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ABSTRACT

A population of northern shovelers; Anas clypeata,
was studied at Delta, Manitoba; to determine if behavioural
mechanisms contributed to the spacing of breeding pairs.

Further evidence supporting the contention that the
Shoveler is a territorial species was obtained. Aggression
of terriﬁorial drakes was localized about a loafing bar and
defended boundaries existed between adjacent territories.

The aerial pursuit flight was also shown to déter
other shoveler pairs from establishing in the pursuer's
territory. 1In 94.1 per cent of pursuit flights, the pursued
bird(s) left the chaser's territory.

. Pursuit flight frequency reflected the density of
pairs in the area studied. Flight frequency was the high-
est during pre-laying then decreased when incubation began.
A subsequent increase in frequency coincided with an influx
of presumably re-nesting pairs into the study area from
elsewhere in the marsh.

Flights were associated with aggression, rarely
with rape, suggesting that aggression, rather than sex,

was the primary motivation.
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GENERAL INTRODUCTION

Territory is typically used to refer to a
ndefended area" (Mayr, 1935: Noble, 1939; Nice, 1941;
Hinde, 1956:¢ Brown; 1969). Territorial behaviour may func-
tion to limit avian populations (Brown, 1969) by spacing
breeding pairs such that some pairs fail to reproduce.

In waterfowl; the status of territory is less clear.

The Northern Shoveler, Anas clypeata, is considered by

Hochbaum (1944), McKinney (1965, 1967), Siegfriéd (pers.
comm.) and others to be a territorial species however other
authors, Hori (1963), disagree. Quatitative data concern-
ing the territorial behaviour of this species is lacking
for wild populations.

In ducks, a striking behaviour pattern thought to
be associated with territorial defense is the so-called
"pursuit flight" that apparently functions to space breeding
pairs over the habitat in time and space (Hochbaum; 1944) .
In the case of territorial species, like the Shoveler, these
flights presumably function in the establishment and main-
tenance of the territory.

The broad objectives of my study were to determine
the degree to which territorial behaviour was developed in

a wild population of shovelers and how the establishment



a wild population of shovelers and how the establishment

and maintenance of the territory was affected by various
behaviour especially aerial pursuit flights, Specifically,
I wished to obtain Quantitative information on the extent

to which a localized defended area was used and also on the
frequencies and types of hostile behaviour associated with
the defense of such areas. 1In addition; I wanted to deter-
mine the relative importance-of the male and female, and
also of habitat factors, in determing the choice of the
location of the territory. Detailed analyses of pursuit
flights were then conducted to test the hypothesis that they
funcﬁion in the establishment and maintenance of territories,
to measure their effectiveness as a spacing machanism. 1In
addifion the motivation of flights was considered by deter-
mining the incidence of apparently sexually motivated as

opposed to aggressively motivated flights.



PART I
TERRITORIAL BEHAVIOUR
OF THE SHOVELER,

ANAS CLYPEATA,

AT DELTA, MANITOBA,




Territorial behaviour has been documented for many
vertebrate species, especially birds. Territory typically
refers to a "defended area"™, e.g. Mayr (1935), Noble, (1939),
Nice, (1941), Tinbergen (1939),Hinde (1956), Brown (1969).
Although minor objections have been raised (e.g. Pitelka,
1959), this common usage is adhered to throughout this study.

The status of territory in ducks is less clear than
in most other birds such as the passerines. Hochbaum (1944)
considered it to be present in all dabbling ducks. In sub-
sequent studies however, Sowls (1955), Dzubin (1955) and
Lebret (1961) concluded that the concept is not always ap-
plicable to all ducks.

In the Shoveler {(Anas clypeata) published accounts

are conflicting. Hori (1963), for example, concluded from
his studies of wild shovelers in North Kent, England, that
the Shoveler is non-territorial. Poston (1968), who studied
a low density breeding population of shovelers on potholes
near Strathmore, Alberta, also found little evidence for
territorial behaviour. However, McKinney (1967), in agree-
ment with Hochbaum (1944) and Sowls (1955), presented ev-
idence, based mainly on intensive studies of captive birds,
that territorial behaviour can be well developed in this
species.,

Although there is thus strong evidence that territor-
ial behaviour, in its classical sense, is exhibited by at
least some shoveler populations, detailed and cuantitative

data relating to this behaviour in wild, non-captive shoveler



populations is lacking. The major object of my study was to
investigate the behaviour of the individuals of a wild
population of shovelers, to obtain quantitative date on the
extent to which the defended area is used and also on the
frequencies and types of hostile behaviour that presumably
function to keep any such defended area exclusive. 1 also
attempted to determine the extent to which a pair is re-
stricted to the defended area, as opposed to the remaining
undefined portion of their home range. The relative import-
ance of the male or female, and of habitat factors, in deter-
mining the choice of the territory, was also investigated.
Earlier studies by Hochbaum (l9h4) and Sowls (1955),
as well as my own preliminary observations conducted in 1969,
indicated that territorial behaviour was well developed in
the shoveler populations breeding in the roadside ditches
near Delta, Manitoba. This habitat also provided excellent
oprortunities for unobstructed viewing of behavioural inter-
actions, hence this population was selected for intensive

observation.
Materials and Methods

Study Area
The study area was a 1.9 km. long roadside ditch and
portions of adjacent meadows beginning 2.4 km. south of Delta,

Manitcba. The general features of the area in 1970 were

essentially unchanged from a description given by Sowls (1955),



who previously observed and reported on watergowli using the
area. I observed the area from 20 April until 5 July, 1970.
This 12 week period encompassed all known shoveler breeding
activity on the ares.

The ditch and adjacent east meadow was a continuous
body of water during the first eight weeks of observation.
The water area of the meadow decreased progressively, how-
ever, from approximately 26.8 hectares during week one to a
small wet area adjacent to the ditch of approximately O.4
hectares during week eight. The ditch proper, which becanme
distinct from the drying meadow during week nine, contained
water throughout the summer.

Vegetation on the flooded meadow began to emerge during
week five and covered much of the meadow by week seven.
Except for a 0.2 km. portion at the north end, the ditch,
which ranged from 10 to 20 metres in width, was never clogged
with vegetation, although emergent vegetation (Iypha sp.,

Scirpus sp. and Phragmites sp.) did appear in discontinuous

patches along the sides of the ditch throughout the summer.
The 1.9 km. .~ of ditch included in the study area was

discontinuous, being broken by four small dykes across it.

Methods
Males were trapped by placing a hand-reared captive
female in a clover trap of the design described by Lincoln

and Baldwin (1929). These birds were marked with nasal discs

(Bartonek and Dane, 196L) of white vinyl with black letter-



ing and released at the trap site. Mated males using a
portion of the ditch were caught by placing the trap at the
male's major loafing bar, unmated males were captured in the
adjacent meadow. Seventeen males in total were caught,
marked and released. In addition three females were caught,
on their nests, with the use of a long handled net. These
also were marked and released.

The ditch was observed for parts of the daylight hours
for five or six days each week for 12 weeks. Observations
were made from three vantage points, each of which over-
locked the entire study area. A car was used as a blind to
observe the area at the northern and southern limits of the
study area while a 6 metre.observation tower was used near
the centre of the area. From these positions, the nasal
saddles of stationary colour-marked birds could be readily
identified with a 15x telescope. lLaths were located at 30
metre intervals north,_south, east and west of the major
loafing bars of drakes under observation. These laths were
usually extended to 135 metre from the loafing bar enabling
me to determine approximately where the drake was relative
to the loafing bar. In the meadow; laths were placed at 90
metre intervals to enable me to estimate the point where a
defending male terminated pursuit.

A schedule for monitoring the numbers of ducks, part-
icularly shovelers, was instituted on 20 April. The first
count was normally made at dawn (approx. 05:00) and lasted

for 30 minutes. Subsegquent counts of the same duration were



dohe at two-hour intervals, the last count being at dusk
(approx. 22:00)}). This schedule was followed for either four
or five days each week, except weeks one and 12 when the
schedule was reduced to three days.
Wieekly aerial transects of the marsh were made from 6

May to‘13 July and intensive checks of the water areas at
the periphery of the marsh were made every two weeks from 1
May to 1 July to determine where shoveler territories
occurred.

~Data collected in this study were analysed and the
statistical significance of the results were tested by the
chi-scuare test (Siegel, 1956 ) and the Rank Correlation

test (Siegel, op. cit.) where applicable.



Results
Bresding chronology

Breeding activity of shovelers on the study area
spanned a twelve week period from 20 April to 5 July,1970.
Groups of firmly paired shovelers began to use the flocded
east meadow, adjacent to the ditch, during week one. These
pairs were non-aggressive (McKinney 1967), upon arrival.
Poston {1968) also found that paired shoveler males in
Alberta showed little hostility towards other paired males
for a period just after arrival.

Most pairs fed almost continuously throughout the day,
with males showing little hostility towards other pairs un-
til week two, when male threat display increased in occurr-
ence. A "™moving territory", (Dzubin, 1955), in which the
male defended the mobile female, appeared to best describe
the situation at that time. Such groups of pairs completely
dissolved into discreet pairs during week three.

Unmated males arrived during week two. They courted
and chased mated females and made "jump flights" as des-
cribed by Lebret (1961) and McKinney (1970). Pairs were
harassed by from one tc seven males. Simultaneously, mated
males showed an increase in aggression towards other males.
During week three 12 of 19.(63.2%) pairs under observation
began searching for nest-sites on the ditch. Unmated males
remained on the flooded meadow at that time, rarely harass-

ing pairs using the ditch.
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Fig. 1 indicates the weekly number of pairs on the
study area that were considered "territorial" and "non-terr-
itorial"™ on the basis of evidence presented below. There
were 12 different resident pairs on the study area over the
12 weeks, the last pair having been established during week
10. Non-territorial pairs, which appeared to consist mainly
of pairs searching for suitable breeding areas, were present
on the study area for variable periods ranging from two days
tc three weeks. The increased numbers of non-territorial
pairs in weeks eight, nine and 10 (Fig. 1), reflect an influx
of pairs into the study area. During weeks 10 and 11, all
but one nest that had been present on the study area was
destroyed by predators and most pairs left the area. No

new territories were subsequently established.

