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ABSTRACT

In this study, I investigated +the adaptive nature of

behavioural and ecological aspects of the social system in

two populations of Clay-colored Sparrows {Spizella pallida)
in sonthwestern Manitoba.

The spacing system during the breeding seasons of 1974
through 1976 was  one of territorial dispersion over the
nesting habitét. Territories were established guickly by
the males, no agonistic encounters being recorded after 20
Hay in 1976. Males showed a high rate of return both to
the study areas and to their territories of the previous
year. Returning males participated in relatively few
aggressive encounters among themselves. The mechanism by
which returning males recognize each other may be the
retention of at 1least one song type from one year to the
next, |

Territories wvere small, averaging about 700 n2 on one
étudy area and about 900 m2 on the other. Experimental
removals of territorial males in mid-May revealed not only
the existence of a surplus of non-territorial birds but
also no apparent change in the territorial boundaries of
those males holding territories adjacent toﬁthe vacated
areas.

The mating system was monogamous. FEach territorial male

atracted a female, and no male attracted two females at the
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same time, no matter how small or large the territory.

I examined two major forces influencing spacing systenms:
food and predation. Adunits brought a wide variety of prey
items to their young, and were probably exploiting whatever
suitable foods were seasconally available to them. There
was no major difference between members of a pair either in
the direction of foraging f£flights or in food itenms
delivered to the young. However, males foraged at slightly
greater distances from the nest, suggesting spatial
partitioning of foraging areas and reduéed intersexual
competition for food between members of a pair.

Predation was the major cause of nest losses, accounting
‘for 60% of 2gg loss and 95% of loss of young. Nests that
offered a high degree of nesf concealment had the highest
nesting success. Pairs appeared‘to minimize the chance of
having their nests detected by predators hunting by sight
by <constructing their nests primatily in Symphoricarpos

occidentaiis, which allowed 1less 1light ©penetration than

other potentiaily available shrubs. Pairs that nested
close to the ground suffered less predation than those
nesting higher in the vegetation. The visual outline of
the nest might be difficuit to detect if the nest was close
to the ground as light pemnetration was 1lower there than
higher in the vegetation. Returning birds were aliso found
to have a higher rate of nesting success than new birds,
possibly related to the age of the birds.

Territoriality din this sparrow has most likely evolved,
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or is at least maintained, as a predator-buffer wmechanisnm.
Territory could have a selective advantage in spacing out
nests as a defense against predators, as nests closer
together ywere iess successful than those farther apart.
Furthermore, birds were not locating their nests randomnly
around the margins of the territory, but appeared to be
influenced by the position of their neighbour?’s nest({s),
such that internest distances were greater than random.

Food did not appear to be an economically defendable
resource. Food for the young was collected off territory
and away from the nesting habitat, thus food per se did not
directly affect the size of territories.

The upper 1limit to the size of the territory is probably
determined ultimately by the amount of time and energy
expended in defending a large territory. O0f several
proximate factors investigated, relative amounts of ?dense?
Symphoricarpos and numbers of adjacent territory holders
were found to influence territory size. Most sparrovs
apparently maximized their reproductive fitness by
preferentially defending territories within a  particular
size range. This optimal size of territory can be largely
predicted by a simple model using nesting cover and nest
spacing in response to predation.

Analyses of songs from four populations of Clay-colored
Sparrows revealed no evidence for the existence of
dialects, although some conditions exist for their

establishment, I argue that dialects would mnot develop
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across a broad homogeneous area such as the prairies in
central North America if dialects function to enhance the

adaptation of populations to local environmental

conditions. The lack of evidence for the e3xistence of

diajlects correlates with a large amouht of variation in
songs between individuals both within and between
populations. |

Most individual Clay-colored Sparrows examined had more
than one song type in their repertoire. Although there is
some evidence for matched counter-singing and the
conveyance of different information to specific'.targets,
the data are most consistent with Krebs! 'Beau Geste?
hypothesis as an explanation of the significance of song

repertoire in this sparrow.
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GENERAL INTRODUCT ION

A productive field of research in recent years has been
the investigation of the adaptive relationships of social
systems to the environment {e.g. Crook 1965, Lack 19858,
Orians 1971, Brown 1975, ¥Wilson 1975). The spacing systen
of a breeding population of animals is a compromise
resulting from many competing seléctive pressures, and is a
resuli of the reéponse of individuals to one another and to
their common environment {e.g‘ Smith 1968, Brown and
Orians 1970, McKinney 1973, Pitelka et al. 1974y . Two
major determinants of natural selection which shape the
spacing system are food and predation, but it has often
proved dJdifficult *to assess thé relative effects of these
two factors within a particular spacing system. In this
study, I 1look at the spacing system during the breeding
season in two populations of a territorial species of bird,

the Clay-colored Sparrov (Spizella pallida). I ask why it

is adaptive for this species t0o have this particular
spacing system, and I attempt to determine the relative
effects of food and predation on this spacing system. I
further investigate singing behaviour as song is probably
the main mechanism for the maintenance of stability of the
territorial system in this sparrovw.

The thesis is divided into the following parts. Part A

presents detailed information on aspects of the natural




history of the species, as‘snch information 1S necessary
for a full understanding of a species?! social system. In
Part B, I discuss aspects of the singing behaviour in the
Clay-colored Sparrow, and I attempt to relate these aspects
to the sparrow's social system. In Part C, I investigate
the territorial spacing system, and T attempt to answer the

gquestions:
{a) What factors influence territoty size?
{b) Why are the territories the size they are?

{c) How did they become this size?

{d) Is there an optimal territory size, and, if so, can

this size be explained?

Fipally, in 3appendix 1, I present new criteria which can be

unsed to determine sex and age in this sparrowv.




PART A

BREEDING_ECOLOGY OF THE CLAY-COLORED SPARROW

{Spizelia pallida)




INTRODUBCTIION

The Clay-colored Sparrovw Spizella paliida is a common
and widéspread breeding bird of dry uncultivated brush
regions of the great plains {Bent 1968), and Breeding Bird
Surveys {Erskine 1974, 1975, 1976) indicate that it is
probably the most numerous breeding passerine of low shrub
communities of the southern parts of the Canadian prairie
provinces. Despite its ahundancé, however, it has received
very little study. Aspects of its nesting biblogy have
been 1looked at in. Michigan {Walkinshaw §939, 1944), in
Saskatchewan {Fox 1961), and in Alberta (Salt 59663, but
mach of this work has been based on casual observations and
is anecdotal, Many basic aspects of the breeding ecology
of the Clay-colorsed Sparrow remain esseﬂtiaily undescribed,
such as the occurrence and degree of site tenacity, factors
which‘influence nesting success and nest site selection,
and foraging behavior including foraging locations and type
of prey delivered by parents to their young. The species
further provides an opportunity to study an essentially
moﬁomorphic species which reduces intersexual competition
for food through spatial partitioning of the foraging

areas. Finally, +there appears to be some <confusion




concerning the response of Clay-colored Sparrows +to brood

parasitism by the Brown-headed Cowbird {Molothrus ater),
ranging from intolerance {Salt 1966} +to acceptance {Bent
1968, Fox 1961) of the parasite's egg. This paper attenmpts

to £ill these gaps.




The_Study Areas

The stuady was carriga out 1in Edward Municipality in
extrene séutﬁwestern Manitoba, near the +towns of Lyleton
and Pierson ({Figure 1). The topography of this region is
gently rolling, at an average elevation of #90m above sea
level.  Originally, the area was mixed-grass prairie {¥eir
1960), but modification of the vegetation +through human
settlement and containment c¢f prairie fires has resulted in

the proliferation of aspen {Populus tremuloides; bluffs and

extensive stands of low shrubs, particularly Symphoricarpos

Ooccidentalis and Elaeagnus commutata. It is in these low

shrub ccommunities that Clay-colered Sparrows reach their
highest densities,

Two study plots were chosen, both incorporating large
expanses of shrub communities along with aspen bluffs and
areas of grass.  Study Area #1 was a 5.86ha plot located
about 2km west of Lyleton. It included part of an unused
and overgrown road right-of-way and part of a large pasture
which was lightly grazed in the first summer and the first
half of the second summer cof the study. On 14 August 1975,
about #200m2 of shrubbery were cut down on the southern

boundary of the area, thereby reducing the amount of
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Figure 1. Map of southern Manitoba, showing 1location of

study sites.,
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nesting habitat available to the sparrows in 1976 by about
15 percent. Study Area #2 was 5.67ha in size, aﬁd yas
located on the Pierson Wildliife Management Area, some Tkm
" southwest of Pierson and about 12km northwest of Study Area
#1. The areas covered by various types of vegetation on
each study area were determined ;y compensating polar
planimeter from aerial photographs.

I spent the following periods on the study areas: 15
May to 15 September 1974; 27 April to 3 September 19753 30
April to 31 1August 1976. These dates coincide with the
approximate arrival and departure dates of the Clay-colored
Sparrows in southwestern Manitoba. Daily observations were
made during the height of each breeding season, each study
ar=a being visited on alternate days. A final visit to the

areas was also made on 28 and 29 May 1977.

Capturing and Sexing Techpigues

Adult and immature Clay~colored Sparrows were captured
in mist nets, and nestlings were banded at about 5 days of
age. Fach bird received an aluminium band plus two colored
plastic bpands in different permutations, for individual
recognition. In total, 834 birds were banded.

Hale and female Clay-colored Sparro¥s are
morphologically guite similar., Hand-held birds in
reproductive condition could usually be sexed by the

presence of a cloacal protuberanbe in the male and a brood




patch in the female. In both the field and in museum skins
of birds of known sex, males had, on average, loanger wings
and whiter superciliary stripes than females {Appendix 1}.
These criteria were supplemented in the field by behavicral

differences befween the sexes {3ppendix 1),

Nesting Data

Neéts proved to be fairly easy to locate. Oéservations
on individuals cnnstructiﬁg nests or feeding nestlings gave
a general indication of the neét site, and a short search
usually produced the nest, Nests containing eggs were
found by flnsﬁing the incubating bird. Two hundred and
thirty-two nests were located, 41 in 1974, 84 in 1975 and
107 in 1978, Dnce 1located, each nest was visited every
second day, and a 1log of the state of each nest was
compiled,

During the study, I neasured {a) the substrate of the
nest, including the proportion and identity of the
vegetation supporting the nest, {b) the height from the
base of the nest to the ground, and {c} the distance from
the surface of the vegetation to the nest rim. I measured
the substrate in 1976 by counting the number of branches
and/or stenms supportingl the nest. I divided the nest

substrate into three vegetation types (Symphoricarpos,

Elaeagnus/Rosa, and grasses and forbs), and expressed the

amount of each vegetation +type as a percentage of the
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substrate of each nest, I determined the surface of the
vegetation as that ievel at which a ruler held vertically
from the nest rim was about 90% obscured by the vegetation.

In 1976, <each nest was further measured for the degree
of concealment afforded it by the nesting substrate. I
measured each nest as soon as possible after I had found
it, usually on the same day or on my next visit +to the
study area. Fach nest measured contained sither eggs or
young. Measurements were taken by bholding upright a Gossen
Lunasix 3 1light meter by the nest bowl, and taking a
reading of the amount of penetration of incident light.
For consistency, the readings were all taken between 0800
and 1000 hours, at the east side of the nest. A
logarithmic scale of incident 1ight, provided on the 1light
meter and corresponding to an exponential increase in foot
candles, was used in the analysis.

I determined the start of nest initiation from my own
data and from that of Walkinshaw {1944), Fox {19%61) and
Salt {1966). I allowed four days betveen the start of nest
construction and the onset 6f egg 1laving. I determined
this value from the following information: I located six
nests in the first stages of construction and on the Ffifth
day after its disco#ery each nest contained one or two
egygs. Also ?ox {1961) - found that nest construction
required +two to four days in four pairs cbserved. I

aliowed four days for the laying of the eggs {one egg per
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day as the usual clutch size was four), and eleven days for
the 1incubation period.  The incubation period has been
determined as ten days {Salt 1966) and eleven days
{Falkinshaw 1984, Fox 1961). I found the incubation period
between the laying of the last egg and the hatching of the
last egg to be about 11 days for 13 anests {range
approximately 110 +to 12 days). Thus, I used a total of 19
days between the day the nest was i#itiated and the day the

last young hatched.

Cowbird Parasitism

I treated cowbird parasitism in the following manner.
Once I had located a nest containing a cowbird egg, I left
that egg in the nest for a minimum of 4 days, in order to
determine the response of the host to the parasite’s egq.
On Study Area #1 in 1974, I left the eggs in the nest and
foilowed the eventunal outcome of the nest. 1In ail other
cases, ; removed the.egg on or after the fourth day, as 1
intended to collect future information om the Clay-colored

Sparrow younga.

Light Penetration Analysis of the Shrubbery
As there appeared to be a consistent tendency to use

Symphoricarpos occidentalis as a nest site over other

available shrubs in 1974 and 1975, I objectively measured

1light penetration in 1976 within the shrub communities in
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the following way. Aerial photographs of each study area
were divided into 10m? sections, and the rows and columns
numbered. A section of shrubbery was determined by random
sampling of a pair of numbers, one from the rows and the
other from the columns. This selection process Qas

continued until +there were ten samples of Symphoricarpos

and ten of other shrubs, usually Elaeagnus comnmutata, for

each study area. Then, on the study areas, a 3m stick was
toésed into =ach of the chosen sections of shrubbery by my
field assistant, the stick held upright, and penetration of
incident light, using the Gossen Lunasix 3 light meter, was

recorded at 10cm intervals to the top ot the vegetation.

Food_and Foraging Behavior

I observed individual sparrows during May and early June
in 1975 and 197% in areas around the nesting habitat., I
noted the the identity of each bird, where it was foraging,
and whether it was foraging alone or close {within
approximately 5m) tc another bird.

From 15 June to 17 July 1976, some 65 hours were spent
in observing seven pairs of Clay-colored Sparrows that were
feeding young in the nest. Observation periods were
usually of about 2hr duration, and were carried out between
0600 and 1200 hours from blinds located within 10m of the
nest. Pairs appeared to accept the presence of blinds

guite readily: no nest under observation was deserted or
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¥as lost to predation.

I collected information, by direct observation, on the
number and identity of prey items brought by the parents to
their young, the parent?'s 1line of flight on leaving the
nest, and yhere possible the distance of the location of
tfoocd gathering from the nest., Information was recorded on
portablie tape recorders and later transcribed.

To obtain a more precise identification of prey items
brought to the young, I used a portable Sony Videocorder
equipped with a 230mm lens and pade a permanent record of
food ditems <carried by adults in their beaks. The video
tapes were then analyzed on close-circuit television, a
still switch on the videocorder ailowing close analysis of
individual frames, Thirty-five mm photographs were taken
of selected stills. It was possible to identify most prey
items at ieast +t0 order.

