting to settle within his space;
The hostility 6f all the palrgd males towardge unpaired male
resldent on his own spad® increased from May 8 to 12 (Fig. 10 - Maps 4
and 5). In the three days from May 8 to 10 there were a total of seven

fights between the unpaired male and the paired males, whereas in the

two days of May 11 and 12 there were 11 fights.

4
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The unpaired male resisted eviction from the pond until‘ May 12.
-
Then there was a dramatic change in the intensity of hostility of the
paired males and the response of the unpaired male. On May 13 at 0800
there was no unpaired male on the pond. On four occasions a lone male
flew over the pond but quickly left after being attacked and pursued by
thefpaired males. At 1000 an ;npaired male flew over the pond and for
"

the next 18 minutes before i.t left it continually retreated fMm the
repeated aerial attacks and pursuit flights by one paired male after
another, mostly M W and M B, whenever the unpaired male flew over or,
landed within their pair-space. From then on no unmated males estab-

lished a space on the pond as they were always promptly attacked and

pursued and forced off the pond by the palired males.

5. Lbcations of Paired Male - Unpaired Male Enfounters 4
The boundary zone of the unpaired male's space was more
distinct and the space more exclusive from May 8 te_10 than from May 11
to 12 (Fig. ld - Maps 4 and 5). Thef? was no distfhict boundary zone on
May 11 and 12 as most encourters were concentrated in a disputed area

occupied by the unpaired male, and M Wand MY (Fig. 10 - Map §).

Maintenance of Space - Pond J 1974

1. Interactions Among Paired Males

The period of maintenance of space re re to that interval

-

from May 13 to June 6. Two phases can be dif "ﬁed: phase | when

boundary zones were faf}ly stible, and phase || whep boundary zones were

changing. Phase | corresponds to the eight days from May 13 to'io from
about mid-laying to about the start of lncubation’gor two of the three

paired females. Thus phase | could be.called the late laying phase.

.
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During phase | threat encounters comprised J0 percent ot the
103 encounters involving paired maleg. Fighting $ccounted for 16
percent, approach - withdrawal 11 pegcent and attack - retreat and
aerial pursuit each two percent of the total encounters. Thus space was
maintained larqgely by threat, but also by fighting. At least one fight .

occurred on most days, and five fights occurred on two days (Figs. 8

and 9) .

Male W maintained the central, larger space bordered on the
east by pair B and on the whst by pair Y (Fig. 10 - Map 6). Thus M W
interacted with both M B and M Y. There were no M B - M Y interactions.
in male ;‘male interactions M W encountered M Y slightly more than
twice as many times as M B. Thére were no male - pair encounters /
involving M B and M W, only those involving M W and M Y and thedr mates
(Figs. 8 and 9). Male W Interacted more with M Y for several possible
reasons. The boundary zone of M & and M Y was about twice‘as long as
that between M W and M B, perhaps requiring twice the maintenance.
Pair B may have been a less visual stimulus than pair ¥ because dduring
this phase, all males stayea especially close to their mates as they
foraged around the shoreline and over the open water. Possibly M W was

J

more threatened by M Y and in order to defend the south-west bay -

adjoining pair Y's space, M W interacted more with M Y than ﬁ B.

Phase |l involved maintenance of space even though bolndary b
zones were changing because the paired males continued to maintain most
or all of the original space-they established and were resjdent
continuously on the pond. Phase 1] extegds from May 21 to June 6. On

May 21 F B was lncubétlng and F W was away from the pond for all the

observation period, presumably laying her last egg. Thus two females

Ll



incubated Clutches througtout phase T and the other female for half of

phase || Hence this phase could be called the incubation phase.

During the incubation period females wefge at the nest Site most
of the time, while males were alone on the pond. As a result paired
males, especially M W, spent more time pdtrolling their space and the
number of interactions rose accordingly (Figs. 8 and 9).

-

During phase | (13 cﬁn&rva(ion days) threat encounters
comprised 69 percent of the 305 encounters involving paired males.
Approach - withdrawal accounted for 19 percent, fighting ] percent,
aerial pursuits 4 percent and attack - retreat ! percenf of the total
encounters. Thus, Tike phase |, space was maintained largely by,ft‘hreat.
Fighting was proportionately less important, al though fights occurred
almost every observation day to June 6, except for May 23 and 31 (Figs.
? and 9).

During the first 8 days of phase 11 there were abQut twice as
many encounters (205) compared with phase | (103), a similar proportion
of threat encounters (72 and 70 percent, respectively), proportionately
more approach - withdrawal encounters (16 and 11 percent) and propor-
tionately fewer fights (8 and 15 percent, respectively). However,K the
number of fights during the first 8 days of phase || (17) was more or
’o ’ °
less the same as during phase | (16), and fights continued almost daily
at least until June 6, th: third week of incubation for two females.
Thus fighting was probably still necessary for maintaining space but
also for expandlng.it because, during phase Il, boundary zones changed
and the size of pair-spaces expanded and contracted (detalls tater)

(Fig. 10 - Maps 7 to 11).

During phase || M W maintained the central space bordered Py



M B and M Y, and until May 28 M B only interacted with M W, however from

May 29 onwards M B and M Y interacted (Fig. 10 - Maps 10 and 11). Male

W engaged in nearly three times as many threat encounters'with M Y than

with M B. Again, although reasons outlined earl:Lr still apply, F W

appeared to spend more time in the south-west bay and M W appeared to

avoid M B. Thus it appearéd to be more important for M W to defend and
N

retain the south-west bay, rather than fight more with M B and try to

retain the north shoreline.

2. Locations of Encounters Involving Paired Males

During phase | and || almost all encounters occurred within a
boundary zone fixed in space for a given day (Fig. 10 - Maps 6 to 11).
Locations of encounters, particularly those between M B and M W, were
distributed along a boundary zone. However, for some days (Fig. 10 -
Maps 7 and 9) most encounters between M W and M Y were clustered»near
the shoreline of the boundary zone.

.

To summarize, on Pond J in 1974 boundary zones and the pair-
space were established during the prelaying period largely by fighting
but also by threat encounters between pa?red males. Sppce was maintain-
ed during the laying and incubation periods largely by threat encounters
but also by fighting between paired males within boundary zones. Paired

males defended a space, but also defended their mates within this space

and even within the space of neighbouring pairs.

Establishment and Maintenance of Space - Pond J - 1972, 1973; Ponds H
and K - ‘ﬁll|

To help determine how space is established and maintained on ponds

in general it Is necessary to compare the above findings at Pond J in

1974 with those obtained in other years and from other ponds. However,

/9



N
the incomplete data obtained in 1972 and 1973 only permits a descriptive
comparison.
1. Pond J - 1972 and 1973

On Pond J in 1973 the two pairs of buffleheaqs that had settled
by May 2 were unmarked, thus it is not known if these were the same two
pairs that became residents. Two pairs and a lone male occup‘hd the
pond when it was next visited from May B to 11. Pair 1 (F of the pair
later marked as F R) occupied the east-end bay and pair 2 (F of the pair
later marked as F W) and a lone male occupied the larger west-end bay.
On May 8 and 9 M 2 repeatedly attacked and fought @ resident lone 2?Ie.

¢

On May 11 a lone male was not on the water, but one at the edge,
apparently injured and unable to fly, retreated farther iﬁto the shore-
line vegetation 6n being attacked by M 2. Presumably this lone male was
injured by M 2, and not by a red-necked grebe which arrived on the pond
on May 11. Injured buffleheads were not seen on any other'occasions.

The estimated dates of clutch initiation were May 1 to 3 for
F 1and May 7 to 9 for F 2. The period of hostility by a.paired male at
an unpaired male corresponded with the early laying stage (eggs 1 to 3)

of the female mated to the attacking male. Thus the timing of hostility

~

was similar to ;hat for 4he period of establishment on Pond J in 1974,
Therefore the hostility against a resident unpaired male by a paired
male appeared to be a response to t‘f stage of the breeding cycle of his
mate.

During the period of maintenance of space (late laying and
incubation periods) there were few observations in 1973. Because of
disruptions, flrst by grebes and then by trapping, the boundary zone

between the paired males was not stable. However, on Pond J in 1972 a

-
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boundary zone more or less fixed in space was maintained largely by
threat, but also by fighting, by the two resident paired males through-
out the incubation period of their mates when the pair bond remained
intact.. Thus the mechanism of establishment and maintenance of space

L ]
was essentially similar for all three years on bog Pond J. , e

2. Pond H - 1973

On cattail Pond H in 1973 there were too few observations to
identify any definite periods of establishment ared maintenance of space.
The two resident pairs seemed to acquire a space by settling; the males
engaged in threat encounters within a wide boundary zone suggesting that
this zone was established. Furthermore on May 7 when a third pair
settled on the pond the nearest paired male promptly initiated an eerial
attack at the female of the strange pair and a high intensity three-bird
encounter on the water ensued, including male fighting and flap-paddle
chasing, and‘the attacked pairc we(e~ngsued from the pond. On two
observation days (May 14 and 24) during the laying period, fighting
between *paired ‘males was not seen. The exclusion of a third pair during
the settlement period (prelaying) and the maintenance of space during
the laying period, by threat encounters between the two resident paired
males, suggests that the intensity of hostility may be higher during
settlement.
On Pond H unpaired males, that were at:;cked and chased by the
paired males, were not pursued off the pond but sought refuge in a

central, apparently neutral, open water area. By comparison unpaired

‘ males were excluded from Pond J.
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3. Pond K - 1973

On lily Pond K in 1973 the numbers of buffleheads rose from one
male on May 3 to two pairs on May 4 and 7, three palrs on May 10 and 13,
and five pairs on May 16. Two pairs subsequently left, thus there were
an estimated three resident breeding pairs in 1973, and also in 1972 and
1974. It is not clear whether the apparent increase in palrs in 1973
resulted from more censusing, Or was a response to the erection of nest
boxes and artificial cavities, the social attraction of other buffle-
heads, or other stimuli at the pond.

Watches from the blind at Pond K began on May 16 when the five.
pairs maintained a stretch of shoreline or a bay by fighting and threat
encounters mostly within established boundary zones. Trespassing
paired females were attacked by the p‘.red male occupant triggering a
three-bird attack and pursult encounter. The central, open water was
occupied by an unpaired male, and some shoreline was not used much by
the pairs. Any cganges in length of shoreline per palr In response to
the settling of late arrivals were not determined. Thus it Is not
known exactly whether the late arrivals established space with much
aggression or settled with little hostility. However, at least four of
the flve\Palred males engaged In fighting so presumably fighting sefveé
to establish relatively stable boundary zones and palr'spaces Space
was maintained mainly by threat encounters. Unfortunately the stage of
the breeding cycle of an lndlvldu;\ unmarked female of a pair could not
be estimated reliably. Four resident pairs on Ponds K §nd-L were
thought to have Initlated clutches, yet only two unmarked fehales with
broods arrived at Ponds K and L. Thus a specific female with a brood

»

could not be recognized as an indlvidual.



ITm summary, the basic behaviour patterns associated with the
establishment and maintenance of space were similar for three different
pond habitats with different densities of breeding pairs of buffleheads.
At high densities (bog Pond J) agonistic behaviour, especially threat
and fighting between paired males and paired male - pair attack and
pursuit enc0un£er§, was much more frequent than at iﬁtermediate
densities (lily Pond K) and apparently very infrequent at lower
densities {cattall Pond H). The open water area of the smaller Pond J
was fotally divided among the resident breeding pairs apd unpaired males
were excluded from the pond. By comparison on the larger ponds (H and
K) there was a central, neutral area sometimes occupied by unpaired
males. t

Agonistic Behaviour of Paired Males in Relation to the Reproductive
State of Thelr Mates

The previous section emphasized how space was established and
maintained at Pond J in particular, and at other ponds in general. In
this section and the next ! consider the effect of reproductive state of
paired females on the behavioural responses among their mates as they in
turn affect changes in size of pair-spaces on Pond J in 1974.

Frequency and intensity of agonistic behaviour of paired males
varied according to the reproductive state of thelr mates. The total
number of agonistic encounters involving paired ;;Ies was gené;ally high
during pfelaylng: declined during laying, rose again during the first
week of incubation, then tapered.off ungll the end of intensive bbsefva-
tions (June 6) while the pair bond remained intact (Fig. 12). A sidilar

trend is evident between interacting individual males such as W and Y

and W and B. Omitting the low number of encounters on May 5, when a

83



Figure 12. Frequency of agonistic encounters among three paired and
one unpaired male resident on Pond J in 1974, in relation
to the stage In the breeding cycle of their colour-marked

mates.

The numbers 1 to 4 denote the nature of the'encounters as
follows:

1. Total encounters Involving at least two
paired mdles.

2. Male - male and male - palr.encounters among
paired males W and B and their. mates.

3. Male - male and male - pair encounters among
paired males W and Y and their mates.

h.\\Encounters among paired males and an unpaired
male.

The stage in the breeding cycle of each of the three
colour-marked females Is indicated by the following

letters:
P - prelaying period
L - laying period
| - incubation period
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red-necked grebe occupied the pond, but including en§§unters involving

the resident lone male, it is evident that agonistic 4ncounters were

sustained at a high level ?ntil May 12 - the establlshment period.

The agonistic responses of a paired male seemed to depend on the
reproductive state of his mate, and the stimuli elicited from the
responses of neighbouring males. These latter responses in turn seem
related to the reproductive state of thelr respective mates. Because
M W was involved in almost all agonistic encounters, changes in the
intensity of these encounters relative to the breeding cycle, can be
demonstrated by relating them to the reproductive state of F W.

L

Threat encounters among paired males rdse from 23 percent of all
encounters duri;g prelaying to 6L percent and 68 percent during the
laying and incubation periods, respecti:ely. Fighting during male -
male and male - pair encounters declined progressively from 20 percent
during prelaying to 14 pgrcent and 8 percent during laying and incuba-
tion, respectively. App:gach - withdrawal encounters declined from U1
percent during prelaying to 11 percent during laying then rose to 20
percent during Incubation. Changes in attack and pursuit encounters

were Insignificant. -

Size of the Paly-Space

Size of the palr-space varied with pond size, pond topography,
density of breeding pairs, reproductive state of paired females and male
aggressiveness. Size :% space can be measured in terms of area (ha) and
length of shoreline (m), and expressed as a ratio of shoreline to area.
For larger ponds with low densitlies of pairs, length of shoreline glves
the best measure of occupled space. For smaller ponds with high

densities of pairs, in which the pond area is totally divided up among
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the pairs, size of space occupied can be measured in terms of area and

shoreline. \

Mean length of shoreline per b:eeding pair varied from 503 m on
Pond ;\k3.8 ha) wjth :ow densities (0.5 pairs/ha) to 271 m (1.3 bairs/
ha) and 181 m (2.0 pairs/ha) on Pond J (1.5 ha) with high densitieg.
With two breeding pairs (1.3 pairs/ha) on Pond J the size of the pair-
spaces seemed to be largely determined by topography of the pond. For
instance, in 1972 the space of pair | occupying the smaller east-end
bay was 0.3 ha, and that of pafr 2 occupying the larger west-end bay
was 1.2 ha. The ratio of shorel;he to area was higher (5.3) for pair 1 -
with the smaller space, than for pair 2 (3.2). With two breeding pairs
on Pond J the size of palr-spaces remained relatively constant through-
out the breeding cycle while the pair bond was intact.

when the number of breeding pairs increased to three (2.0 pairs/
ha) on Pon; J in l97h'the size of pair-spaces changed throughout the
breeding cycle. It is appropriate to describe these changes in relation
to the reproductive state of the paired females. 'he size of pair Y's
space was (elatfvely constant at.0.30 to 0.40 ha, but the.space occhied
by pairs B and W changed concomitantly throughout the breeding cycle
(Fig. 10 - Maps 1 to 11). Female B started laying 3 days before
F W so their reproductive state was similar. "u:ing prelaying, and
approximately the first half of their laying periods, palr W's space
expanded from 0.35 ha to 0.85 ha, while pair B's space contracted
slightly from 0.40 ha to 0.30 ha. Upon arrival at Pond J, pair W
settled on a space with only a small amount of shoreline (Fig. w0 -

Map 1). Iqoorder to establish a spice on the pond the mate of F W

responded aggresslvely and the expansion of shoreline and the pair-space

»
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reflects that response (Fig. 10 TMaps 2 and 3). During the latter

. 3
half of their laying periods the spaces of pairs W and B were relatively
constant at 0.85 ha and 0.30 ha, respectively. ~

The expansion and compression of pair-spaces throughout incubation
in relation to agonistic encounters suggest that size of space, repro-
ductive state of paired femdfles and male aggression are interrelated.
Female B started incubation 2 days earlier than F W and 8 days
before F Y. During the first 2 weeks of F B's Incubation her mate
appeared to win fights adgainst M W and gradually encroached upon pair
W's space. As a result, pair B's space gradually doubled from 0.30 ha

. May 20 to 0.60 ha on June 2 and their length of shoreline expanded
considerably from 160 m to 245 m, while pair _W's space gra&ually
seclined concomitantly by about a third from 0.85 ha to 0.55 ha and
their length of shoreline contracted considerably from 260 m to 155 m.
These changes in size of pairgspaces suggest that M B apparently became

.
more aggressive and expanded his pair-space in response to his mate's
onset of incubation. However, it is not clear whether M B's aggressive-
ness resulted primarily from the status of the gonads, or from external
stimuli elicited by his mate, and/or the responses shown by M W.

From June 6 (day 18 of F B's incubation and day 10 of F Y's incuba-
tion) to June.IO, pair Y continued to expand their shoreline by usurping
the space of pair B and as a result pair B's space halved. By June 6
palr W had regained some open water space from pair 8. Thereafter’

Y

their space remained relatively constant.
i
The above concomitant changes in size of space of pairs B, W and Y

in r:lation to reproductive state of the females, suggest| that contrac-

' J

tion and expansion of space, male aggressiveness and the female's stage
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of incubation are interrelated. The aggressiveness of M B and M Y and
the expansion of their spaces during the first 2 weeks of their
respective mate's incubdtion suggests that the status of the gonads
determined male aggression which in turn determined size of pair-space.
However, the external stimuli of a female during her off-nest period at
the pond and the agonistic responses of male opponents may be additional
factors determining male aggression. Ffor example, on one occasion while
F B f;raged alond the shoreline attended by her mate, she intruded into
pair W's Sp;Ce, followed by her mate. A fight, which then erupted
between M W and M B, was won by M B. Possibly the outggme of the fight
was affected by the presence of F B. If MW initially lost a boundary
fight with M B #n the presence of F B, then the outcome of the fight
ﬁay have affected subsequent responses by M W.