Aggressive Behaviour and Territorial Defense

avidence that breeding shovelers on the study area
were territorial was derived primarily from direct obser-
vations of localized aggressive behaviour of nine paired
males. Additional supporting evidence was provided by
observations of "ritualized flighting" (McKinney 1967) that
was primarily localized at the apparent boundaries of areas

defended by neighbouring males.

Aggressive Behaviour

In addition tec "ritualized fighting", to be described

below, aggression in shoveler males is manifested by "hostile



Figure 1, Territorial and non-territoria
cn the study area, 20 Apr. - 5 July, 1970.
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pumping®, "threat display","chasing", and"three-bird
flights" (McKinney 1967,1970). I refer throughout to
"three-bird flights", as pursuit flights.

"Hostile pumping" and associated call (McKinney,1970)
was elicited in a resident male when an intruder approached
the defended area. "Hostile pumping" was followed by
"chasing", and often pursuit flights, when intruders did not
immediately leave the area. “Hostile pumping" and calling
was also noted, in the appareat absence of other shovelers,
when the male returned to the defended area, after pursuing
intruders, or after feeding off the defended area. At these
times, he typically sat in the ditch near the loafing bar
( a component of the territory described by Hochbaum(1944),
Sowls (1955), Dzubin (19556) and others) for 5 to 10 minutes
or longer then went to the loafing bar. "Hostile pumping"
was also seen when a male approached a neighbouring defended
area whether or not the resident male was there. This
suggests that the area alone associated with a territorial
shoveler male may on occasion elicit threat display by a
neighbour.

"Chasing® involved primarily unmated males as chased
birds.‘ It consisted of a territorial chaser rushing over the
water at the other male with his neck outstretched and bill,
often open, pointed at the other male. As McKinney (1970)
states, the bill is typically held slightly upward at this
time. The birds being chased showed little ﬁostility toward
the chaser and usually left the area quickly.

Whether pursuit flights are to be considered territ-
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orial defense or in some other functional category is eculv-
ocal (Hochbaum, 194LL4; Sowls, 1955; Dzubin, 1955; Lebret,
1961; McKinney, 1965; Hori, 1963). In the shoveler, as will
be discussed in a subsecuent section (Part 11 of this
thesis), they do appear in part to function in driving away

intruders, and hence seem relevant to territorial defense.

Localigzation of Aggression

Agegressive interactions were highly localized,
occurring mainly in the vicinity of the loafing bar. Fig. 2
indicates the frequéncy of aggressive behaviour, except for
pursuit flights (see Part 11), of resident males during the
laying and incubation periods. Intervals are measured from
the loafing bar. There were significantly more hostile en-
counters close to the loafing bar (0-100 foot interval).
both for the composite data, (x%: 88, P< .001) and for an
additional single male (x*=212,P< .001).

Almost all (95%) hostile displays occurred either at
the loafing bar or in the ditch as opposed to the adjacent
meadows, suggesting that the water area rather than the
meadow area was being defended. Prior to pursult flights,
the pursuer was usually on or in the ditch near the loafing
bar. After 26l (99.2%) flights encompassing the entire re-
productive period of all pairs on the study area, the pur-
suer returned to the territory, which further indicates that
aggression was centered around the territory. Also, in the

case of pursuing males whose mates were at the nest-site,




Figure 2. Distance of aggressive intesractions from
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males returned to the territory on 188 {(95.5%) occasions,
suggesting that the behaviour of the male is related to the

physical site alsc and not just the position of the female.

Interactions at territorial bcundaries

Hinde (1966) indicated that, "along the boundary be-
tween territories is a narrow no-man's land where prolonged
skirmishes take place and actual combat is rare, such skirm-
ishes being practically limited to the boundary region".
"Ritualized fighting", which appears to be an example of
such skirmishes, was used by McKinney (1967) to indicate the
location of shoveler territorial boundaries. I therefore
examined the locations of "ritualized fighting™ to aid in
determining boundaries of t erritories at Delta. As indic-
ated in Fig. 3, most "ritualized fighting" occurred in the
area of 151-200 feet from the loafing bar (x%225.7, P<.001).

Males utilizing contiguous areas appeared to adhere
to common boundaries. Males were seen sitting relatively
inactive for as long as 60 minutes within 3 to 6 metres of
each other, each bird on its own territory. "Hostile pump-
ing" and occasionally "ritualized fighting" did occur at
this time, but primarily when one male approached closely to
the other or crossed the common boundary. Such interactions
by males whose females were laying or incubating eggs
typically occurred aftér the male accompanied the female to
the nest-site and returned to the ditch at which time these®

drakes swam or flew towards the neighbouring drake, thus



Figure 3. Distance of boundary conflicts from the
loafing bar, bzssed on five mark=zd malss (33 obser-
vations), during pre-laying, laving and incubation.




ENCOUNTERS

14

10

0-50

S1-100 101150 151-200

INTERVAL{FEET)

201-2 80

251" 0



indicating an aggressive awareness.

Intensive observations (96 hours) of four neigh-
bouring males which established territories at approximately
the same time, provided additional information about territ-
orizl boundaries. The territoriess of these males (A-D) are
illustrated in Fig. 4. Dashed lines, in Fig. 4, represent
the limit of ths area intensively used and defended by each
of the males while on the study area during the pre-laying
period. Although it is difficult to define exactly the
location of boundaries where actual conflicts were not seen,
the dashed lines can be taken as delineating approximately
the actual territories on the basis of disputes that were
seen (dots in Fig. L) combined with the almost exclusive use
by the resident male of the remaining area within the dashed
lines. Most encountears at the northern boundary of the
territory of male A and southern boundary of the territory
of male B involved unmarked males presumably attempting to
establish territories. Most encounters occurred on the
ditch as opposed to the adjacent meadows primarily because
most intruders landad on the ditch and the resident male
could most readily observe the water area from his vantage
point on the loafing bar. Male A did not apparently violate
the territory of male B for several days after pair B
deserted ﬁhe territory and even then A did not incorporate
this territory into his.

Pursuit flight endings are also included in Fig. 4.
They indicate that pursuits typically ended near, but out-

side of the area as defined by boundary conflicts per se.
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Pursuit flight behaviour, involving males A and B as the
interactants, provided further evidence that neighbouring
males, racognize and observe a common boundary between their
abutting territories. Thus, these flights typically in-
volved reversal of roles, the pursusr becoming the pursued
bird when crossing above the boundary line in the ditch

(cf. Hinde, 1966).

Selection of the territory

Although the male is responsible for essentially all
the aggressive acts that contribute to the establishment
and defense of a shoveler territory, there is observational
evidence thet in this species, like other dabbling ducks,
the female is mainly responsible for determining where the
territory will be situated (Hochbaum, 1955; Dzubin, 1955;
Sowls, 1955). Because of the problems inherent in assigning
a definite role to one member of the pair when they are frae
to move about together, an sxperiment was devised which in-

velved shifting a2 trapped bird.

Methods

A captive'unmat@d female shoveler, captured in the
wild and held over for one year, was placed in a trap to
decoy unmated malss using the flooded east meadow during the
period weeks two and 12. Three trapping sites on the meadow

were used (referred to below as sites A, B, and C). The
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female was placed at site A for four days to determine
whether males would be attracted to her and further to dis-
ccver whether one male would become dominate over the others
and establish a territory. Consequently, the female was re-
moved from the study aresa to determine if one perticuler
male (male 1), which had become dominant over other males

at site A, would remain in and defend the area, in the
absence of the female, After two days absence, the female
was placed at site B, which was 65 metres east of site A,

to determine if male 1 would desert site A to follow the
female. Two days later I again shifted the female, to site
C, 150 metres north of site B. Male 1 was visually isolated
from the female on site C, hence this shift made it possible
to determine if drake 1 would follow the female even though
initially visually isolated from her. After two days I
shifted the female back to site B to determine if another
male (male 2), which had been dominant at site C, would
follow the female and be dominant over male 1 when both were
present at site B, The female was then removed frocm the
study area, terminating the experiment. The duration of

the experiment was from 27 May to 10 June, 1970. Behaviour
 of thess birds was observed for a total of 27 hours. In
addition, hourly checks (06:00-21:00) of the three sites
were made for 10 days of this period. Males referred to
above as male 1 and 2 were caught, marked and released on the

study aresa.




Results

Within one day of placing the female at site A, male
1 becane dominant in the area, chasing and pecking other
males, which subsecuently tended to avoid him. By the sec-
ond day, male 1 could approach the female and not be threat-
ened or pecked by her. The female reacted to other msles,
whose numbers varied from one to seven, by inciting posture
and avoidance response &s they approached the trap. Thus,
a pailr-bond appeared to have bsen formed between male 1 and
the female. Mzle 1 then remained with the female, until she
was removed from the study area four days later. After the
female was removed, males 1 remained at site A until the :
female was returnsd to the study area two days later,
During the female's absence, male 1 threatened, chased and
made pursuit flights after virtually all unmated males and
rairs which entered the area.

When the female was returned to the study area at site
B, male 1 found her within 2 hours, and deserted site A to
join her. Hes immediately began to chase several males from
near the trap and assumed dominance in the area. As before,
male 1 continued to chase intruders at site B even after
the female was removed to visually - isolated site C two days
later.