I also used the neck-band method ([Orians 1966, Horn
1968) of placing a structure around a nestling’s neck to
obtain actunal samples of food brought ;o the nestlings by
the parents., T used thin wire wrapped in cottonwool formed
into bands, placed around the necks of young Brown-headed
Cowbirds {one cowbird to one nest) inkclay-colored Sparrow
nests in which the sparrows? ow¥n young were no longer
present., Prey items were identified down to family where
possible, The neck bands were left on the young cowbirds

for approximately one hour. Young Clay-colored Sparrows
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gere not neck-banded because concurrent information was
peing coliectad on survival rates of these young, and
repeated visits to their nests might have influenced
predation rates. Also young Clay-colored Sparrows cannot
be weasily rTeturned to the nest bowl from the sixth day
after hatching, and will leave the nest prematurely by
jumping out of the nest if attempts to handle them are made
after that time. Clay-colored Sparrows younger than six
days of age were deemed too small to support a mneck band.
The neck-band ﬁethod is not without potential error, as
small prey ‘items can slip through the neck-band, or else
food can be coughed up and eaten by the parents {Orians
1966} . The similarity 3in results obtained by the two
nethods suggests, however, that errors were not large,
Locations to which adunlts flew to forage for = their
nestlings were recorded, and the distances determined by
plotting the foraging location on aerial photographs and
measuring the dJdistances to the nest. The birds were not
visible when foraging, but they characteristically returned
to the nest from the foraging site in which they originally
alighted. It  was relatively easy to observe how far
individual birds flew before alighting, as the 1low height
of the vegetation permitted an extensive panoranmic view of

the surrounding areas.




15

RESULTS

SITE _TENACITY AND TERRITORIAL *SHUFFLES?

No study to date has shown that Clay-colored Sparrows
exhibit site tenacity., Analysis of returns £o the study
areas rTevealed that males showed a high rate of return to
the vicinity where they had nested the previous year {Table
7). On Study Area #2, the number of returning banded males
was consistently high, between 62% and 85%. Male return on
Study Area #1 ranged between 45% and 60%, and this range
was significantly lower than that on Study Area #2
{¥2 = 5,14, P < 0,05; two by two contingency table for ail
years conbined).  The return rates of male Clay-colored
Sparrows on Study Area #2 compare favorably with thoss of
other grassland or shrub inhabiting species, the return
rates of males on Study Area #1 rather less so {Table 2).

Not only do the males return to the same general area
but most often {76% 1in 1976) to the same territory, and
they often reoccupy the same song perches. Occasionally
*shutffles? occurred, in which territories were exchanged in
successive years between adjacent males., Usually only two
territorial males were involved in such a shuffle. Five

shuffles {three on Study Area #71, two on Study Area #2)
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Table 1. Return rates of male and female Clay-colored Sparrows to the

1 B

study areas.
Number (%) returning
the following year
Number of . _
territorial pairs Males Females
1974 (17)* .9 (52.9) 5 (29.4)
STUDY - P
AREA #1 1975 27 16 (59.3) 4 (14.8)
1976 22%% 10 (45.6) 3 (13.6)
1974 (36) * 24 (66.7) 5 (13.8)
STUDY .
AREA #2 1975 39 33 (84.6) 8 (20.5)
1976 45 28 (62.2) 7 (15.6)

* Not all territorial pairs present cn the study areas were banded in
this year.

** The decline in numbers of territories from 1975 to 1976 was partially
due to the loss of shrubbery (see text), which eliminated four 1975
territories.
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Table 2. Return rates to breeding areas of some open country species

of passerines.

Average return rates. (8)

Species Male Female Reference
Skylark 70 62 Delius 1965
(Alauda arvensis)
Bobolink 62.8 39.9 Martin 1974
(Dolichonyx oryzivorus)
Seaside Sparrow 55 28 Post 1974
(Ammospiza maritima)
Fleld Sparrow 44 12 Best 1977a
(Spizella pusilla)
Sang Sparrow 62 42 Nice 1937
(Melospiza melodia)
Clay-colored Sparrow
(S. pallida)

Study Area #1 52.6 19.3 This study

Study Area #2

71.2 16.6
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were recorded between 1975 and 1976, and of +the 10 nmales
involved seven had not raised any young in 1975. This
raises the possibility of a connection between changing
territory and nesting success between years. In 1975,
however, on Study Area #2, three males holding adjacent
territories exchanged +their 1975 territories with each
other, male A taking male B's territory, male B taking male
C's territory, and male C taking male A's ter;itory. 211
three males had bred successfully in 1975, suggesting that
not all 'shuffling’ between years was a result of ﬁesting
failure; the reasons behind this triple shuffle remain
obscure. 1In 1976, two of these three males fisdged young.

Return rates of female Clay~-colored Sparrows on both
study areas were significantly lower than those of males
{X2 = 84.2, P < 0.001 for alil years combined), being about
13% to 30% {Table 1). The return rates of fepales were
also appreciably smaller than those of females of most
.species in Table 2. In general, a female did not return to
the same territory as the year vbefore, even if she had
fledged young there the previous vyear. Hence, ‘of 32
females that returped to the general area, 29 {90.6%) did
not matse with the previous year?s male. |

There was oae‘exception tc this trend; one pair occupied
the sane territory and stayed together for three
consecutive summers on Study Area #2, an event most

unlikely to have occurred by chance. The fact that flocks
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of Clay~coiored Sparrows on the wintering grounds in Mexico
appear to be comprised of both males and females ({Appendix
1, and not unisex fiocks, suggests that males and females
could conceivably stay together all year round. This seenms
‘somewhat uniikely under normal circumstances, however, as
males arrive on their breeding grounds several days before
the females, indicating a temporal separation of the sexes
at least daring spring migration.

During the <course of the three summers, 146 nestlings
and 305 immatures were banded., ¥o individual banded as a
nestling was recorded in subsegueht years on the study
areas. Thils is in contrast to a return rTate in Song
Sparrows of 12.6% ({(Nice 1937) and in Skylarks of 8.8%
{Delius 1965). Further, only 4 pirds {2 males, 2 females)
banded as immatures were recorded in following summers on

the study areas.

ESTABLISHMENT OF TERRITORIES AND THE NESTING SEASON

Arrival on_the _breeding _grounds. Clay-colored Sparrows

arrived on their breeding grounds in southern Manitoba in
early May. Males arrived before females in both 1975 and
1976, +the major influx of males occurring from 7 to 10 May
and the major influx of females between 12 and 16 May
{?igure 2).

Males and females arrived slightly earlier in 1976 than

in 1975 {Figure 2). This was ©rpossibly a result of the
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Figure 2. Dates of arrival of male and female Clay-colored

Sparrows, both stndy areas combined. N =

1975 {open

circles). .

circles),

67 territories

66 territories in

in

1976

{solid
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higher wmean temperature in Apriil, 1976 {temperatures, in
0C, at Pierson were 0.7 in 1975, 6.7 in 1976). This might
have accelerated the northward migration of the flocks of
Clay-colored Sparrows in 1976 if the warmer temperatures

extended south along the sparrows' migratior pathway.

Establishment of territorises. MHale Clay-colored Sparrows

started to establish territories on the day they were first

observed on the study areas in 1975 and 1976,

Establishment and subsequent defense of the territory.

involved singing, especially fronm perches near the
“territorial boundaries, and overt aggression between

individuals. Observations in 1975 indicate=4d that

territorial bpoundaries between contiguous territories were.

established quickly, and once established +trespassing by
neighboring males was recorded only rarely. Furthermore,
in 1975, observations suggested. that aggressive
interactions between individual Clay~-colored Sparrows had
. declined considerably by mid-May.

In 1976, I guantified this trend by measuring hostile
encounters throughout the breeding season. I observed 71
aggressive interactions between individual Clay-colored
Sparrows 1in 1976, 26 on Study Area #71 and 45 on Study Area
#2. Of these, 684 were chases and 7 were fights, In every
case when the birds were identified, the protagonists
proved to be males; in no instance was a banded fenmale

observed in a hostile encounter, Host encounters involved




22

neighboring territoriail males, which weTe readily
identifiable by their «colored leg bands. S5Six encounters
involved unbanded birds, and, for the purpose of analysis,
an unbanded bird was assumed to be a new male, a reasonable
assumption considering that all territorial males in 1975
had been banded and that the conflict area was part of a
vacant territory subsequently occupied by a new male. The
outcome of most encounters was easily determined; in four
instances, however, the cﬁaser became the chased as roles
yvere reversed when territorial boundaries were crossed.
Over 95% of interactions on Study Area $1 occurred in
the period 4% to 16 May, and over 85% of interactions on
Study Area #2 between 8 and 16 May (Figure 3). No overt
aggressive interactions were observed on either study area
after May 20. This suggests that nmost dinteractions were
involved 1in the establishment of territorial boundaries.
Analysis of the protagonists showed that returning males
participated din relatively few aggressive encounters among
themselves, but encounters between returning males and new
males, and among nev¥ males themselves, were significantly
more frequent {Table 3). There were proportionately more
Teturning malses (33) than new males {12) on Study Area #2,
yet only 13% of all interactions vwere between returning
males, Similarly, on Study Area #¥1, returning males {13)
outnumbered nevw males (9), yet produced only 8% of all

interactions among themselves.
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Figure 3. Total number of aggressive interactions among

male’ Clay-colored sParrdvs during the breeding season.

Study Area #1, hatched bars; Study Area ¥2, open bars.

i
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Table 3. Analysis of aggressive interactians of returming (R} and new (N) male Clay-colored
Sparrows in 1976. '

Nunber of " Number of Nurber of aggressive :interactions;.
retuming males new males Rvs R° Rvs N N vs N X2
Study Area #1 13 9 2 14 10 7.1 P<0.05
Study Area #2 33 12 6 27 12 18,0 P<£0.001

1. The method used in calculating expected values is given in Appendix 2.

7C
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The_nesting season. The nesting season of the Clay-colored

Sparrow in southwestern Manitoba extended from May to early
August, The length of the bresding season may have been
long enough for individual pairs to raise more than one
brood per season.' In 1975, however, pairs that
successfuily raised young d4id not attempt a second brood,
even though young were out of one nest by 12 June, In
1976, the situation was almost the opposite; of 20 pairs
that fledged young prior to 23 June, 11 {55%) attempted to
raise second broods. No pair that fledged-young after that
date attempted to raise ancther brood.

An analysis of the start of construction of nests that
ultimately contained eggs {Figure #) showed that the 1976
breeding season started earlier than in 1975. ©Of 30 nests
initiated in Hay 1975, only one was started before 23 Hay,
whereas in May 1976 14 nests out cf 44 were started before
23 May.

Further, in 1975, nevw pairs took over some territories
mid-way through the breeding season, in late June and early
July, after territories had been vacated by successful
pairs, and attempted to breed. Seven such ’changeo?ers’
took place. Of the 14 males involved, none of the original
7 males returned the next year, whereas three of the
replacement males returned, No female from either an
original or a replacement pair was resighted; this is

perhaps not unexpected as site tenacity and mate fidelity
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Figure 4. Dates of nest initiation during May of 1975 and

1976. {A) Stuady Area #1, {B) Study Area #2.
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in females was 1ow.

THE_HMATING_SYSTEH.

The pair bond in the Clay-colored Sparrows during the
breeding season on my study areas was stable. Once paired,
the members of a pair stayed together throughout the
breeding season, even if they incurred successive nest
losses., Honogamy prevailed on my study areas; no example

of any other type of mating system was rtecorded.

BEST SITE SELECTION

Vegetation analysis of the substirate. Tendencies within a

local population of Clay-colored Sparrows to use one type
of nesting site above all others have been reported by
Walkinshaw {1939), Fox {(1961) and Salt {19B6). Such a
tendency was also svident in both populations I studied in
southwestern HManitoba. Out of 125 nests located in 1974
and 1975, 110 vere built wholly or mainly in

Symphoricarpos; only siX nests contained no Symphoricarpos

in the support of the nest.

In 1976, I counted the number of branches and/or stems
supporting 107 nests. Numbers of supports ranged frém 4 {a
nest .built above the ground in +the branches of

Symphoricarpos) to a high of 18 (a nest built at ground

level and supported primarily by grass stems). I arranged
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the nests within six percentage ranges (0, 1-25, 26-50,
51-75, 76-99, and 100) of the three main vegetation types
present {Table 4}, Once again there 1is a strong and

repeatable use of gzmghoricgfpos as the nest substrate; 87

nests {81%) were mainly {(more than half) or wholly

supported by Symphoricarpos, and only 5 (5%) nests did not

contain at least one branch of Symphoricarpos in +the nest

sabstrate.
In order to show that Clay-colored Sparrows prefer

Symphoricarpos as a nest substrate over potentially

available sites im other vegetation, it is necessary to
compare the frequency with which a particular type of
vegetation 1is used as a nest substrate in proportion to its
availability in +the habitat. There 1is a pronounced

preference for Symphoricarpos as a nest substrate when

compared to other types of vegetation'within the study
areas {compar= open and hatched bars in Figure 5 3

significantly more nests werse built primarily in

Symphoricarpos than would have been predicted by chance

{X2 = 15.4, P < 0.001). Symphoricarpos accounted for 5$8.0%

by area of the shrubbery and grassy regions of the study
areas, yet 83.7% of the 104 nests used in the analysis were

primarily constructed in Symphoricarpos. However, within

the area defended by the sparrows, the preference for
Symphoricarpos apparently disappears, and selection of nest

substrate within the defended vegetatiocn appeared to be
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-Table 4. Comparison of number of nests of Clay-colored Sparrows and
the proportion of three types of vegetation used as nest substrate.

Amount (%) of vegetation
type as substrate

Vegetaticn- Typel
Symphoricarpos Elaeagnus/Rosa Grass/Forbs

26 - 50

76 — 99

100

5 82 22
5 13 40
10 9 31
45 2 9
27 1 2
15 0 3

1. Each nest is represented three times, cnce in each vegetation type,
according to the amount (%) of each vegetation type supporting the nest.
Out of 107 nests, 104 contained more than 50% of cne type of vegetation.
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Figure 5.

Substrate preferences for nests of the

Clay-colored Sparrows in 1976. Presented within each of

the three types 0F vegetation {Symphoricarpos,

Elasagnus/Rosa, and grass/forbs) are the percentage of

nests {N) -

vegetation -

percentage
vegetation

within the

which <contained 51% or more of one type of
as a nest substrate {open bars), and the
of the areas {A, in ha) of the three types of
within the study areas (diagonal bars) and

area defended by the sparrows {solid bars).
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random {compare open and solid bars 1in Figure 5).