Minimum size of pair-spaces on Pond J in 1972 and 1974 varied
according to individual females and their reproductive state. The
minimum space occupied by one'female throughout the breeding cyclg was

0.3 ha and 160 m shareline. For two females slze of pair-space was 0.3

and 0.4 ha during prelaying and laying, but expanded to 0.5 and 0.6 ha
?

during the first 2 weeks of incubation. N -

Agonistic Responses Among Paired Residents

[ ] ~

A total of 602 agonistic gncouhters involving paired residents at

Pond J in 1974 were recorded throughoﬂt,the breedfngrcycle and catego-
rized according to cogpohents of agonistic behaviour and the number and
sex of birds involved (Table 4). With the exception of one male - male
’and 15 male - female encounters between members of different pairs, all
v

encoungers Iinvolved at least two paired males In various combinations
‘6

of two to four birds. (

- . N



J

208559 £ouE #3P11€ 410G Sajew Bui1dBJIIUI YD IyM Ul SJIIIUNODUI |BD04d D91 01 43

¢

*AIYl0 ydoea wouy
siybiy pue wuuogckm

-juduoddo s1t Aqg 31|nsund 4o xoelle
P LoBCLCde 3yl w4, S93| 4 (BNpIAIPUL FUO YD IyM Ll SJI3TUNODUI {€201d|123J-uou 03 4491 sI|i0bared Isayy

l

$001 29, FINY (z¢) (299) (¥n)
209 5t ol bl 9ttt tni s|eloy
¢ £ sted - s1e4 pi1g-unoy
M l l dlew - 3|ew 2lew
L4 52 02 o 94 J1ed - djew  pLiQ-Iayy
. l Jleway - I|WI
9\ 3 “r z1 J|eway - 3ep .
lun . 36 b net 08 slew a|eW P41G-Om|
S el ., Lomsund 4vLowu 1943134 1eauyj __mkmgucu_x 433unoduly
o eiLay ¢ “2€3 1y ¢ - yoeo.ddy -
.931unUdud S13sucbe ;o0 Ausobale)
i ‘mib| 9 dunr pue n Aey uIIMIIQ sAep uO11eAI9SQO (Qf uO f puOy
b 6.3A% T . i @9.4 d.i e 47 PIAPJIOIIL SIUBP1ISI. pIsied Buowe $1IIUNOOUI J13si1uobe O JaqunN H 9|qQey

N



Male nale and male - patr encounters together comprised 96 per -
¢

Cent ot the total encounters. Reciprocal encounters accounted for 80
percent (threats 70 percent and fights 10 percent), and non-reciprocal
encounters accounted tor 20 percent of the 480 male - male encounters
(Table &) Reciprocal encounters refer to those encounters in which
cteracting males direct attacking movements at each other as in threat
a4 tighting encounters. Non-reciprocal encounters refer to those
v“(ouﬂ!ers in which the approach, attack, or pursuit by a male elicits
a fleeing response by an opponent male or pair. Thus resident paired
males mainly respond to one another by threat .

By comparison, of 101 male - pair encounters, the main p;ir
response (avoidance at the approach of a pairsd male) accounted for 45
percent, aerial pursuit of a pair by a paired male, 25 percent, and
male - pair encounters ending in male - male fights, 20 percent of the
encounters (Table 4). ThJ® 80 percent of male - pair encounters
involved fleeing by the pairs and 20 percent, reciprocal attacks Sy
males.

Combining all 602 encounters recorded, threat was the major agonis-

tic response (56 percent), followed by avoidance (24 percent), then

fights (11 percent). /

Agonistic Responses Among Paired Residents and Unpaired Males

Throughout the breeding cycle of 1974 a total of 446 agonistic
encounters involving paired residents and unpaired males were recorded
at Pond J and categorized (Table §). With the exception of four
encounters between an unpaired male and a paired female, all encounters
involved at least one unpaired and one paired male in various combina-

tions of two to four birds.
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Encounters between an unpaired male and either a paired male or a
pair comprised 96 percent of the total encounters. Reciprocal threat
and fighting encountetrs accounted for 19 percent and fon-reciprocal
responses, 81 percent of all unpaired - paired male encounters. The
latter were characterized by an unpaired male fleeing from the approach,
attack or pursuit by a paired male. Aerial pursuit by a paired male
was the most frequent of these non-reciprocal responses (31 percent) .

By contrast in 89 unpaired male - pair encounters pair avoidance
at the approach of an unpaired male accounted for 47 percent, and
attack by a paired male against an unpaired male 42 percent of all

\
encounters. A paired male leaving his mate to pursue an unpaired male
-

was the least frequent response (11 percent), whereas in the absence of

his mate, aerial pursuit was the most frequent response (Tables 4 and

7

5).
Combining all 446 encounters, fleeing responses comprised 85 per-

cent and reciprocal threats and fights 15 percent of all encounters.

Comparison of Agonistic Responses by Paired Males and Unpaired Males

Differences in agonistic responses by paired and unpaired males
were tested for significance using Chi-square (Table 6). In male - male
encounters, threat encounters were significantly greater (P<.001)
between two paired males than between 5 paired and an unpaired male.
i!eelng by unpaired males from attack and aerial pursuit was signifi-
cantly greater than that by paired males (P<.001).

In male - pair encounters supplanting attacks (category 3) by a
paired male, with his mate, toward unpaired males were significantly
greater than those toward paired males (P<.001). A paired male with

his mate engéged in fights with a paired male but not with an wnpaired
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male (P .001). There were significantly more aerial pursuits of a pair

by a paired male, than those involving an unpaired male (P<.05).

Agonistic Responses by Resident Paired Males Toward Strange Pairs

Prompt aerial attack, aerial pursuit and expulsion by-resident
paired males prevented strange pairs from permanently settling on Pond J
in 1974. 1f a resident male was temporarily absent from his space then
a strange pair settling in the vacant space sometimes took much longer
to be evicted on the return of the resident male. In these cases
approach - withdrawal and attack - retreat encounters sometimes occurred
before the strange pair was chased off the pond. On one occasion
(described in detail later) a strange pair, that occupied a resident
male's space during his absence, was not expelled from the pond until
after the arrival of the mate of the resident male.

Excluding this one instance when a strange pair was not evicted
during the morning observation period, then of 29 encounters involving
resident males and stra;ge pairs 21 (73 percent) were aerial pursﬁit of
a strange pair, 4 (1k percent) were withdrawal of a strange pair by
swimming away from a resident male, 3 (10 percent) were short distance
retreat by a strange pair from attack by a resident male, and one
encounter (3 percent) involved a fight betwékn a resident male and a
strange male with his mate.

On Pond H in 1973, hostility by the resident males during prelay-
ing, and. apparently during most of the laying periods of thei; mates,
prevented strarige pairs from éermanently settling. Possibly during
the late laying and early incubation periods hostility of the resident

males declined so that late axriving pairs were able to settle but

there was no conclusive eyfdence that these pairS initiated clutches.

L)
.



On Pond K in 1973, again except for two late arriving pairs that
settled but departed several days later, strange pairs were chased off

the pond by the resident males.

Male Aggression in the Presence and Absence of Mate

Male aggression in the presence and absence of a mate was recorded
at Pond J in 1974, with marked individuals. On entering the blind
shortly before 0800 on May 18, | noted an unmarked female bufflehead in
the trap in the south-east corner (see Fig. 10) of the east-end bay and,
in addition to M W and M Y in the west end, there were three males in
the east end, with o?e of them presumably the mate of the caught female
_ waiting alongside the trap. Evidently this strange pair and the two
lone males occupied the east end during pair B's absence, because while
the female was being removed from the trap a male bufflehead, later
confirmed as M B, expelled the three males from the east end. After
marking the trapped bird (F Or-Bk), she was chased by the resident
;ales. l.rgxentered the blind shortly before 0900. Female Or-Bk, now
accompanied by a male, occupfed the south-east corner of the east-end
bay (hereafter ref;rred to as the south-east corner) after being
repeatedly attacked and pursued by ﬂ B. From 0900 to 1800 all agonis-
tic encounters involving M B and F Or-Bk and/or her mate were recorded
and categorized (Fig. 13).

During F B's absence.her mate was unable to expel F Or-Bk and her
mate from the south-east corner, despite an initial burst of aerial
attacks (Fig. 13). During the first recorded encounter two aerial .
attacks by M B at F Or-Bk were intercepted by the female's mate. In the

second encounter the first two aerial attacks at F Or-Bk and one at her

mate by M B were promptly followed by aerial pursuit with M B the

96



Figure 13. Aggression by a resident male (B) toward a strange pair
(0r-Bk) in the absence and presence of his mate (F B)
on Pond J for nine observation hours on May 18, 1974,

The numbers 1, 2 and 4 correspond to three categories
of entire agonistic encounters, and 3 to 5 to separate
components of attack and pursuit in high intensity
encounters as described in the text and as follows:

1. Approach - withdrawal
2 Threat

3 Aerial attack, attack rush

4. Fight

5 Aerial pursuit

The above encounters and attack and chase components
are almost mutually exclusive. For instance, an
aerial pursuit initiated by an aerial attack was
tallied as one aerial pursuit and one aerlal attack.

Fights between males included attack rushes but ,
these latter components were not recorded.
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pursuer. Ffollowing the last serial attack by M B, F Or-Bk made short
retreat flights from four attack rushes by M B before there was an
aerial pursuit. FEach time M B pursued F Or<Bk around the east end her
mate stayed on the water. This suggests that the paiﬁ bond of F Or-Bk
and her mate was weak, because F Or-Bk's mate did not follow her and try
to protect her from M B's attacks. After each pursuit F Or-Bk tena-
ciously returned to the south-east corner prompting her ;ursuer to
initiate repeated attacks at her. For the rest of the period from 0938
to 1552 while F B was away from the pond there were few attacks and
pursuits, mostly withdrawal of pair Or-Bk in response toO M B's approach
(Fig. 13).

On the return of F B to her pair-space at 1552 two males (her mmte
and the mate of F Or-Bk) approached her Head-bobbing followed by M B
Leading, F B Following and a pair B copulation at 1553. Female B spent
the next hour mainly feeding, closely attended by her mate, though this
activity was interrupted several times by the approach of F Or-Bk's mate
followed by M B Head-bobbing, Leading and F B Following, male - male
fights and aerial pursuit, and male - pair attack and pursuit encounters
with M B the attacker (Fig. 13).

A marked rise in the frequency of attacks by M B, directed ;lmost
solely at the intruding F Or-Bk, occurred about one hour }tter Mp was
reunitpd with his mate (Fig. 13). There were two intensifﬁed.ﬁursgs of
ag§Pession, one relatively long and one short, before F 0}-§kxiﬂz ‘er
mat; were finally expelled from the pond. The first burst'b;gan‘ot
1655, lasted for nearly half an hour, and ended with an aerial pursuit

at 1723 in which F Or-8Bk left the pond with her mate following. The

return of F Or-Bk and her mate 18 minutes later at 1742 triggered off
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the second burst of aggression. Prompt, persistent attacks by M B for
the next eight minutes culminated in pair Or-Bk being forced off the
pond at 1749. Ffemale Or-Bk was not seen again at Pond J, or anywhere
else.

Further analysis of the components of these bursts of aggressive
behaviour by the ;esldent male reveal its special nature, intensity and
directionality. During the first burst of aggression by M B there were
nine encounters all initiated by aerial attacks by M B and all termina-
ted when M B flew back to his mate and performed Head-bobbing or swam
toward her. Of 82 attack and pursuit components, 78 (95 percent) were
directed solely at F Or-Bk 8nd four (five percent) at her mate. Aerial
attacks comprised 46 percent, all attacks (60 percent), and all pursuits
(4O percent) of the 78 attack and pursult components directed at F Or-Bk
by the resident M B. The intensity of male attack and the female flight
response resulting in aerial pursuit declined with time. For example,
in the first one third of the encounters lasting one third of the time
there were nearly one half of the total attack and pursult components
and proportionately more aerial attacks (73 percent) ending in aerlal
pursuit than those In the last six encounters (38 percent).

0f the 34 attack and pursuit components of the two encounters
during the second burst of aggression, 30 (88 percent) were directed
solely at the female, 3 (nine percenti at the male and one (three
percent) was a three-bird pursuit-fllight. The first encounter consisted
of an aerial attack followed by an aerial pursuit. The second more
vigorous encounter consist;d of 22 attack and six pursuit coupgnents.
Combining these two encounters, aerial attacks comprised about 53 per-

cent, all attacks (77 percent) and all pursuits (23 percent) of the 30



aggressive components direc:ed at F Or-Bk by M B. The greater propor-
tion of attacks during the second burst of agqgression, especially the
second and last encounter before F Or-Bk finally left the pond, can be
sttributed to two interrelated factors. The first of these was the
tendency of F Or-Bk to respond to the attacking male's aerial attachks
by short retreat rushes and flap-paddles, and short retreat flights and
landing within the south-east corner instead of a retreat flight that
prompted the attacking male to initiate an aerial pursuit. The second
factor was F Or-Bk's great tenacity for the south-east corner despite
her mate's lack of protection from the attacks of M B.

In summary, the release of aggression by a resident male in the
absence of his mate in response to the external stimuli of an intruding
strange pair within his space was not sufficient to expel the strange
pair. T;e tenacity of the intruding female to a space on Pond J must
have been reinforced by only a short period of familiarity with it.

The presence of the mate of the resident male combined with the external
stimali of the position in space of the intruding palr elicited persis-
tent, continued attacks by the resident male at the strange pair until
they were expelled from the pond. The marked increase in the rate of

»
attacks by ghe resident male directed almost solely at the intruding
female, the fleeing response by the attacked female and her mate's
almost complete lack of protection of her, suggest that these attacks by
the resident male can be interpreted as increased aggression In response

.
to the external stimuli of his mate.
o
Exclusiveness of the Palr-Space
N

Each pair-space at Poné J in 1974 was an exclusive area in the

sense that a particular paired male spent virtually all his time within

-



it throughout fach day of the breeding cycle while the pair bond
remained strong The female of the pair used only the pair-space of
er mate during her off-nest periods at the pond. A pair sometimes
vacated their space briefly, especially during the prelaying period,

but established neighbouring resident pairs rarely intruded into it in

.

their absence. Strange pairs did Se;fTE in a vacant pair-space, but
were expelled on the return of the resident male.

Resident pairs exclusively occupied their space, with the excegh
tion of strange, lone females which were probably incubating. Males
excluded all other conspecifics *rom their pair-space, whether they

neighbouring or strange pairs, unpaired males or lone sub-adults.
On/®>snd J with a high density of pairs in 19%&, paired males established
and maintained an exclusive space by expe!1}ng conspecifics from within
their boundaries on any given day, de7bite the fact that boundary zones
shifted over time with the compression and expansion of pair-spaces.
Again in 1972 and 1973 on Pond J paired males maintained an exclusive
pair-space with respect to conspecifics.

On Ponds H and K with lower densities of pairs, resident paired
males appeared to maintain an exclusive shoreline by expelling all
conspecifics. Boundary zones became less distinct with increasing
distances from the shoreline toward the centre of the pond, where

unpaired males were tolerated and not excluded from the pond. Thus the

centre of the pond was probably a neutral area.

Interspecific Agonistic Behaviour

1. Buffleheads and Other Ducks
| frequently saw paired male bufflehea&s attacking other

species of diving ducks, such as common goldeneye, lesser scaup and

~



riny-necked ducks, and occasionally dabbling ducrs suct as mallara,
Americar wineon, blue-winged teal and green-wi~ged teal. Three types of
attack were distinquished; underwater attack (low intensity), attack
rush (intermediate intensity), and aerial attack (high intensity). Any
one encounter with other ducks may involve all three types of attack.

Low intensity attacks were recognized when male buffleheads
swam toward other species of ducks which responded by swimming away in
retreat. A male bufflehead usually continues swimming until his target
is about fi®e m away, then alternately dives and surfaces in the Head-
forward posture until it is close enough for an underwater attack. The
attacked duck usually responds\by a short or long retreat flight. if
the retreat is short, usually the male bufflehead continues the attack,
mostly approach swimming and diving and attack underwater, but may also
rush or fly in attack until the intruder flees from his space.

When a pair of lesser scaups retreat to the shoreline of a

[

pond on the approach swim of a male buffliehead, the female scaup

~
usually retreats out of sight well into the shoreline vegetation, while

her mate stays on guard facing the adversary. The male bufflehead
approaches in the Head-forward posture to within a metre of the male
scaup, dives, surfaces quickly and either repeats thg proceSs or dives
in attack underwater, until either the male scaup takes flight or the
bufflehead turns away. A male scaup that flies away from his mate
usually swims back along the shoreline to his mate. The male scaup may
again be chd®ed of f without his mate or eventually the paig is chasé¢

off by the male bufflehead.

In high intensity attacks at other pairs of ducks an aerial

<

attack by a male bufflehead is often followed by aerial pursuit. The

»



S et lenead Lagally tands near b boandary yone or gt the eJdge

o o g the aotraders tlee toor his space or oanto the shoreline
vegetation

Accounts ot hostility by a male bufflehead toward other species
P ducks ate meadgre Erokine (1972 27) reported that a male bufflehead
drove oft g pairt of goldeneye by directing an underwater attack at the
female, but he did not specify the type of attack he saw by a male
bufflehead against redhead (Authy: mmeri»pii), lesser scaup and common
eider (Lomaters o om lisaimy) . Nyres (1969a:185) saw a male bufflehead

"ty at and drive off a pair ot lesser scaup' and mentions that golden-
eyes are attacked. Dice (1920) saw a male bufflehead attack a male
pintail {(Anae 2coutil).

Data on interactions between buffleheads and oth®r ducks were
incomplete, because | concentrased on intraspecific interactions, and
are not suitable for detailed quantitative analysis. Interspecific
interactions, especially those involving lesser scaups, appeared to be
complex in terms of motivatioq‘of attack. Breeding pairs of common
goldeneyes were transients at all study ponds, and were usually promptly
chased off by male buffleheads, especially from Pond J. Breeding pairs‘
of lesser scaups were resident at all study ponds and were not excluded
from the ponds by male buffleheads. Neverthﬂ lesser scaups were
harrassed by male buffleheads particularly at Pond J, but also at
Pond K.

At Pond J in 1974, for emgnple, my impression was that two male
buffleheads, W and B, eventually chased off all scaups from their pair-

spaces, and those scaups sought refuge amongst the shoreline vegetation

in pair Y's space and near the boundary zones. Motivation of attacks by



S lebeads upon scaups was not o lear Bu"lvhoad\‘a([acked conspecitic
Catders promptly, whereas scaup intruders were often ignored initially
the eventually attacked. Presumably these ditterences in motivation
depends on a complex combination ot factors suc® as internal state
(activity of buffleheads), external stimuli (position of scarps in space
and their activity), and also the reproductive state of the buffleheads

and the phenomenon of redirected aggression.