At site C, male 2 becane dominant over other shoveler
males, although the female threatened and avoided hiam.
After 36 hours, male 1 then found the female at site C, but

was prevented from approaching closer than 6 metres by male



2, who maintained his dominance over all males, including
male 1. While the female was at site G, male 1 would
typically remain five to 3C minutes at that site, then re-
turn to site B, where he continued to chase other shovelers.
Both male 1 and 2 chased other males while at site C but
male 2 remained dominant over male 1,

Male 1 found the female 30 minutes after I returned
her to site B from site C., Male 2 found her the next day,
but at site B he was prevented from appr@aching close to her
by maie 1, who remained dominant there over all males until

the f emale was removed from the study area two days later.

Conclusion

This experiment showed that the unmated decoy female
attracted unmated males, one of which assumed dominance, in
an area, over the others. The area defended was thus init-
ially determined by the female. However, once established,
a territorial male may go on defending an area, although
presumably not indefinitely, in the absence of the female.
This suggests that once defended, the area comes to have
some special significance for the male even in the absence
of the femazle. The dominant position of male 1 at site B,
and of male 2 at site C, both in the presence of the same
female, also provides further evidence that once selected,
the site may be of significance for influencing the male's
aggressive and territorial behaviour. Despite the develop-

ment of such attachments, however the behaviour of male 1
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who deserted the defended area B to follow the female to
site C, clearly shows that the female still remains the
crucial factor in determining the location of the territ-

ory.

Territory size

As noted previously, defense was primarily of the
water area and not the adjacent meadows. Estimates of these
territories, although difficult to obtain due to the lack
of rigidly defined boundaries, were obtainesd by measuring
the maximum area defended. It is important to note that the
territory is actually only a very restricted portion of the
total home range used by the pair (Dzubin, 1955). This is
illustrated by territorial males which may go far outside the
territory on pursuit flights, as described in Part 11 of
this thesis.,

As shown in Fig. 2, all defense during the laying and incub-.
ation periods occurred within 90 metres of the loafing bar,
thus making the maximum effective size of the territory
approximately 9.2 hectares (table 1).

Dzubin (1955) observed that the territory may be
larger during the early periods of nesting, in the Mallard

and Blue-winged Teal (Anas discors). I also found a sign-

ificant difference (x?:13.0,P < .C0l), in the mean area util-
ized by 10 pairs of shcevelers before and after the onset of

egg-laying (Table 1).




Table 1. Comparison of territories between the pre-
laying and laying/incubation periods of 10 Shoveler
pairs. Difference_in mean between the two periods
is significant: X2= 13.0, P< .00l |



Time

Measure Pre-lavying (acres) Laying and incubation
(Lcres)

mean aresa 7.3 2.3
nadian aresa 2,1 1.6
range in area  3.2-12.4 ¢.3-3.8

number of
territcrizss 10 10
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Although territorial males ranged férther from the
loafing bar during the 05:00-10:00 period, making it appear
that thes territory was larger at this time, this presumably
reflects the fact that most aggressive intersctions occurred
at this time, as a result of increased movement of non-terr-
itorial pairs. During other daily periods namely 10:00-
17:00 and 12:00-22:00, when non-territorial pairs were
active, the same phenomenon was observed, again presumably
as a result of t erritorial males encountering more intruders.
However ohservations of actual territorial defense indicated
that after the onset of laying, measurements of 10 territor-
ies which ranged in size from 0.12 hectares to 1.5 hect-
ares, were not observed to change significantly in size &s
a function of time of day or bresding chronology, a result
also similar to that found by Dzubin (1955) for the two
species indicated above. Observation of three males whose
mates had viable nests well into incubation, revealed that
defense was strong throughout until it ceased abruptly dur-
ing late incubation. The results above show that an import-
ant correlate of territory size is the reproductive status
of the female, the territory becoming more restricted after
incubation.

There was no statistically significant size differ-
ence between four early territories established before &
June and five late territories established after 8 June des-
pite the fact that the concentration of pairs, both territ-
orial and non-territorial, on the study area, was greater

after 8 June. This suggests that territorial males do not
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necessarily occupy as large an area as possible when press-
vre from other pairs is low. I believe the ccncentration
of pairs on the study area was not sufficiently great, how-
ever, to determine conclusively whether territory size de-
creases with an increase cf aggressive encounters between

incumbents, and non-territorial pairs.

Stability of territories

Evidence that territories of breeding pairs tended
to remain stable was provided by observations that major
changes did not occur when adjacent territories were aband-
oned due to nest failure. Stability was maintained despite
frecuent hostile encounters between incumbents on the study
‘area and other territorial shovelers (19%) which held
territories on the study area, and between non-territorial
shovelers and these incumbents (18%) (Fig. 2). Poston
(1968) similarly noted that once established, shoveler pairs
were not replaced by other pairs. TFurther support for this
conclusion is presented in Part 11 of this thesis where re-
sults of vnursuit flights by territorial males during laying
and incubstion are shown. These indicate that 96.5% of
flights involving intruding pairs successfully prevented the
intruders from either entering or remaining on the territory,
while the remaining 3.5% of flights involved pairs which
left the territory after a brief (usually <5 min.) stay.

In addition to the above data showing that shovelers

at Delta tended to defend particular areas, however, obser-
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vations were also obtained indicating that such areas were
not always occupled exclusively by & given pair throughout
an entire breeding season. One striking exaﬁple of success-
ive usage of a portion of the study ditch during 1970 is
illustrated in Fig., 5 where usage by three males referred to
as 1-3, according to their chronological order of dominance,
1s indicated over the season in relztion to egg laying and
nest losses. The measure of duration on the territory is
based on first and last sightings of the male or fensle of
the pair; the duration of dominance of each drake was based
on his success in excluding others from the area.

Initially, the area was occupied by male 1 and mate.
This pair was dominant through to the time when eggs were
laid, at which time the nest was deserted presumably due to
egz loss as & result cof predation. Male 2, which had been
interacting with male 1 at the boundary cf the territory for
some days, quickly became dominant and tock over the maior
loafing area of male 1 after pair 1 deserted the area follow-
ing nest destruction.

That dominance may also alter prior to nest loss was
indicated by a later change of occupancy of the above&terri—
tory to male 3. Male 3 assumed dominance over male 2 about
10 days prior tc the loss of nest 2 (nest of pair 2), at a
time when male 2 was spending greatly decreased time on the
territory. At this time (6 June et seqg.) male 2 fled from
male 3 after encounters, and by & June had deserted his
loafing bar. He spent the remaining five days of his stay

on the territory directly opposite the female's nest, never
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making a defense of the area, always avoiding drake 3.

The behaviour of females 2 and 3 provided evidence
that, in the extended absence of the male, the use of the
territory by the female may be severely restricted, if other
encroaching males are present. Female 2 did not desert her
nest for at least six days after her mate deserted her, but
she was extremely secretive when off the nest, staying
primarily in the vegetation in the ditch edge, and utilizing
only a few square meters cf water opposite the nest for
feeding. Female 3 also used the territory after her mate
deserted her, buﬁ loafed and fed within approximately 15
metres of the bar used befofe her mates departure. This
same restricted radius of activity was also noted for the
only other two females whose nests were viable when deserted
by their mates. These observations suggest that the male is
of fundamental importance in maintaining the territory fcr
the female's use.

Except as indicated above, shovelers tended to main-
tain the territory as an exclusive area. Since this was done
largely by intraspecific hostility, the implicstion is that
the male must be on the territory when other shovelers are
searching for territorial sites. In agreement with Poston's
(1962) work on wild shovelers, I found that pairs did spend
much of their daylight hours on the territory. During the
pre-laying period, when the territory was being established,
10 pairs spent from 2 to 4 hours on the territory (usually
in the period (OB:OC-{?:OO). This period coincided closely

with the times that other pairs searched for nesting sites.
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During late laying and incubation, males of 10 pairs obser-
ved spent an average of 73.5% (range 55-9C%) of the daylight
hours on the territory, thus making use of the area by other

rairs virtually impossible.

Territcries in relation to habitat

The importance of water for duck species is obvious.
Cn my study area, water, along with the density and pattern
of associated vegetation appeared largely to determine where
territories were located. The importance of this was illus-
trated within the study ares in that 8(2C%) territorial
rairs located territories where the ends of the ditch, or a
dike crossing the ditch, effectively formed a barrier.

absence of dense stands of emergent vegetation

3
>
0}

ringing the edges and covering the surface of water areas
appeared to be a prerequisite for territories. Evidence for
this was provided by analysis of the 9 aerial transects made
over the Delta marsh in 197C. The percentage of territories
in four grossly defined habitat types, based on permanence
of water and nature of associated vegetation, were; 85 (67%)
occurred where sparse or no stands of emergent vegetation
ringed or covered the surface of permanent water areas (i.e.
the study ditch at Delts), (2) 33 (26%) territories occurred

where emergent vegetation ringed but did not cover the sur-

face of permanent water, (3) 13 (7%) occurred where there

s}

was temporary sheet water free of significant amount os veg-

{

etation but highly susceptible to drying, and (4) ro territ-
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ories occurred on permanent water covered by emergent veget-
etion. *‘hus, as noted by Hochbaum (19LL),roadside ditches
and farm ponds were primarily frecuented by shovelers. In
addition, the survey indicated that within Delta marsh,
wzter areas at the periphery of the marsh rather than larcer
areas of the marsh proper, were used.

Hochbaum (1944) observed that males of dabbling ducks
desert territorics when drying cccurs. In 1970 available
suitable habitat at Delta was greatly diminished by the
first week of June. Drying of water and growth of veget-
ation made meny areas useless for shovelers, An influx of
shoveler pairs occurred, at this time, onto the study ditch
which still provided suitable conditions for the establish-
ment of territories. Further evidence that drought con-
ditions may affect territories was provided by observations
of one male shoveler, not on the study area who deserted his
territory when it became completely dry. This male sub-
seqguently re-located 1.6 km. awéy where his female joined
him when off the nest. The above evidence suggests that
shovelers have definite water recuirements which when lacking
may prevent or inhibit the establishment and maintenance of
territories.