Symphoricarpos accounted for 89Y.0% of the vegetation

defended by the sparrows, and 83.7% as the primary
substrate of the nests {X2 = 0.86, not significant). Grass
stems were incorporated into the nest substrate slightly
moré than expected, possibly a result of the tendency of
pairs to construct their nests at the edge of a patch of
Symphoricarpos 1?ért C}y where there may have been
proportionately more grass present than in the centre of a
patch,

| I | next compared 1ight wmeter measurements between
Symphoricarpos and other types of shrubbery, primarily

" Elaeagnus commutata, and found that significantly less

light penetration occurred in Symphoricarpos at all levels

above the ground +than in the other vegetation {(Table 5).
It is also evident from Table 5 that 1ight penetration
increases with increasing height above the ground {Spearman

rank correlation coefficient r = 0.970, P < 0.005).

Nest__location: height _above__ground _and distance from

surface of vegetation. Walkinshaw (1944) and Salt (1966)

reported that early nests are closer to the ground than
later ones, Salt {1966) further suggests that the
Ciay-colored Sparrow 1is more responsive to distance from
the surface of the vegetation than from the ground, so that

nest height increased as the season progressed and the




Table 5. Incident light measurements (foot-candles expressed as log units) in stands of Symphoricarpos
and other types of vegetation.in 1976. '

Height (cm) above ground1

Symphoricarpos ’ Other
Date 10 20 30 40 50 60 10 20 30 40 50 60 T P
STUDY AREA #1 3 May 18.0 18.5 18.6 19.1 19.4 19.8 19.1 19.6 19.8 19.9 20.0 20.0 0 0.025
STUDY AREA #2 4 May 19.0 19.4'19.8 20.4 20,5 20.6 © 20.6 20.7 20.8 20.9 20.9 20.9 0 0.025

o

STUDY AREA #1 24 May 15.6 16.0 16.7 17.7 18.2 19.1  18.9 19.8 20.5 20.1 20.8 20.9 0.025

STUDY AREA #2 22 May 17.7 18.1 18.7 18.6 19.5 19.4 19.9 20.6 20.9 21.0 20.7 21.0 0 0.025

Mean 17.6 18.0 18.5 19.0 19.4 19.7 19.6 20.2 20.5 20.5 20.6 20.7

1. Each value represents the mean of 10 samples. The highest distance above ground that a nest was built
- in 1976 was 60cm. Values were compared by Wilcoxon Matched-Pairs Signed Rank test (Sckal and Rohlf 1969).

A%




33

vegetation grew taller and denser.

No such seasonal trend in nest height was obviowus in
this study. Height range above ground of the nests at any
one time was broad {Figure 6. Study Area #1, T = 0.4%5, not
significant; Study Area #2, r = 0.3%, not significant). In
general, however, nests vwere constructed close to the
ground throughout +the breeding season, only 15% being
higher +than 30cm above ground in 1976. Similarly, there
was no tendency to construct a nest at a set distance below
the surface of the vegetation, the 1974 data producing a
random scatteriﬁg 0f values throughout the nesting season
{Figure 7. For both study areas combined, r = -0.07, not
significant). Rather, pairs +tended to construct their
nests at certain heights above ground regardless of +the
season, individual pairs tending to be consisiently ground,
loy or ﬁigh nesters within a season {Figure 8. For both
study areas combined, r = 0.76, P < 0.0%1.

There was further no consistency of nest héight between
years in a particular male?s territory. This suggests that
females select +the nest site since they did not usually

nest in the same territory in consecutive years.

LCAUSES _OF HORTALITY AND THE NATURE OF PREDATION

Adult survival. Once territories had been established and

the territorial pairs identified, then adalt losses could

be monitored over the season. Adult survival during the
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Figure b. Height above ground of nests in relation to date
of nest dinitiation in - 1976. {A) -Study Area #1, N = 32

nests, {3B) Study Area #2, N = 75 nests.




A
- 601
° .......
40 -
fg -]
S -
Q ° o
5 . o
Q 201 - .
1
0} .
Lu 7 o 00 hd o
> .
Q ° s ° o °
o
2 O »‘: O:o o 3 °
[ . Y L4 T T T - 1 T |
S
| B
60' g °
o .
- © o °
° °
401 . | . .
° o ] .
] ) . o S
[ ° o
20 00 ° ] ° °
i b4 00 o
4 o
° ooo ° o °
° )
) o °§: o0
o0 ‘ [-1-] : o
O [-£-] 000 °. 45' (-]

14-21 221‘29 OMay 7-14 15.22 2330 np, o s —"
May May -6Jun Jun  Jun  Jun Jul Jol . Jul 'Jul3'] ]AUSQ

DATES OF NEST INITIATION




35

Figure 7.  Distance below canopy in relation +to nest

initiation and advancing season in 1974.

and 2 coembined, ¥ = %1 nests.

Study Areas #1
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Figure 8. Heights above ground of first and second nests
of 35  vpairs of Clay-coldred Sparrows in 1976, both study
areas combined,. First nest refers to the first nest
located, and second nest t0 the next nest 1ocatéd, of a

pair.
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‘breeding season was high. ©No adult disappearance during
the breeding season could be attributed uneguivocally to
predation in 1975 or 1976 on either study area. In 1976,
no males were lost, whilst the only evidence that a female
might have been taken by a predator was at a nest that was
destroyed on 18 July and two adult Clay-colored Sparrow
retrices found near +the nest. The female was not
resighted.

Ten males and one female were known to be at 1least 4
years old at the end of this stuﬂy,‘as they were banded as
adults in the spring of 1974 and were on territory in 1977.
One Clay-colored Sparro¥ has been kXnown to reach the age of

five years {Bent 13968).

Causes of nesting mortality. Table 6 shows the causes of
mortality of eggs and young for the 1975 and 1976 breeding
seasons.,  In this analysis cowbird parasitisnm included only
those insténces in which a <Clay-colored Sparrow nest
sustained‘ a known 1loss {eggs or young) and a cowbird egyg
¥as substituted. Predation was the most important factor
on both study areas for losses of both eggs and young,
although cowbird parasitism contributed substantially to
€gg loss. For the two areas combined,‘predation accounted
for 59.5% of egg loss and 95.3% of 1loss of young, and
cowbird parasitism was responsible for 21.6% egg loss.
Most losses ({#4.9% for the study areas combined) occurred

in the egg stage, the proportions being similar between the
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Table 6. Categories of causes of mortality in Clay=colored Sparrows, 1975 and 1976 data
for both study areas combined. Format after Ricklefs (1969).

Study . $of . %of Seudy % of % of
Causes of mortality Area #1 Individuals ILosses Area #2 Individuals Losses

Eggs laid 148 ' o 369

Iosses due to:
Hatching failure 9 6.1 12.7 18 4.9 11.2
Cowbird parasitism 25 16.9 35.2 25 6.8 15.5
Nest-site competiticn . :
Adult death 0 }
Weather & desertion 4 2.7 5.6 13 3.4 7.2
Predation ’ 33 22.3 46.5 105 28.5 65.2
Other 0 0
Total losses (eggs) 71 48.0 100.0 161 43.7 100.0 '
Young hatched 77
Iosses due to:
- Cowbird parasitism 2 2.6 20.0 1 0.4 1.9
Nest~site competition 0 0 )
Weather & deserticn 0 0
Starvation 0 0
Predation 8 10.4 80.0 53 25.5 98.1
Other 0 ' 0
Total losses (young) 10 13.0 100.0 54 25.9  100.0°

Nurber of young fledged 67 45.3 ' 154 41.8
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twWo areas.

The_ _pature__of predation. Potential predators om nests of

the Clay-colored Sparrow, iisted in Bent (19%68), are
ngperous and varied {Appendix 3). Purther potential
mampaiian predators not listed in Bent {1968) on both study
areas in sounthwestern Manitoba include the spermophiles

Spermophilus frapkiinpi {Sowls 1948, Banfield 1974) and S.

tridecemlineatus (Robins 1971a, but see Banfield 1974).

An analysis of the +type of predation ({simultaneous
versus successive removal of nest contents) showed that 41
out of 52 nests appropriate for analysis were robbed
comnpletely of their contents at one time. | Most
simualtaneously robbed nests tended to be tipped or damaged,
suggesting that ground hunting mammals were the chief
predators. The successive removal of eggs from a nest over
a number of days 1is nmore difficult to explain. . Small
rodents might have been involved in such predation {Bent
1968:762,1231), as indeed might cowbirds. The only

incident of predation witnessed was by a garter snake

{Thampophis sirtalis) discovered swallowing a young

Clay-colored Sparrovw.

NESTING SUCCESS

In the following analyses, a successful nest is defined
as one in which a Clay-colored Sparrow fledged. Two nests

on Study Area #2 in 1976 were omitted from the analyses, as
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in both cases the nests were enpty wheﬁ I checked them on
the ninth day after the young hatched. A prolonged search
in the area of the nest failed to reveal the young, but the
parents were still present on the territory although not
carrying food. Hence the outcome of both ﬁesté was classed

as unknown.

Nesting success and__nest_ _height. Nests with tbases

constructed within 10cm of the ground were more successtful
than those constructed higher in the vegetation {(Figure 9).
When nests apove and below 1icm are compared, the
differences are significant {Study Area #1: P = 0.039%,
Fisher's Exact Probability Test; Study Area #2: X2 = 7;9ﬂ,
P < 0.025). ¥For hoth study areas combined, 28 ({61%) out of
46 nests constructed within 10cm of +the ground were
successful, whereas only 18 (31%) out of 59 constructed

above 10cm were successful.

Nesting _success_in returning and _in _new territorial males. .

As male Clay-colored Sparrows showed a high degree of site
tenacity on both study areas, I was able té compare nesting
success of returning males and of new males establishing a
territory for the first time on my study areas. ~ As all
maies din 1975 on both study areas were banded, I used the
nesting data for 1976 for comparison. The Tresults {Table
7) indicate that returning males enjoyed a significantly

higher degree of nesting success than ney males on Study
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Figure 9. .
Study Area

nests.,

Nesting success and nest height in  197s.

#1, N = 32 nests, (B) Study Area #2, X

{3)
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Table 7. Nesting success of returning and new territorial male
Clay-colored Sparrows.

Successful hsuccessful
Retuming 13 7
STUDY AREA
#1
New 2 10
Retuming 24 ' 29
STUDY AREA
) ‘
New 7 13

A4 ONVERSTIN

© OF MANITOBA
*_—#

. LIBRARIES #
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Area #1 (X2 = 5,23, P < 0.025). On Study Area #2, nesting
success was also somewhat higher for returning males (45%)
as compared with new males {35%), but the difference vas

not significant {X2 = 0.48),

Nesting success_and _cover afforded by _the substrate. is

noted earlier, Clay-colored Sparrows on both study arecas

most often constructed their nests in Symphoricarpos. .

However, some nests were obviously less well concealed than
others, and I hypothesized thét open nests would be subject
to greater predation pressure than those that were betier
concealed. I therefore compared light meter measurements
between successful and unsuccessful nests in 1976 (Table
8) ..

Light penetration at successful nests was significantly
lower than that at unsuccessful nests on Study Area %1 .
{t = 2.482, P < 0.,05) and on Study Area #2 ({t = 2.08,
P < 0.05}. This suggests that nests built in vegetation
that aliowed high 1light +transmission were more easily

detected by predators.

Cowbird parasitism. Table 9 gives the number of

paraSitized nests of all species that were located on the
study areas. out of 94 parasitized nests, 83 were
Clay-colored Sparrow nests, indicating that the sparrow is
the major host for the cowbird in the area.

Cowbird parasitism during the study was significantly




Table 8. Incident light penetration (foot-candles expressed as log units) at successful and at
unsuccessful nests of Clay-colored Sparrows in 1976. SD = standard deviation.

Light penetration at Light penetration at

Number of successful nests Number of unsuccessful nests

successful nests Mean SD unsuccessful nests Mean SD

STUDY AREA 15 : 15.54 1.12 17 16.62 2.09
#1

STUDY AREA 31 15.08 0.99 42 16.93 1.33
#2

%
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' Table 9. Parasitized nests of passerines that nested an the study areas.
1974,to 1976 data combined. '

Nurmber of parasitized nests

Species Study Area #1 = Study Area #2

Westerm: Meadowlark 3 0
(Stumella neglecta)

Red-winged Blackbird 1 0
(Agelaius phoeniceus)

Brewer's Blackbird 2 0
(Euphagus cyanocephalus)

IeConte's Sparrow 0 1
(Armospiza leconteii)

Song Sparrow 0 3
(Melospiza melodia)

Clay-colored Sparrow 54 30
(Spizella pallida)

Total 60 34




46

higher on Study Area #1, averaging 62%, than on Study Area
#2, at 22% (Table 10. X2 = 30.55, P < 0.001). This
difference correlated with the greater number of cowbirds
present 1in Study Area #1 {Table 11), and fewer nests to
parasitize, The incidence of ‘parasitismnm deciined
considerably from 1974 through 1976 on Study Area #1. This
decline may have been due to the fact that there were no.
cattle grazing after June 1975, and hence vegetation may
have provided better concealment for the nest thereafter.
Most Clay-colored Sparrow nests that were parasitized
received éne or two cowbird eggs {Table 12). In all
instances in which the contents of the nest were known
before and after parasitism, at 1least one Clay-colored
Sparrow egg, and occasionally +two or even three eggs,
disappeared, presumably removed by the female cowbird. On
three occasions, one of the host's nestlings was removed
and an egg substituted, a seemingly maladaptive and
wasteful behavior on the part of the cowbird as in all
three cases the remaining young sparrows were raised and
the cowbird egg abandoned. In only one instance was a
young Clay-colored Sparrow raised alongside a cowbird. In
all other instances, if a cowbird was hatched and raised,
it resulted in the death of the sparrow's own young.
Analysis of the response of pairs to cowbird parasitism
revealea the remarkable situation that pairs on Study Area

#1 were generally acceptors of cowbird eggs whilst those on
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Table 10. Cowbird parasitism on nests of Clay-colored Sparrows for
both study areas.

Nurber ~ Number of
of nests parasitized nests (3)

Study Area #1 ' 19 16 (84%)
1974

Study Area #2 22 5 (23%)

Study Area #1 42 23 (55%)
1975 '

Study Area #2 42 ' 10 (24%)

Study Area #1 32 15 (47%)

1976

Study Area #2 75 15 (20%)




Table 11l. Numbers of cowbirds counted

study areas.
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at biweekly intervals on both

1974
15 May 27 May 8 June 19 June " Total
Study Area #1 18 12 15 .4 44
Study Area #2 16 9 - 10 8 43
1975
14 May 28 May 11 Jue 25 June " Total
Study Area #1 22 7 8 15 52
Study Area #2 12 11 6 6 35
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Table 12. Number of cowbird eggs per parasitized nest for 84 Clay-colored
Sparrow nests. 1974 to 1976 data combined.

Number of cowbird eggs per nest

1 2 3 4

Study Area #1 29 20 3 2

Study Area #2 22 6 2 0
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Study Area #2 were consistently rejectors (in the sense of
desertion of nest) {Table 13). The differences between the
two areas are significant for both years <combined

Xz = 14,78, P < 0.001).