2. Buffleheads and Grebes

Three species ;f breeding grebes occurred on the study ponds ,
the large, common red-necked grebe, and two small, less common ones
similar in size to buffleheads, the horned grebe (Podiceps auritus) and
the pied-billed grebe (Podilymbus podiceps). | saw all three species
of grebes attack pairs of buffleheads. Both sexes of horned and pied-
billed gqrebes attack bu::Jeheads from below the surface by diving under
them (attack underwater), or by rushing at them over the water in a
hunched posture (attack rush). The attacked buffleheads usually fled
by short retreat flights or rushes. Myres' (1959a:85) report of a
horned grebe diving and rushing at t®o males and a female bufflehead
seems to be the only account of bufflehead - grebe Interactions.

The larger red-necked grebe is a greater threat to buffleheads
because of its larger bill. Both sexes of red-necked grebes attack
buffleheads, but it is probably the male grebe that forages farther
away from the nest and usually attacks buffleheads whenever they are
encountered. A patrolling red-necked grebe in Low Threat (Kevan, 1970)
appro;ches and dives toward a pair of buffleheads which stay alert in

an upright posture. Long underwater attacks by a red-necked grebe are

initiated 20 to 30 m away from buffleheads but sometimes a grebe
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Staces short ot 1ty target ard doves again I response a buttlehean
bt ousually fly Do oretreat, taod o oan upright posture and resume other
activity when the grebe swims away. The (lose approach U»?ard a pair of
buffleheads by a threatening grebe, with its bill pointing toward them
ready Lo make an underwater attack, elicits the following response’rom
huffleheads. The male flies tqugq the grebe, the iatter submerges and
the bufflehead patters over the water surface in figure-of-eight, semi-
circular or circular motions with the grebe submersed beneafﬁ it, then
filies to its mate, lands and the pair remain motionless in upright
posture. When the grebe 5urfaces)0it.u5ually withdraws.

A breeding pair of red-necked grebes and breeding pairs of
pbuffleheads coexisted on some ponds. The following evidence suggests
that at least on one occasion a pair of red-necked grebes excluded two
pairs of buffleheads from Pond J in 1973. Two resident pairs of buffle-
heads and a pair of grebes occupied Pond J on May 16, but on May 19 the
two pairs of buffleheads were absent, being present on two peripheral
ponds near J. By May 20 one male bufflehead had reoccu bd PSnd J.
despite the presence of the pair of grebes. On May 22 | saw a red-
necked grebe, presumably the male, direct an underwater attack at a
paired male bufflehead attending two females. The grebe grabbed hold
of the male bufflehead underwater, but the bufflehead escaped. The
three buffleheads took flight and retreated from the pond. This was the
only occasion | saw any grebe make contact with a bufflehead. This pair
of grebes on Pond J were then shot and one male bufflehead, presumably
M 2, reoccupied Pond J the same day (May 22). On May 27 a second male

bufflehead, presumably M 1, re-established a pair-space on Pond J. Thus

two paired male buffleheads reoccupied the pond only in the absence of



the grebes. A pair of grebes were also shot at Pond J in 1974 <o that

they would not interfere with the spacing behaviour of buffleheads.

b
3. Other Ducks and Grebes

Kilham (1954) observed a territorial pied-billed grebe repeat-
edly direct underwater attacks at a female ring-necked duck and less
persistent attacks at a fema{e hooded merganser (lophodytes cucullatus).

In Norway and lceland, Fjelds; (1973) observed horned grebes
dive in attack and drive away from their nest area 13 species of ducks,
including Barrow's goldeneye (Bucephala islandica) . Fjelds; mentions
that similar behaviou; also occurs in red-necked grebes.
. In Finland, Raitasuo (1964) observed that great crested grebes
(Podiceps cristatus) defended a nest area by diving attacks at mallards
and all other intruding ducks. Interspecific aggression by the grebes
began during nest building and was greatest during late incubation and
hatching. Raitasuo (1964) reported similar hostility by horned grebes
toward mallards, and other species of ducks of the genus Anas, and the
genus Aythya. All the above accounts show that attacks by grebes elicit
fleeing by ducks. Onl? the bufflehead is known to respond to a grebe's
intention to attack by initially flying toward the grebe rather than

fleeing. Goldeneyes may also react in a similar way so grebe -

goldeneye interactions deserve closer study.



Part LI ‘chudL Behaviour in B)age and Time

Duration of Pair Bond

Pair bond tenure varied markedly between at least two different
study ponds, but not between years for the same pond, suggesting that it
is a response to different pond environments and not just to changing
chronology between years. Duration of the pair bond was relatively
short on cattail Pond H, short to intermediate on lily Pond K and long-
est on bog Pond J.

Pair bond was considered to be strong if a resident male occupied
a particular pair-space for all or almost all of an observation day and
attended an individual female using the same space throughout all
stages of the breeding cycle. Pair bond was considered to be weak if a
resident male was absent from his pair-space for more than half an
observation day, even though he attended an individual female in that
space for part of the day.

On cattail Pond H, in both 1973 and 1974, there were two breeding
pairs, on; of the paired females peing F R-W in both years. In 1973
the pair bond of F R-W and her mate was definitely strong on May 24
(late laying) and May 28 to'29 (early during weekql of incubation). On
June 1 (end of week ! of incubation) pair bond was still intact but
weak as the male seen with F R-W was usually absent from the pond. On.
June 5 and Z‘(end of week 2 of incubation) there were no resident males
on Pond H and F R-W was unattached. These data show that the pair bond
and male attachment to the pair-space declined during week 1 of_ipcuba-
tion and probably broke completely by early in week 2 of Incubation.

The duration of the pair bond of F R-W and her mate was similar in

1974. On June 3 an incubating F R-W flushed from her nest site to join
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o male waiting on her pair-space. On June 4 when f R-W was flushed from
her nest site there was no male waiting for her. The pair bond was
stil) intact at least during week 1 of incubation. Assuming that the
nesting chronology of F R-W was similar to that in 1973, then the weak
pair bond by June 4 suggests that pair bond tenure was similar to that
in 1973. A similar trend was evident for.the other pair on Pond H in
both years.

On bog Pond J from 1972 to 1974 inclusive the pair bond of all
residents usually lasted throughout week 3 of incubation and at times
into week 4. In 1972 the pair bond of the east-end occupants was strong
during the first 2 weeks of incubation, then weakened and broke
completely during week 3. The bond of the west-end pair was strong
during week 3 of incubation but probably persisted into week 4 because,
on June 10 (about day 24 of incubation), a male was absent in the v
morning but accompanied F 2 in the aft:rnoon.

In 1973 the pair bond of the two resident females (later F R and
F W) was strong during week 3 of incubation, but then an influx of
pairs made it difficult to determine exactly when the pair bond broke.

In 1974 daily observations of the spatial relationships of males
mated to colour-marked females showed that pair bond remafned strong
untl] early in week 4 of incubation. Male B was with F B on June 11
(day 23 of incubation) but absent from his pair-space on the morning of
June 12 suggesting a weakening or a break in the pair bond about this
time. The pair bond of pair W was def}nltely strong on the morning of
June 12 (day 22 of incubation). When Pond J was next visited on
June 19 F B had a brood, F W was present without her mate, but F Y was
’ accompanied by her mate (day 23 of incubation). No males were seen

)
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with F Y thereafter so the pair bond must have been weak by June 19 or
then broke abruptly. Interestingly, the pair bond of F Y persisted
until June 19. Thus, the pair bond tenure at Pond J was related to the
reproductive state of the female, and not determined by chronology of
nesting. However, at Pond K the pair bond of females that nested later
lasted unti! about the same time (no later than June 13) as early-
nesting females. Dzubin (in McKinney, 1965) found that In mallards
apparently duration of the pair bond was influenced by chronology of
nesting, for many males accompanied broods in a year with an early
spring but not in most other years. McKinney (1965) reports that in
pairs of ducks nesting later, the male leaves earlier during the breed-
ing cycle than early nesting ones.

On Pond K In 1973 the pair bond was crudely estimated to have
lasted to week 2 of incubation for one pair and week 1 for the other two
palrs. These data partly support previous findings on pair bond tenure
that ''breeding drakes abandon their mates at onset or very early during
incubatlion' (Drury et al., MS), but show that the palr bond lasts
considerably longer at certaln ponds.

To summarize, on a cattail pond the pair bond of at least one pair,
possibly the other, remained strong during week 1 of incubation,
probably no later, for 2 years. On a bog pond during all 3 years the
palr bond of all resident pairs (except for one pair in 1 year) remalined
strong for the first 3 weeks of incubation. The pair bond lasted 2
weeks longer on Pond J than H with those on Pond K apparently interme-
diate. On Pond J the pair bond of all resident pairs apparently lasted
2 to 3 days longer (day 23 of incubation) in 1974, when density of pairs

was highest, than in other years.



Copulatory Behaviour Between Members of a Pair

Successful copulations, in which the complete sequence of post-
copulatory behaviour was performed, were seen in 1973 at Pond H on 1 day
during the laying period and at Pond J on L days during the incubation
period. This suggested that copulations might be performed daily and
function to maintain the pair bond during laying and psrt of incubation.
For example at Pond H on May 24 from 0800 to 2100 the two resident pairs
each copulated twice. At Pond J the two resident pairs each copulated
one to three times on each of the 4 observation days during the first 3
weeks of incubation.

In 1974 the three marked fc$L|es on Pond J were watched daily to
determine thelir rates of copulation in relation to the stage of the
breeding cycle. On 18 days between May 4 and June 6 | recorded the
number of copulations observed during a minimum period of 10 hours for
one to three pairs, mostly two. The data are more accurate for pairs W
and Y, but frequency of copulations is probably underestimated for
pair B.

Breeding pairs of buffleheads copulated more during prelaying, but
in the_period from prelaying to week 2 of Incubatien each pair on
average copulated at least twice per day (Table 7). Each pair observed
copulated at least once per day. One day during prelaying (May 6) pair
W copulated five times.

The daily occurrence of copulations during incubation is of
considerable Interest. Incubating females returned to the pond two to
four times per day. Females B and W copulated with their mates at

least once, sometimes twice, during each visit to the pond for feeding,

whereas, F Y copulated an average of only once per day, although she
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Table 7. Frequency of successful copulations by three resident pairs in
relation to stage of breeding cycle.

Mean no.
copulations/
pair/10-hr.

Colour-marked females .
observation

Stage in Reproductive Cycle B W Y period
—
Prelaying Period
(Days 1-7)
No. 10-hr. observation
periods 1 3 3
Total no. copulations
observed 2 12 7 3.0
Laying Period
(Days 1-6) *
No. 10-hr. observation
periods 1 2 3
Total no. copulations
observed ! 6 5 2.0
(Days 7-13) '
No. 10-hr. observation
periods 3 4 Y2
Total no. copulations
observed 3 8 3 1.6
Incubation Perlod
(Week 1)
No. 10-hr. observation
periods 3 3 ]
Total no. copulations
observed 5 7 5 1.7
Mean no. copulations
observed/visit/day 1.0 1.2 0.5
(Week 2)
No. 10-hr. observation
periods 5 3 1
Total no. copulations
observed 8 8 1 1.9
Mean no. copulations
observed/visit/day 1.1 1.0 0.3
(Week 3)
No. 10-hr. observation
periods 1 1
Total no. copulations
observed 1 1 1.0
Mean no. copulations
observed/visit/day 0.5 0.5




cometimes visited the pond at least three times in a day. During visits
to the pond by F Y in which no copulations were recorded, the mate of

F Y continued to perform pre-copulatory displays but F Y did not respond
with a Prone posture. On the other hand, each time F B and F W visited
the pond they adopted the Prone posture, while their respective mates
performed pre-copulatory displays, followed by mounting and successful
copulation. Females W and B were probably more sexually responsive to
their mates than F Y. Pair B's rate of copulations was probably under-
estimated for all stages of the breeding cycle. Underestimates during
incubation arose through two circumstances. Female B ‘gaen visiteg the
pond only once during the observation period, and there tended to be
more copulations per visit during week 1 of incubation, yet careful
watches of pair B copulations only began on May 29 (day 10 of F B's
incubation) with the onset of F Y's incubation. Female W copulated
twice on her first visit to the pond on day 1, 2, 4, and 9 of incubation
suggesting that two copulations per visit were more likely during week

1 of jncubation. So probably F B copulated at least 2 to 3 times per
day during the incubation period.

All obServed.copulations between a pair of buffleheads occurred
within their pair-space, sometimes near the boundary zone. As m;ntloned
eariier although first attempts at copulation‘were often unsucc;ssful
these were nearly always quickly followed by a successful one. | never
saw any copulations interrupted by an Mtruding male.

There are probably few accounts of the frequency of copulations in
wild ducks in relation to the breeding cycle. McKinney (1967) reports

the frequency of copulations in captive shovelers. To compare my data

with McKinney's | too calculated the rate of copulations on the basis



ot 24 observation hours that females were available for copulation
(Table 8). Shovelers usually (opulated twice per day during prelaying,
much less often during laying and rarely during the incubation perﬁod,
when females were less available. Based on the time female buffleheads
were available the rate of copulation was relatively constant during

the prelaying and laying periods, then more than doubled during the
first 2 weeks of incubation (Table 8). This rise reflects the fact that
although females spent less time on the pond the average number of
copulations per pair during this period waé similar to that during
other stages of the breeding.cycle. Clearly, by this analysis, buffle-

heads copulate much more frequently_than shovelers.

Bigamy With Neighbours

Monogamy is the only documented mating system of buffleheads.
Bigamy with neighbours, a resident male simultaneously mated to his own
mate and a neighbouring female, occurred on Pond J in 1973. No other
cases of bigamy with neighbours were recorded at ofher ponds. However,
bigamy with strange females was confirmed at Pond J In 1974.

In 1973 a breeding pair of red-necked grebes on Pond J apparently
excluded both resident pairs of buffleheads between May 17 and 19 (see
Page 106). By May 20 only one male bufflehead, presumably M 2,
reoccupied the pond in the presence of the grebes. Exclusion by the
grebes of two male buffleheads and reoccupation by one of them provided
a situation for bigamy to occur. On May 22 M 2 accompanied two Iincuba-
ting females, F 1 and F 2, at the same time during their off-nest
periods. Bigamy again prevailed on May 23 but not on May 27 when

another male, presumably F 1's mate, reoccupied the pond and the mating

system reverted to monogamy. A bigamous situation lasted at least 2
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tays, probably

froMay 23 from N8B0 to 1807, F 2 visited the pond thrice and F 1,
twice. Male 2 copulated once with his own mate (F 2) and once with his
qeighbour's mate (F 1) wher the respective females were alone with him.
No copulations were seer wher the trio was on the pond together on parts
+f two visits. Thus a paired male attended twO incubating females, his

own mate and his neighbour's mate, while the neighbouring male was

absent, but only copulated when one female was with him.

Bigamy With Strangers

Copulation with strange females was suspected in 1973 at Pond J on
June 5. Male 2 copulated with his own mate (F 2) at 1618, accompanied
her as she fed until 1632, then flew over to a different nearby female
and copulated with her twice in rapid succession. Male 2 flew back to
his own mate then launched an aerial attack at the female that he had
previously twice copulated with and pursued her from his pair-space.
Possibly the pursued female would have been tolerated if the male's mate
was not on the pond at the same time. No individuals were marked thus
it.was not known if the female with which he twice copulated was the
other resident female (F 1), or a different female.

Conclusive evidence that resident paired males form a temporary
pair bond and copulate with strange females as well as their own mate
on the same day was obtained at Pond J on 3 days in 1974. The females
mated to the resident males were all colour mafked, thus any lone
unmarked females were readily recognized. Throughout May paired
males chased off all lone females from their space. On June 1 at 1244,

while F B was on the pond and F W away from the pond, M W and M B in

turn attacked and pursued a lone female. At 1248 M W flew over to a
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e unmarked female i T space, posso by The same 0T Doy et
toreed Head-tohring, Leadi—, succe-sfully copulated mrth 2 er Twior,
attendes mer tio 1320 while she fed then copulated with her a trird 1o
At 1325, ne mounted her again but the copulation was unsuccessfu}y as
there was no Rotation. This lone female resumed feeding, then after 4
crort preening and loafing bout, left the pond at 1407.

On June 2 at 1003, while F B was away from the pond, a lonre
unmarked female landed in the east-end.-bay; M B performgg Head-bobbing,
Leading, copulated with her twice then accompanied her whil? she fed.
After preening and loafing the lone female left the pond at 1054,

On June 6 M 8 copulated with a lone unmarked female at 1352, and
attended her.while she fed. During the female's preening and loafing
bout, until she left the pond at 1518, M W made two separate approach
flights toward her, but M B promptly attacked and pursued the fntruder
from his space. The Prone posture adopted by‘iylone intruding female
and subsequent copulation with the resident male presumably serves to
appease his aggression.

Thus on June 1, 2 and 6 a lone unmarked female spent periods at
the pond of 80, 50 and 87 minutes respectively, exclusively within the
pair-space of M W (June 1) and M B (June 2 and 6) while their respective
mates were ;way from the pond. The lone female intruder initially
copulated twice with the male occupant (M W on June 1 and M B on
June 2), onde with M B on June 6 before engaging in a long bout of
feeding accompanied by a resident male. This activity rhythﬁzbf the
lone female and the duration of her periods at the pond was similar to
that of the marked incubating females. This suggests that the lone

unmarked female probably was als%ancubatidg.



NEGST SETE CHARALCTERISTI(S AND BEHAVIOUR AT NEST SITHE
Sharactenistios ot Nestohites
Some (haracteristics of nest cavities used by female buftleheads
All cavities were

Wcupy ing the study ponds are presented in Table 9.

o tuds lusually dead), tive in aspen stube near Pond J, and one in a4

halear stub near Pond H.  The dimensions of the nest-hole entrance of

Cavities 1 to & indicated they were excavated by common flickers. The
larger nest-hole entrance (10 x 10 cm) of cavity 6 suggests that it was

4 flicker hole enlarged by rot or a hole of a pileated woodpecker

.,
by PR - + 2
(ru r:‘u‘;..exkub).
.

Height above ground of entrance holes ranged from 6.9 m to 14.3 m,
an average height of 9.6 m. Including theuheights (range 2.7 m to
7.0 m) o% four holes in stubs used by buffleheads(in 1964, also in the
Atikameq area (A.J. Erskine, pers. comm.), the average height above
ground of entrance holes was 7.9 m (26 ft). Thus in the Atikameg area,
Alberta nearly all nest sites were in aspen stubs, more than 6 m (about
20 ft) above ground. By contrast in 4nterior British Columbia nest
sites of buffleheads were found mostly in aspen trees at relatively low

heights, Sk percent of them being two to ten ft (0.6 to 3.2 m) above

ground (Erskine, 1972:65) . .

o

Only two nest sites near the study ponds were less thaé 75 m from
the nearest pond or lakeshore, while the other four were 200 to 300 m
or more distant (Table 9). Based on the distance that individual
females flew from the pond, the nest site of F B, though not found, was
at least 600 m from Pond J. The nest site of four other females at
Ponds K and H, again not located, were mostly more than 300 m distant.