Another aspect of the habitat that appeared to be an
important aspect of shoveler territories was the loafing bar
described above. After pairs became localized, one major
loafiing bar, often a hummock of ground close to the ditch
edge, was utilized. Aggressive encounters between residents

and intruders were centred at or near the loafing bar (Fig.2)
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and observations suggested much of the resident's other
activites occurred in this area. To assess the latter
possibility locations of resident males relative tc the
loafing bar and the time spent at these locations were re-
corded during the laving and incubation period (Fig. 6).
Significantly more sightings (x2 = 631, P<.C0l) of resident
males occurred at less than 3C metres from the loafing bar
even though Fig. 3 shows clearly that the territorial
boundary disputes occurred most frequently at greater dist-
ances. Further, of the 418 (87%) sightings in the 0-30
metre interval, 226 (54%) were right at the loafing bar and
an additional 75 (18%) sightings wers within 15 metres of
it. When not on the loafins bar males often sat in the
ditch a mere 1-2 metres awav from it.

Using comparisons based on total time spent at various
portions of the territory, a similsr conclusion emerges.
Thus, of 126 hours of observation, significantly more time
(93%) (x*= 192, P<.001), was spent in the 0-30 metre interval
than elsewhere. This evidence strongly suggests that with-
in the territory the loafing bar forams a focal point in the
area in which the male's non-aggressive behaviour is most
obvious.

As noted by Hochbaum, (1944), Dzubin (1955), Sowls
(1955) and others, females commonly used the same loafing
bar as the male, once the pair-bond had broken (Sowls,1955).
While on the study area, females used the territory for
feeding and loafing, feeding usually within 30 metre of the

loafing bar then preening and loafing at or near the loafing




Figure 6. Location of mele on territory, rslative
tco loafing bar during the laying and incubaticn per-
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bar. These results suggest that, as for the male, the
loafing bear is also the focal point of maintenance activ-
ities for the female, at least while she is off the nest.
It seems likely that the localized activity of the female
around the loafing bar even in the absence of her mate
functions to keep the female on the territory even though,
as Hochbaum (1944) suggested, she may not observe actual

territorial boundaries.

Relationship between territory and nests

As noted by McKinney (1967), nesting pairs searched

for nests some time before laying the Tirst egg, at a time

when territories were established. At Delta, males began
defending an area five to 19 days prior to deposition the
first egg by the female. The males of four pairs which
nested esrly, prior to 15 May, defended an area for only 6

on average days prior to their females depositing their first

eggs (Table II). These late birds, presumably re-nesting

pairs, established territories cuickly, at a time when suit-
able habitat was limited, despite the fact that there were
several other pairs attempting to establish in the area.
This suggests that some pairs are able to establish territ-~
ories while others cannot, possibly because of the strength
of the pair-bond or physiological ccndition of the femg}g}
The importance of the territory to nest succeséxwas

shown by the behaviour of two pairs whose males could not

establish territories on the ditch due to hostility by in-



Table 11. Duraticn of time pairs spent in an area
prior to nest initiation.




Time Days to first egg Average days to
first esgg

Prior to & June (esarly nesters)

weeask 2 19
3 1L 16
L 13
L 17

After 8 June (late nestsers)

week 2 5
8 6 6
8 7
9 5
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cubent shoveler drakes. The females of these nairs made

I

nest scrapes but did not nest. Both pairs left th

®
2
N
a

e

a’ter attempting to establish for three weeks. It seems
Likely trat such delays of nesting, particularly when sult-
able habitat was dwindling, near to drying, could resnlt in
some pairs failling to produce young for that year.

As noted by Posten (1968) and Hochbaum (194L

-
~
o)
<]
0
o
w

were close toc, but not always within, the defended area.
Four of nine nests at Delts were outside the ares usually de-
fended by the male, an average of 140 metres from the loafing
bar. The mzles did not similerly move, however, suggesting
that once the territory was established, they were reluctant
to re-establish territories even when females moved far out-
side the territories to nest. The remaining five nests were
within the defended area, an averaze 42 metres from the loaf-
ing bar. The proximity of the nest-site to the loafing bar
in the cazse of the latter five nests appearsd to ensure the
females & grester measure of protecticn frem strance
shoveler meles because she was within her mates sphere of prot-
ection. In addition, the location of the nest which was deter-
mined after the loafing bar was established suggests that
females may relate tc the male and/or the loafing bar when
estatblishing nest-sites.

Although the territory is heavily utilized by both the
male and female while nests are active, it was inveriably de-
serted within three days after nest destruction. Contrary

to the observations for shovelers reported by Hochbaum (1944,

three pairs whose nests were destroyed during leving deserted
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their territories.

[

Some evidence was cbtained thot nairs remasinsd to-
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gether after nest destruction. The strongest evidence for

this conclusion wes three pairs that remained on the terr-
itery for two dey: after nest loss. Pairs presunably left

foect
4

the area together, although direct proof is lacking. Two
such pairs who lost their nests late in the ssason were, how-
ever, seen together within a large group of feeding males,

suggesting that the pair-bond was still intact st this time.
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Further indirect evidence suggesting ps
was rrovided by the appareat total lack of re-pairing act-

ivity in shovelers prrior to reée-nesting.

Discussion

Since Hochbaum (19L4) suggested that territoriality
wés evident in ducks, several authors (Dzubin, 1955; Sowls,
1955; .etc.) have criticized aspects of the concept as
applied to ducks while others (Lebret, 1961; Hori, 1963)
state that this phenomenon does not occur in the Mallard and
Shoveler (Hori, 1963), due primarily to the dearth'of evidence

E<]

defendsd area (McKinney, 1965). However, McKinney

Hy
®

or
(1965) and Siegfried {(pers. comm.) state that the conceot is
valid and widely accepted. In agreement with McKinney's
(1965,1967,1970) work on ceptive shovelers, my observation

1

of localized activity (Fig. 2), including intraspecific host-

ility (Fig. 6) interactions at territorial boundaries (Fig.3)

and exclusiveness of the localized area (Fig. 5), all show
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that the Shoveler male may defend an area, which is often

centeined within reascnably well defined limits (Fig. 4).
Poston (1969) who worked in a prairie pothole habitat
where the concentraticn of breeding pairs was low, found
home range sizes of shcvelers to be 29.2 hectasres, while
Gates (1962) whe worked in habitet similar tc that found on
my study area, measured home ranges of not greater than &
hectzres. I meesured territory size relative to the loafing
bar most frecuently utilized by thle resident male and found
the effective size of the territory to bevdé)ha} for 10
territories, a figure that more closely resembles Poston's
(1969) estimate of 0.6 hectares fcr the "core area® for two
pairs. Comparison of my data with these datae for home range

ze indicates that the territory, where 10 pairs spent 73.5%

[}
e

of the time during late laying and incubstion, is a very re-
stricted portion of the total home range. My osbsevations

of males leaving territories on pursuits (PartTl of this
thesis) also agrees with this interpretation. It secems likely
that this confined area, which is not readily reduced by

£

aggressive behaviour of

LD

intruders (Stabilitv of territories),
must be considered the portion of the home ranze crucial to

reproductive success.

GTstablishment and mesintenance of territories

In sgreement with the observations of several authors
(Hochbaum, 1944; Dzubin, 1955; Sowls, 1955), the experi-

mental results of my study indicated that the female deter-
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ained the general location of the territory. However, the
the territory boundaries were accomp-
ale, wkose behaviour actually defined the de-
nded area (Fig. 2,3), often prior to nest-site selection,
and usually in the usbsence of the femzle.

As stated by Hochbaun (1944), habitat, perticularly
a suiteble location for a loafingz bzr for the male, appeared
tc be critical for the establishment of the territory. My
results indicate that no drake was without a loafing bar,
which was the focal point for both the male and fem:le.
Another important espect of habitat was indicated by the
finding thst males desertad territories, previously selescted
by their mate, when drying occurred, a phenomenon slso noted
for ducks in genersl by Hochbaum (194L4). This suggests that
although the femsale may chocse th~ genersl locztion of the
territory, the male may subsecuently reject the arez, if con-
ditions are not sultable. My observations show in addition
that when the male leaves such an area, he may go elscwhere
to establish the territory even though the female remains on

her original n=st up to 1.6 knu. away. These observations

suggest the general hypothesis that the female, accompanied

1

by the male, selects the genersl area where the territory will
be located but males may "veto" a particulsr area if it is
nct suitable for the establishment of a territory.

Because the male accompaniss the femsle when she temp-

[ &3]

orarily or permanently leaves the tarritory, several autlors
(Lebret, 1961; Hori, 1963) believs that there is no "site-

attachment™ (Tinbergen, 1957) and still others (McKinney, 1665)
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suggest. this topic in ducks should be avoided since the poss-
ibility usually cannot be excluded that the male is de
a female rather than 2 site to which he is "attached"™. As

noted above, however, shovelers at Delte did defend an area

of the ditch (Fig. 2,3), and both experimental snd obser

absence of the female, whether she is away from the territ-
ory at the nest, or completely removed from the arsa (Selec-
tion of the territory). Of possible relevance, also, is
exparimental evidence (Sslecticn of the territory) indic-
ating that paired males may lose dominancs in a strange terr-
itory in spite of the fact that their mate is on thes strange

.

territory with them, but regain dominance when tihe pair 1is

e

back on their own territory. These resulis suggest that in
the Shoveler, at least cnce a territory is esteblished, the
resident male may then relate to the physical site despite
the fact that he also often follows the female, and defends
her, while off the territory. It should be noted that exper-
LI I - o8 . ~ .

imental results (Sslection of the territory) also show that

the male will not defend the area indefinitely in the absence

of the female,

Functional significance of territory

p

th t
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Gadwall and
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Although Gates (1962) workins w
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Foston (1968) working with the Shoveler, discounted host-

ility, a component of barritory (Tiabergen, 1957), as a mech-

anism limiting density of br

&

eding palrs on their study
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areas, McKinnev (1965) believes that hostility in the form

of aerial chesing, as is s=en in the Shovelar, serves to

produce some degree, of dispersion of pairs (see also

Hochbaum, 194k, Sowls, 1955). In agreement with McKinney,
my data indicated thet shoveler pairs at Delte wers spaced

both in tine, as se2en in the nesting delay of non-territ-

a

orial pairs (Fig. 5), and space (Stability of territories),
as a result of territorial behaviocur.