FOOD_AKRD FEPRDING HABITS

Foraging behavior. Observations throughout the breeding

season  on several pairs of banded Clay-colored Sparrows
indicated that the birds did not obtain food for themselves
or for their young in their territories. Up to amid-Nay,
male Clay-colored Sparrows sometimes fed on the grassy
areas on the study plots adjacent to their territories,
possibly Dbecause they were reluctant to fly far fronm their
territories, before territorial boundaries with neighbors
were firmly established, The vegetation on the grassy:
areas was not dense at this time, thereby affording open
areas in which the males could forage, presumably for
seeds, After mid-May, foraging and food-gathering for the
young occurred away from the breeding areas, in a variety
of habitats: arable and pasture 1land, +tree bluffs, and
around the edges of sloughs and marshes. Interestingly, in
the period between territorial establishment and the
nestling stage of the reproductive cycle, males of adjacent
territories freguently foraged at abouf the same time of
day, 1in the 1late morning and late afternoon, off the

breeding areas. On 9 occasions, pairs of males from




Table 13. Coinparison of parasitized nests and host responses in 63 parasitized nests of
Clay-colored Sparrows on the two study areas.

Fate of cowbird egg

Number of _
parasitized nests Year Accepted = Rejected Unknown
Study Area #1 23 1975 18 3 2
Study Area #2 10 1975 2 7 1
Study Area #1 15 1976 8 3 4
Study Area #2 15 1976 4 8 3 P
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adjacent territories were observed together in the sane
foraging areas.

Observations of males feeding off territory showed +that
their behavior was markedly different to their behavior
when on their territories. The males 4id not sing, and
they +tended to be qguite difficult to approach closely,
unlike when they were within the confines of the territory
where they c¢ould be approached often within 10m. TIf a
foraging male was constantly disturbed, he would make a
quick return to his territory. No overt aggressive
interactions vere observed during iS hours of observation
between 6 May and 2 June, 1978, on'maleé f§raging 6ff
territory. The males fed communally, often within 2m of
each other% on the foraging areas. Aithough individuals
seenmed to prefer specific foraging locations, there was no
indication that males defended feeding territories.

Observations during the courtship and nest building
phases indicated that males appeared to have a preference
for feeding on arable land adjacent to the nesting habitat,
in contrast to the females which most frequently were
observed féraging in or around +tree bluffs and marshy
areas. This suggests that possible partitioning of the

foraging areas was in operation in these sparrows.

Adult diet. Adult Clay-colored Sparrows are essentially

seed eaters, consuming insects to some extent during the

summer months {Bent 19Y68; personal observations). A wide
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variety of vegetable mattery{listed in Bent 1968) has been
reported in the diet of this sparrow, mainly during the
non-breeding season. In this study, I looked mainly at the
foods presented to nestlings. However, parents were
observed occasicnally to eat the £food which they had

prought back to the nest.

Foods _presented to_nestiings. Adult Clay-colored Sparrows

fed their young a wide variety of invertebrates {[Table 14) .

Predominant foods were 1lepidopteran 1larvae, orthopteran

nymphs, and various types of Odonata; these three groups

comprised 76% of the total number of prey items recorded.

4 similar breadth of'aiet is evident in the sample of prey
items collected from the nestling cowbirds (Table 15), with
lepidopteran larvae and orthopteran nymphs. predomirnating,
and thus thete Wwas no indication that the adult sparrows
brought different sérts of food to the young cowbirds than
they d4id to their own young.

There were substantial differenées betyeen pairs in
foods presented to nestlings {Table 18). For exanmple,
pair #5, whose territory was close to a pond overgrown with
Poiygonum sSpp., fed their young almost exclusively on
~narrow-winged damselflies {Family Coenagrionidae), taking
advantage of a readily available and abundant food source
which appeared to be localized around the pond. Pair #6
fed their young mostly short-horned grasshoppers (Family

Acrididae), whilst lepidopteran larvae predominated in the




Table 14. Food items brought to nestling Clay-colored Sparrows at seven
nests in 1976, as detemmined from direct observations and videocorder

informaticn.

Group Number Per cent
Orthoptera 108 i8.l
Neuroptera 11 1.8

Iepidoptera
adult 23 3.8
larvae 256 42.8
O6donata 93 15.6
- Coleoptera - 12 2.0
Hemiptera 1 0.1

Diptera 58 9.7
- Araneida 4 0.7

U.‘nidéntified 32 5.4
Toi;.al 100.0

598"
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Table 15. Food items brought to four young cowbirds (about 5 - 7 days

old) by their Clay-colored Sparrow foster parents.l

Group Nurber Per cent

Orthoptera - Tettigoniidae 3 8.1

Acrididae “ 8 21.6

Iepidoptera larvae 15 40.5

Odonata - Coenagrionidae 3 8.1

- Coleoptera - Chrysomelidae 4 10.8

Diptera - Tabanidae 4 10.8

Total 37 100.0

1. 28- sanmples.
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tood of the remaining five rpairs.

Males and females brought essentially the same type of
prey items to their young in roughly the same proportions
{Table 16). Horn's (1966) measure of overlap {see Appendix
4y gives an overlap value cf 96%, indicating that there is
no ditference in prey items presented to the nestlings by

males and females.

Seasonal distribution of nestling foods_ _contributed by

males_and females. There was a noticeable change in the
relative importance of the wmajor food items during the
course of the breeding season {Figure 10). Proportionately
more lepidopteran larvae were taken in June, Odonata
increased in July, and there tended to be a general
increase in the relative numbers of orthopteran nymphsS over
the breeding season. ¥When the total numbers of +the prey
items of males and females are combined, the seasonal

differences are significant {X2 = 52.5, P < 0.001).

Flight lines. Parents were not observed to gather food for
their yocung within the confines of the territory nor over
the breeding habitat as a whole. I recorded therefore the
lines of flight which the birds followed between the nest
and the foraging locations.

There were no major differences between members of a
pair in the direction flown from a nest +towards the

tforaging 1locations ({Figure 11). In general, a male and a




Table 16. Foods p_resented to nestlmgs by each of seven pairs of Clay-colored Spafrows.
Pair #1 Pair #2 Pair $3 Pair #4  Pair #5 Palr #6  Pair 47 " Total
Prey Taxa M F M F M F M F M F M F M F M F
Orthoptera 9 6 5 2 13 10 10 8 1 0 27 17 0 0 65 43
ANeuroptera 3 0 0 1 0 1 0 4 0 1 0 1 0 o 3 8
Lepidoptera |
larvae 21 24 26 18 38 30 23 26 ( 6 23 18 133 123
adult 0 o 4 0 4 3 6 2 0 0 1 3 0 0 15 8
Odonata | 4 8 5 2. 0 1 -0 ‘2 30 36 1 2 2 0 42 51
Coleoptera 1 4 .0 0 0 o 3 3 0 0 l 0 0 0 5 7
Hemiptera 0 o 0 0 0 o 0 o0 0 o0 0 o0 1 0 1 0
Diptera l6 6 5 7 0 5 2 7 0 o 10 4 3 30 28
Araneida 0 o0 0 o 1 3 0 0 0 o 0 o 0 o 1 3
Unidentified 4 2 6 4 2 1 1 1 1 1 3 2 2 1 19 13

LS
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Figure 10.  Seasonal distribution of major foods given

nestiing Clay~colored Sparrows by their parents in 197s6.

to
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Figure 11.  Direction from the nest {in 3% 6f total
observations for each bird) in which males and females flew
to forage during the nestling period. Bach circle has a
radius of 100%, and there are esight possible directions
{north, north-east; east; south-east, south, south-west,
west, north-west) - in each circle. The solid 1lines
represent males, the dashed 1lines females. The total
~number of flights recorded per bird are given below the

Tespective circle. .
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female of a pair, whether léaving the nest singly or
together, flew predominantly in one and the same diréction
towards the foraging locations,

There were however substantial differences in the-
direction of the flight-1lines between pairs {(Figure 11).
This 1is not surprising as pairs holding peripheral
territories {pairs #1 and #5) tended to use feeding areas
adjacent to their territories and pairs holding central
territories flew to probably the closest available foraging
locations. Pairs #3 and #4, which held adjacent
territories and were feeding nestlings at the same tinme,
consistently flew to the southwest on leaving their nests,
and both pairs foraged in and around a 1argé pond overgrown
with vegetation. This suggested that neighboring birds
might be following each other +to yreferrea feeding
locations. However, the pond was the closest foraging
location to both nests, and hence the evidence for

following remains inconclusive.

Distances_foraged from the nest. In this analysis, pair #7

is omitted, as these birds frequently flew around an
intervening bluff on leaving the nest and hence went out of
sight. Foraging distances (Table 17) varied between pairs,
and this was due partially to the 16cation of the
territory. Pairs #1 and #5 held territories on the
periphery of +the nesting ﬁabi£at and they flew shorter

distances, presumably because foraging locations were




Table 17. Mean distances (m) from the nest that male and female

Clay-colored Sparrows flew +o forage.

I e

Pair Male Female™
1 46.2 33.9
2 89.9 78.9
3 56.2 51.6
4 75.3 67.5
5 32.5 31.1
6 94.7 77.3

1. The number of foraging trips made by

females 172.

the males is 182, by the
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closer, than the other four pairs vwhich held territories in
the middle of the nesting habitat.

The mean distances from the nest to the foraging areas
were compared bhetween mates for each direction flown
{Figure 12), and were found to be sigaificantiy different
{6 = 13.28, P < 0.005, goodness-of-fit test, Sokal and
Rohlf 1969). In all six pairs, males flew farther on
average from the nest to the'foraging locations than the
females. This was particularly evident when the pair left
the nest together; the female alighted first and closer to
the mnesting area +than the male, who flew farther on and
then aiighted. This suggests that there is spatial
partitioning of the foraging areas between members of a

pair.

NESTLING ECOLOGY

Young Clay-colored Sparrows left the nest at about nine
days of age, while still incapable of flight. They then
hopped through the shrubbery, presumably searching for
suitable dense cover.  After moving a certain distance,
they normally stopped at the base Sf a dense shrub, climbed
it, and remained essentially motionless near its crown,
waiting to be fed by their parents. The tarsus and feet of
the young bird were well-developed, certainly large enough

to support an aluminium band of adult size. It seens

adaptive for advanced development of tarsi to occur in the
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Figure 12.. Comparison of foraging distances of six pairs

of Clay-colored Sparro®s in 1976, ZEach point represents
the mean distances flown by nmembers of a pair in one
direction. Number of directions flown by each pair ranged
from two to six {see Figure 11). Points 1ying below the
line ({slope = 1) indicate that males flew farther, points

above the 1line that females filew farther.
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Clay-colored Sparrow yocung because of their high degree of
mobility cnlleaviﬁg the nest {ct. Ricklefs 1969, O'Connor
1977y .

The distances from the nest to the selected shrub for 8

young in 1976 averaged 13.6m, ranging from 6 to 21m. Thesse
young represented broods from three nests, of 3, 3, and 2
young respectively. In each case, the young dispersed
radially out from the nest. The young were not clumped;

rather they were widely separated from each other, possibly

as an anti-predator mechanisn.

Twice I saw parent Clay-colored Sparrows move through
the shrubbery with a young bifd following closely behind,
suggesting that adults occasionally may lead newly-fledged
young awvay from the nest site to a safer place. The young
often dispersed out of their parent's territory, across the

territorial boundary into an adjacent territory. On no

occasion was the male holding the neighboring territory
seen to show aggression towards the fledged youag nor

towards the parents as they flew in with food to feed the

offspring. 1Indeed, on 21 June 1976, a nmale sang and
preened for 20 minutes, but showed no overt agonistic

behavior, towards a juvenile some 5m away which had fledged

in a neighbor's territory, and was now in this male’s
territory. . An absence of overt aggression by the
territorial male persisted even though the juvenile was fed

‘on 5 occasions, three times by its male parent and twice by
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its female parent.
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DISCUSSION

Site tenacity

Male Clay-colored Sparrows showed a high return rate in
successive years to the study areas, and this appears
adaptive for numerous reasons., Males returning to the sane
territory enjoyed higher nesting success than new males.

Territorial boundaries between returning males were

established quickly with fewer interactions than new males

{Table 3).

More surprising is the low rate of return of females.

This could perhaps be attributed to a high female mortality
rate during the non-breeding season, but one female was
known to be at 1least four vyears old at the end of the
study, and nine others were known to have reached at least
the age of three years. For those females that did return
to the study areas, mate fidelity was also low. A similar
situation exists 1in the congeneric PField Sparrow {Best
1977) , but is in marked contrastégto the situation in
another grassland paéserine, the Skylark, which =sxhibits
47% mate faithfulness in consecutive vyears and shows a
strong correlation between the breeding success of a pair
in one year and the likelihcod of its remaining a pair the

following year {Delius 1965). This suggests that female
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Clay-colored Sparrows return to broad geographic areas, and
attemrt to form pair bonds with males defending the first
suitable territory which the females encounter. A possible
reason for this settling pattern was suggested by the data
on the ‘1'changeovers' which occurred in 1975. These
involved mnev (= unbanded) females apparently attempting to
nest tor the first time nid-way through the breeding
season. The presence of these females suggests that there
would be a-premium for the female to occupy guickly any
suitable +territory when she returned in the spring, rather
than rely on the previous year's territory.

Greenwood and Harvey {1976) point out that, in those
species in which the male establishes, defends and benefits
from retaining the same territory from year to year,
selection may operate for the female to disperse to a
greater extent than males to avoid inbreeding, as in the

case of the European Blackbird {Turdus gerula) {Snow 1956).

Certainly establishment and maintenance . of the territory is
the prerogative of the male, and his fitness is apparently
enhanced by retention of the sanme breeding territory fromn
year to year. There is however no evidence in Clay-colored
Sparrows that females actively avoid the area in which they
bred the previouns year. 1In the Field Sparrow, Walkinshaw
{1968) points out that the male wonld generally accept the
first female that arrived on his territory and he believes

this to be a causal factor in the smaller return percentage
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of females; this is probably also the case in Clay-colored
Sparro¥s.

The lack of return of nestling Clay-colored Sparrows is
also surprising. It 1is possible that fledglings do not
form site atiachments to their natal area. They wandered
extensively in the late sunmmer; one individual banded as a
nestling was retrapped thirteen days later 2km southwest of
4the study area. Also, immatures tended to collect at
certain favorite locations around the étudy areas. .

Immatures of some other species, for example +the Reed

Warbler Acrocephalus scirpaceus {Catchpole 1978), have been
shown to form site attachments to specific areas in which
they congregate in the fall, and return to these areas the
following spring. Such a mechanisa might be operating in
the Clay-colored Sparrov.