These data support Erskine's (1972:63) findings that nest sites are
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tarther away from water in Alberta, particularty in ftorested areas, than
in parkland habitat in British Columbia. Erskine (1972:63) found that
nearly half of 23 nest sites examined were between 25 and 75 ft (7.6

and 22.8 m) from watert and most of the rest were up to 350 m distant,
whereas in British Columbia about three quarters of 150 nest sites were

within 25 m of water.

Availability and Use of Suitable Nest Sites

In this study no special effort was made to determine the avail-
ability and use of all suitable nest sites within an area or to assess
factors affecting them. We searched for the nest cavities of particular
female; at all ponds, but mostly J. In this way a crudg estimate was -
obtained of flicker cavities in patches of forest where buffleheads
nested.

To estimate whether sufficient nest sites were available for
buffleheads in the vicinity of the study ponds, | determined the number
and proportion of available sites used by them and compared these data
with Erskine's findings. In the Pond J area, from 1972 to 1974 inclu-
sive, of 12 apparently suitable sites buffleheads used at least six
(two of which were also used by flickers), flickers used two additional
§ites and four were apparently unoccupied. | believe most nest sites
of buffleheads were found with the possible exception of one to two
sites of peripheral females but the number of apparently unoccupied
cavities and those used by flickers were probably underestimated.
Assuming a maximum of four breeding pairs of buffleheads in the Pond J
area (two to three resident pairs and one to two peripherél pai;s) the
number of nest sites (six) used by females over a period of 3 years

‘represents 1.5 times the maximum breeding pairs in any one year.



Similarly, Erokine (1970 69) tound thad in aspen groves at Watson take,
British Cojumbia, of ]y potential nest sites 28 (or 1.5 times the
maximum breeding pairs of 18) were used by buffleheads over a period of
6 years. Furthermore, Erskine ((572:73) found that of the sites used by
buffleheads in 1 year nearly half of those still available the next year
were not used. Changes in use of nest sites resulted from deaths of
females and new recruits into the population, desertion the previous
year and competition from flickers, and other birds and mammal s«
(Erskine, 1972). A minimum of two sites were used by buffleheads and
two others were apparently unoccupied in the Pond H area during 1973.
There were four and three broods on Pond H in 1972 and 1973, respective-
ly, thus the number of sites used by buffleheads and those unoccupied is
obviously underestimated. In the vicinity of Ponds J and H half the
nest sites known to be available were used by buffleheads, but the
number of sites available was probably underestimated at Pond H. By
comparison in British Lolumbia, buffleheads used 35 percent of 79
available sites in aspen parkland at Watson Lake and 50 percent of about
40 available sites in Douglas fir forest at Phililloo Lake (Erskine,
1972:69) .

Erskine (1972:186) considered that sufficient flicker cavities were
available for buffLﬁheadS'and their competitors in parkland habitat in
British Columbia, but that in forested areas in British Columbia and
Alberta, because fewer sites were available and proportionately more
used by buffleheads, the availability of nest sites may limit the number
of breeding buffleheads.

Evidence in this study, such as the number of nest sites available,

the proportion used by buffleheads and flickers and the availability of
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aspen forest, suggest that nest holes per se were not limiting the num-
ber of breeding buffleheads in the Pond J area, and possibly the Pond H
area. In the Pond K area no nest sites were found. The fewer flickers
seen, the smaller areas of aspen forest suitable for excavation of
cavities by flickers, the long distances that female buffleheads flew to
the nest site suggest that fewer cavities were available in the
immediate vicinity of Pond K than Ponds J and H. Tree swallows
(Iridoprocne bicolor) used all three nest boxes, and flickers and
starlings (Sturmus vulgaris) used two of three artificial cavities put
up at Pond K to increase the number of sites available for buffleheads.
One artificial cavity was apparently not used, p;rhaps because it was
not as conspicuous as the other sites. The failure by buffleheads to
use these sites does not necessarily indicate that sufficient natural
cavities were available for them. Three pairs of buffleheads‘yere
resldent on Pond K, then two more pairs settled but subsequently left
possibly because they were unable to find a suitable nest cavity. They
may have been deterred from using the artificial sites because most of
these sites already were occupied by other species of hole-nesting birds
and also resident maae buffleheads attacked female conspecifics
attempting to Inspect nest sites (described below). These factors, then,
could have prevented buffleheads using these nest sites and thus the

presence of artificial nest sites at the edge of the pond may not, in

fact, have increased their availability to the ducks.

{
Nest-site Tenacity L

Individual female buffleheads have a strong tendency to use the
same nest cavity at least in two successive years. In this study, of

three females caught and marked at the nest site in 1973, two used the
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same nest site the following year and one changed nest sites following
desertion (Table 9). These findings agree with those of Erskine (1972).
Erskine (1972:214) compiled nest-site histories for 45 female buffle-
heads. Of these, 38 females (84 percent) used the same nest site at
least two years in succession irrespective of egriier or later changes
in nest site. Erskine (1972:74) reported that females handled more

than twice changed nest sites more often. Only 12 of 45 females (27
percent) used the same nest site in three successive years, however this
represents 57 percent of all females with a history of three years or
more (Erskine, 1972:214). Therefore to evaluate natural pest-site
tenacity over‘time many factors such as competition for nest sites,
suitability of sites, disturbance, desertion and female survival have to

be considered.

Male Aggression at Nest Sites

Aerial attacks by a resident paired male bufflehead directed at a
female conspecific trying to inspect a nest site were seen in 1973 and
1974 at Pond J. On May 11, 1973 an unmarked lone female flew toward
cavity number 2 about 50 m from Pond J, paused at the entrance hole but
an aerial attack by M 2 caused her to flutter toward the ground. |
estimated that F Y laid egg 1 in that cavity on May 18, so the attacked
female was most likely F Y (at that time unmarked).

Nest-searé;ing flights by a female bufflehead, mostly accompanied
by her mate, may elicit aerial attacks and pursuit by a neighbouring
paired male. In early May 1974 F‘Y at firsi avoided inspecting nest
site number 2 she used the previous year and searched elsewhere, perhaps

because this site was nearest palr W's space and a flight to it may have

released aggression from M W.
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On May 12, presumably because F Y failed to find a suitable alter-
native site, pair Y made search flights over Pond J and in patches of
forest near cavity number 2, and then approach flights directly toward
this cavity. These flights, particularly the approach ones, sometimes
re&eased aerial attacks by M W and ended in a three-bird flight (T8F).
The sequence of these flights by pair Y and the response of M W during
1 hour was § search (1 - TBF), 2 approach (2 - TBF), 2 search (v - TBF)
and 2 approach (1 - TBF). During the last approach flight by pair Y,

M Y intercepted M W's aerial attack and engaged in a two male aerial

pursuit, then F Y flew alone toward the entrance hole. However, she

failed to alight at the hole and descended to a nearby peripheral pond.
g Then F Y made an approach flight fgbm the peripheral pond alone and

successfully entered the cavity. Thereafter no more search flights

’"‘\\\\\wcre seen.



BEHAVIOUR OF NESTING FEMALES

Behaviour of females During the Laying Period /

The short interval between arrival of pairs and start of laying wasy,
7. 6 and 10 days, respectively for females B, W and Y at Pond J in 1974.

Dates of laying were much less accurately determined in 1973 than
in 1974. In 1973 at Pond H the estimated date of clutch initiation for
F R-W was between May 12 and 14. | estimated that at Pond J, F R and
FWinitiated clutches in 1973 between May ! and 3, and May 7 and 9,
respectively, a mean date of May 4 to 6, 8 to 10 days earlier than
F R-W. By contrast at Pond J in 1974 the three females, B, W and Y,
started laying on May 6, 9 and 15, respectively, a mean date of clutch
initiation of May 10 for three females and May 7 to 8 for the two
earliest laying females, 3 to 4 days later than in 1973.

The intervals between laying varied with individual females (Figs.
14 and 15). For F B, clutch size was unknown, hence the rate of laying
could not be estimated accurately. Female Y laid on alternate days at
intervals of about 48 hours, whereas F W appeared to lay eggs at varying
intervals. For example, for F W the interval between laying egg 1 and 2
was apparently about 40 to 45 hours, eggs 3 and 4 were laid at about U8
hour intervals, and eggs 5 to 8 were laid at about 35 hour intervals.
Female W's increased rate of laying for eggs 5 to 8 of the clutch
supports Erskine's (1972:80) finding, suggesting ""a shift from laying on
alternate days early in the clutch to laying on successive days towards
the end of the clutch'.

Most eggs appear to be laid in the morning (Figs. 14 and 15),
agreeing with Erskine's (1972:80) findings. Time spent in the nest

cavity during the laying period varies with individual females (Figs. 14

~
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Figure 14,

Presence of female Y on Pond J between May 13 and 28, 1974.
Start and end of observation periods are indicated by
vertical bars, and the time between them is the
observation period.

Solid horizontal lines represent presence of female”on
pond, and break in line, absence from pond.

Numbers after E refer to number of eggs in cavity at
time of inspection.

female present when pond checked briefly

»

female absent when pond checked briefly

>

female seen to enter nest cavity

<
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Figure 15,

Presence of female W on Pond #rbetween May 8 and 22, 1974.
£

See Figure 14 for explanation 'of vertical bars, solid
horizontal lines and breaks in lines.

Numbers after EE refer to the estimated number of eggs
in the nest cavity on given days. ¢

¢ female flew toward nest cavi{y.
id l
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and 15). During the laying period females apparently occupy the cavity
only on those days eggs are laid (Figs. 14 and 15). Apparently F Y
spent very little time in the cavity laying eggs 1 to 5, but then spent
increasing time in the cavity on the days eggs 6 and 7 were laid (Fig.
14). Incubation apparently started the same day as F Y laid the last
eqg. Ffemale Wprobably spent 4L to 5 daylight hours in the nest cavity
on mornings when eggs were laid, but probably less time when eggs were
laid in late afternoon (Fig. 15). However, on May 21 when F W presumably
laid her last egg she was away from the pond all day until 1800

(Fig. 15). Similarly F B spent a morning and part of an afternoon (May
18) away from the pond when the last or second last egg was laid (Fig.
13)

Female buffleheads spent the entire 5 and 10-hour observation
periods on the pond (Figs. 14 and 15) within their own space on the days
they apparently did not lay eggs. On days when eggs were laid females
spent from 40 minutes to nearly 3 hours away from the pond (Figs. 14
and 15), and the rest of the 5 and 10-hour observation periods were
spent within their own space. During the laying period, especially the

latter half, each paired male attended his mate closely while she fed.

Clutch Size

Clutch size of three individuals in dych of 2 years Is presented
in Table 10. Mean clutch size was constant at 7.7 for each year, but
less than that of 8.75 for Alberta (Erskine, 1972:83).

Maximum size of the four largest class la broods in 1972 at three
study ponds was 12 (J), 11 and 9 (H) and 10 (K). By contrast, in 1973

maximum brood size was 8 (L), 7‘€33. and 7 and 7 (H). These few data

suggest that clutch size may vary between years for the same habitats.

130



‘

Eronine (1972:86) reported that mean (lutch size of buffleteals shimed
relatively little change between years. However, annual variations i»
clutch size have been demonstrated in other diving ducks, for example,
the ring-necked duck (Mendall, 1958), and the tufted duck (inthy:
STl ) and scaup (AL maril:) (Hildén, 1964).

Clutch size of individual buffleheads was relatively constant
between years (Table 10), however this may reflect the similarity in
mean clutch size for these 2 years. Erskine (1972:87) found that
clutch size of individual buffleheads varied markedly between years.

The laying of smaller clutches as the season progresses, an
initial rise then a decline, has been shown in buffleheads (Erskine,
1972:86). This trend is similar to that in passerines (Klomp, 1970),
however, clutch size declined from the start of the breeding season in
other diving ducks, for example, the tufted duck and the pochard

(Aythya ferina) (Havlin, 1966), and in species of dabbling ducks of the

genus Anas (Sowls, 1955).

Behaviour of Females During the Incubation Period 4

During the incubation period three colour-marked females spent from
two to at least four off-nest periods per day at Pond J in 1974. When a
female alighted in her pair-space her mate swam or flew over to her and
she either started feeding straight away or the pair copulated. The two
most sexually responsive females, W and B, copulated‘vith their respec-
tive mates, usually within a few minufes of their arrival on the pond.
During each visit to the pond a female engaged in a long.:out of .
feeding, usually forag.lng along "the shoreline, closely attendxby her

mate, She then spent a short period of preening and loafing before

returning to her nest site.



R
Table 10 (Jutch size of threey individual buttleheads in 1973 and

1974
colour -m’arkeA

temale 1973 1974 Mearn

i 1

R-W 8 8 8

2 |
W ] 8 7.6

1
Y R’ ] 7.5
Mean 7] 7.7 7.7

e e e ————————— e e T

| . , \ . . .
Actual clutch size determined from inspecting the nest cavity dur ing
the incubation period.

p
“Clutch size determined from inspecting the caV?ty after the female
deserted the eggs.

3Clutch size estimated from a class la brood of seven plus one egg
remaining in the cavity. The ducklings were counted on the day
they arrived at the pond within 50 m of thejr cavity, so | assumed
no ducklings were lost travelling on land.
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[ncubation rhythm, the pattern of otf-nest periods at the pond, was
determined for three marked females for most hours of the day (Fig. 16).
These data were gathered during mornings, incidental to recording inter-
actions among males, and continued on throughout the afternoon until
cometime after 1B00 when there were no further females on the pond. No
observations were made during the first 2 hours after sunrise. Thus it
was not known for certain if females visited the pond during the early
morning hours. Other evidence suggests that incubating females stay in
the nest cavity at this time. For example, at Pond J in 1972 there were
five morning watches, four began 1 hour and one, half an hour after
sunrise, during the incubation period of two females, and at no time did
females arrive at the pond within the period 4 hours after sunrise.
Furthermore Erskine (1972:91) found females in the nest cavity on all of
five visits within about 2 hours after sunrise. Incubation rhythm of
the bufflehead, based on automatic recording, has not been documented.
However, In Finland, Sirén (1952) used automatic apparatus to continu-
ally record the incubation rhythm of a congeneric female common golden-
eye throughout her entire incubation period. In the period 2 hours
after sunrise this goldeneye was never off the nest, and In the period 4
hours after sunrise she was off the nest only once in 30 mornings. |
suspect that female buffleheads and goldeneyes only rarely leave the
nest in the early morning. However, It Is posslble that individual
females deviate from this pattern.

From Figure 16 it can be seen that the off-nest periods varied
somewhat among individuals. |If we assume that there were no of f-nest
periods in the early morning, then it appears that F B spent two

periods at the pond per day, whereas the other two females, F W and F Y,



Figure 16. Presence of three colour-marked females on Pond J during
part of their respective incubation periods in 1974.

See Figure 14 for explanation of vertical bars, solid
horizontal lines, and breaks in llnes.
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spent three to four periods (Fig. 16). The data for June 2 and 7
indicate that F B most likely spént only two off-nest periods at the
pond on each of those days.

The percentage and total time that F B spent on the pond per day
during her off-nest periods closely coincides with those of F W on each
day that these data were recorded for F B for either two periods or
part of the second period (Table 11, Fig. 16). Female Y spent a similar
proportion of time on the pond each day (Table 11). The relatively
constant and high mean time per off-nest period for F B reflects her
incubation rhythm of two visits per day to the pond (Table 11). By
contrast the mean time per off-nest period for F W was shorter on those
days she visited the pond three times (Table 11).

It is not clear whether these differences in incubation rhythm
resulted from individual variation among females, their reproductive
state and/or changes in the environment. However, during the first 2
weeks of their respective ipcubation periods, F B's space and shoreline
expanded as those of F W contracted concomitantly. Thus the fewer off-
nest periods of F B in association with a high mean tfme per off-nest
period could be related to her greater foraging space and shoreline.
Female W's mean time per off-nest period was low when foraging space
declined, t?en rose as her space increased slightly. It Is tempting to
suggest that F W visited the pond more of ten for shorter periods in
response to her contracting space. However, there was no evidence to ‘\
support or refute this idea, and a similar rhythm may have occurred

even without a change in space.
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Time spent by three marked females on Pond J during their incubation periods

Table 11.
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SPACING BEHAVIOUR OF FEMALES WITH BROODS

Arrival of Broods

Date of arrival of all class la (2 to 6 days old) buffiehead broods
seen on 6 ponds in 1972 and 4 ponds in 1973 is shown in Figure 17. The
actual day of arrival was known for one third of newly hatched broods,
QreSumably 2 days old, and was estimated to %1 day or less for most
other broods.

The arrival of broods was staggered over 5.5 weeks, with the
earliest brood arriving on June 13 and the latest between July 19 and
21. Staggering of arrival of broods is clearly seen on ponds with more
than two broods. For example, arrival dates of broods with number of
broods in parentheses for Pond H were in 1972: June 22 to 26 (2),

July 5 to 9 (2); in 1973, June 27 to July 2 (2), July 19 to 21 (1); at

Pond J in 1973, June 13 to 22 (2), and July 3 (1).

Homing

in 1972 the number of resident pairs on a pond mostly coincided
with the subsequent number of b;pods suggesting that an individual
S
female returned to the same pond with her brood that she éad occupied 3
few weeks earlier with her mate.

The homing tendency was confirmed the following year with colour-

1

marked females. Of two resident pairs on Pond H, F R-W returned there
with her brood, and an unmarked female with a brood, possibly the other
resident female (F 2), was seen on Pond H on July 2 but subsequently
moved, possibly to a nearby lake, in response to the presence of a pair
of red-necked grebes resident on Pond H (discussed later). At Pond J
one of two resident females (F R) homed a distance of about 300 m with

)
her brood, while the other female (F W) deserted her eggs. Two
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10-18 16-21 22-27 28-3 4-9 10-15 16-22
JUNE | JULY

Figure 17. Number of class la buffiehead broods on ponds
in relation to date of arrival.

. /// 1972
2,] 1/ / |

139



140

peripheral females (F Y and F B) arrived at pond J with their broods.
There were four unmarked resident pairs on Ponds K and L combined, yet
only two unmarked females arrived with broods. Thesg observations
confirm a homing tendency in females with broods to Ponds J and H, and
possibly K. «

In 1974, however, of three colour-marked females resident on Pond
J, and one on Pond H (F R-W), only one (F B) returned with her brood, a
distance of at least 600 m. Evidence presented later suggests that the
homing response is modified by environmental stimuli atwthe pond near

the time of settiement.

Introduction to Spacing Behaviour

Hostility between female buffleheads with broods, and the resulting
spacing of them, has not been documented. Erskine (1972:101) suggests
females with broods only establish home ranges | first Saw hostility
between females with broods at Pond H in 1972 At that time (July 10)
| saw a fight between two of the four females with broods, and two more
fights on July 14 involving three different f;males. Al)l day observa-
tions (0630 to 2200) on July 16 of four unmarked females with broods
(two with class Ib broods and two with |la broods) confirmed that
fights occurred at fixed poslzrg;s in space near the shoreline and that
each female with a brood restricted its activities to a particular space
(Fig. 18). This behaviour suggested that these females maintained a
stable, exclusive area by fighting and threat. However, on July 20 one
female with a brood, probably F 3, was not on the pond. Her abando;od
brood joined F 1's brood of similar age (11b); other broods appeared

to mix but no further fights were seen. Unmarked individuals, broods

f similar age and number, and mixing of broods all made it difficult



Figure 18. Spatial relationships among four unmarked females with
broods on Pond H on July 16, 1972.