Several hypothesas to sxplain the function of spacing
in ducks have arisen. Hochbaum (1944) theorized that pairs
are territorial and thus spaced tc ensure completion of
copulation, while McKinney (1967) sugzests that spacing is
rrobably an anti-predator dsvice, as discussed by Arrington
(1946), (see alsc Tinbergen, 1939). Hochbaum,McKinner and
Ward (Delta Seaminar, 1968) also notead the importance of food
to breeding ducks as did Geyr (1924) for the Mallsrd and
Siegfrisd (1965 ) for the Cape Shoveler.

What then is the functional significance of territ-
oriality and the rssulting spacing in the Shovelsr? Al-
though territorial behaviour doss ensure protection for the
female from aggressive males, this may be little more than
& consecuence of territory, as discussed by Hinde (1956).

Spacing to reduce predation (McKinne 1965) seems reason-
& ) b]

able and cannot be ruled out by my data. In addition to
these functions, hcwaver, it may alsc be that some resource

sssential tc reproductive success is being defendsd, there-
by Jjustifying the considsrable expenditure of energy by the

o

resident male in maintaining the territorv. Broods of
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dabbling ducks are aprarently very mobile (Evans and Black
E9§5) and presumably may feed 1ittls or>uot at all on the
territory. However, the adult female shoveler at Delta fad
exclusively on the territory during the late laying, and
entire incubation periods (Territoriess in relzation to hab-
itat). This is a tinme when Ward (1969) says food is most
important to female ducks which spsnd little time off the
nest. If this is so, then maintenance of resources for the
female would Seem to be a reasonable functional exrlanation
for the estended and well Jdeveloped territorizl behaviour

of this sp=scies.

o

As suggested above, maintenances of resourcss on a
territory over the incubation period also suggests a possible
reason for the extended territorial behaviour and similarly

4

<tended pair-bond that has often been noted for the

&3
5

Shoveler (Hochbaum, 194L; Sowls, 1955; McKinney, 1965, 1967;
this study). The further possibility that an extended pair-
bond and associated territorial beshaviour might be @spﬁc;

ially important to shovelers during the re-nesting

el

ariod
was sugee=sted by the observaticn that suitable habitat for

re-nests was limited. An increase in the numbsr of late

)

nesting pairs was svident (Fig. 1) at time when gen=ra
drying occurred, a condition which correlated with an influx
of birds cnto the studv area. Although nesting habitat was

lentiful, competition for territory sites was ksen and pairs
which established territories nested cuickly (average 6 dayg
to first egg). The importance of having a territory wss

shown by the femeles of two pairs which did not nest prezsumably
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because of their male's inability to establish a territory

(Relaticnship betwesn territory and nests). It thus seems
lik=1ly that the extesniesd pair-bond, which doss not dissolve
until relativaly late in the ssason, reducas the nesd for re-

=)

pairing activity, prior to re-nesting, and thus preosuma

o

ly

reduces delav in ths estzblishment of territoriss that are

Q

essential in rs-nesting.
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SUMMARY

Territorial behaviour was studied in a breeding
population of the Northern Shoveler at Delta, Manitoba.
Wuantitative data on the hostile behaviour associated with
the establishment and maintenance of the territory was
obtained,

Iocalized aggression in the form of "chasing, "
"hostile‘pumping", "ritualized fighting" and pursuit flights
functioned to esﬁabiish and maintain thé territory. "Rit~
ualized fighting" served to approximately define territory
boundaries.

The female was responsible for determining thé loc--
ation of the territory, as shown by experiment. The male
was responsible for determining the extent of the territory.
Once established, the territory may be defended by the drake
even in the absence of the female.

Territory size was significantly greater during pre-
laying than in the period after nest initiation. Territory
size did not change as the pair-bond weakened during the in-
cubation period.

Next to water, the leafing bar appeared to be the
most crucial habitat factor in determining the location of

territories. The loafing bar was the focal point of the
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territory for the drake and gggressive behaviour pccurred
within 90 metres of this location. The loafing bar was
also the focal point for the female when off the nest. The
female continued to use the loafing bar after pair-bond
dissolution,

Once the territory was established and egg laying
began, pairs spent an average of 73 per cent of daylight
hours on the territory. Pairs which lost nests vacated the
territory and territories defended by drakes whose females
were advanced into incubation were susceptable to encroach-
ment by other pairs.

Late nesting pairs began egg laying and established
territories more quickly than early nesters. Evidence
suggests that a pair must have a territory for the nesting

attempt to be successful.
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D

Aerial pursvit flights have been described for several

I

Anas species, including mallard, Anas platyrhynchos (Geyr

Von Schweppenburg, 1924; Hochbaun, 194L4; Gates and Beer,
1956; Dzubin, 1957; Lebret, 1961; Hori, 19€3), pintail, A.
acuta (Smith, 1963), gudwall, A. strepera (Gates, 1962),
the northern shoveler, A. clypeata (Hori, 1963; McKinney,
1965,1970), and the Cape Shoveler, A. smithii (Siegfried,
1965)., The investigators involved in these studies have
discussed various aspects of these pursuit flisghts, however
the motivation and function of these flights are still un-
certain.

Two types of pursuit flight are usually distinguished.

These have been described (McKinney 1%65) as:

i) three-bird flights involve pursuit of the

female of a pair by a pailred male, the female's
mate being the third bird in the group. The
chases are often brief, the rursuing male re-
turning to his starting point after flying a
short distance....

ii) atbempted rape flights are prolonged, vigorous

chases, involving the rursuit of a female by
a number of males. These flights often range
far from the original sterting place and they
have been observed to end in promiscuous rarpe
of the female, after she is forced tc the ground.”
In the shoveler, cuantitative measures of flights in
natural populations are lacking, but those observations that

have been made (Hori, 1963; McKinney, 1965) including those
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of captive populatiocns (McKinney, 1967) indicate that "three-
bird flights®™ are typically vigorous but of short duration,
the chasing drake returning cuickly to the flight origin.

The male of the pursued pair often defends his mate against
the pursuer during the flight. Rape of strange females is

apprarently rare, at least while the pair-bond is strong

(McKinney, 1965; 1967). "MAttempted rape flights™ would thus

<

presumably occur less frecuently than "three-bird flights™,

-

carticularly while the pailr-bond is strong.

A major objective of this study was to quantitatively
observe flight behaviour and if possible, extend publishad
descriptions of these flights in the Shoveler. GCuantitative
comparisons of flight behaviour patterns throughout the
breeding season was also done, to determine the incidence of
Mattempted rape flights™ and to determine if this incidence
varied between the pre-laying, laying, incubation and re-
nesting periods.

According to McKinrey (1965), "chasing tends to produce
some degree of dispersion and ... 1t has a significant effect
on breeding densities®., In a companion study {(part 1 of
this thesis), I have obtained evidence that a degree of
dispersion of shovelers may result from territorial de-
fense by the drake invelving behavior other than the pursuit
flights considered here. These findings cast scme doubt on
the probsble importance of flights in the spacing of this
species. In an attempt to clarify this issue, I obtained
cuantitative messures of whether pursued birds left the area

after the pursuit, and whether the pursuer returned to the
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territory after the flight.
Bvidence from captive shcvelers indicates that flight
frecuency varies with general patterns of daily and seascnal

activity (McKinney, 1967). To determine if flight frecquency

of wild shovelers corresponded with periods of activity in

hd

3

McKinney's captive birds, my data were further analysed
according to time of day and breeding season chronology. In
addition, the possibility that flight frequency correlated with
the number of potential interacting pairs on the studv ares
was also examined. |

The study area consisted of a 1.9 km. secticn of ditch
1.6 kmn. south of Delta. Details of the srea, and the methods
used to trap and individually mark 17 drake and three female
shovelers are described in part 1 of this thesis. Data used
in analysis of flights were gathered primarily by obser-
vations of birds whose identity was known from individual
aarkers. A total of 266 pursuit flights were observed in
which the pursuilng drake was a mated bird defending & terr-
itory on the study area. The pursued birds included those

that defended areas elsewhere cn the studv area ss well as

those that did not defend territories on the study area.
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Results

General description of aerial pursuits

The following description is for flights that would be
included in the "three-bird flight" category defined above.
Unless otherwise stated descriptions are based on my own
observations of marked birds. Shoveler aerial pursuit
flights typically involved a defending drake and either an
intruding pair or lone drake. Rather than introduce another
category of flights for those additional pursuits that in-
~volved two drakes but no female, I include them in the "three-

bird flight" category. Except for the absence of the female,
these all-male flights are similar to the typical "three-
bird flights", and are most certainly distinct from the
"attempted-rape flight",

Pairs landed on territories on 54 occasions and the
pursuing (territorial) drake apparently attempted to approach
the female each time. While on the territory actual contact
in the form of pecking the female's back and tail feathers
was seen on only 10 (11%) occasions. The female's mate
successfully intercepted the pursuing drake on the remaining
4L4(89%) occasions and forced a short skirmish before the
three birds took to the air, led by the female.