It 1is further possible that the preferred nesting

habitat, the stands of Symphoricarpos, is not a stable one.

Prairie fires were a major determinant of the distribution
and composition of the vegetation din the mixed-grass
prairie and aspen parkland (Bird 1961), and shrubs such as

Symphoricarpos were burnt to the ground during a fire

{Pelton 1953). Thus, if fires occurred fregquently enough,
selection would favor those first year birds that settled
in suitable habitat anywhere on a broad geographic scale:
over those that returned to their natal area. Adulits

returning year after year enjoy higher nesting success than
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ney birds, and this may be a strong enough pressure to
cause them to return in successive years to the same area

wvhen possible.

Territory estaplishment and_maintepance

Territorial boundaries were  established guickly,
particularly between returning males, which settled in
essentially the same territory as the year before. Conmon
territorial boundaries could be Te-established with a
minimum of expended energy if neigﬁboring males could

recognize each other in successive years. Such recognition

could be achieved by song recognition, as males keep the’

same sSong in successive years {Part B).

Once territorial ©poundaries have been established, the
territorial system is most likely maintained by song, as
‘few overt aggressive interactions were observed after
rid-May. It- would certainly seenm maladaptive for
individuals to .constantly expend energy in hostile
~encounters once boundaries have been fixed {the ‘dear
enemy' phencmenon, Wilson 1975).

The speed with which wmale Clay-colored Sparrows
established territorial boundaries is consistent with the
observation that female Clay-colored Sparrows arrive on
average only 5 days after the males. The female does not
appear to aid her mate in establishing or defending a

territory, and there would seem to be little advantage for
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females that attempted to form pair bonds with males if the
whole territorial system was in a state of flux. The
situation is in contrast to that of some other open country
sparrows {Walkinshaw 1939, Potter 1972, Welsh 1975) in
which males arrived 20 days or more before the females, but
also in which the territorial establishment phase was
prolonged, taking much longer than in Clay-colored
Sparrows.

Female arrival and a decline in aggressive interactions
between males appear to coincide temporally. Cétchpole
{1972) noted a similar correlation between pairing and a
marked decrease in male aggression in Reed ¥Warblers, There
.were many instances of rival male Reed W®Warblers gaining

portions of +territories from newly paired males, whereas

prior to pairing they were vigorously repulsed. This led.

to some shrinkage of territories after pairing. The
situation in the Clay-colored Sparrow differs as
territories once established did not change, and pairing
and courtship both occurred. without shrinkage of the
territory.

No overt aggressive interactions were observed on eithér
study area after 20 May. This contrasts sharply with the
findings of Horse {1978) who found increases of
intraspecitic intefactions in two species of wood warblers
of the genus Dendroica during the fledging stage. His

interpretation is +that, although the warblers synchronize

,,,,,
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their breeding season to periods of maximum food abundance,
they do not have access to such a strong pulse of food as
do, for example, Great Tits {Parus major) {Perrins 1965,
1970), with the result that searching for food requires a
great proportion of their tinme {Morse 1968) and probably
‘ places a consequent premium upon maintaining a 1arge.
exclusive space to the end of the breeding season. The
situwation in the <Clay-colored Sparrow RoLe closely

resembles the situnation in the Great Tit {(Hinde 1952) and

the Blue-gray Gnatcatcher {Polioptila caerula) {Root 1967,

where territorial defense appears to be non-existent at the
time the young fledge. This would be particularly adaptive
tor the Clay-colored Sparrow as the territory is not ‘used
to gather fgod. This 1s further supported by observations
of dispersal of young Clay-colored Sparrows after they have
left +the nest, as neighborirg males showed no overt
aggression t0 either juveniles wandering into their
territories or parents attempting to feed the Jjuveniles, -
which 'might have been predicted if food were an important
resource within the territory.

It is not clear why pairs should have attémptea second
broods in 1976, but not in 1975. It is possible that the
shortened breeding season in 1975 was below a threshold
value needed if doulkle-broodedness was to occur. Moreover,
‘changeovers' took place,  indicating that it might have

been adaptive for the original pairs not to expend energy
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in attempting a second brood, whereas the energy cost on
the replacement pairs would be proportionately 1less, if

this was their first nesting attempt of the season.

Nest _site selection and nesting_success

Nesting losses due to predation wefe greatest during the
egg stage, hence the predators did not appear to be cueing
in on either the increased activity of thé parents as they
fed nestlings or cn the presence of nestlings rather than
eggs in the nest. This suggests that predators are not
locating <Clay-colored Sparrow nests primarily by oifactory
or auditory cuses,

There 1is evidence to support the hypothesis that
predators gere locating nests by sight. Pairs of
Clay-colored Sparrows vwhich have/ the highest nesting
snécess are those that selected nest sites which offered a
high degree of nest concealment. HMost pairs appeared to
minimize the chance of having their nests detected by
predators hunting by sight by constructing their nests
primarily in Symphoricarpos, which allowed 1less light
- penetration than other shrubs. However, females may not

have been selecting Symphoricarpos perx Se -as a nest site,

but rather could have chosen sites which offered a high

degree of nest concealment, with Symphoricarpos offering

better nest concealment than the other vegetation.

Pairs that nested close (within 10cm) to the ground
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enjoyed higher rates of nesting success than those nesting
higher in the vegetation. The visual outline of the nest
might not have been easy to detect if the nest was close to
the ground as light penetration was lower there than higher
in the vegetation. Thus, it is possible that the madjor
nest predators were ground dwelling mammals locating the
nest from beneath and seeing 1t as a dark silhoustte
against the sky.

Spermophiles were thought +to be involved in nest

predation on another species of grassland sparrow,

Passerherbulius henslowii, (Bobiﬁs 1971a), and Robins
{1971a:44) adds that ground squirrels. may be important
predators on ground nesting birds because of their diurnal
foraging behavior. Franklin®'s Ground Squirrel is an
omnivorous feeder {Banfield 1974), and its depredations can
be guite severe on ground nesting birds (Sowls 1948). The
animal was fairly common on both study areas in all three
years of my study and may have been rTesponsible for the
loss of many nests, particularly those in which all the
contents of the nest disappeared simultaneously and the
nest was tipped or damaged.

A comparison between returning and new males showed that
returning wmales enjoyed greater nesting success than new
males; it seems reasonable, although not indisputable, that
returning birds can be equated with older, and hence nmore

experienced, birds whilst new birds are younger, possibly
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nesting for the first time. Thus, older birds probably
have a higher nesting success that younger ones, as found
by other workers dinvestigating differential reproductive

success with age of birds {e.g. Coulson 1966, Mills 1973).

Cowbird parasitisn

When Clay-colored Sparrows hatched and raised cowbird
young, it almost invariably resulted in the death of the
Sparro¥'s own young. It would therefore be adaptive for
the sparrows to evolve some nmechanism to counteract
parasitism, Certainly the eggs of the two species are
vastly different in color and size. The sparrows' eggs are
blue, sparingly marked with spots of dark Dbrown at the
large end of the egg whereas the cowbirds? 2ggs are whitish
densely speckled with various shades of brown. Bent {1968)
gives the average measurements for 50 sparrow eggs as
17.1mm by 12.7mm, and for 127 cowbird eggs as 21.45mam by
16.42nm {Bent 1965), Thus, there is no doubt as to the
identity of the egg.

Rejection of the parasite's egg by the sparrows, by
removal or desertion, would prevent an unnecessary
channelling of the parents®' energy and time into vTaising
the cowbird at the expense of +their own young. The
Clay-colored Sparrow is probably not physically egquipped to
remove a cowbird?s egg, therefore the only avenue

apparently open to it would be to desert and then renest.
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Rothstein (1974) <classified nost hosts of the cowbird
into either acceptors or rejecters. Only a few species
fell 1in the area between these two designations.. Aithough
not listed by Rothstein (1974), the <Clay-colored Sparrow
appeafs to be one such species. On a broad geographic
scale, this species has been reported as incubating andyor
raising cowbirds 1in Saskatchewan {Fox 1961), Manitoba and
North Dakota {Bent 1968), whereas in Alberta they are
reported as Dbeing ?wholly intolerant of parasitism® {Salt
1966) . The birds in southwestern Manitoba appear to be a
combination of both.

Although one population (Study Area #1) were generally
acceptors whilst the other {Study Area $2) yere
consistently rejectors, there is little evidence that the
two populations are genetically programmed to deal with the
parasite's egg in different ways. ©No individual banded on
one area was observed on the other, although the two areas
are only 12km apart, but there was also . no evidence +that:
young returned +to their natal area to breed, a necessary
requisite 1if gene flow between populations is to be
restricted,

Individual pairs within one season were consistently
either acceptors ot rejectors of the parasite?’s egg, thus
Shortt's comment (IN Bent 1968) that Clay-colored Sparrows
seemed more tolerant of cowbird parasitism +towards the.

close of the season is not borne out. Interestingly, of
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six fermales that were parasitized in both 197% and 197s,
the same four were acceptors and the same two rejectors in
both years.

it is possible that effective defenses against cowbird
parasitism may =not have fully developed in passerine
species inhabiting brush areas and forest edges. Species
of the grassland edge may have been only partially exposed
to the cowbird over the ages {(Mayfield 1965, Friedmann
1963); such possibly 1is the case in the Clay-colored

Sparrov.

Food and foraging_behavior

Clay-colored Sparrows presented a wide variety of prey
items to their young, and they collected the prey in a
variety of foraging locations off territory.

It is possible that +the differences in prey items
prought to the young by different pairs is a reflection of
the age of the yoﬁng: a change in the proportion of prey
items in the nestling diet might occur as the young grow
older {Betts 1955, Royama 1970, Robins'1971b, Best 19773).
However, similar aged nestlings did not receive the same
foods. For example, the oldest nestlings in nests #1, #4
and #6 were about the same age {about 6 days) during the
observation periods, yet orthopterans were more prominent
in pair #6's prey ditems than in the other two in which

lepidopteran larvae predominated. Moreover, the oldest
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nestlings in nests #2, #5 and #7 were about 5 days of age,
yet Odonata were the chief food in nest #5 and lepidopteran
larvae in the other two. Finally, the young in nest #3, at
about 3 days old, also received predominantly lepidopteran
larvae. This raises doubts that the birds were selectively
choosing prey according to the age of the nestlings. .
Interestingly, nestlings of pair #3, the youngest nestlings
under observation, were the only young to receive spiders,
which 1is consistent with Royama's {1970) suggestion that
spiders have special nutritional value important for
nestling growth at an early age.

Males and females did not differ either in the type or
@he proportion Qf prey 1items presented to their young
{Table 16). Hence the sexes did not appear to select
different food items in ‘order to Teduce intersexual
competition, This 1s ©perhaps hot surprising as the
Sparrovws are essentially monomorphic in culmen depth and
length, and in length of tarsometatarsus (Appendix 1).

Although males and females used essentially the same
foods, possible reduced intersexual competition for food
was evident early in the breeding season when males and
females foraged in different habitats. More evidence for
reduced intersexual competition for food appears during the
nestling stage, when maies and females again used different
localities 1in which to collect food. Egually important is

that females foraged closer to the nesting site +than the
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males (Figure 12), a tendency reported in some other
passerines {e.g. Morse 1968, ¥Wiens 1969, Robins 1971bp,
Busby 1978). The energy demands on the two sexXes are not
the same. The female does practically all the brooding of
the young, and she expends energy in creating heat for the
young. On the other hand, territorial defense, the
prerogative of the male, is minimal during the nestling
stage. It would therefore appear to be most advantageous
to the Clay-colored Sparrow if measures to conserve enerqgy
during foraging were selectively in operation in females.
As the adults followed the same flight lines from the nest
to the <closest available feeding areas, avoidance of
intersexual conmpetition was possible merely as a result of
the male's tendency to forage at a slightly greater

distance from the nest than the female.




PART B

DIALECTS, INDIVIDUAL DIFFERENCES IN SONG,

AND_SONG REPERTOIRE

IN_THE CLAY-COLORED SPARBOW, Spizella pallida
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INTECDUCTIDN

Topics of avian acoustical behavior that have received
considerable attention in recent years incliude the
existence and function of dialects {e.gq. Thieicke 1989,
Nottebohn 1972, Lemon 1975, Avery and Oring 1977, .
differences 1in vocalizations between individuals (e.g.
Armstrong 1973, Thorpe 1968, Beer 1970, Evans 1970, Harris
and Lemon 1972), and the width and significance of song
repertoires {e.g. Bertram 1970, Armstrong 1973, Hartshorne
1973, Dobson and Lemon 1975, Krebs 1977). 1In this study, I
investigated these topics din the Clay-colored Sparrow,
Spizella pallida {Fam. PFringillidae).

Dialects are widespreaa in the Fringillidae {e.g.
Marier 1952, ®arler and Tamura 1962, Dittus and Lemon 1969,
Milligan and Verner 1971), but their existence has not been
examined in Clay-colored Sparrows. I therefore examined
the gquestion of whether dialects exist in this species.
Individual variation, both within a population and between
years within the same individual, was also examined to
détermine the relationship, if any, between individuals and
group {dialect) differences.

Casnal observations during the 1974 Dbreeding season
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Tevealed that some males had more than one song type in
their repertoire, and that they often appeared +to be
countersinging by matching neighbor's songs. Other studies
{Walkinshaw 1939, ¥Willing 1970, but c.f. Bent 1968) have
reported only one song type in the repertoire of this
species; however, none of these studies systematically
investigated size of song repertoire in individually marked
birds. I therefore investigated in more detail the song
repertoires of a sample of males to see if a male had more
than one song type in his repertoire, and I attempted to
determine the context in which each song type, if more than
one, was usad. I also investigated matched counter-singing
by playback experiments and monitoring responses, and by
comparing the songs of neighboriné birds to identify
similarities, if any, between then,

The Clay-colored Sparrow has several characteristics
that make it ideal for investigations of avian acoustical
beha&ior. Its song has a simple and repetitive structure
{see below), and 1is rtrelatively easy to analyze {c.f.
Marier and Mundinger 1970). This is unlike the more
elaborate songs of other members of the Fringillidae which
have peen intensively stundied (e.g. Thompson 1970, Emlen
1971a, Harris and Lemon 1972, Lemon 1975, Mundinger 1975).
During my study, no female was ever observed to sings all
tape-recordings used 1in the analyses were of territorial

males. A male usumally sang from conspicunous elevated
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perches and repeated the same song in regular succession,
in the order of 6 to Y songs per.minute, in addition the
males defended small territories with well defined
boundaries, and they showed a high return rate from one
year %o +the next {Part A), all features which aid in the

tunctional analysis of the species?! acoustical behavior.
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METHODS

Clay-colored Sparrows vwere studied on two rTesearch
areas, about 12km apart, in extreme southwestern Manitoba
near Lyleton ({see Figure 1, Part 1). Tape-recordings of
songs of color-banded males were made in May and June in
1975 and 1976. For each male whose songs were used in the
investigation of song repertoires, I determined the size
and boundary of its territory {(Part C), and thus I could
plot the position of each song perch within the territory.