A number, followed by a superscript number then a decimal
fraction, located within the centre of each brood-space
denotes an unmarked individual female with a brood. The
superscript indicates the number of ducklings in each
female's brood. Decimal fractions represent the area of
space, expressed to the nearest 0.1 hectare (ha), held
by each female with a brood.

For example, b7-l.2 indicates a brood-space of 1.2 ha
held by female 4 with 7 duckllings.

The age classes of the respective broods on July 16, 1972
were-as follows:

Female Age clgss
1 lla
2 Ib
3 Ila
] Ib

Solid lines are boundaries based on locations of threats
and fights between females with broods. Dashed lines
are boupdaries estimated from movements of females and
their broods. . )
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to determine conclusively a degree of attachment to a specific space by
a female with a brood.

Fortunately, in 1973 at Pond J all three females, with broods of
different size and age, were colour-marked and their social interactions
recorded over a 20-day period in which the brood-space of one female
expanded as another contrécted, while that of the third was relatively
stable. Interactions between females with broods were recorded for

shorter periods at Ponds H and L in 1973, and at Pond J in 1974.

Description of Intraspecific Agonistic Behaviour

Brief descriptions will suffice as the agonistic behaviour of
females with broods is essentially similar to that of males described
in detail earlier.

1. Approach - Withdrawal

b In these encounters the approach of a female with a brood
usually by swimming and alternately diving and surfacing in the Head-
forward posture or by an approach flight, prompts its opponent to with-

draw by an avoidance flight or by swimming away.

2. Threat

= Neighbouring females with broods engage in rgciprocal‘shreat:‘
encounters, within and along a boundary zone by alternately d}ving and
surfacing in the Head-forward posture in essentially the same manner as

males.

3. Attack - Retreat
Supplanting attacks, as described for males, may be directed

by females with broods at each other or by a female with a brood at a

lon. , presumably a yearling. A female expanding her

-



brood-space directs aerial attacks at her opponent 10 two situattons,
when the attacker intrudes into the space of its opponent and when the
)

latter trespasses into the newly acquired space.

L. Fighting

Fighting between neighbouring females with broods is usually
preceded by threat encounters and occurs within a boundary zone. Fights
are often initiated by aerial attacks and mostly erupt on the water
surface, unlike those of males which erupt underwater. Fighting on the
water surface mostly consists of attack lunges with little contact very
similar to that described for males. Fights may also be interrupted or
terminated by flap-paddle chases. Fights usually last about half a
minute, but one was recorded lasting nearly 2 minutes. Fighting
encounters usually end with an appeasement display then the Wing-flap
Display. The side by side appeasement posture of males is not performed
by females. Females with broods usually end fighting with Facing Away
then move apart to give the Wing-flap Display (see males) or fly to

their broods.

5. Aerial Pursuit
An intruding lone female may be attacked then pursued by a
female with a brood until the trespasser flees from her space. Vigorous
aerial pursuits occur between females with broods when one female
attempts to establish a brood-space on a pond, or expand its existing
o
space and Its opponent tries to resist the Intrusion. As in aerial

pursuits between males, the pursuer occasionally grabs the pursued in

flight. In situations with relatively stable boundary zones aerial

<
pursuit was not seen.



Agonistic Behaviour in Srace andg Time

1. Introduction
Only the 1973 data for Pond J were suitable for a detailed
quantitative analysis of spatial-temporal relationships between females
with broods. To determine the nature of the spacing mechanism and the

relationships between individuals in time and space, the frequency,
intensity, location and outcome of aggnistic encounters in relation to
changes in size of brood-space are analyzed first for Pond J in 1973.
Then the interrelationships between aggression, size of brood-space,
size of brood and age of brood are examined.

An encounter between two females with broods refers here to a
continuous sequence of agonistic behaviour that ended when one female
engaged in other activity such as Wing-flap Display, preening or
swimming away from her opponent. Encounters between these females were
classified into six categories according to their intensity and sequence
of behaviour patterns.

Approach by one individual and withdrawal or avoidance by the
other was recognized as category 1.

Reciprocal threat encoMrs were assigned to category 2,
supplanting attacks with no aeriél pursuit to category 3, and fighting
with or without flap-paddle chases but no aerial pursuit, to category 4.

Encounters with only one aerial pursuit that may be preceded
by supplanting attacks, fighting and/or flap-paddle chases with one
individual dominant were recognized as category 5.

Category 6, the most intense encounters with one individual
dominant, consisted of a mixture of supplanting attacks, chases and

fighting on the water surface together with either a) more than one
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Spacing Bethigvionr ot Three Lolour -marked Females on Pond J in

1973

Thiee temales with their broods arrived at Pond J over a per iod
ot 21 days. Female R and her brood arrived tirst on June 13 An
fmgrhed temale (marked BB on July 3) and her brood arrived next and

Gocuged o peripheral pond adijacect to J between June 21 and 22, and

ther Pond J by June b Female Y and her brood arrived last on July 3.
The ages ot the broods dittered considerably. Female R's brood was b
days older than that ot F B and 20 days older than that of F Y Mes e

atter, R or red reters to F kB oresblue to FB and Y or yellow to F Y.

~. P Figqure 19 depicts the frequency and intensity of agonistic

~
———er

encounters between three marked females during a period in which ¥
4

gradually expanded her brood-space, first forcing R off the pond, then
occupying the whole pond when B no longer maintained her brood-space.
I+ gqeneral the total number of encounters increased with time. VYellow
occupied a central space and interacted about twice as much with R as
with'B. There were virtually no interactions between B and R. To .
quantify more simply the changes in agonistic behaviour in terms. of
maintenance of space | combined a) reciprocal encounters characteristic
of maintaining space, categories 2%and L: b) milder non-reciprocal
encounters, categories 1 and 3; and c) more intense non-reciprocal
encounters, categories 5 and 6 (Fig. 19). The agonistic responses of
.Y differed markedly between encounters with R and those with B.

Encounters between Y and B characterize agonistic behaviour

. associated with maintenance of a relatively stable brood-space. Even
L4

R ]

though B's space contracted considerably at first, it then expanded and
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19.

Frequency and intensity of agonistic encounters between
three colour-marked females with broods on Pond J
between July 5 and 20, 1973.

The numbers 1 to 6 represent six categories of agonistic
encounters described in the text.

—
-

Approach - withdrawal

2. Threat

3. Attack - retreat

L. Fight

5. Aerial pursuit - low intensity
6.

Aerial pursuit - high intensity
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remained relatively constant. The greater proportion of threat and
fighting encounters (categories 2 and 4) up to July 18 were associated
with B's maintenance of her brood-space. Aerial pursuits were
infrequent and not recorded until July 17. On July 20 a QQCIine iq the
proportion of reciprocal encounters was accompanied by a rfse in
supplanting attacks by Y and retreats by B until B no longe¥ e§cluded
conspecifics from space.

Agonistic responses in encounters between Y and R illustrate
an expansion-contr;ction-eviction sltua:ion in which Y's space
continually expanded as that of R's contracted, then R was evicted from
]he pond by Y. Fleeing by R in response to Y's attacks and pursuits
increased with time, while threat and fighting encounters, associated
with defence of. space, declined (Flé. 19). Aerial pursuits occurred
each observation day, but were most frequent on those days with a high
number of encounters associated with major gains in space.

Changes in sizes of brood-space and the location of agonistic
encounters are shown In Figure 20 - Maps 1 to 9. Three phases can be
distinguished during the period that slzes of brood-spaces changed:
Phase | refers to the period before the zrrlval of Y; éhase Il to the
period from July 5 to 9 when B's space contracted considerably and that

)
of R was relatively stable; and Phase 11l refers to the period from
Ju!y 12 to 20 when R was evicted and B's space was relatively stable.

Durlpg phase |, before Y arrived, the open water area of the
pond was totally divided between R and B, with B occupying the larger
brood-space (Fig. 20 - Map 1). Phase 11, thelobseryatlpn period from
July 5 to July 9, began when Y and her brood arrived at Pond J on

July 3. Yellow settled in the north-west bay where a boundary zone had

.



Figure 20.

Spatial relationships among three colour-marked females
with broods on Pond J between June 28 and July 20, 1973.

A letter followed by a superscript number then a decimal
fraction represents females individually colour-marked
with nasal saddles as follows:

R red
B blue
Y vyellow

The superscript indicates the number of ducklings in
each female's brood on given days.

Decimal fractions denote the area of space, expressed
to the nearest 0.05 hectare (ha), held by each female
with a brood on given days.

For example, Y6-0.SS, indicates a brood-space of 0.55 ha
held by female Y with 6 ducklings.

Solid lines are boundaries based on the locations of
agonistic encounters between females with broods. )

Dashed lines are bounda;kes estimated from movements of
females and thelr broods. :
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existed between B and R. Thus Y established a brood-space both where
resistance to her establishment was weakest and the pond topography most
suitable (Fig. 20 - Maps 1 and 2). From the arrival of Y until July 9,
B's brood-space contracted by two thirds, whereas that of R remained
relatively stable, declining by only one sixth (Fig. 20 - Maps 2 to 4).
This suggests that Y's encroachment was resisted more by R than B, even
though there were proportionately fewer threats and fights and more
fleeing from attack and pursuit in encounters between Y and R, than
those between Y and B. By July 9, Y had encroached upon the boundary
between R and B and penetrated to the shoreline, thus partitioning B's
space from that of R (Fig. 20 - Maps 2 to 4). Thus Y occupied a
central space and interacted along one boundary with B and along the
other with R.

Most encounters occurred within a boundary zone and intrusions
within brood-spaces were infrequent. Clustering of encounters near the
shoreline of the north-west boundary zone subZests this site was a
focal point of R's defence, or Y's.attacks (Flg..ZO - Maps 2 to 4).

During phase 111, the observation period from July 12 to 20,
there was a marked rise in the frequency and intensity of attacks by Y
against R. On both July 12 and 17 Y's aggression towards R intensified
(Fig. 19). Continual fleeing by R in response to Y's increased aerial
attacks and pursuits resulted in considerable compression of R's brood-
space on both these days (Fig. 20 - Maps 5 to 7). Finally on July 18
repeated aerial attacks and pursuits by Y forced R of f the pond (Fig.
20 - Map 8).

The concentrated urlauttacks by Y upon R along part of a

boundary zone (Fig. 20 - Map 5), then along the entire boundary zone

* e P
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(Fig. 20 - Map 7), first led to R's expulsion from a bay, then forced R
to retreat farther into the south-west bay, her core area.

Meanwhile as Y intensified her attacks toward R, B expanded
her brood-space and maintained a relatively stable boundary zone by
threat and fighting encounters until the morning of July 20 (Fig. 20 -
Maps 5 to 9). Then, for the first time recorded, an aerial attack by Y
upon B within the boundary zone, released a long retreat swim underwater
then a retreat flight by B. Thereafter Y intruded into the east end
attacking and pursuing B, and for the first time, B failed to expel Y
from the east end. VYellow's attacks upon the ducklings of B elicited
no defence response from B. By mid-day Y and her brood occupied the
east end; B8 avoided Y and no longer accompanied her brood. This rapid
breakdown in the maintenance of B's brood-space was accompanied by a
complete breakdown In her attendance and defeéce of her brood. B8y
July 22 B had abandoned the pond and her brood.

Differences in behaviour patterns involving Y in two different
situations: 1) maintenance of space, and 2) expansion of space and
eviction of an opponent were tested for significance using Chi-square
(Table 12). There were significant differences in four agonistic
behaviour patterns (categories 2, 4, 5 and 6) exhibited by two different
females I? response to Y's aggression. Red responded to Y's aggression
signlflca;tly more by fleeing (P<.001 and P<.005) for two categories of
aerlal pursuit, 5 and 6 respectively. Blue responded to Y's aggression
significantly more by threat and fighting (P<.005 and P<.001, respec-
tively). Tbe above analysis emphasizes how space Is est:bllshed and
maintained. However,K to evaluate determinants of size of space and

aggression and their Interrelationships It Is first necessary to
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quantify aggression. One component of aqggression is the outcome of an
encounter, which was ¢lassified as‘a win, loss or draw for each inter-
acting individual. With three colour-marked females the attacker and
attacked were clearly recognized. In non-reciprocal encounters
(categories 1, 3, 5 and 6), for example those between Y and R where Y
was clearly dominant, the attacker and/or pursuer was termed the winner,
and the individual fleeing from its attacker and/or pursuer, the loser.
In threat encounters a loss was recorded for that individual ending the
encounter first by withdrawal, redirected aggression or other activity
away from its opponent. In fighting a win was determined by a number
of criteria-such as an individual's frequency of attacks, grabbing,
flap-paddle pursuits, and the vigour and sequence of the Wing-flap
Display relative to its opponent. A draw was recognized for inconclu-
sive encounters such as threats, when both opponents showed mutual
withdrawal, and some fights.

Figure 21 shows the success of Y in encounters with her neigh-
bours and success of B in encounters with R. Yellow and B were dominant
over R. Overall Y was dominant :ver B. Yellow won 80 percent of 150
encounters with R, Of the total encounters with R, Y initiated 70
percent and of these, won 94 percent.

in encounters with B, including July 20 when the spacing
mechanism broke down, Y won nearly half and about a quarter each were a
loss and a draw. however, In encounters between Y and B up to July 18
when B maintained her brood-space, Y won 37 percent, lost 34 percent
and 29 percent of encounters were a draw. Thus up to July 18 B and Y
appeared to be equally dominant in terms of outcome of encounters, but

not In Initiating them. Yellow initlated about twice as many  encounters

]
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Figure 21. Success of blue in B-R agonistic encounters and success
of yellow in Y-R and Y-B agonistic encounters.
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as B suggesting Y was more aggressive. The individual initiating an
encounter usually won it. In encounters between Y and B, Y won 71
percent of 24 encounters she initiated, and B won 69 percent of 13
encounters she initiated.

) Outcome of encounters determines dominance relationships
between individuals but not necessarily their aggressiveness. To mea-
sure aggression in red grouse (lagopus l, scoticus) Watson (1964)
scored the number and outtome of encounters over time and expressed the
score as an index of aggression. Similarly for female bufflngfads with
broods | calculated an index of aggression (total points scored per
bird per average observation hour) for each female per observation day
by assigning a bird three points for a win, two points for a draw and
one point for a loss as did Watson (1964). )

Figure 22 depicts the relationship between aggression and size
of brood-space over time for three colour-marked females. Clearly Y
was much more aggressive than either R or B. Yellow held a central
space and interacted with both her neighbours whereas they rarely
interacted with each other. Yellow's total index of aggression was
nearly four timés that of either of her opponents. ®n 16 days, from
July 5 to 20, Y Pxpanded her brood-space by nearly three times through
eviction of R from the pond and overlapping B's brood-space shortly
before B abandoned her brood. Thus Y'srexpanding lBrger brood-space was.
clearly related to her relatively greater aggression over time. Red's
higher fndex of aggression than B resuits from her greater number 6f

encounters with Y and was no indication that R was more aggressive

[ 4
than B.

The younger, larger brood of Y and her greater aggression and

.



159

» O @
@ v <

/
12 - |
% / 1.5
= 8 - [
ﬂm? . - - _ 1.0
&14 'ﬂi //
& * ‘k 0.5
(T}
< /
u. le T lj lf Q
o o)
1 QOQ
%% o
‘5‘4 0.5 OQGQ’
/4 /// x“’?"
- L/ /
s 7 9 1214 (718 20
JULY
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and time for three colour-marked femples with proods.
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expanding brood-space suggests that all these variables may be’inter-
related. To investigate further these Interrelationships it is desir-
able to analyze the effects of these variables independent of each
other. Although this Is best done with field experiments | consider at
this stage the interrelationships between these variables using observed
natural experiments.

S
Aggression and Size of Brood-space

The relation;hjp between these factors, independent of brood size
but not age of brood, was evident in one situation where sizes of broods
were the same but ages of quods differed. On Pond J in 1973 R and B
each had two ducklimgs yet é held a brood-space one third larger than
that of R (Fig. 20 - Map 1). In 16 encounters between B'and R, B won 9,
lost § and drew 2 (Fig. 21). Blue initiated 10 encounters and won 6 of
them and R Initfated 3 and won 1. Therefore in terms of both the total
number of encounters won, and those Initiated, B with the larger space
was clearly more aggressive than R. Blue's brood was 8 days younber
than that of R's. Regardless of the extent to which age of brood or
individual differences between the females contributed to B's greater
aggression, si'ze of brood-space was apparently determined by level of
aggression. ) " ééf

Evidence presented in Figur; 22 suggests that Y's ]aréJ? bro;d-
space resulted from her greater aggression. Again on Pond J in 1974 B
held a large} brood-space than F Or (Orange) and won all fights against
Or, again suggesting thlt the moge aggressive female maintained a l;fger
brood-splc;; Because aggression apparently determines size of bro&d-

space the next question Is: What external factors determine level of

aggression?
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Aggression and Brood Size

It is difficult to measure aggression objectively for comparing
the aggressiveness of different individuals in different years and
ponds. Comparisons must be made in the same year at the same pond.
Rather than attempt to measure aggression it s%ems best Yo determine the
:;lationship between brood size and size of brood-space and then relate
this to aggression.

The number of bufflehead broods on a pond appears to depend on
their density in relation to pond size and the number and dggsity of
competitors for space, especially red-necked grebes, and possibly other
species of ducks. On ponds with only one bufflehead brood their brbod-
space encémpasses the entire pond.““To clearly interpret brood size in
relation to size of brood-space only data from those ponds occupied by
more than one bufflehead brood and no red-necked grebes were used. Only
the 1972 data for Pond H and the 1972 to 1974 data for Pond J met these
criteria. On Pond J in 1973 the number of broods, size of brood-space
and brood size changed over time. In this situation when three broods
occupied the pond, the averages of the two variable‘\nere plotted |
separately from when two broods ogcupled the pond.