Cnce in the air, the female usually remained the object
of the pursuit. In 93 (58%) flights which involved intruding
pairs, the pursuing drake clearly pursued the female. 1In
the 67 (42%) remaining flights I could not determine whether

the pursuing drake was chasing the female or her mate, either
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Because the mate succeeded in staying between the female
and pursuing drake or because the pursuing drake actually
shifted his attention from the female to her mate.

While in flight the pursuing drake usually pecked at
the back and tail feathers of the female. This occurred
primarily in flights of longer than 15 seconds duration.
Only once, however, was this behavior considered responsible
for forcing the female from the air. Even in this instance,
the female quickly recovered and flew from the water, after
which the pursuit continued without the pursuing drake or
her mate settling on the water. The pursuing drake did not
display special threat postures while chasing but rather
his head and neck were outstretched as seen in normal rapid
flights. Both the resident pursuing drake and the drake of
the pursued pair were frequently heard vocalizing during
flights, but I could rarely determine with accuracy which
drake was definitely calling at a given time.

The pursuing drake often shifted his attention to the
male-of the pursued pair when pecked by this bird. This
shift of attention usually coincided with the termination of
the pursuit by the pursuing drake. In addition to overt
harassment by the female's mate, the latter was also observed
to threaten the pursuing drake; as noted by McKinnej (1965) .
This behaviour, which consisted of rapid (1 - 2 second)
thrusting movements with the bill, was typically seen when
the drake was above or beside the pursuing drake. When flying
between the female and the pursuing drake, the female's mate

occasionally (10 - 15%) pulled his neck back and assumed a
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posture similar to the posture associated with the repulsion
call described by Dzubin (1957) for the female mallard.

The drake momentarily hovered at this time, as if to block
the pursuing drake's access to the female.

Inciting posture, which consisted of the female point-
ing her bill at the pursuing drake when he flew below or
beside her, was occasionally (5-10%) seen during the chase.
At this time, females were typically heard to vocalize, the
call being similar to the inciting call of the mallard
(Dzubin,1957). The female also displayed a "repulsion"
posture and call similar to that described by Dzubin (1957)
in the mallard. The female, at this time, briefly hovered
in flight.

The "repulsion' call and associated posture was most
often noted when a female appeared reluctant to leave an area,
i.e., when she circled the defended area, but made no obvious
attempt to land. This circular flight, which occurred in
89 (33%) of the flights; differed from the more frequent
straight flights (67%), in which the female immediately flew
from the defended area pursued by the defender. These two
distinct flight patterns also differed in duration, cirecular
flights being longer than straight flights as described below.

Flights were considered long (»15 sec.) or short (1 -

15 sec.) on the basis of the median of 266 flights, which
fell in the 10 - 15 second interval. There were 145 (55%)
short flights and 121 (45%) long flights based on this erit-
erion. Of the 145 short flights, 119 (82%) were in the O -

10 second interval. No flight exceeded 120 seconds and only
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18 (7%) fell in the 60 - 120 second interval.

A1l short flights were straight. In contrast, 29 (73%)
of the long flights were circular, the remainder (27%) being
straight. These long duration flights most often (77%) in-
volved intruding pairs which flew over the defended area
with no obvious intention of stopping, the pair being 200-
300 yards away before the pursuing drake drew close. In
flights of relatively long duration (i.e. greater than 15
seconds) it appeared that the members of the pursued pair
attempted to stay close together, the male often staying
in front of the defending drake. This behaviour was seen
primarily when a female kept circling the defended area, as
if reluctant to leave it.

Flights were considered vigorous or non-vigorous accord-
ing to the behaviour of the pursuing drake. Vigorous flights
were considered to be those in which the resident drake flew
close enough to the pursued bird to peck and apparently
cause evasive action on the part of the pursued bird. Such
vigorous flights were typically short, and rapid in terms
of distance moved over time. There were 209 (78%) vigorous
flights based on the above criteria.

Each chasing drake was on his territory prior to all
flights, and with his mate prior to 188 (71%) flights.
Drakes showed no apparent reluctance to leave mates in order
to pursue intruders. The pursuing drake returned to his
territory after 264 (99.2%) flights and usually flew dir-
ectly to the region of the major loafing site. Only 5 (1.9%)

intruding pairs returned to the territory after the flight



ended, and in each case, the pursuing drake pursued the
pair again, until they left the area.

A total of 106 (39%) flights involved males only.
Approximately 90-95 per cent of these all-male flights in-
volved only two birds, the remainder three, the maximum
number noted on the study area. The third male was usually
a drake that chased an existing flight involving two males
as they proceeded over his territory. When flights in-
volved an unmated drake as the pursued bird, the pursuit
was usually short and straight. However when neighbouring
territorial drakes were involved in pursuits as pursuer and
pursued, flights were often long and circular. OFf the
circular flights which lasted over 60 seconds, 15 (83%) in-
volved neighbouring drakes. Drakes appeared to pursue other
drakes with as much vigour as they pursued females, part-
icularly when flights involved neighbouring drakes in the

process of establishing territories.
Daily and seasonal frequency of flight activity.

In the captive shovelers studies by McKinney (1967),
a peak of activity occurred just after dawn énd was followed
by a period of sleeping during the middle and late morning.
There were indications of a secondary peak in the afternoon.
In the wild population I observed at Delta, I found, simil-
arly, that morning flight frequency was high, almost twice
that of each of the two subsequent periods (Fig. 1). Flight

frequency during the period 05:00-10:00 was significantly
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(JciSO.O,p‘<.001) greater than the remaining two periods.
Flight frequency data (Fig.l) provided no evidence for a
secondary peak in the afternoon. Some evidence for this
was observed, however, when the data were analysed accord-
ing to the period in which maximum activity occurred on
each individual day (Fig.2). Most activity was still seen
in the period 10:00 to 17:00 but maximum daily activity was
observed on 5(11%) days during the period 17:00 to 22:00,
whereas it never occurred during the midday.

Supplementary data on daily activity was obtained from
two marked individuals that were observed for most of the
duration from dawn until dark, on five occasions. For these
individuals, flight activity invariably peaked in the 05:00
to 10:00 period, thereby corroberating the above described
results. These individuals were observed during the period
Jjust after territories were established. '

Flight frequency was also analysed, on a weekly basis,
for the twelve week season encompassing the total time
Shovelers were breeding on the study area (Fig.3). The first
three weeks correspond approximately to the pre-laying
period for the study area.

There were no territories established during the firét
week, and hence no flights by territorial males. Flight
frequency increased in weeks two and three as territorial
pairs became established. Flights declined in weeks four
through seven apparently due to the f ewer non-territorial

pairs characteristic of the incubation period.. During the
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Figure 3. Frecuency of flights made by territorial
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incubation period all nests were predated and territories
were subsequently deserted by pairs. Most pairs left the
study area entirely. However, new pairs came into the study
area during week eight and quickly established territories,
resulting in an increase of flight frequency (Fig. 3). Pairs
continued to enter the study area during’weeks nine and 10
and these birds further contributed to the high levels of
flight seen at this time. These birds were presumably re-
nesting birds, although no direct proof of this could be
obtained. The influx of pairs onto the study area occurred
at a time when few suitable breeding areas existed else-
where on the marsh (see part 1, discussion).

An abrupt drop in pursuit flights occurred in week
11, apparently due to another wave of predation that
occurred during that week, which resulted in almost complete
desertion of the area by shovelers. Five pairs remained.
These were pairs that had not previously held territories
on the study area, and they did not subsequently establish
territories there. No shoveler pairs were seen during
the twelfth week.

The apparent differences in flight frequencies over
the breeding season illustrated in Fig. 3 were further
analysed according to the four major breeding season per-
iods described above. This grouping indicated that there
is no significant difference (x56.45;P7.05) between the
four breeding periods (Fig. 4). However, flight frequency
was significantly higher (x% L.8, P£.05) during re-nesting

than during incubation, the re-nesting period being a



Figure 4. Flight frecuency per 10 hour observation
period, during the entire reproductive season.
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period when most pairs were actively searching for territ-
ories and nest sites.

Observations, as described above, indicated that most
flights were due to territorial drakes chasing non-territ-
orial intruders. If so, then it might be expected that
flight frequency would correlate with the number of possible
interacting pairs, calculated as a simple product of the
numbers of territorial and non-territorial pairs in the
vicinity. To examine this possibility in more detail,
weekly averages of the number of territorial pairs and the
number of pairs attempting to establish on the study area,
were determined. The numbers of territorial pairs and
those attempting to establish in the area were then mult-
iplied to determine an estimate of the number of potential
interacting pairs (Fig. 3). Comparison of these values
with the number of actual flights shown in figure 3 indic-
ate that a strong positive correlation existed between
weekly flight freocuency and the number of possible inter-
actions (r=,868, P£,01). This high correlation suggests
the interesting possibility that flight frequency could be
used to provide a valid, if indirect, measure of the number
of interacting pairs in the area, provided variation in

daily and seasonal freguencies are taken into account.

Behaviour during successive portions of the reproductive

period.

Although pursuit flights tended to be similar through-

out the breeding season, they did differ in some aspects,




66

eg. duration, vigour and trajectory, as detailed below
relative to three major periods: pre-laying (39 flights),
laying (33) and incubation (35), plus re-nesting (159
flights),

Pursuits involved both pairs and either one or two
drakes as pursued birds throughout the entire season (Fig.
5a). However, significantly more flights invclved pursued
pairs than drakes during the pre-laying (93%) ( x§;33, P<.001)
and laying (78%) (x% 8.7, P».01) periods. There was no
significant difference in flights during the incubation
(37%) ( x32.2, P».05) and re-nesting (L9%) (x=.03, P>.05)
periods. Comparing the periods, there were significantly
fewer pursuits involving pairs during the incubation period
than during pre-laying (xzé 10.7, P4.0l) and laying (x 3‘3‘.85,
P=,05). These results were expected since many pairs were
searching for breeding sites during the pre-laying and lay-
ing periods and frecuently encountered territorial drakes.
There was no significant increase in flizhts invelving
pursued pairs during the re-nestinc period, (xf 2.9 ,P >.05)
apparently because few territories existed on the study area
when other pairs were searching for breeding sites, thus
reducing the frequency of encounters between territorial
drakes and non-territorial pairs. With the possible ex-
ception of the re-nest period, flights involving pursued
pairs decreased with advancing season and flights. involving
only drakes increased.