On 29 May 1977, I tape-recorded three territorial males
near the University of Manitoba <Campus iﬁ Winnipeg,
Manitoba. On 6 June 1977, I tape-recorded four territorial
males at the University of Manitoba Field Station, about
5km west of Delta, Manitoba {see Figure 1, Part 3).

211 songs were recorded at a tape speed of 19cps on a
Uher 4400 tape recorder, using a Uher M539 microphone
placed at the focal point of a 60cm parabolic reflector.
For analysis of the songs, I used a Kay Electric Company
675 sonagraph at the wide band-pass filter settihg. Each
song was anélysed at two speeds, at 2.4 seconds to allow
measurements of the whole song, and 0.8 seconds to allow
finer measurements of the structnre and freguency range of
the song.

Songs of Clay-colored Sparrows are usually described in
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terms of a series of buzzes (e.g. Borror 1961, Bent 1968),
However, Davis {1964a) refers tc buzzes as motifs. Borror
{1961) describes each buzz as consisting of a series of
similar phrases, each phrase comprised_ of two or three
notes whereas Davis (1964a) uses the term figure for phrase
and segment for note.

Some attempts have been wmade to standardize the
terminology used to describe bird song {e.g. Davis 1964b,
Shiovitz 1975, Verner 1976). In this paper, I follow
Verner's definitions of terms, and use the terms buzz,
syllable and note in'referring to parts of a Clay~-colored
Sparrow's song. Figure é presents sonagrams useful in
reterence to terms used in the texit. The term buzz is
particularly convenient, not only because of the
descriptive nature of the word and the fact that it is
ingrained in the literature in describing a Clay~-colored
Sparrovw's song, but also because it fits Verner's
{1976:265) definition of *a sounnd utterance with
notes....repeated fromn abqut 56 to 267 per second?', A
syllable was comprised usually of two notes, the first an
ascending frequency modulation and the sécond a descending
frequency modulation (Figure 1). Occasionally a syllable
was comprised of up to six notes, each note the same, the
notes making a distinct identifiable unit. Al
Clay-colored Sparrow songs analyzed in +this study were

monosyllabic, consisting of the same syllable repeated.
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- Figure 1. Sample sonagram with identification of terms

used in this study to designate parts of songs of
Clay-colored Sparrows. Sonagram of song of a territorial

male on- 19 May 1975. For explanation of a syllable, ses

text.




i Two Notes,

one ascending,

Syllable (comprised of two notes)

O A\
|
¥

05 10 15 20
Seconds

One Buzz
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Fach song was analyzed for the following eleven
characteristics. {1) Total length of the song. This was
measured 1n seconds from the beginning of the first buzz to
the end of the last buzz, including intervals between
buzzes. {2) ZLength of the first buzz, in seconds.
{3) Interbuzz inter?als, in seconds. For‘songs of only two
buzzes, the interval was one measure. For songs consisting
of more than two buzzes, the mean 6f the grouped interbuzz
intervals was used. {#) Number of syllables per song.
{5) ¥umber of notes per syllable. (6) Number of buzzes per
song. {7y The rate of note utterance, expressed as the
number of notes per second. ({B8) The upper frequency limit,
and {9) the lower freqguency 1limit., Both {8) and {9) were
measured to the nearest 500hz, and assigned to the ciosest
vaiue on a scale from O to 10khz in half kilohertz
increments. ({10) The ascending fregquency modulation of a
note within the syllable {FH¥ ascending); and ({11} the
descending frequency modulaticn of a note within +the
syllable {FM descending). Both {10) and {11) are expressed
as rates of <change of frequency modulation in hertz per
millisecond. This was achleved by measuring the absolute
value of the slope of the note, Most birds had a FHM
descending component, but several birds lacked a ;]
ascending ccmponent, in their scngs.

TwO analyses were run to attempt to ‘identify

differences, 1if any, between the songs of different




populations 0of Clay-colored Sparrows. The first was
between the two study areas in southwestern Manitoba. In
this analysis, I used ten males per study area and five
songs per male. All the songs were tape-recorded in the
morning between 22 and 29 Nay 1976. However, as these two
study areas were in the same geographic area, I decided to
ran an additional analysis. This was between the two
populations in southwestern Manitoba, a sanple of
territorial birds from Delta, and a fourth sample of
territorial birds from Winnipeg. The distance fronm
¥innipeg to Delta is about 135km, from Delta to Lyleton
240km, and from Lyleton to Winnipeg 295km. To equalize
sample sizes, three males with three songs per male were
chosen from each population. The songs of an individual
male used in the anaiyses were sung consecutively from one
song perch, representing therefcre only one song type per
male.,

In 1975, I carried out playback experiments on 9
territorial males on the study areas, to assess their
response to two different song types. The-rationale behind
the experiment was that if different song types conveyed
different information, then the recipients of the stinulus
should respond differently. The experiments were
undertaken between 0700 and 0900 hours between 118 and 24
May, when nest building and clutch initiation were under

way {Part a), thus removing the time of the breeding cycle
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‘as a potential variable affecting a bird!'s response to the
piayback (c.f. Verner and Milligan 1971, Petrinovitch et
al. 1976). The songs used in the experiment were probatly
unfamiliar to the test birds, as they were tape-recorded
from a male holding a territory about 8km from the nearest
study area.

Two experimental tapes vwere used, one of two-buzz length
and the other of eight-buzz length, each of three minute
‘duration. The eight-buzz tépe was made by duplicating the
second buzz of the two-buzz song six times. The
experimental tapes were played back through a loud speaker
from the Uher 4400 tape-recorder at a constant volume. The
speaker was placed abount 3U0cm above the ground, and a mount
of a <Clay-colored Sparrow in a perching position was
secured on top of the speaker. The speaker and the mount
were placed centrally in the territory of each test bird.

Yales were tested on consecutive days with the two tapes
presented 1n random order. Data were taken on each test
bird for three periods {before, during and aftter
playbacks), each period being of three minutes duration. I
recorded three visible responses: the latency of response,
the closest approach +to the speaker and mount, and the
namber of filights over the speaker and mount. Each
response vwas ranked on a scale of one point to three points
{Table 1), 1indicating an increasing intensity cf response.

The scores for sach response were then summed for each




89

Table 1. Ranking of interactions within each of three visible
respanses to experimental playbacks.

Visible Responses

Latency of response (seconds)

Closest approach to speaker:
and momnt (cm)

Nurber of flights over
speaker and mount

0~-5
6 - 10

more than 10

l1-50

more than 50

more than 10
6 - 10
0-5

1. Higher ranks within each behavior category were assumed to reflect

higher intensity of response.
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bird, thus providing an index of response intensity for
each bird. 1 also recorded twc audible responses, the rate
of singing and the number ot buzzes per song during each
period. This method o0f evaluating the intensity of the
agonistic response by an individual to a piayback has been
used by Emlen {1971b) and Heidemann and Oring (1976).

Finally, the movements of six males on their territories
were observed, and their songs tape-recorded after they had
changed perches, in early June 1976. The songs of each
bird were all recorded on the same day, betwesn 0600 and
7000 hours. élthough I +tried %o record songs at all
perches, some songs at certain perches were missed, thus
some songs 1in an 1individual's repertoire may have been
missed. Perches were <classed as being centrally or
peripherally located in relation to the territorial
boundaries of the test bird, and the position of the perch
relative to the nest was determined.

For the purpose of analyses, songs from the repertoire
of an individual male were frequently chosen by the‘guality
of the tape-recording. If one song during a recording
session produced a clear sonagraphic trace, with minimal
interference from external noise, then successive songs in
the sanpe recording session generally produced clear
analyzable traces. Thus, there was no set pattern in
selecting scngs, unless otherwise specified, other than the

clarity of the sonagram.
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The_existence of dialects

There were no significant differences in either analyses
between the two study areas at Lyleton, or betwsen the
Lyleton, Delta, and Winnipeg populations, for any ‘of the
eleven <characteristics measured (Tables 2 and 3). In the
comparisons between the two main study areas {Table 2), no
characteristic approached significance. One characteristic
approached significance in the comparisons between the
widely spaced populations {Table 3): the number of
syilables per song (0.5 < P <K 0.1 These results
indicate that dialects are not evident in at least a 1large
part of the Clay-colored Sparrow's breeding range in
southern Manitova. This iack of esvidence for the existence
of dialects is probably not because all songs are similar
between the various areas, but because there are large
variaticns between the individuals within the different

populations {see below).

Songs_of males within and between years

Recordings of 12 males at Lyleton in 1975 were analyzed
for comparisons between individuals. The twelve males were
all recorded in the early morning in late May on one study
area. Sonagrams of five songs were made for each

individual male, The <five songs per male were sung




Table 2. Comparison of songs between two populations of Clay-colored Sparrows from the two main

Study areas at Lyletan. |

Study Area #1 Study Area #2
. Song Characteristic Mean® sp Mean®  SD ”  p
Total song length (sec) 1.72  0.26 1.74 * 0.19 1.86 ns
Iength of first buzz (sec) v 0.75 0.19 0.81 0.21 2.99 ns
Interbuzz interval (sec x 1072) 9.3 © 0.9 10.1 1.9 1.88 ns
Number of syllables/song '133.4 ° 48.4 129.1  47.7 3.21 ns
Number of buzzes/song 2.6 0.5 2.6 0.6 2.48 ns
Number of notes/syllable 2.7 1.5 2.9 1.5 L
Number of notes/second 199.1  33.1 202.9 36.7 3.67 ns
Upper frequency limit (khz) 6.3 0.3 6.4 0.3 0.96 ns
Iower frequency limit (khz) 2.2 0.2 2.2 0.2 1.28 ns
FM(ascending) (hz/sec x 10" 2) 2.22  1.38 1.96  1.03 1.73 ns
FM(descending) (hz/sec x 10 2) 1.85  0.78 1.73  0.62 3.16 ns

1. Each mean value is the mean of measurements for 10 birds (five songs per bird). The means for
individual birds are listed in Appendix 5. ‘

2. The data were analyzed by a two-factor mixed design, with repeat measures on one factor (Bruning
and Kintz 1968). ns = not significant. F = F(between areas) . _

* The nurber of notes per syllable did not vary between songs of each bird; t = 0.29, not significant.

[43




_Table 3. Comparison of songs between four populations of Clay-colored Sparrows.

. Study Area #1 Study Area #2 Delta Winnipeg

Song characteristic Nkaanl Sh Mean:L SD Meanl SD Meanl Sh F2 p
Total song length (sec) 1.64 0.29 1.66 0.17 1.74 0.29 1.71 0.29 3.18 ns
Length of first buzz (sec) 0.80 0.22 0.88 ° 0.18 0.95 0.16 0.91 0.22 2.37 ns
Interbuzz interval (sec x 10-2) 10.1 1.4 9.2 . 1.2 10.5 0.8 9.5 1.1 -0.67 ns
Nunber of syllables/song 117.4 60.6 114.3 59.1 182.4 104.7 149.7 31.0 3.42 ns
Number of buzzes/song 2.3 0.6 2.1 0.2 2.3 0.6 2,7 0.6 0.45 ns
Number of notes/syllable 3.3 2.3 3.0 1.7 2.3 1.5 2.0 0.0 ——* %
Nurber of notes/second 214.4 48.5 182.7 29.5 205.6 18.5 195.6 25.7 2.88 ns
Upper frequency limit (khz) 6.1  0.1 6.2 0.3 6.6 0.1 6.3 0.3 1.24 ns
Ibw_er frequency limit (khz) . 2,2 0.3 2.1 0.1 2.4 0.1 2.4 0.2 1.66 ns

PM(ascending) (hz/sec x 1072) 2.81  2.64  2.22  0.82 1.88  0.12 2.07 1.39 2,10 ns
FM(descending) (hz/sec x 1072) 1.90  1.22  1.69  0.32  0.97  0.42 1.67 0.98 . 2.42 ns

1. Each mean value is the mean of measurements taken on three birds (three songs per bird). Three males
lacked a FM(ascending) component in their songs. Means for individual birds are listed in Appendix 5.
- 2. The data were analyzed by a two-factor mixed design with repeat measures on one factor (Bruning and
Kintz 1968). F = F(between areas). ns = not significant.

* The number of notes per syllable did not vary between songs of each bird. One-way analysis of variance,
F = 0.16, not significant. '
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consecutively from one perch, and thus were of one song
type per male,

0f the 11 éharacteristics used in the analysis, there
wvere greater differences between than within individuals in
all but the upper and lower frequency limits (Table 4y,
The most significant differences between the songs of
individuals occurred in the number of syllables per soang,
the rate of note utterance, and the frequency modulation of
both the ascending and descending notes in a syllable.

No two individuals had songs which were similar in all
song parameters, and an individual male could be
discriminated, by a combination éf characteristics, fron
any other male. To my ears, at least one song type of a
male seemed to be individually distinct from +that of any
other male, including neighboring territory holders, and I
could individually recognize many territorial males by
their songs. It seems more than likely that the birds
themselves could do likewise.

Male Clay-colored Sparrows showed a high rate of return
from 1975 to 1976 on the two main study areas (Part A), and
therefore presented an opportunity +to investigate the
hypothesis that songs are retained unchanged from one year
tb the next. Songs used in this analysis were all recorded
in late MNay or early June. As sole song types within an
individual male are quite variable {see below), song types

between years within the same males were matched, primarily




Table 4. Analysis of individual differences among 12 Clay-colored Sparrows.l

BIRD #.
Song characteristic 1 2 3 F ¢ PL
Total song length (sec) 1.67%0.08  1.92%0.13 1.3 ¥ .08 5.66 0.0l
Iength of first buzz (sec) 0.79%0.02  1.14%0.04  0.87%0.03  100.74  0.001
Interbuzz interval (sec x 10 2) 8.8 ¥ 0.3 13.3% 0.3 8.6 X 0.2 52.47  0.001
Nurber of syllables/song 21272542 1m.4t 6.0 52.8 T 2.4 444,33  0.001
Number .of buzzes,/song 2.0%0¢ 2.4% 0.6 2.0 %0 20.97  0.01
. Number of notes/syllable 2.0% 0 2.0t 0 6.0 % g * *
Nimber of notes,/second 160.1 % 16.7 124.4% 32  2452% 2.9 389.46  0.001
Upper frequency limit (khz) 6.2 L 0.6 5.9 % 0.2 6.4%0 2.62 ns
Lower ‘frequency limit (khz) 2.3% 0.3 2.3 0.3 2.5 % 0.4 1.75 ns
FM(ascending) (hz/sec x 10™2) 0.96 ¥ 0.07 - 350.60  0.001 N
MM(descending) (hz/sec x 10°)  1.54%¥0.07  1.08%0.07 1.25% 0.1  19.50  0.001

1. Each value repifes_ents the mean of measurements taken of five songs per bird, with standard deviations
given per mean. The songs of three males are represented in this table: the songs of the remaining nine

are given in Appendix 6. One-way analysis of variance (Sokal and Rohlf 1969) was applied to each of the
11 characteristics of the song for all 12 birds.
* The number of notes/syllable did not vary within each bird.