Figure 23 shows a significant corr;latiOn (Spearman's correlation
coefficlent 0.7896: P<.01) between size of brood-spac; and brood size
for 13 samples. Further evidence that size of brood-space of an Indi-
vidual female is a response to her brood size is provided by the

relationship between these varlablgi\for B in successive years. Blue's

mean size of brood-space and brood size was 0.5 ha and 2, respectively

.
in 1973 and 1.0 ha and 6 In 1974. Furthermore the shape of B's brood-

. ” ;
space In successive years in relation to topographﬁ gf the pond (compare

] i '
(O o
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Figure 23. Relationship between size of brood-space and

size of brood(
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Fig. 20 = Maps 2 to 8 with Fig. 243) indicate that B's size of
brood-space was a response to her brood size, as well as neighbouring
females with broods, independent of pond topography. In one situdtion

at Pond J in 1972 where ages of broods were the same, the more aggres-

sive szflz with the larger brood held the largest brood-space. ”

Females with a larger brood-space have larger broods and are more
aggressive suggesting that brood size is linked to aggression which in
tufn deéélmlnes size of brood-space. |f brood size determines level of
aggression then the next duestlon Is: What Is the effect of age of

brood on level of aggression?

Aggression, Age of Brood and Brood Size

| The interrelationships between these variables, especially the
effect of age of brood on aggression, was investigated in situations
where brood size was constant. Before the arrival of Y at Pond J In
1973, the two resident females each had a brood size of 2, but as
mentioned e;rlier the more aggressive B with the larger brood-space had
a brood 8 days younger. Thus females with younger broods appeared to
be more aggressive than those with older broods. /fyrthermore. at Pond
H on July 28, 1973 F R-W with a brood retreated from, and avoided the
attacks pf an Intruding unmarked fema}e with a brood (later F Bk-W).
By July 31 F R-W had abandoned her brood. Both females had equal sized
broods of seven but F R-W's brood was 33 days old (class ||§) and that
of the unmarked female 10 days of agen(class.lb), an age difference of
23 days. In 1972 agsin on Pond H brood size was similar for three of
four females wWith broods, but two ’cnnlcs wlth younger broods each h‘ld

»
longer sborelluos but area of brood-space was similar for all feuulcs

[}

.
~

(Flg. 16). Thus fentlns with younger broods tended to be more



Figure 24a.

Figure 2hb.

»

Spatial relationships between two colour-marked females
with broods on Pond J between July 10 and 15, 1974.

Or indicates a female marked with an orange nasal saddle.

See Figure 20 for explanation of numbers, the letter B
and solid lines.

Spatlal relationships between two unmarked females with
broods on Pond L on July 19, 1973.

Numbers and their positions outside the map of Pond L
indicate the respective brood size of the two females,
and the extent of shoreline foraged by each female with
a brood. Stippled areas represent pond-lilies.
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aggressive than those with older broods of the same size.

On Pond J in 1973 the larger brood of the more aggressive Y was 12
days younger than that of B's and 20 days younger than that of R's but
the effect of age of brood on aggression was probably accentuated by
brood s{ze.

On Pond J in 1974 the less aggressive Or with a smaller space had
a brood of two about 2 weeks younger than B's brood of 6 (Fig. 24a).
This suggests that a larger brood overrides age of brood in determining
level of aggression and size of brood-space.

On Pond L In 1973 F 8 with a larger, older brood and longer shore-

line encroached upon F 4's space and was attacked and chesed (Fig. 24b).
L 4

it seems simpler to interpret this behaviour as a response to intrusion

whereby F 8's position within her opponent's space released the

aggression. Female 4 was more aggressive ljthls context yet she had
a brood of 4 ducklings whereas her neighbour had a brood of 8, but U4's
brood were 6 to 9 days“;srnger than that of B's. Brood-spaces over-

lapped at the boundary zones in time and space and Interactloﬁ% were

too few to establish dominance or aggressiveness In Bther contexts.
& e
Overall then brood size and age of brood were linked to aggression
v

but brood size appeared to be a much more important determinant of

aggression which In turn detefmines size of brood-space. .

v T,
‘ r‘!‘ :!"u
Interspecific Nostld 3

4.
1. Female auffwmds urth arpods ad Qther Ducks,

Femsle buffleheads wlth broods often attacked and chased other
spoclcs of dlvlng ducks , npcclolly luur uoup'and common goldeneye,
but also ring-necked duck and once a whlu-\i‘ngod scoter (Ikladtta
deglandi). Occasionally debbling ducks such (] bluc-ulngod and

» L
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green-winged teal were attacked and chased. On Pond‘J in 1973 lesser
scaups were the only common resident diving duck. Congeneric common
goldeneyes attempting to settle on the pond were vigorously attacked
and chased off. The agonistic behaviour patterns involved are similar
to those described for males. -

Interspecific encounters occurred on all ponds but only those
on Pond J in 1973 were suitable for quantitative analysis. At Po“:J
in 1973 the number and intensity of 1ntersreclfic encounters were
inversely proportional to the dominance of Individual femgle buff leheads
with broods (Tables 13 and 14). For example, lesser scaups were
attacked more often by R than B, and more often by B than Y (Table 13).
Furthermore there were proportionately more gttacks of higher intensity .
(aerial attﬁck and pursuit) by R than by B, “and proportionately more |
attacks by B than Y (Table 14).

After losing encounters with Y, R often launched aerial attacks
at lesser scaups and mostly pursued them fro& her brood-space. This
suggests that the subordinate R was gréat!y threatened by the more ‘
aggressive, encroaching Y and redirected aggression at lesser scaups.
By coﬁtrast. the dominant Y spent more time in intraspecific encounters
interacting with both R and 8, and as a result possibly attacked fewer
;caups Qlth less intensity even though most scaups sought refuge in Y's
space. Blue sooner or latgr excluded al) scaups from her brood-space
suggesting that Interspecific hostility can be partly explained by
redirected aggression and partly By the scaup's position In space, which
released B's aggression. . '

2. Female Buffleheads with Broods and Grebes

At the close approach of a red-neckedygrebe in Low threst, a

" [ )
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Table 13. Number af interspecific agonistic encounters recorded among
female buffleheads with broods and other ducks without
broods at Pond J during six observation days between July 5
and 17, 1973.
Colour-marked \ Other Dabbling
female Lesser Common diving ducks
buffleheads scaup goldeneye ducks (teal) Totals
R 63 6 o 4 74
8 ' CSZ 4 1 1 58
\ 28 9 0 0 37
Totals 143 19 2 5 169

(853)  (11%) (12) (33)  (1003)
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Table 14. Number of interspecific agonistic encounters recorded
between female buffleheads with broods and other ducks
without broods at Pond J during six observation days
between July 5 and 17, 1973.

Nature and intensity of attack by buffleheads

Colour-marked

female Attack on Aerial Aerial
buffleheads Approach the water attack ‘pursuit Totals
R 18 9 22 25 74
. o Y
B 1 19 17 1 58
Y 21 5 6 5 37
Totals 50 33 4s - 4 169
(30%) (192) (27%) (243) (100%)
;*



butt lenead brood forms a compact group benind therr mother of soamperns
1ty the shoreline. X female bufflehead may retreat with her brood, stay
alert in front of her brood and face the grebe, or often respond with
an approach flight and patter on the water surface over the submersed
grebe in a manner similar to that described for males. On several
occasions a threatening grebe, at the approach and patter flight of a
female bufflehead, responded by igfating on the water so that it
continually faced the bufflehead pattering around it. When the grgge

submerged the female bufflehead made a retfeat flight away from her

brood, landed, then assumed an upright posture and waited. Upon the

> *

grebe's withdrawal the female bufflehead swam to her brood.
Bufflehead broods and breeding red-necked grebes coexisted on
the same pond but at times, probably the grebe's.presence and aggressive

behaviour prevented bufflehead broods from settling. For instanceé at
Pond J on June 17, 1972 the first bufflehead brood arrivéz at the west
end near the nest site of a pair of red-necked grebes. At the approach
of a threatening grebe this female bufflehead and her newly hatched
brood retreated into the shoreline vegetation and subsequently occupied
an adJacent peripheral pond for the next few weeks. PreSumably the
buffleheads left Pond J because of the';resence and hostnllty of this
pair of grebes. A second bufflehead brood settled on June 18 in the
smaller east-end bay bf Pond J farthest away from the grebe's nest.

3
These buffleheads shared this space with the gre

weeks, but were excluded by the grebes from the 1

-

In mid-July shortly before the grebes left, the buffleh®ad brood that
”

west-end bay.

settled on a peripheral pond was able to reoccupy Pond J presumably

because thorércbe's hostllity waned followind five unsuccessful attempts
- .
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at nesting.
Further observations of settlement of buf‘Jehead broods and

possible interactions with red-necked grebes were obtained at Qond H in
» . E

1973. Four bufflehead broods occupled Pond H In 1972 In the absence of
red-necked grebes. In 1973 a pair of red-necked grebes occupied the
south-west half of Pond H when the first bufflehead female (F R-W) and

her brood arrived on June 27 and settled in the north-east half. On -

L
r

July 2 a second, class la -bufflehead brood (F unmarked) was seen within
e grebe's half of the pondybut had moved by July 10, when a 1b

hbufflghead brood of the same size was seen in the nearest bay of ;A

L4

adjacent lake. Later these grebes left. Another class la bufflehead

brood arrived between July 19 and 21, and in the absence of grebes
' A . . l
settled within the grebe's former space. Thes®e observations suggest

that when a pond is divided between a bufflehead brood, and a pair of

. breeding red-necked grebes other bufflehead broods were deterred from

settling. \\\
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HABITAT SELECTION AND |NTERSPECIFI6 RELATIONS

Female buffleheads with broods.used ponds of different hqbltats '
(different nature of aquatic and shoreline vegetagion) as well as ponds

of various sizes. However, some ponds were not occupled (Table 15).

Iing habitats

This suggests that females n\ake certain choices In sele

for ralsing thelr ducklings. ~ .
Habitat Selection ls bohavlof manlfegted through the cholce of a

specific h&Ttat in responso to environmental stlmll This nocd not -

Imply that habltat selected is optlmal or that it'ls profo(rod simply
-

that a choice is made. A habltat may be optlmal to a w:-o
of _survl\'ul and reproductlon only in the absence of a compe¥itor. -
Breeding success of a sp'cc{cs may be reduced 1f-Jt _og:;uplos. this habitat
togegher wlth'lts conpctltbr.:bd( iﬂhanécd It the coupctltor‘ls absent.
| f K\e optimal hablitat of a speolu Is occuplod by coqntltors then
another habitat where cometitlon is obunt or_reduced miy. be selected
by the species and this mgpy bccou the prcferrod one (ﬂﬂd‘n. f?‘S)
Selection of preferred hobitlt for buffl.hud broods thlt may or
may not be optime! habitat, probably doponﬂs on meny fectors such as
nusber and habitat type of ponds ovallablc; distance from no'lt‘llto to
a pond, pond size in relation to sp0tl§iiroquiron-nts of §h0 §rooi; ;;d
the presence and density. of eonspoclﬂc; and other specles. |
The data presented In ;dlc 15 end subooqhﬁf tebles have severst ’
limitations as they are based on 2 small sample o! zo ponds. most of o
~ which were only visited once in one year. Nauovor. dlstrlbut!cn of' pond
“size and habltat type Is. probably representative a I, N unﬂor o
that of &-larger sasple fo the general ares ( . i!!ﬂ "hl dats '. 

provide soms Imsight {nto habltqt seisction ad Intersphcific rolatioh . &
) . , .- ® ] 8 e .

-
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;o are worth malyzing‘.

Table.ls shows that pno'ng all types of ponds, those loss thao & ﬁa,
were the most connon. furthermore bog ll\d cattail type ponds were more -
available than the other habitat types. |In praportlon to the nudcr of " !
ponds available bufflehead broods used nurly twlce as many smal -
ponds (0.1 to 2.0 ha) as larger ones (2. l to h.0 ha) Female buff)o' )
heads weuld _appear to prefer smller ponds , hwcvor all bo! ponds
sampled were less than 2.0 ha. Thus pond sln ond. habltot on Int.r- B
related and It l: dlfflcult to dctomlm 1f there was any dur o C
preferoﬁce for smallor ponds- In mral or boo pond: In n’ilwhr
both. Furthcr.-thorc appurnd to ba no clear profcnm fol' c-lthor boq
or cattall ponds (Tablos fS and, 16) Tm uttoﬂ M lpn thm i.Q M
~ (TabTe IS) and tbru of four bog ponds 0.3.t0 0.5 ha ('hblo ,lﬁ nro |
not used. Thls sumts that bog m uttall ponds’ 0 5 to i.‘ M m -
. most attnctlvo for b(lﬂ‘lohnd brods lnﬁ that pond 3!’ vhy \ |
lmr;ng than’ babltat typc lnforc omlnlng uhy bﬁfﬂm M

&
)

‘-e;"‘",.'
)
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Teble 16. Slze qf bog ponds used by bdfflohcpd broods;' |

Pond size * llo ponds " No. ponds
~ (ns) . ' : censused with broods

’ ra ' ~ s
) ro.,‘o-s 5 : , o ‘ .

0.6-1.0. '

"
W w N
*
-«
-
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hatched, yet surprisingly neither W nor Y settied on Pond J with their
broods. Instesd Or and ﬁor brood of t,ﬁr‘_i. ﬂ'pieh ! nﬂn-c‘odlto have
hatched a few days after Y's brood, settled on Pond J. Tboy dld not
settle on PoM € closer to her nest slto prosuubly bccwu it ubs g
occupled by a palr of red-necked grohu and possibly asnother hufflohead.i
brood ‘st the tima her brood Mtchod A thorough search nmld no
broods of Y or W on any mrby ponds. 1) prosunbly bochnlnu mnln ‘ o
took them to . mrby‘lnlu. m ;patlal‘nqulnnnts uf buffl.hud | |
broods (uo Ng. 83) Indicate that Pond J was probably teo mH to | .

. accommodate two Torge broodo of ihlhr age. “White and Y woro l«t .
soon at Pond J on Juné zo ud Jm 26 mnctlv.ly, cbont the tr-n their
rnmtln clutdni m m to lutdt 4,', ,t thit durtag ylllu to
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»
.

had a female buffichead and a brood of 3 (class 111) in 1973, but no
broods in 197h° Pond B (0.3 ha) had a breeding palr of buffleheads in

nch of 2 years cenwud whllo Pond P was only mwud In 1974. B
Pond M (0.7 ha) had a lesser scaup brood In 1974, but was occuplod y
brcodlng pairs of buffieheads in 1972 to |97i and bu"l.hud br
of S md 2 rospcctlvoly In 1972 ‘and 1973. - log fond V (0 b ha) had :
bufflohnd brood of 3 but no ﬁ)‘ of a. fml. In 1978, Thus u‘n bog
ponds (0. ; m o.s ha) are. prchob!y sulnblo for broodlng nln of
bufﬂMz ln ,lmt all ycm, but may bo sultable only for small
broods with ,porhaps a maximum cl tHru lurvlvlng Juckllngs

Breeding nd-nodtod grebes ocwplod 6 of :ln;mlnlng 7 ponds
“with no MﬂMiM and the largest poud"o! M) hod . nlr of
lcnus Mi—u‘)wlth mmuﬂmom it is now

appmruu to nmln th- lntonp.clﬂc sssoclation of. lufﬂuhud
meds -nd breeding ru-mw grebes - mbm n nd 18). n..y are
largely mm-wl by md site which ls umd to hqut. 0
thlrds of M vlch Mﬂlm broou wers. lns thm 2.0 Iil. N M

»
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" Table 17. a“lﬂ'to‘rslm':lfh: association of buffishead broods (8) and

, . Breeding red-necked grebes (A) in relation to pond size.

Nusber of &' ds with

Pond size '(ha) ' A .8 :.;;:.; Totals
0.1-2.0 2 "o N '~ 10
2.1-6.0 I T S 8
h.1-6.0 o 1 o o 1
6-8.0 A 0 o o 5
. Tonl; y 4 & 5 20 -

s
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Table 18. Interspecific association of bufflehead broods (8) and .
breeding red-necked grebes (A) in relation to habitat

* type dnd pond slze. :
1) Bog ponds (N=9)
. - Number of ponds with .
' nelther ' ‘
Pond $ize'(ha) - M8 ' A 8 Anor8 Totals '
V .0 ‘ . »
*0.3-0.5 , o o 1 3 . "k A
. 0,6=1.0 L0 0 1 - 2 : '
1.1-1.5 1t 0 2 O 3 ~
"Totals . 0 & 'l/ 9

! ‘ ot .
i1) Cattall ponds (N=6) . / . 3
, - Nugper of ponds with

- , ’ . nalther
Pond size (ha) -~ ABy A B AdorB " Totals ,
] 0.1-2.0 1.0 0 g0 |
2.1-0.0 1 11 o 3 -
‘ 0.1-6.0 o' 1 o O o
6.1-8.0 o o0 o 1 1 ' '
" z 1 1 . - ‘ ‘ \

mlls r - |
. 1) Pond-lliy ponds (&) . .

el

Pond sjze’@a) A8 A D Avor B Totels - R
2040 . .0 3 1 0 o6 o

Y
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whereas a 2.4 ha pond (A) pad two palrs lhn 1973. one of which reared :
young, and one palr in 1974. Thus the spatlal requirements of ?
buffliehead brood and a pair of grebos completely overlap on 1. 5 ha ) e
ponds (for example, Pond J In 1972), and probably overlap to some.
extent‘ on larger ponds d-p,nd!ng on pond size relative to nu;bcrs‘of.' ce
grebes .ung nusber-and size of bufflcho’ld broods. T : |
Buffiehead broods snd L;..m. red-necked grebes Jargely oocupy | ”

sgp;rate ponds, but can coox!‘st" on the same pond '(Tablir"';‘fvand ll):.

,» (ses below). There ‘was no clear. tindmy for the uttll;g of ;.-il’.
bufflehuds with br&ods to bo pncluly odjustd nlotln to mvtron-
menta!l cues: such as, pond slu. brood size, and nu‘u of gubn. "For
Instance, Pond J (1. sm) In 1972 m one pair of m\u and a class |
bufflehead broed of 12; whereas In 1978 cattall Pond c (l 7 ha) and bog

Pond R (1.5 ha):Seth hed o pm o gum o em ! umm bmods

. ; Lo

-

of two and ons rnuctln\y. " D ,' SR o
Sreeding m-mc%m .ppmmy preter my m (‘mh m |
To dttcrllm uuunr thm m m elnlr mlnl mlm u h mt




" R ) ) = ] ) ’ , \ ‘8"
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because, food fod to young (ludm) and foraging habitat (pond-unql
Is superior. Porhaps breeding sucms)h lntornuﬂnn on cattall ponds
and ndge\ponds, but- lew&t on bog pends ponlblv hahu of less nest : ',
sltc cover. md Incruud predation on eggs. These fn dau suggest
Chqt my ponds axe both ‘the optlnf ;“ )/«!lrrld h-blnt of brudlng\ 9
rod-mcbd grebes, while bog pondi, are ghrdlm mmz.. The 1ster
dnm of their arrivel ot hog m ’,;ruu fuftlnr tﬂm ﬂut thoy
are urgiool hcblut for 'rdu J Mh ot thrn pum nudlﬁ.
the first, tmhos trrivd ot m uﬂ pnds {mn Aprll 30 8 M 3 ln

. 2 yeuars, mrm on bog m.! 1973 tho !lnt Qfdn arrived ‘on

. May 11, and. in lsthommbc rrlmwmsmm«wtuwm

6 and the mt gribu (a r) lrrlvod on Moy !S , (

oo ‘ "m&ﬂ 'm to l‘ mlng through
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ing Syst ts P‘ .