Prior to the initiation of pursuit flights, the purs-

uing drake was either with his mate or alone on territory




67

(Fig 5b). The male and female were together before most
flights (91%) (ii 2L.6, P<,001) during the pre-laying
period. This tendency changed during laying and incubation
when pairs were together only 13 (42%) (xil.Oé, P».05) and
16 (56%) (xﬁ.O.Zh, P>.05) times. Pairs were again usually
together during the re-nesting period (78%) (x%-h9.8,
P4,001), presumably reflecting the fact that most re-nesting
females were again in the pre-laying phases of the reprod-
uctive eycle. Comparing the periods, the pursuing drake
was with his mate prior to flights significantly more often
during pre-laying than during laying (xfzo,a, P2.001) or
incubation (x £16.7, P2.001), reflecting the fact that
females were at the nest more often during the latter two
reriods. The pairs were together significantly more often
during the re-nesting periodbthan during the laying (x‘i8h.7,
P<,001) or incubation (x= 14.9, P£.001) periods. There is
no significant difference (xa‘i 2.7, P» .05) between the pre-
laying and re-nesting periods.

Flights tended to be in essentially straight lines
rather than circular, during the pre-laying (76%) (xf 9.2,
P<.01), incubation (80%) (x: 12.6, P£.00l) and re-nesting
(64%) (x* 12.6, P%£.001) periods, but not during the laying
(56%) (xi0.26, P>.05) period (Fig. 5¢). Comparison
between the periods shows no significant trends.

There was no significant difference between short (1 -
15 sec.) and long (> 15 sec.) flights within or between
periods (Fig. 5d). Althoﬁgh these results may in part re-

flecét the method used to dichotomize flights into long or



short duration, they do provide evidence that there was

no increase in flight duration during incubation as might
have been expected if territorial drakes had shifted from
territorial defense pursuits to "attempted rape flights".

Most flights were vigorous as opposed to non-vigorous
during pre-laying (82%) (i§25.2, P£.,001) and laying 72%
(x26.8, PL.01) but not during incubation (49%) (x-0.03,
P>.05). Vigorous flights were again common during the re-
nesting period (84%) (xﬁ77.2, P2,001) , (Fig. 5e). Differ-
ences in vigour of flights between the periods did not
reach statistical significance. Chasing thus appeared to
maintain its vigour for individual territorial drakes until
it ceased totally during incubation; it did not gradually
decrease in vigour throughout this period.

Throughout the entire'season, the pursuing drake
usually returned to the origin of the flight. This was
most marked during pre-laying (100%) (x? 39.8, P2.001) and
only slightly less so during laying (97%) (xt29.2, P<,001),
incubation (97%) (xiBl,O, P-,001) and re-nesting (93%) (x =
118,P#,001) (Fig. 5f). There is no significant difference
in results between periods. Although nct illustrated in
Fig. 5, it is important to note that intruders that were
pursued by a drake usually left the area being defended.
During pre-laying intruders left on 35 (90%) of occasions,
during laying, 32 (96%), incubation 35 (100%) and re-
nesting 149 (94%) of occasions. Birds that returned were
invariably pursued again by the defender.

In general, flights during the pre-laying period were

68



Figure 5. Pursult flight characteristics during the
vra-laying (39 flights), laying (33), incubation (35)
and re-nesting (159) periods. Figures within histo-
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usually short, straight and vigorous with the pursuing

drake leaving his mate to pursue an intruding pair.

Flights during the laying period were usually short, vigorous
flights against intruding pairs. Flights during the incub-
ation period were straight but they could not be character-
ized by any other characteristic used. During the re-nesting
period, flights were primarily short, straight and vigorous
with the pursuing drake leaving his mate to pursue in-
truders. The pursuing drake returned to his territory after
flights in each period.

Thus, each flight characteristic; i.e. vigour, duration,
trajectory etc., was often highly typical within the early
and late periods, the incubaticn period being an obvious
exception. Moreover, for most flight characteristics,
differences were not significant between periods. Except-
ions also occurred here, however, as shown by the flights
involving pursued pairs, which decreased from pre-laying,
through laying, to incubation periods. Also the pursuing
drake was with his mate prior to flights during the pre-
laying period more than during the incubation period. The
same result exists between the re-nesting and incubation

periods.
Frequency of "attempted-rape flights"

'Attempted rape flights' are prolonged, vigorous
chases, involving pursuit of a female by a number of males,
the flight ranging far from the origin and sometimes end-

ing in promiscuous rape (McKinney 1965). McKinney (1967),
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reporting on the behaviour of captive shovelers, says

that "males frequently chased strange females, but clear
attempts to rape were infrecuent and successful rape was
rare," To asssess the incidence of "attempted-rape
flights" in the wild population on the study area at Delta,
I analysed pursuit flights relative to each of the above
criteria.

Flights involving defending drakes were classed as
described above, as either short (1 - 15 sec.) or long
(>15 sec.). Prolonged flights are here considered to
include flights of 30 seconds or more. There were 56
(21%) such flights, ranging from 30 to 60 seconds duration.
Twenty-nine of these 56 flights involved drakes only,
thus casting doubt on the possibility that they could
validly be considered as "attempted-rape flights", Of
the 27 remaining flights, 18 were circular flights which
involved pursued pairs whose female apparently tried to
remain in or near the defended area while the defender con-
tinued his pursuit. In these instances, it seems likely that
the pursuer continued pursuit merely because the female
remained in the area, hence there is little basis for
assuming sexual intent. There remain only nine prolonged
flights, involving females, which ranged any appreciable
distance from the origin. These flights were vigorous
and the pursuing drakes pecked at the pursued female. How-
ever, except for flight duration, these flights did not
appear to be at all different from the short pursuit

flights described previously. In none of these were there



72

instances of actual sexual behaviour that would provide
evidence indicating these flights could be interpreted
as "attempted rape".

As reported above, I also noted behaviour on the
pursuer's territory prior to pursuit flights on 54 occas-
ions. The defender approached the female close enough
to make contact with her on only 10 of these 54 occasions.
When the defender approached close to the female, he
typically pecked at her back and tail feathers, but made
no attempt to grasp her by the neck or mount her.

The only evidence I obtained that pursuit flights may
on occasion involve attempted rape came from observations
of 23 flights in which the defender and pair landed to-
gether, away from the territory. The defender, on two
occasions, attempted to mount the female. In the remaining
21 (91.3%) instances; however, the defender sat near the
pair for 10 - 30 seconds, pumping his head, and then flew
back to his territory. The presence of the female's mate,
who typically stayed between the defender and the female
while on the water, may have deterred the defender from
attémpting to mount the female.

Multiple bird pursuits involving more than one
pursuing drake were not observed on the study area except
among unmated drakes. These drakes appeared to be court-
ing the female rather than attempting to catch her. No
pecking at the female was observed. These flights gener-
ally lacked the vigour of pursuits involving territorial

drakes. Two multiple bird flights, involving drakes of
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unknown status, were seen in an area other than the study
area, but again no attempted rapes were observed.

Taken together, the above data pro#ide little evidence
that flights were other than aggressively motivated. Al-
though there may have been up to two flights that could
be considered "attempted rape"™ flights, the rarity of such
observations and the hostility characteristic of such
flights when they do occur, clearly provides no evidence

that rape is typical in this species.
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Discussion

As described by McKinney (1965), pursuit flights may
be of two cuite different, although not mutually exclusive,
types, viz., (1) as rape or attempted rape flights, or, (2)
as aggressive flights directed against an intruder that
approaches a pursuer's mate or territory. Data from my
study of wild shovelers at Delta is in essential agree-
ment with McKinney's (1967) data for captive birds in
that rape or attempted rape flights were extremely rare,
whereas aggression during territorial defense was common.
The implications of these results for the motivational
and functicnal interpretation of the pursuit flight in

shoveler are treated in more detail below.
Motivation of Shoveler pursuit flights

Sexually mmotivated flights would presumably be pro-
longed; often ending in rape after the female was forced to
the ground. However, this behaviour was rare, most (98.7%)
flights involving a territorial drake as the pursuer
falling into McKinney's (1965) "three-bird flight" category.
Aggressive pecking of the pursued female by the pursuer
during flights, further suggested that aggression, rather
than sex, was the prime motivation involved.

Comparison with other species also suggests a reduced
involvement of sexual motivation in shoveler pursuit
flights. In the mallard, for esample, Lebret (1961)
states that "attempted rape flights" are especially common

during the incubation period, while McKinney (1965) con-



cluded that rape flights in ducks characteristically
correlate with a weakening pair-bond. #nalysis of
shoveler flights at Delta, however, revealed no apparent
seasonal shift in the motivation of the pursuihg territ-
orial drake, from aggressively motivated flight, early in
the season when the pair-bond was strong, to sexually
motivated flight during incubation, when the pair-bond
weakens. Rather than changing over the season, flights
retained their hostile character throughout the reprod-
uctive period, even including the days immediately
preceeding the dissolution of the pair-bond. At this time,
chasing ceased entirely before the drake deserted his
territory, but there was no evidence indicating a shift
from aggressively motivated flight, i.e. the "three-bird
flight", to sexually motivated flights. These results
for territorial drake shovelers thus do hot support the
contention that the "attempted-rape flight"™ is a charact-
eristic of a weakening pair-bond, at least for shovelers
on my study area. They are broadly consistent, however,
in the sense that the extended pair-bond characteristic
of shovelers does apparently correlate with greatly re-
duced levels of "attempted-rape flights" compared to other

Anas species.
Function of Aerial pursuit

Although some authors have found that chasing had
little effect on the population densities studied (e.g.