€6
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on the basis of the number of buzzes per song.

Out of the 20 males which had been tape-recorded in
1975, 13 returned in 1976. A comparison of their s0Nngs
showed that there was a high correlation between the two
years for all ten cﬁaracteristics {Table 5). Althéugh
songs within +the repertoires of individual males were not
chosen at random, and were deliberately matched between
years, nevertheless the result‘that no other differences
between years appeared indicated that at 1least one song
type for each male was retained from one year to the next.
Tape-recordings 1in 1975 were not sufficient to allow
comparisons of all song types within a male's repertoire

between the two years.

Song_repertoire and song matching

Observations in 1974 suggested that individual male
Clay-colored Sparrows had more than one song type in their
repertoire. In 1975, observations on 13 males  in mid-pMay
indicated that at least one characteristic, the number of
buzzes per song, was variable for 11 {85% of the males
{Table 6). Therefors in early June 1976 the repertoires of
six males were recorded, from different perches within
their territories. The repertoires of two males are given
as exanmples 1in Table 7, and the ‘repertoires of the
remaining four in Appendix 7. An interesting pattern

emerges frcom these resuits. Some individual males appear




‘Table 5. Similarities in songs between years in Clay-colored Sparrows.

Nunber of 1975 1976 Paired A
Song characteristic ' males Meanl l.vban:‘L t-test r
Total song length (sec) 13 1.71 1.70 0.38 0.84
Length of first buzz (sec) 13 0.72 0.72 0.37 0.99
Interbuzz interval (sec x 10°2) 13 11.3 11.4 0.05 0.84
Nunber of syllables/song 13 137.8 141.8 0.65 0.99
Number of notes/syllable 13 2.8 2.8 0. 1.00
‘Number of notes/secand 13 201.0 200.2 0.58 0.99
Upper frequency limit (khz) 13 6,1 6.0 0.94 0.90
Iover frequency limit (khz) - 13 2.3 2.5 0.97 0.86
FM(ascending) (hz/sec x 10_2) 6 2.66 2.62 1.16 : 0.98
FM(descending) (hz/sec x 1072) 1 1.69 1.68 0.35 0.99

1. Eéch value represents a mean of the sang measurements of 13 males, except for the FM(ascending) and ‘
FM(descending) characteristics wirich were absent in some son gs. None of the t-tests is statistically
significant (P) 0.05), whereas all of the correlations are (P< 0.01).

L6




Table 6. Frequency of occurrence of various nunbers of buzzes per song for 13 males observed for varying

tJme perlods in mid-May 1975.

Nunber of buzzes/song

Date Male 1 2 3 4 5 6 7 g

Total number of

Duration of

9 10 songs observation period (min)
14 May A -3 72 2 - - - - _ 68 12
B - 83 13 - —~ - - - 4 _ 96 15
c 35 - - - - - - 4 4 - 35 7
D - 49 1 - — 1 4 4 31 - 90 15
E - 65 10 — -~ - - . _ _ 75 11
F -~ — 34 — 6 1 14 - - 56 10
G - 86 7 - - - - 1 95 12
15 May H ~ 92 43 - - - - - _ . 135 21
I - 24 6 - —- 8 — - - _ 38 10
J - 19 9 - - - - 5 _ _ 33
K - 20 - - - 4 7 - - 31
L - 72 6 - - - = - - - 78 13
M 4 - - - - - - - - _ 44 7
Total . 79389 136 20 8 14 25 11 31 1 874 145

86




Table 7. Comparison of songs delivered from different perches (a -~ d) for two males.l

Male #2

Male #1
Song characteristic _ a b c a F P< a b c 4 F P<
Total song length (sec) 1.82 3.28 2.63 1.86 51.6 0.001 1.96 2.92 1.30 1.81 111.7 0.001
Iength of first buzz (sec) 0.95 0.53 0.66 0.94 54.6 0.001 0.61 0.34 0.56 1.09 29.3 0.01
Interbuzz interval (sec x 10°2) 12.3 14.7 14.0 12.0 29.8 0.01 12.5 21.7 12.6 11.5 191.1 0.00l
Nunber of syllables/song 75.0 286.3 250.0 78.3 373.7 0.001 143.0'261.3 98.7 135.7 405.7 0.001
Nurber of buzzes/song 2.0 6.0 3.7 2.0129.0 0.001 3.0 5.0 2.0 2.0 65.0 0.001
Number of notes/syllable 2 1 1 2 - 1 2 1 2 -
Nunber of notes/secand 90.8 111.6 112.3 89.9 46.3 0.001 81.9 279.6 84.6 253.2 317.8  0.001
Upper frequency limit (khz) 6.5 6.2 6.5 6.3 1.8 ns 6.0 6.0 6.0 6.0 — %
Lower frequency limit (khz) 2.2 2.0 2.0 2.3 1.8 ns 2.3 2.0 2.7 2.0 7.3 0.05
M(ascending) (hz/sec x 10°2) 0 2.62 2,50 0 31.4 0.0 0.75 0.62 0.88 0.84 398.8 0.001
FM(descending) (hz/sec x 1072)  1.46 1.03 1.06 1.51 85.8 0.001 0.68 1.28 0.66 0.78 520.8 0.00L

1. Each value represents a mean of measurements taken of four songs from a given perch for each bird. The data were

analyzed by one-way analysos of variance (Sckal and Rohlf 1969).
* The values for these characteristics did not vary within song types.

66

o g g% g gy i




100

to have more than one song type, and they sing these scng
types from different song perches. However, they may also
sing the same song type from more than one perch., HNale #1
had essentiaily two song types, the first sung on perches a
and d, and the other on peréhes b and <. The only
differences between the songs on perch t and ¢ appear to be
a result of the number of buzzes per song, and hence song
length and the number of syllables per song, all other
characteristics being similar {Table 7). Birds #2 and #5
also had two song types, sung on different perches, whereas
birds #3 and #4 sang essentially one song type, almost all
variation in the analyses being caused by a change in the
number of buzzes per song, the structure of the syllable
remaining uanchanged {Appendix 7).

Bird #6 had the most variation of all birds. There
appeared to be three song types, one on perch a and C,
which varied only with respect to the number of buzzes per
song, a second on perch b, and a third on perch 4 {Table
7.

In only one case {bird #5) did a male sing a type of
song on a centrally located perch that was not also sung on
at least one peripherally located perch'{Table 8). . One
male did not sing from a central perch during the
observation and tape-recording sessions. The other four
males éang one type of song on a central perch and the same

s0ng type on at least one peripheral song perch. Thus




Table 8. Suﬁma.ry of sang types and song perches in relation to the position of the perches

in the territory.
Iocation of song perch Nurber of Nuvber of song types sung from: g
Male # Central Peripheral song types central perches peripheral perches ‘
1 1 3 2 1 2 ﬂ
2 1 3 2 1 2
3 1 4 1 1 1
4 0 3 1 0 1
5 1 2 2 1 1
6 1 3 3 1 3
-
o
I._l
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there was no consistent pattern of different song types
Wwith central versus peripheral areas of the territory.

As nests tended to be built at the periphery of the
territory {Part <), it was possible that a change in song
type with change in song perch was related to the distance
of that perch from +the nest, and hence the female. .The
number of song types given from perches on the half of the
territory 1lying nearest to the nest and those given from
perches on the half of the territory 1ying furthest fronm
the nest for five males are givenm in Table 9. I 4id not
locate the nest of one male (#5) until six days after I had
tape-recorded his songs, hence I have omitted +this bird
from the analysis.

Hales #3 and #4 had only one song +type in their
repertoires, which they sang on both near and far song
perches. Of the remaining three males, two (#2 and #6)
sang different song types on near and far perches and one
male (#1), with two song types in his repertoire, sang both

types near to the nest but only one far from the nest. In

each of these +three males, one song type was given -

exclusively near *o the nest, There was a similarity in
the song type given exclusively by these three males {#1,
#2, #6) on near perches. This song type was the longest
{in seconds) and had the most number of buzzes in each of
the bird?'s repertoire.

It 1is also possible that the occurrence of different




Table 9. Comparison of number of song types with distance of singing perch from the nest

in the Clay-colored Sparrow.

Total number of

Near Perches

Far Perches

Number of Number of Number of Number of
Male # song types near perches song types far perches song types
1 2 2 2 2 1
2 2 1 1 3 1
3 1 2 1 1 1
4 1 2 1 3 1
6 3 1 1 3 2

€0T
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song types was in some way related to a tendency for
neighboring birds to share or match at 1least sone
characteristics of their songs. To test this possibility,
songs of neighbering territorial males were compared., As
all territory holders in 1975 wers color-banded, it was
possible to identify returning as well as new territory
holders in 1976. The songs of both groups were recorded,
and the tape-recordings compared between pairs of new and
returning neighbers, between pairs of new neighbors, and
between pairs of returning neighbors.

There was no evidence from the analyses {Table 10) that
neighboring males sang *like' songs if the males were both
new territory holders or if they were both returning
territory holders; they did not match songs, at least with
the neighbor against which the test bird was tested. There
was only wéak evidence of similarity between neighbor?s
songs when new and returning males were compared. Only one
characteristic, the frequency modulation of the ascending
note of the syllable between returning and new males, is
significant (P < 0.05).

Observations in 1974 suggested that neighboring males
were countersinging by matching the number of buzzes per
song. To test this hypothesis, I «carried out playback
experinments Wwith songs of different numbers of buzzes. I
alsoc simultaneously collected information on the hypothesis

that a different pumber of buzzes within a song conveys




Table 10. Comparison of songs of neighboring Clay-colored Sparrow territory holders.

Song characteristic New1 New r Old2 New r 014 0old r

Total song length (sec) 1.80 1.8 0.11 1.67 1.79 0.19 1.69 1.75 0.50
ILength of first buzz (sec) 1 0.82 0.92 0.45 0.78 0.68 0.16 0.70 0.69 '0.11
Interbuzz interval (sec x 10'-2) 11.2  10.9  0.02 12.1  11.3 0.54 10.3 11.9 0.46
Number of syllables/song 170.4 126.2 0.10 177.0 150.5 0.31 121.3 163.0 0.53
Nunber of buzzes/song 3.2 2.8 0.15 2.6 2,3  0.13 2.7 2,9 0.14
Number of notes/syllable 2.8 2.8 0.33 1.8 2.8 0.33 2.7 2.3 0.39
Number of notes/second 206.4 212.3 0.32 197.7 225.3 0.12 204.7 193.1 0.46
Upper frequency limit (khz) 6.2 6.0 0.23 6.2 6.1 0.21- 6.1 6.2 0.1l
Lower frequency limit (khz) 2.3 2,3 0.26 2.3 2.2 0.45 2.3 2.4 0.25
FM(ascending) (hz/sec x 10™2) 1.89  2.04 0.47 2.42 2.25 0.72% 2.88 2.43 0.35

FM(descending) (hz/sec x 10-2) 3.02 2.87 0.56 2.00 1.98 0.19 2.22 1.68 0.25

Nunber of pairs analyzed 9 12 11

1. 'New' refere to a territory holder establishing a territory for the first time  and 'old' refers é
to a male returning to the territory he held the year before on the study areas.
* P<0.05. None of the other r values is significant.
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different iﬁformation to the recipient, and hence might
elicit a different response.

The general response of a male to the playback was to
stop singing and fly close to the loud speaker and mounted
bird. Some test birds remained close to the 1loud speaker
for the duration of +the three-minute playback period,
~constantly flying back and forth over the mount, without
uttering an audible vocalization. Others would fly to a
perch close to the speaker, after making a few flights-over
the mount and speaker, and there begin to sing. |

The visible responses are summarized in Table 11. There
was no significant difference between the responses of
individual males to a 'short? song {two-buzz) as opposed to
a *long? song {eight-buzz), {T = 11.5, Wilcoxon
matched-pairs signed rank test). Individuai males iended
‘£o. be consistent in their level of response to both of the
playback tapes. Thus, differences in number of buzzes per
song did not invoke different visible responses from
territorial males.

The audible TrTesponses to the playback tapes are
summarized in Table 12. One individual {male #2) did not
leave his song perch during either of the playback
experiménts, nor did he change his song. He did however
increase his rate of singing during the playback period
with the *iong?'? song, and maintained it at pre-test levels

for the *short!' song on the following day. This was in




Table 11. Indices of visible responses of individual males to playbacks
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of two experimental tapes.l

Male # 'Short' song2 'Long' sczng2
1 7 7
2 3 3
3 8 9
4 6 8
5 9 9
6 8 9
7 7 7
8 6 5
9 8 9

1. Each value represents the sum of three ranks, obtained as outlined in

- Table 1. ,
2. 'short' song = 2-buzz
experimental playback.

experimental playback, 'Long' song = 8-buzz

SR




Table 12. Axiible responses of individual male Clay-colored Sparrows

to playbacks of two experimental tapes.

Number of songs delivered per
three mlnute period

Mean number of buzzes
per_song

Male # Before - During After Before During After
1 18 4 30 3 6 3.2
2 19 28 24 2 2 2
3 15 0 10+ - - -
4 15 0 12 - - -
5 12 10 — - -
'Lcng'2 0
6 10 3 12 2 5.5 2.2
song
7 12 2 15 3 3.4 3.2
8 19 12 15 3 3 3
9 12 4 15 2 7 2
Total 131 53 143 15 26.9  15.6
Mean 14.7 5.9 15.9 2.5 4.5 2.6
1 17 6 18
2 16 18 18
3 17 0 5 - - -
, 4 16 4 15 2 3 2.4
'Short' 5 17 0 15 - - -
sang 6 12 6 10 2 2.5 2.2
7 15 10 10 3 3 3
8 18 12 3 2.6 2.8
9 15 13 2 2.4 2.2
Total 143 53 116 17 21,5  17.6
Mean 15.9 5.9 12.8 1.9 2.4 2.0

1. Before, During and After refer to three
during and after playback of each exper.

minute time intervals before,
; imental tape. o
2. See Table 11 for definitions of 'long' and 'short’ songs.
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contrast to the general response of the eight remaining
test birds, all of which reduced their rate of singing
during the playbacks. For all birds cbmbined, the
reduction in the amount of singing during the playback
period was significant (%long? song, F = 5.73, P < 0.05;
*short! song, F = 9.40, P < 0.01).