Befors ‘evaluating the mtﬂbutlon tMt my data meke to ununtand-
ing the nature “of spaclng sysu-(s) fn MﬂlM. | weat to Introdute -
the concepts of homs rangs and urrltory ond thJ probhu uiocht’
with studying them. Home renge Is an ores wlﬂula which sn |ndl_vldua|» |
normelly rostrlezs tts Wts ‘t. ‘9'03)" Ob- nnu m mrhp ’\'
and have wrmﬂa within thes uut are d.fcndu (Bure,” 19'3) |
m cimpz of territory first -om-md In birds by umrd (1920)
has lun doﬂncd meinly as & mvlouu' m In dacrlbm L
| ‘t-rrlchﬁ . “m defonded lnl“ lﬂlh (19”’ ﬁmud ﬂn l‘u of .
q-l T 'lzn . mlqlal unu to . o
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temporal freae of reference'. 'Enlen (I”ﬂ and Hillls (1967) preferred .
the idea of doulnmce to t‘ut of dehnce.- They deflned territory as < ° .
the area within whlch- on lndlvlauel donlgetes conspoclflc rlvels. end

that doalnence betwean neighbours reverses ecross 8 boundary between S,

v

them. .,

2

-‘. As pointed out by Wiley (1973) Noble's deflnl‘tlo‘n poses furthdr

‘ breblen'. Por lmt‘nce, defence does not speclfy wbether Intruders ere LT
actively exgel led, or *thor an uclullve‘ area Is maintained passively
by avoidance. Some of these d"ﬂcﬂ)tlp were rqolvod by Brown and

gt

© Orlens (1970) Firse they :mtpjﬁ_, m wldely to fnclude not

dlsphys sm -lrldngs'. mp':m
agea which’ the puuuor. &y act
rdﬁeg to rlvlls. ﬂﬁcrm'-(f




Species of diving ducks of the genera Aythyn and Melanttta have

not bsen reported to be territorial in the classical sense. Instead,

an area around a paired female that is defended by her mate and moves
Mith the pair, Bas been described in the velvet scoter (Melanitta fusca)

(Koskimies and Routamo, 1953), canvasback and redhead (Dzubin, 1955),
ring-necked duck (Mendall, 1958) and lesser scaup (pers. obs.). Conder

(1949) anﬁ Koskimies and Routamo (1953) de¢scribed this phenomenon as

""mated-female dlstagte“ (no topographical reference), whereas Dzubin
{

L)

(1955) termed it a "moying territory'.

Territory In ducks has been used to refer to: I).;n area of
lsola;lon, required by a pair of ring-nécked ducks, that is not defended
but is possibly maintained by avoidance (Hendall: 1958); 2) a feeding
area exclusively occupied by a palr of common shelduck (Tadorma tadorma)
not_neces;arlly actively defended (ngng, 1970); 3) occupied areas from

which conspecific intruders are expelled; for ex;mple in the northern

shoveler, blue-winged teal (Dzubin, 1955; McKinney, 1970; Seymour, 1974)

and in the mallard (Dzubin, 1955). However, Horl (1963) considers that (

neither the mallard nor the shoveler have territories. Core areas or
activity centres from which conspecific intruders are expelled have
been described for the gadwall (Anas atrcpera) (Gates, 196‘; Dwyer,
1974) and shoveler,(Poston.‘\87h).

Another difflculty In upnderstanding spacing s s lg ducks

concerns the nature of aerial pursuits, particular ose In species
of the genus Anas. Two iypos can be d1stlngulshei; thrge-bird flights
and attempted rape fiights (McKinney, 1965). Dzubin Slgss) found that
a mallard\palr used several potholes at different times, and from any

. .
one of these potholes the paired male occupant chased of f approaching

»N
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mallard pairs by attacking and pursuing the female of the pair (three-
bird flight). In turn, thjs attacking male and his mate were chased
of f potholes, if they were occupled by another pair -or a paired male.
;hree-bird flights have also been noted In blue-winged teal (Dzubin,
1955), shoveler (Horl, 1963; McKinney, 1965; Poston, 197k) , gadwall
(Gates, 1962; Dwyer, 1974) and American wigeon (pers. ohg.). Lebret
(1961) reported similar flights during spring migration in the mallard,

pintall and Euraslan green-winged teal.

As the bmeeding cycle advances and the palr bond of ducks weakens,

\c-..l

attempted rape fligigts occur more of¢en angAthey are sometlme; not easy
Jto distinguish from three-blrdiillggts (McKinney, 1965). Thus
dlfflcul;les arlse In Interpreting these two types of flights because
they could lqdlc;fe expulsion of Intp&ders. defehce of an area and/or a
mate, or a rape tendency. Thus(flggi fiTghts 'could be motivated by
either attack tendené;i r;pe tendé;cy, oq.a combination of the two' ’
(McKfnney, 1965).

The degree of male attachment to a site is another Bréblem
assoclated with Interpreting spacing behaviour In ducks. Use of a
specific area by a paired male could result from, either attachment to
that site, or from‘betné paired with a fcnale‘that is herself attached
to that area for nesting, or a combination of both factors. McKinney
(1965) believes that the hostility of palroa males regularly using
certofﬁ\arecs is "primarily an expression of the male's attachment to
his mate'. !

Home ranges of ducks overlap in space, an(cji different pairs uséb the

same areas at different times, thus resources are shared between inlfg

(Sowls, 1955; Dzubin, 1955). For exasmple, a shoveler palr spends most

[} [}
»
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of their time on a core area, but in their absence it could be occupied
by otHer pairs. Some ponds are often shared between pairs, thg firft,
occupan\s dominating any other pairs attembtlng to settle (Poston,
1974). ‘ - ' . J'j
A1l ducks studfﬁd so far have a home range on th€ breeding grownds.
Buffleheads are no exception. 'f;\this study, however, | studlied spacing
behaviour of bufflegeges only on that part -6f their home range where
they spent almost all their time. Thelr behaviour at thls site suggests
territoriality, therefore, | now attempt to evaluate the obgerved
spacing behaviour of Buffleheads.mainly in terms of the behavioural
manifestations of territoriality. These include “actlve gxbulslon of
intruders, agonistic boundary encounters, excluslve occupancy of an

area, changes in dominance at different locatlons, and spatlal rcstrlc-

tion of movements or advergising behaviour' (Hlley, 1973)

| ©

In buffieheads the pair bond breaks before the hatching of young,.

Spacing Systems In Buffleheads

so | wi}l consider the spacing system of berng pairs separate from
& , <

P~ N . .
At high densities on 8 bog pond the nsldont breeding pairs

females with broods.

totally divided the open water ares among thcusolvos. and cxcludod
unpaired males from tho pond. Fighting between mlghbourlng nhl ,
during the prelaying period served to ntablhh space for eqch uflr
with boundary zones bcm thu lhlu nlnu}md the space, leng .
the laying and Incubation” periods while ‘the pa(r bond was intect,
|ar9§|§hy threat 'meounun but also by fighting. ' Inouh’o‘tlm'
advanced mq the palr bond nulunod there wire proportlom‘!oly -N

approach - wlthdnni sacolnters, and Toss fwttlng

186
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Almost all agonistic encounters between males occurred within a
boundary zode. These encounters mostly lnvolved‘threat. fighting and
approach - withdrawal.® The visual stimulus of a male ot a pair of
conspecifics and their behaviour patterns at a boundary zone prompted S
neighbouring male to initiate an agonistic boundary encqgnter.

Within his own spaca’each male actively and usually qulck;y
expelled vlrtuslly all conspecific intruders such ;s unpaired males,
nelghbourlnd'palrcd males, n;;ghbouring and strange pairs, and lone
females. Strange females that were probably Incubating were not always
evicted from the space of resident males. fhe position In space of
intruders and their behaviour patterns pkbvlded visual stimuli which
usually releaséa’lmnodlate aerial attack by the resident male to defend
either his attacked mate and/or his pair-space.

The attack and escape movements o{ neighbouring ncle§ engaged in
threat encounters and flap-paddie chases within their bodhdary zones
Indicated t‘at dominance reverses across this zone. H}thlp his own
space a resident male was dominant over almbst all intruding conspecif-
ies. ‘ | | .

At intermediate and low densities on a lily pond and o cattall .
pond nspoctlvoly. the open water aru and smtlns dn shoreline was
not completely divided among the resident pairs, and unpalred. lplo"
buffieheads occupled s mtnl mmtly mtrql pm of the pend /.
sp.ang behaviour smang bu!ﬂM at ram umm.. m tm- of /

/
/

cvlctlm of latrud.n. Mcﬁc bqghry mmsp ind dcnlm z’/
| -ronrul ucnd o h olmhﬂy ﬂl)hrf@ M it Qi’l Mltl¢£ 4
'Tbo main. ﬂmmm nn M n lawer duu?tin t&h uh f-m |

Istic Interactions among helghbouring males, mg fighting a_nd lm i

£y
‘e
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~intruding by males to attack neighbouring females. Boungary zones also

appeared to be less distinct away from the shoreline toward the centre
of the pond. -

The spacing behaviour described above is consistent with térritori-
aljty. However, at high densities on a bog pond boundary zones botuooﬁ
two.palrs shifted markedly throughqut the breeding cycle resulting in
considerable expansion &nd coang§§ant contraction of their defended
space. This Is not In accord with Brown and Orlans (1970) definltion
of territory as '"a fixed area, whith may change sllgﬁily over a period
of time'. However, a focal area, such as a bay or a certaln length of
shor;}lne,'was retained within each palr-space throughout the breeding
cycle. Furthermore, on ary'glven day agonistic encounters beMon
neighbouring males occurred within a relatively stable boundary zone
and conspecific Intruders were expelled from within the sboéo held by
each palr. Thperbre _l.consldu"- ‘that on ponds spaces hcid by palrs of
buffleheads.are torrttorln,'i;@ lhoro'aftor territory refers to s pair-

space. , o .

& ~

A tcrrltory was more or less mluslvaly occupfod ty o ulr of

buffleheads with the exception of stnngo. lncuboung fcnh\n &ln

were sbsent fron thelr torﬂtortu for short porlo‘s énrlug &p ;

ﬁmn. hmr.l d
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all observation periods throughout the breeding cycle, two paired males

spent about 98 percent of their time within thelr respective territories
»

whlla the pair bond. ns strong. Thus virtually all actlvity such ‘as

feedlng, preening, bathing, resting on the water, looﬂng on dry land

and sexual actlvlty occurs wlthln thc terrltory ) v .

i

Two pleces of evidence suggest thot in male bufﬂohnds site
Py

attachment is Indopendcnt of mate attchnent. Flrstly. palred males
responded to each dther's agonistic behaviour pattefns and posltlom In
space. within a boundory zone or within a tcrrltory. lrresnetlvcwf the
posltions of their mates. This shows that males defend an area, not 'f
Just a space around thelr mate. ' Further evidence .of. site attachment In

' A
males was cbtalned on a bog pond when unpalred males occuphd smaller

)
territories tm palred nlcs. sucaufully maintained these sn!l )

terrltorlu for a fu days by threats end - ﬂghtlng, even oxpclllng an
lntrud!ng stnug‘ nir. - 1 : T
On thl bah of u-l\d mtc wol -xpcrld\ts fo comson - '

s!nl“m In uhldl ot‘g*h & nﬂﬂtofh*l ul ur s Mla ‘of » nlr R
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site, out of sight from her mate, an unmated malé established a
terrltory there, and was dominant over, and expelled all: ’other males, .
'even the mate of the female. Therefore Seymour (1974) concludcd that R
"a s‘lte per 8¢, and not Just the female, may p_rovldg s bagls fo'

>

attachment and apporent dcfonslvc behavior' nﬂ "that thc mere presence

of the mate does not ensure that the ulc will !ge de-lnont at a glven

2

st . . - | <

Aggrnsslve responses of territorial, unpa!nd ma o buffleheads at
the onset of the breeding season Indicate that mafe oggross!on in
bufflchequ is at least partly determined by state‘ of the gonads and
not sofoty. by the ’pro’unco of the female. Furtherwore, In the sbsence
of their mates, male bu'fﬂoinods occupy and nlnti’!n tholr torrlltorus
by mlstlc bmdary onoounurs nd uctlvoly oxpol conspoclflc

lntrudnn. However, In one lmm, [ nunoo pnlr nﬂucd n)’wlswn

e

by a tQ_ﬂ‘lWlll -lo ln the abma of Ms uto..but nn mcm on!y
Jur her re ntum. \On m.; msw.m wﬂu of thc urrtmm



near his nto“ is suns

\
- -

do not seem to be motivated by any sexual tendency, unlike those in the

pintail (Smlth. 1968). | never sew any attempted rape fllghts in

. 'buffleheads. For lnstance. persistent aerial attacks and puraults

diracted by a territorial male almost solely toward' the female of a
strange intruding pair occui'ud both In the presence and absence of his
mate. Aggres#lon by thlsvtcrrltorlal.ﬁnlo sesmed 10 be clu.rty mot i va-
ted solqu“by an‘attack tendency with the intentlon of expelling the
st‘ungc pal‘.r. The energy oxpondu‘ by a territorial male in expelling a
strange pair Is llkely to be less If attacks are directed solorly at the
female, because a female shows grutcr site tenacity than a male, md
once s!‘u Is avicted her mate soon follm her. Thcrofon. In bufﬂc-
heads three-bird flldat. do not eppear to ruult "from conflict botwun
the p!nulng ulo'l ‘W‘! to ehm thc fomale of a ,senngc palr (with
intent to npo nd/or m‘tlbly ltmk hﬂ’) nnd #hls tMcy to rculn
ol by nemm mm tor speclu of ducks of
Encaasbird 2 um ln ‘."~‘
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nest cavity.

The aggressive behaviour of males, mated to females of known
breeding success, enabled them to compete for space successfully on a
bog pond, even when these pairs arrived later than other pairs which
were unsuccessful in establishing space there. These latter pairs of
no known breeding experience probably either moved elsewhere or became
peripheral breeders. Aggressive behavloﬂr of territorial males is thus
one mechanism that disperses pairs and probably delays their reproduc-
tlyi cycle unk i1 they occupy & space suitable for breeding.

Aggression by a resident male buffichead towards a female conspe-
cific, engaged in nest-searching fllghts snd/or inspecting a nearby
nest clvlt§. is a behavioural lnchanis- that appeared to delay the

onset of laying in the attacked fonsle?" Becsuse most female buffleheads

used nest sites-that %n m vislbh from thc study ponds, their

npproad\ Htﬁts, mmt am'm dld not releass ouraslon by

males on the ponds. ihus this n-lq hchnv!our is not Ilk'!y to causc

much u.”urlng n hmMag dpm of brth . Lo
Foulo bufﬂM bmdlm Oor the first time prdnbly have to

- search for s mt mity. nhums oldor blrds that hnw bnd .mu

funw to uu :hc un mt slu u ln mvhm yurs. ﬂn
Involvod in fladlul 0 snitii'c‘

mmtwgub‘mdthmt
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at 2 year//of age, possibly lager. Erskine (1972:84) did not demon-
strate that most 2-year old fmles started laying later than older
birds, because too few birds were of known age. However, ‘he found three

2-year old females nesting and all of these “'started laying roijatl‘vely

late''. <+

in a large sample of female wood ducks of known age Griqe and ‘
Rogers (1965) clearly .sh?nd that most adult femlo:’ stnrtqd ﬁstlng
early in the first half of the season, thus causl’ng the first peak In
"nest-initiation', whereas nostvyurllngs breeding for the first time
nested later In the second half 67 the season, causing a second pesk.
.Grice and Rogers (1965) found that at I‘ast some Yurllngs arrived on 9
the broodlng gcounds meh urllor than any yearlings nested. Thoroforo
they suggested (p. 33) thet the tater nestings of yurllngs was ot
" entirely the result of tholr htc lrrlvﬂ but may hm mn due In
part to "ccqntltlon for mt s!tu or mymy later do\mlcpnnt of
the gonm" rurthomr.. crlu nd nogm (!965) found that \dmv the
wood duck munm m lnmnlug md ﬂi number of nast boxes were

linlted, prﬂorttﬂat.ly fﬂllr mrllngl mtod aﬁd proportlmtoly
z-yur om m!omd qnm for ﬂn ﬂnt tln, ;m m i
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of territoriality. The spacing system of females with broods was
essentially similar to that of pairs In terms of the behaviour patterns
involved in establishing and maintaining space, site attachment,

locatbon of agonistic encounters, expulsion of intruders, stimuli that.
-
released aggression, dominance r,vorul and exclusive occupnth‘npf an

.

area.

Y

At high densities females with broods totally divided among them-
selves the open water area and shor.l\lﬁ_n of a bog pond and a cattall ,

pond. Space was cstibllshcd by sggressive behaviour such as fighting,

-

and maintained largely by t.h‘ut encounters but also by flghtlng.‘ In
slituations where fml‘os t‘n'ﬁ.cxpndlng thelr s’p'oco,,;orlol attacks snd
pursults were frequent. o o '

Ho‘ct ogonlstlc' ‘encounters oééurud within a béundary ‘zone,

v

partlcularly in sltuatlous where slu tl broel-spm was rolltlnly
stable, but also mm space of s fnnlo was mdlug. in both these
_mino within a bqundary

e

Cdn

sltuatlom the v m! otuull of 8 f
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' .
dominant and expanding her space. When slze‘of space

within their own space were dominant over all consﬁclﬂc intruders.

-

Female dominance wly'ln thelr own space revcrud across a boundary zone
with their mlg&w:. ' ‘ | P

At lmr.u%ltlu on a 1ily pond und the cattall pond female = '
buffleheads wlthg. roods divided the shorgline, but not the open water
area, swong tWelm " The buhoylwnl nnlfuut!om of torrltorl- S
ality in thess, fonsles at lower dansittas. saemad,to be umtl.ny ' :
similar bo ;Mt at high densitles, but flwttng lnd thrut meumtcrs "
were muclh !?/s fmqmnt. mr. .t lm d.ng!tla solu?.clﬂc SR
tqtm‘in mtlm cllcltd no mm fm a mlidit hnic on L




. 196

shortly before ‘c’fenle abandoned her brood, there was overlap in use of

space and Intrusions by neighbouring females.

The main difference betwecn‘thc' stable territorial system of female
buffleheads with broods and that of palrs, Is that pclrs\usually arrive
at ponds over a period of a few days .nﬂ maintain & spece for at Iust/\\
4 weeks, uhcrns the staggered httchlng 8! broods and the abandonment of

older broods lny result in nelgtbourlng fmlu nlnulnlng space for‘

2

onlylmkortwo - "" :

A nlatlonshlp betwesn aggroulon nnd f-lly 0!:0 (boyd, 1953;

/.