Gates, 1962 for Gadwall), McKinney (1965:pp 103,104) on
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the basis of an extensive review of the problem, considered
that, "chasing tends to produce some degree of dispersion

and that it has a significant effect on breeding densities".
He further states that, "in the Shoveler, Mallard and Gadwall,
chasing appears to produce a spacing of pairs at a time

when they are establishing home ranges".

Results of my study at Delta (Part 1 of this thesis),
in agreement with earlier studies of Hochbaum (1944),Sowls
(1955) and McKinney (1967), indicate that at Delta the
Shoveler males are clearly territorial. Although there is
overlap of home ranges, as described by Poston (1969),
territories were maintained as exclusive areas. Despite
lack of precise definition of territorial boundaries, it
was evident that neighbouring pairs rarely transgressed
on the area defended by another drake after the inifial
period of chasing which usually occurred between neighbours.
As described below, several lines of evidence suggest that
pursuit flights on the study area played an impocrtant role
in the establishment and maintenance of these territories,
and thus also functioned in dispersion of pairs.

After chases had terminated, behaviour of both the
defending drake and the intruder provided one means of
assessing the dispersal and territorial functions of
flights. Defending drakes returned to the origin of the
flight, usually at or near the major loafing site, in 96.2
per cent of encounters, thereby indicating a high degree
of localization on the area. Subsecuent intruders were

similarly chased. This "localized aggression" suggests
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territorial behaviour is involved. Typically, (94.1% of
observed instances) pursued birds did not return to the
territory of the defender, a result that is clearly con-
sistent with the hypothesis that such flights serve a
dispersal function. Moreover, in the 5.9 per cent of en-
counters in which the pursued bird did return to the de-
fended area with the pursuer, they were chased again so
that no pair succeeded in displacing an established pair
which was actively defending an area.

A further indication that the pursuit flight was a
factor in influencing demsity on the study area was provided
by the observations of four marked males that were attempting
to establish territories on the same portion of the ditch
(see appendix for detailed description). These drakes
began to compete for space on the ditch on approximately
the same day. Two drakes were successful but only after
a period in which they directed 24 pursuit flights at the
unsuccessful birds who were relegated to spending most of
their time either in the dry meadows adjacent to the ditch
or in a vegetation-filied pond some distance from the ditch.
The females of the territorial drakes then established
nests, but those of the remaining two pairs, against which
the 24 pursuit flights were directed by the territory
holders, did not, even though both females spent approx-
imately three weeks searching for nest sites in the immed-
iate area. The two unsuccessful pairs eventusally left
the study area, and did not subsequently nest there. From

my observations it seemed clear that pursuit flights as well



as other forms of hostile behaviour by the established
territorial drakes, influenced the ability of these pairs
to remain in the area.

From the above data, it seems likely that the Shoveler
pursuit flights were a factor in establishing, and main-
taining, the integrity of territories and thus influencing
the density of nesting pairs. Regardless of the motivation
involved in the pursuit flight of the Shoveler, my data
strongly suggests that the flight functions, at least in
part, as a breeding pair spacing mechanism, and is thus
a manifestation of highly developed territorial behaviour

of the Shoveler,
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SUMMARY

The motivation and function of pursuit'flights,
especially as they relate to territorial behaviour; was
studied in a breeding population of shovelers at Delta,
Manitoba.

Behaviour during flights was observed for the en-

tire breeding season. Flidghts were primarily of short

duration and in a straight trajectory away from the terri-
tory, during the entire season. Pursuing drakes returned

to their territories in 96.2 per cent of encounters indicat-
ing a high degree of localization. Flights were also
vigorous throughout the season except during incubation

when pair-bonds weakened to dissolution. Early in the sea-
son, most flights involved pursued pairs; more flights

involved pursuit of intruding drakes during the incubation

period. The pursuer was with his mate, prior to flights,
primarily during the pre-laying period. During other periods,
the pursuing drake was alone on the territory, usually at
or near the leafing bar.

Flight frequency peaked in the morning (05:00~10;00)
and was directly correlated with the number of potential

interacting territorial and non-territorial pairs on the

study area. Pursued birds left the defended area in 94.1
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per cent of encounters, indicating that pursuit flights
functioned in the establishment and maintenance of the
territory and thereby influenced the spacing of breeding
pairs in the area,.

The behaviour of the pursuing drake, prior to,
during and after flights, toward an intruding female sug-
gested that hostility was the prime motivation for the pur -
suit flight. oOnly 1.3 per cent of flights; during the
entire season, were considered sexually motivated. During
incubation, when pair—bonds were weakening, sexually
motivated flights were not seen. Thus it appears that
aggression rather thanAsex was the prime motivation under-

lying pursuit flights.
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Avpendix 1
Flight Behaviour and Territorial Defence in L marked mgles.
Detailed informstion on territorial interaction was
gathered on four marksd drakes that were attempting tco est-

ablish territories at the same location. The flight be-

haviocur of these birds was observed from 16 to 22 June, 1970,
Cbservation time totalled 79 hours.

Two pairs, subsecuently callasd pairs 1 and 2, succeaded
in establishing adjacent territories in the area. The re-
maining two pairs, subsequently called gairs 3 aad L were
harrassed by drakes 1 and 2 and did not succeed in establish-
ing territories in the area. The nests of 1 and 2 were des-

troyed, presumably by a rredator, between 20 June and 24
June. The female of pair 1 had been incubating approximately
- 3 days and the female of pair 2 was still laying at the
time . The four interacting vairs were belisved to be re-
nesting palrs because the breeding season was well advanced,

and all four drakes had begun replacing nuptual body

rlummage with eclipse nlummage; dreke 1 was completely brown

on the chest and flanks by 26 June. Thess pairs could, of

course, have bsen late nesting peéirs which had not previously

naested.

Comparison of flights mede by drakes, during the 3

£ )

cfl observation throughout the day verified the

(T)

period
earlizr finding (Fig. 3) that most flights occurred in the
early morning period. Thus drake 1 was observed in 29

flights during the period 05:00-10:00 (30.5 hours of cbser-

vation). During the period 10:00-17:00 (14 hours), 1 flight

£z
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was observed. From 17:00-22:00 no flights were observed dur-
ing 6.5 hours of observation. |

Table 1 indicates aggressive encounters among the
principal drakes and between them and other shovelers from
19 to 29 June. As indicated in table 1, drake 1 encountered

intruders on or 6ver his territory on 34 occasions. Thirty
pursuit flights resulted from these encounters. Drake 2
had only half as many encounters, while drakes 3 and 4, which
were attempting to defend the same water areas as drakes 1
and“2, chased other shovelers on only 2 occasions.

Flights between neighbouring drakes 1 and 2 occurred
in 9 instances (table 1). Of the 9 flights between 1 and 2,
drake 1 chased drake 2 six times, of which 4 were short flights
occurring within one hour. These flights occurred during the
period when both drakes were establishing territories. From
my en-the-spot observations, it seemed clear that chasing be-
haviour as noted above, contributed to the establishment of
a reasonably clearly defined common boundary between the
territories of drake 1 and 2.

Drakes 1 and 2 chased drake 3 a combined total of 23
times (table 1). Drake 3 was a persistent drake, in that he
tried repeatedly and unsuccessfully, to utilize the defended
areas of drakes 1 and 2. Drake 3 usually encountered drakes
1l and 2 while his mate was searching for a nest-site at
which time he was attempting to utilize the diteh area de-
fended by drakes 1 and 2.

Drake 1 was never chased by drakes 3 or 4 and drake 2

was chased only once by drake 4.
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Most of t'e chesing by draskss - L was smong them
selves., Birds from other narts of tie study area cr from
outside the study arsa coaprised only 12 of 45 [lights that

drakes 1 and 2 were iavolved in, snd nons of the flights by

rursued the 3 birds. Drake 2 flew past drake 1 and attempted

to peck the female of the vair. Drakes 1 and 2 returnsd to

1

Fost rursuits involved drakes onlv. For dra
LO of L5 flights were ageinst intruding drakes. Drakes
1 and 2 pursued each other on 9 of LO flights,

Flight behaviour of male 1 reflects general flight
haviour as discussed under the headings; Behaviour during 3
major periods plus the re-nesting period, and General des-
cription of aerial pursuit flights. The following results

describe the flight behaviour of these drakes within the

same broad categories discussed under the indicated separate
heedings (data is included in analyses in Fig. 1).

Drake 1 was with his mate prior to flights on 16 (63%)
occasions. The drake returned to his territory and mate,

when there, after each (30) pursuit. There were 28 (93%)

vigorous pursuits. Drake 1 was involved in 17 (57%) straight

flights and 13 circular flights. The circular flights wsre
redominantly with drake 3 who was reluctant to leave the

ditch area. Intruders were intarcepted flying over the

territory on 10 (33%) occasions. The encounters which
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occurred on the territory were all on the ditch. Boundary
cenflicts with dreke 2 usually resulted in short (0-5 sec-

onds) aerial pursuits. Flishts in genaral

e

nvolving Arake
1, were short with 14 (45%) in the C-5 second interval, 11
(357) in the 6-10 second interval, 2 (#8) in the 11-20 second
interval and 3 (12%) in the 30-45 second interval. Short

flights, as previously defined (C-15 sec.), occurrad on 26
(86%) occasions. The 3 flights in the 3C-45 seconds inter-

val invelvsd drake 3. These results reflect the general

flight behaviour during the re-nest veriod,