Raveling, 1979) ond: ..gr{mon lnd torﬂtory s:wihtm. 1964) has
¢ s.g [

been muntd. lm l n nqt ware of .any st lop dut show the

ammmnmm.n of all three mmm, wily aggression, tarritory




Raveling (1970) found that larger families of Canada geese
doalnated gnallcr ones and won proportionately mone aggressive
encounters. hvellng (1970) suggested that numbers in a brood affected
the outcome of aggressive encounters. Furthermore lmdhtc changes in
dominance and success of a family f%)llowlng 'scparatlon and reunification
of family members suggested that numbers In a brood determined the

outcome of encounters.

Territory size of kéokaburus (Dacelo gigas) was correlated with
the"’nunber of individuals ﬁfdﬂdlng it but thd amount of space per bird
was cot;stint (Parry, 1973). Similarly in the Tassanian native hen
(Tribonyx mortierii) Ridpath (1972b) found that fr.los held larger
tarrltorlu tl;an palrs (s;cj\khoencr. 1968 for {urth‘cr examples) .
ﬂomvor, in waﬂchuds only one female dofend,.d ® brood-uﬂ'lton and
tcrrltory s!q wes oorulptod with the nusber tf yonng 7
| To w W!‘dp tho sgoclng systun In Duuphala albeola and Its
mmrs: . mmzama. ._ zmdtqcmm byon described ot *
th«l' tbm dm'dm o date on spgclu of mh wltablc for

wm nwl ﬁn.{ “Sely

mz m” meu. umm «lm. that

L4

‘oW
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,;A‘Q provided no data that it defends an area. Female Barrow's goldeneyes
Jf&‘w; with broods have been reported to be hostile towards other conspecifics
-
‘.I’ ~
O with broods (Erskine, 1972:185), female buffleheads with broods
% B
?2" Robertson and Stelfox, 1969; Erskine, 1972:184, 185), a female lesser
W

Sy scaup and her brood (Sugden, 1960), and a female blue-winged teal and
her brood (Robertson and Stelfox, 1969). Thus it seems highly likely

that female Barrow's goldeneyes with broods are territorial and compete

!

i<jfdf space among themselves, and perhaps among female buffleheads with
) ¢

broods.

Adaptive Significance of Spacing Behaviour in Buffleheads

why have buffleheads evolved a territori?l system? Brown (1964)
advanced the hypothesis that territoriality has evolved through
natural selection primarily as a behavioural response to competition
fqr the ecological, defendable reatlsites for reproduction. The
approach used in tgis study to try to explain the evolution of
territdrial behaviour of buffleheads is to 'ask about the factors which
mighg select for increased or decr:ased individual aggressiveness with
respect to space' (Brown and 0rian§,.|970). Ultimate factors ;uch as
the nest site, cover and food, that could favour selection for
territorjality in buffliehead pairs ‘are each discussed in turn.

A comparison between hole-nesting ducks an¥a- ypical hole-nesting
passerine may be useful in assessing whether the nest cavity Is likely
to be a major selective force in the evolution of terrltorlallty of

‘ buffiehead pairs. The male pled ff’!itcher (Ficedula hypoleuca)
mstricts its activity to mear the nest site, both to advertise it to

v females, and defend it from other males. Territorial fighting Is

concentrated on the nest hole, unlike open-nesting passerines which
, ,
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mainly fight near bowndaries (von Haartman, 1956) .

By comparison, in the wood duck the lack of a defended territory

and a marked increase in the density of a local population, through the

use of nesting boxes, led Grice and Rogers (1965) to deduce that

cavity nesters may be less likely to evolve territoriality. They

speculated
since nest
exploited.
population
of defence

desertion,

of 30
the tribes
to compare

Australian

that reduced aggressiveness in wood ducks has survival value
sites, concentrated in specific areas, can be more fully
However, Jones and Leopold (1967) found that in a dense

of wood ducks with insufficlent number of nest boxes, lack

éf the nest site \resulted In nesting interference, nest

and reduced productlon‘pe} pair.

species of Anatidae that regularly nest in holes, 26 are in

Tadornini, Cairinini and Mergini (Lack, 1968).‘ It is useful

the association between territoriality and hole nesting in

Anatidae because t‘!'high proportion of hole-nesting ducks

there could suggest that nest holes are readily available and that

competition for them has pot been a major factor in the evolution of

territoriality among these ducks. Possibly there has been heavy
' A ]

selection for hole-nesting in Australian Anatidae because of the number

and diversity of ground-nest predators (for example, snakes). Thus

competition fpr' these pest sites among birds and mammals may now be

]mportant.

Tadorninl,

Of 13 species of ducks native to Australia in the tribes

Anatinl and Cairinini, bosh species of shelducks, three of

five species of dabblers, snd all three species Iof perching ducks, nest

solely or most commonly in holes in tro;s (Frith, 1967). Of these

eight species, a territory is defended by the shelducks, probably two

species of parching ducks, possibly the third, but none of the three

[y - “
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species of dabbling ducks (Frith, 1967). Thus territoriality among
hole-nesting ducks appears to be associated more with taxonomic groups
than the nest site and there was no clear tendency for hole-nesters to
be either territorial or non-territorial. T

In buffleheads the nest cavity Is located outside the territory de
is not actively defended. Occupation of thé céVity by’ the female during
laying could have so;e role in its pqésive defence since there are only
a few records of two or more gemales laying IA“he same cavit{/
(Erskine, 1972:83), whereas in wood ducks ''dump nesting' is relatively
common (Grice and Rogers, 1965). iks?vef, passive defence during the
laying period Is probably insignificant because the cayity is apparently
not occupied on days when ¢ggs are not laid. Furthermore, most
unsuccessful nests were deserted before incubation mainly as a result
of disturbance by other female buffleheads (Erskine, 1972:95). A pair
did not restrict their actlvlfy to near the nest site.. Moreover
peripheral breeding pairs, that failed to establish a territory on a

larger pond, succegpfully nested. Thus there was no evldomhgt

competition for nest sites or space prevented females from breeding,

-nor that nest sites limited numbers of breeding buffleheads. Evidence

that sufficient nest sites were avoli;ble and the lack of defence

centred on, the nest hole suggests that in buffieheads the nest cavity

is not a major selective force for territorial behaviour at the pdnd.

Cover Is another factor which could favour solcetlop for dlsbor-

“slon. Famlilarity with cover by sdults could redice predation upon

them (thornby Incrnasing shrvlvul) and cover could o!so reduce
predation upon nests (iius lncrdnllng the reproduction of individuals)
(Orlnns. t’?l) ncltnniv‘l'jt!OS)<l¢l!tttlen that lpccln. of nests In
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gro&nd-nesting ducks '"‘has survival value as an anti-predator device'
does not apply to cavity-nesting buffleheads. Eggs of buffleheads are
relatively safe from predators as indicated by a hlg: nest success of
75 to 80 percent (Erskine, 1972:94).

Territorial male buffleheads are conspicuous on open water, y§t
no predation of adults was apparent in this study. Er;klneo(1972:l87)
mentions predation on buffleheads by avian predators, but considered
pr;dation on adults to be unimportant. Thus predation is most |lkely

an insignificant selective pressure in the evolution of territoriality

in pairs of buffleheads, both in terms of individual survival and
!

reproduction.

Brown and Orians {1970) considered that in birds ''the temporal and
spatial distribution of food resources is the most important single
factor which has Influenced the advantages and dlsadv;ntages accruing to
Individuals from space-related agonistic behavior''. Thus the distribu-
tion and availability of food is a factor that could give a selective
advantage to a female bufflehead within a terr;toryAln terms éf its
survival and reproduction during two phases of the nesting perlod,'lay*
ing and Incubatlion.

Pe}rln§ (1970) pointed out that In "those species which lay meny
eggs, most of the blomass of the clch cannot be stored In advance of
laying, since the Incresss in nlght‘ of the female before laying .ll,nog
nearly so much as the weight of her ciutch“.’ A female buffiehesd on
the avcn‘go lays a clutch of eggs virtually mlv.l.ﬁt‘ to her m body ~°
weight; assuming B femele wﬂﬂw‘}hﬂv. an on mtm 37.59 and ‘en
sverage clutch of eggs Is 9 (Lack, 1968: 350; Erskine, 1972:82, M)

This fact plus evidence that female bufflehesds lay eggs on slternete \

v

. L3
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days, or on average an egg every 35 to Lo hours,'suggests there are
heavy demands on the laying female to find enough food on the breeding
grounds to form eggs.

Recent studies of feeding ecology of ducks (Swanson and Meyer,
1973; Krapu, 1974; Swanson, Meyer and Serie, 1974) demonstrate that
breeding female ducks consume\and apparently select a diet higher in
aquatic invertebrates during the prelaying andb(ay!ng perlods,-fhan
during postlaying.” Moreover a greate} proportion and amount of Invert

»® .
tebrates tonsumed by females than males suggests that breeding females

require a diet higher in animal protein to provide nutrients for .

P .

forming eggs (Swanson and Meyer, 1973).

o

Comparable studies of feeding ecology;zé breedlng huffleheads are
lackling. Buffl;hcads feed mainty on Invertebrates throughout the year.
In spring the diet con%ﬁs:s 6}'0q6;tlc lniccti. chlcfly"arvoc'of
chironomids, nymphs| of n'yfltos. and dragonflies in that 6rd¢r of
importance (Erskine, l972 152 153) \ obscrvod f.nlld bcff!qh.ads
feeding on what | belleve were chlrcao-ld larvac and ‘iogéﬁfly nylphs , - ’

durlng the layling porlod and fclll.s app‘arcd to fc‘d ﬁﬂll f!lﬂl.ntiy

than males. Prosunubty fc-l}o hufflchoadq appartnt!y d\lo*gi‘ict l ,'{ 
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individuals that use these areas. Differences in Sreeding success have

been demonstrated, for exampic, when~ess aggressive individuals are . _J
prevented.from obtaining a territory 3Ad breeding (see Brown and Orians,

1970 for examples). In tﬁI; study Ao data Qere gathered on foods

available to, and consumed by breeding buffleheads. Thus other evidence

is presented to evaluate the importance of foed in .the evolution of

their tesritoriality.

L
4+

Peripheral breeding pairs of buffleheads were unsuccessful in
competing for space on a‘bog pond and occupied much smaller per;;heral
ponds. However, the females of peripheral pairs succassfu!ix reared
offspring on the larger bog p9nd. More aggressive resident palrs mus t
.have a greater flkncss than less aggrcsslvé individuals If increased
aggressiveness and territgrial bghaviour Is maintained Ih [ populitlon,

Food avallablc in porlphoral ponds was sufficient for ono of three

peripheral fonnles to hovo (] clutch sl-llar in size to those of the : \
two resident females. Vatson and lbu (1971) postulated that female

red grouse that eonsun Mﬁny mmltlous huthor fonﬂugh quality

- cggs lech produa bottor survwlm_f o Mlbly ro!lm Mh

il'tv.am ﬂn« of pmplmu

bufflohuds lty w of () hlﬁr @




Differences in breeding success (number of surviving young) between

resident and peripheral breeding buffleheads was not clearly established.

A resident female reared more ducklings on a bog pond than a peripheral
female in 1 year; but breeding success of the two ofherbresldent femules
was not known. |n another year pcrtphera; females reared more offspring
than resident females, but both the latter were d}sturbed at the nest
site, and one of them deserted its cluteh. At a cattall pond a similar
number of.&uck]!ngs was reared by early and late arriving f.nilcs wlth‘

v |

broods.

Territorial bchavlour of bufflehlad pllrs may have evolved In
response to food raqulreu.nts of tho laylng feunlo. Hunover, the
V'successful breeding of peripheral fnﬂlles anl the lack of suff!clcnt
evidence of diffarences In breeding sumu.jnkcs It dlfﬁmlt to
rlgorou:ly evaluate this hypotheslis. Niﬁlfthc!tss peripheral femsles

nny have had o lcu.r !ltnoss.

Distribution end aval mmty of fe "‘u@e fomale buffiehesd |

during mm:m could aho hmf ulq;tlon for: ttrrltor!ﬂ!w I
survival of J-nhs Is thtnby mmml, Kegp (um found thet
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males was higher during the first 2 weeks of Incubation than later.
Furthermore the daily occurrence of copulations between members of a

i

pair at least during the first 2 weeks of Incubation suggests this
behaviour functions to maintain the pair bond, and assist in the main-
tenance of territories by males. Thus females can have access to a food
supply and feed undlsturbed during early incubation, and perhaps reduce
the rate- ;:f depletlon of thelir fat reserves. .
Strmge females, that were probably incubating, exploited food with~
in the territories of resident ﬂlrss This behaviour could weaken the
"‘OMt that torrltorlal behaviour of ulos evolved as » ccnsequence of
competition for fodd by fmln..slnc) we might expect competitors for
.food to be,‘exp.".d fron territories. However, lt is unllkoly t‘hat
strmgc females had,a significant affect on the food supply and thcre
was no ovldmt:o that strange fomsles mioltod food durlng the laying

" perlod. Thus oxploltatlon of food, within the torrltorlu of resident

pairs, by ;tun.o fnnlos indicotes that the torrltorut ;guon of
p‘lr's\'l not porfact. N tﬁt this ‘phenomenon ls lnslynlflcont in
M"' m lqortoaa of food on the ovolutlon af mngmmy.
_ 'I'In nast lltc and Mr mr to be lnslgnlﬂanz ulglqu
hcton "1 !lt mlutﬁn Mplnm of torrltodqﬂty of bufﬂc-




adaptive significance of territorial behaviour in bufflehead pairs
appears to be primarily to provide females with a foraging space and a
guaranteed food supply during the prelaying and laying periods in
general, but also dur}ng early incubation, and thus allows them to feed
relatively free of interference from competitors.

The correlation between size of brood-territory and brood dize
suggests that either competition for food or space for ducklings .my be
the majbr factor favouring selection for the evolution of territorial
behaviour in female buffleheads with broods. Dispersion could reduce
predation on ducklings. Howevpr, Erskine (1972:187,188) found little
évldence that predation is significant, except possibly by pike (Esox
lucius) in some areas. Thus lt.appear‘s unlikely that territorial
behavlgur evolved primerily as a means of dispersing Individuals to
reduce. predation, but posslbl.y this wis a secondary factor.

Competition for fooa by ducklings appears to be the major factor
favouring selectlbn for territoriality in females with .proqu_. Hanv?r,
_no evidence was obtained that food Is the critical resource. Defence
and more or less exclusive use of s foraging space guarantees
lndlvlduals 8 food supply that can bn oxploltod:;frldntly.omd yet
9at depleted throu mr-uptolntlm. smnl aspocts of spaclng
MHM with broods wmt that foroglng om

| bohavlour of fcnlc

s & wore mqty altlul mwrum food pu- se. . 80- fn-iu wlth
' brmds do not mm to thq mm Mnn mlchnt e br“ding
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’

space is a scarce resource. Female buffleheads with broods have several
adaptations to'efficiently use this resource. Stzgerlng of hatching
dates of broods, waning of female aggression with increasing age of
broods, abandonment of broods and the greater aggnssAlon-of later
arriving females with younger broods of similar size to those already
present on a pond, plus other Interrelaflonshlbs among size of brood-
territory, size of brood, aggression and age of brood, all appear to be
adaptatl;m that result in the maximum number of buffleheads being
reared on a particular habltat. ’ "

fhe adsptive significance of aggresslon‘and territorial behaviour
of female buffllichuds with broods appears to be prlmrllﬁy to provide a
sufflcient, femiliar and exclus!ve forl\glng‘sfpocce for ducklings so that
they can more efficlently exploit food resources., Possibly a secondary
selective advantage of tcrrltorl'allty of females wl‘th broods Is reduced
predathﬁ upon broods resulting from tﬁlr dispersion 'to different
habitagts and falllarlfy with covor"wt’;hln thelr terrjtory.

In the remsinder of ém discussion | try to explaln Qlfforcnccs
In palr-bond tenure at two different ponds, then discuss the evolution
'of polygyny In Imfﬂm

quflohuds competed more vlpmusly for spucc on a bog pond than
‘on & larger clttull Nﬂ‘ u lndlcotod by the nrucr arrlvat of poln.
the higher dom!ty of palrs. the txcluﬂon of' mlm llh(t) uld
other pcln ond ﬂn Mpor m of uunlnlc mun cn tho boo
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the first 3 weeks of incubation apparently ;erved to expel competitors
from the area and allowed females to feed undisturbed. The greater
influx of buffleheads (presumably subadults and surplus males) on a bog
pond thar; on a cattail pond following the break In the pair bond and
the departure of resident males, suggests that tﬁc pair bond lasted \
longer on the bog pond to reduce competition for food If;d space. This
hypothesls Is further strengthened by the water chenls'try of these ponds
and_ the findings of Jeglum (1973) that bog and muskeg stands have a
lower nutrient status than emergent fens (ca;tail was only dominant in
’ emergent fen stands). These data suggest that cnitpll ponds have &
higher nutrient status than bog ponds—agd thus are more Il;cely to have
a greater abundance and diversity of Intertebrates. Thus competition
for food Is likely to be more intense on the bog pond.
\Verner and Wil1son (1966) su““t that polygyny In pasurlm birds
Is more likely to evolve In habltats like nrshu and pralrlu where '
food Is concentrated into a narrow nrtlcal zone and avallabllity of
food mng territories dlfﬁn substcntla”y.' Resident mile buff!¢~
= heads copulated with and fomd s stwlm palr bon‘ vlth th.h' ‘
rupcctlvo sstes md s nrmgo fﬂﬂ. m a bog pond, but manntty noi
“onae tattall and e My pq\d M\m‘. the: httor M‘l vnu mot h
studltd as luv’lnly. A!Int all spocla of duckl m m‘, o
'*“usmiyrcf ww mim,, Mmm

mt for l,’fu_
(L
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suitable foraging space appeared to be limited. Presumably a strange ¢

female that copulates with resident tnrﬂ@orhl males benefits by

feeding within the 'mle's territory and in addition a femsle is closely

attended by a male and can feed undisturbed without being harassed by

grebes or unpaired male buffleheads. The local scarcity of sultlbl.c’

foraging space appears to be the major factor that has favoured the

evolution of a polyjynous mating syst;l amoQg tncqbatlpg femeles and

resident territorial nle‘s on a bog pond. \.
In coocluslon,' breeding pairs of, bufsflohegds %nd female buffleheads

with brob’ds both have s tl(rltorla! system on ponds In a southern boreal

© forest reglon. vTor:ltorloll'ty, of palred nilo'lgufﬂahuds ﬁippuri to

- have evolved as & muof competition for food hy}_,%laylng fomaley.

Food and‘fouglng‘ space for 'dug\klfngs u.- to be the ﬁljo}\?nctofs that ,

have favoursd e sslection for territorial. behaviour of*female buffle-

0
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