There is some evidence that males changed their songs by
increasing the number of buzzes per song when responding to
the *long' song (F = 5.01, P < 0.05), whereas there were no
changes in numbers of buzzes when +the 'short? SOng Was
played back (F = 0.#1, not significant). This result is
consistent with the hypothesis that the number of buzzes in
one male's song is influenced by the number of buzzes in
another wmale's song, and hence provides some evidence for

song matching.,
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Dialects and individual differences

Several members of the Fringillidae exhibit song
dialects {review in Lemon 1975; Mundinger 1975, Eberhardt
and Baptista 1977). 1In the Clay-colored Sparros, however,
there 1is a lack of conformity in the songs of birds within
a locality, and dialects apparently do not exist, as the
differences in songs of .Clay-colored Sparrows more than
200km apart are no greater than the differences within
localities, Further, there is at best only weak
experimental evidence that males match songs {there is some
copying of the number of buzzes per song). There is very
little evidence that they do so under natural conditions
{Table 10).

The lack of evidence for the existence of dialects in
this sparrow correlates wiﬁh large variations between
individual males ﬁithin an area. Individual variation in
song between adjacent irdividuals within a population has
been shown to occur in almest all studies conducted on
passerines {c.f. Marler and Hamilton 1966). Most studies
on dialects, in spite of this individual variation, have
however been able to identify some characteristic which has
less variation within a 'xpopulation than between
populations. No such characteristic was identified fronm

among the eleven song parameters measured in this study.
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If populations are isolated geographically or
ecologically, dialects can develop {Nottebohnm 1972,
Mundinger 1975). 1Isolating mechanisms such as geographical
separation or ecological differences are probably not in
operation on a local population level in the Clay-colored
Sparrows in the central plains of North Ameriga, as
populations are not widely separated and occur in the sane
sorts of habitat on a broad geographic scale.

There 1is a high return rate of adult males to the
territory which they held the previous year {Part 1), and
males retain the same song from one year to the next {Table
5) . However, no evidence was obtained of young returning
to their natal areés; no banded nestling, from a total of
146 banded over 3 years, was subsequently located on either
study area in any year {Part A), thus no informaiion on the
transmission of song types from father to son is available.
The essential questions then are where and when does a male
Clay-coclored Sparrow crystallize his song. If song
learning in the Clay-colored Sparrow occurs in +the bird's
first fall, and the young birds do not show site tenacity,
then dialects could not easily occur. On the other hand,
it song learning occurred in the bird's first spring, then
dialects could develop {see Kroodsma 1974, Thompson 1976) .,
However, new territory holders in the Clay-colcred Sparrow
did not copy an established neighbor’s song {Table 10).

Thus, whenever the sensitive period for song learning
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occurs 1in the Clay-colored Sparrow, it does not appear
conducive to the establisbhment of dialects.

Nottebohm (1969, 1972) and Nottebohm and Selander ({1972)
hypothesized that dialects function to promote 1local
adaptation. The difference in songs between populations
inhabiting adjacent but different habitats might limit gene
flow, and thus enhance the adaptation of each population to
its own lbcal conditions. Dialectal differences correlate
with genetic differences among populations of the

White-crowned Sparrow Zonotrichia leucophrys {Baker 1974,

1975), and changes in song pattern occur at points of
abrupt habitat shifts in the Chingolo Z. capensis
{Nottebohm 1969). 1In the Clay-colored Sparrow, then, one
would not expect that dialects would develop across the
great plains of North America, which is a broadly
homogeneous area, but they <cculd presumably occur in
populations occupying habitats on the fringe of the central
plains, such as the mountain valleys of British Columbia or
in the young forest plantations of eastern North America
{Bent 1968), Comparisdns of .songs between these fringe
areas remain to be made.

Finally, +the apparent 1lack of dialects in the
Clay-colored Sparrow suggests that ‘'dialect-specific
assortative mating?' {see Nottebohm 19569, Avery and Oring
1977y, in which a female's choice of a mate is influenced

by his song dialect, is not in operation in the.
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Clay-colored Sparrow. This may be partially due to the low
rate of treturn between years of female Clay-colored

Sparrows {(Part A).

The_significance_c¢f song rerpertcires

Much information is coded in the song of a bird {e.9g.
Erlen 1971p, Falls 1969, Shiovitz 1975), and it is
generally acknnwledged that different songs or variants of
a given song may carry different information, especially
modifying information such as probability (Smith 1977) or
motivation level {Falls 1969Y). MNoreover the sane 'messaqge?
in the song from one individual may have different meanings
- to the recipient, depending on the context given, and the
meaning may differ for different recipients (Smith 1969,
1977y, In the <Clay-colored Sparrow, the change in song
with change in song perch - is intriguing.» What +type of
information «change, if amny, is associated with different
songs given from different ' perches, and w%at is the
functional significance of the different songs?

Morse {1970) contended that, in the Black-throated Green

Warbler (Dendroica virens), separate song types are used in

different <functional contexts, one type for territorial
defense and the other for courtship and 'pair-hond
maintenance, whereas Lein {1972) argued that song types in
this warbler represent segments of a motivational

continuum, As the first of these interpretations is
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functional, and the second <causal, they need not be
mutually exclusive, One can predict +that, for both of
these arguments, songs uttered from centrally located song
perches would be different from those uttered from
peripherally 1located ones within a male's territory.
Morse's argument would predict that a central song perch
would be closer to the nest, and hence the female, thus a
song type functioning in pair-bond maintenance should be
given more fréguently on central rather than on peripheral
song perches, Lein's argument, which is partly based on
sensory stimuli {presence or absence of males nearby),
would predict that where a bird feels most secure, or less
aroused {the centre of his territory), he should give one
type of song, and this type shoﬁld gradually change as he
moves into areas in which he feels 1less secure, or  more
aroused {the peripher§ of his territory).

In the Clay-colored Sparrow, there is some evidence that
song types are being used in different functional contexts,
Three out of five males used one song type exclusively
vhilst on a song perch close +to the incubating female,
‘which is at least consistent with the idea that a song type
is used 1in pair-bond maintenance, but is also consistent
with other interpretations. There is also some evidence
that male Clay-colored Sparrows may have been using special
songs to convey information to the female later in the

breeding cycle. On 13 occasions, whilst I was collecting




115

intformation <from blinds on nestling foods (Part A, 1
observed the following behavior: a male presented food
elther to the nestlings whilst the female was also present
or to the female who then fed the food to the young. After
doing so, the male flew to a conspicuous perch close to the
nest, uttered a *long' song in the form of many short
vbuzzes {between 8 and 15) and with short interbuzz
intervals {for three songs, a mean of 0.057 seconds), and
then flew off towards a food gathering area. The song w¥as
never uttered when the male was alone at the nest, and it
thus appeared as if the male was passing information to the
female by means of this song type. However, playbacks of
songs differing in the number of buzzes per song failed to
elicit different levels of response in territorial males,
hence the difference may not lie in the number of buzzes
per song ber se, but in a combination of the
characteristics of the song.

Motivational information could probably be conveyed by
modification of one song type, and Clay-colqred Sparrows do
change the parameters of songs sung consecutively of one
song type in numerous subtle ways, as well as changing song
types themselves. However, different song types were not
related to position within the territory {central versus
peripheral). It remains rpossible that song +types are
related to distance of the perch from the nest and the

female, and hence may relate to different motivational
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states of the male.

Whether or not we accept that the different song types
can be explained by either or both of the above hypotheses,
other non-mutually exclusive interpretations remain
possible. Krebs ({1977) discussed some major current
hypotheses in addition to those outlined above, that have
been put forward +to explain the significance of a varied
song repertoire. These additional hypotheées are
individual recognition, sexual selection, habituation,
matched countersinging, and Krebs! own *Beau Gegte?
hy pothesis.

Individual recognition of 1individual males by fenales
and/or cother males could be facilitated by having a small
repertoire consisting of more than one song type if a
single song type dis common to all males 1in a given
population {Verner 1976) . A large song vrepertoire,
however, would presumably make individual recognition more
difficult, and, as Krebs {1977) points out, it is probably
the least likely explanation for a large song TrTepertoire.
The fact that a male sometimes changes his song type when
changing perches argues against individual recognition as a
major selective factor favoring a large song repertoire.

The idea that sexual selection is involved in s0ng
repertoiré vrests on the assumption that females might
choose males on the basis of the size of the male’s singing

repertoire {Kroodsma 1977). For example, males with larger
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or 'better' territories might have larger song repertoires
and thus could be better at attracting females {€.9g.
Howard 1974, Catchpole 1976, Krebs 1977). Whether the
female's «choice 1is influenced by the size of the male’s
repertoire or the size or gquality of the territory in the
Clay-colored Sparro¥ is not clear. In mry study, all
territorial males attracted a female, irrespective of the
size of'their song repertoire or the size of the territory
{Part A). Further, no male attracted two fenmales. Also,
neither the size of the territory nor the number Pf young
fledged per male showed any consistent relationship with
repertoire size for six test males (Table 13).

Hartshorne {1956,1973) suggested that a varied
repertoire could function to vreduce bhabituation in the
listeners. According +to this hypothesis, if a bird sings
the same song repeatedly, the song will tend +to 1lose its
effectivéness as a signal because of habituation by the
responders., In Clay-colored Sparrows, no two0 consecutive
songs, even within one song type, are identical, and most
birds examined had more than one song type. Thus, reduced
habituation appears to be a possible hypothesis to explain
variations both within and between song types in this
species, Why such a reduction in habituation should be
favored by natural selecticn remains less clear, however,
since habituaticn provides a potentially adaptive means of

reducing unnecessary responses to individunally recognizable
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Table 13. Cawparison of repertoire size with size of territory and

nunber of young fledged per territory (as calculated in Part C) in a
sample of Clay-colored Sparrows.

Number of Size of Number of young
Male # song types territory (m2) fiedged/territory
1 2 645 | 4
2 2 585 2
3 1 648 0
4 1 545 2
5 2 786 0

6 3 760 3
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neighbors (Falls 1969Y). Further, retention of song from
year to year, as occurs in the Clay-colored Sparrow, may
fanction in reducing aggressive encounters between
returning males, and habitwation is possibly the basic
mechanism involved in maintenance of lowered aggression
levels between adjacent territory holders,

Song type matching by countersinging neighbors, which
has been found in numerous species {review in Verner 1976),
yrpvides another possible interpretation for the occurrence
of a varied song repe;toire. Verner argues that’ matched
countersinging has been important in the evolution of
different song types in the ZLong-billed Marsh Hren
Ielnatodytes palustris, by functioning to maximize
attentiveness between neighbors (1976:289).

There 1is some evidence +that matched countersinging
occurs 1in Clay-colored Sparrows, as some males altered
their songs, at least in the numﬁer of buzzes per song, to
approximately match an experiméntal playback. However,
comparisons of song types between adijacent territory
hoiders revealed no obvious pattern. If matching during
countersinging is important in territory maintenance, then
one might expect it to occur most obviously in those nmales
which are establishing territories for the first tinme.
Extensive similarities in song figures have been found

between old and new territory holders in several passerines

{e.g. Thompson 1970, Lemon 1965, 1967, Kroodsma 1974).
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This is not the case in the Clay-colored Sparrow. Only one
characteristic of the songs of new territory holders was
significantly correlated with those of adjacent returning
territory holders, Countersinging, by dincreasing the
number of buzzes, thus occurred only when a male. appearsad
"threatened" 1inside his own territory during playback
experiments,

The *'Bean Geste"hypothesis, proposed by Krebs (1977},
states fhat Trepertoires have evolved in the context of
density assessment. Accoerding to this hypothesis,
territorial birds may increase the apparent density of
'singing territorial males in a given area by use of a
varied repertoire, so that non-territorial birds, using
song as a means of assessing density (see Fretwell 1972)
and hence suitability of an area for nesting, maf be
dissuaded from attempting to establish a territory there.

The evidence from this study is consistent with the
*Beau Geste?'! hypothesis, Firstliy, there must presumably be
a surplus of males which are prevented from taking a
territory by the territory holders. Removal expebiments
{Part () showed that such a surplus existed. Secondly,
Krebs (1977) predicted that changes in perches should
synchronize with changes in song types, which is evident in
this study. Lastly, Krebs argues that the hypothesis
should apply to discontinuous singers with small

repertoires. The Clay-colored Sparro¥ is a discontinuous




121

singer, as its continuity value ({calculated by dividing
song length by its cadencel, Hartshorne 1973) is less than
0.20. TIts repertoire is also small, up to three song types
per male, although it 1is difficult to see how this is a
prediction {Krebs 1977) of the hypothesis, as fewer song
types per male mneans 1less 'Bean Geste! effect.‘ Krebs
{1977) also states that the hypothesis is most 1likely to
apply to birds 1living in dense habitats, where singing
males are not easily visible. This is not the case in the
Clay-colored Sparrows, which inhabit a reiatively open type
of habitat.

The ditferences between the 'Beaun Geste! and matched
countersinging‘hypotheses relate primarily to the targets
at which the songs are aimed, the first at non-territorial
males and the latter at a neighboring territory holder.
But the end result could be the same in both cases, in the
maintenance of the territorial system by matching songs

with neighbors whilst simultaneously creating a false

-impression of density to non-territorial birds. The same

system could simultaneously be favored by sexual selection.
Moreover, these evolutionary explanations are consistent
with the possibility that song types also differ in
functionally meaningful ways, according to the proximity of
the female, which could in turn provide a motivational

g

1a Cadence 1s defined as song length plus length of the
following silent interval (Dobson and Lemon 1975)
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basis underlying the causation of the different song types.
Thus it is probably not practical to search for any single
*function' of song repertoire, but rather to consider its
adaptive consequences by asking the guestion: how does the
size of an individual‘?s repertoire maximize that
individual?s fitness?

In summary, then, I have found that dialects do ﬁot
occur in the Clay-colored Sparrov in localities widely
separated from each other, in spite of the fact that some
conditions exist for the establishment of dialects, such as
the retention of at least one scng type from one yearl to
the next and a high return rate of males in consecutive
years. The lack of dialects is not because all males have
a similar song type, but rather is associated with a large
amount of wvariation in songs between individuals both
within and between populations. The hypothesis that song
dialects function to promote adaptation to local
environmental conditions is at least consistent with the
situation in the <Clay-colcred Sparrows, for one would
predict that in a homogeneous environment occupied by
contiguous populations, as is the case for the populations
I studied, dialects would not easily develop.

kN ﬁext found that most Clay-colored Sparrows examined
had more than one song type in their repertoires. Several
possible selective forces could be active in determining

the width of song repertcire. Individwual recognition and
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sexual selection appear uniikely in view of the change of
song type with the change of song perch. Some evidence was
obtained that was consistent with wmatched countersinging
(under experimental conditions only) and the conveyance of
ditferent information to speciftic targets, but the data are
pérhaps most consistent with Krebs' ?!Beau Geste! hypothesis
as an explanation of the significance of song repertoire in

the Clay-colored Sparrow.
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OPTINOM SIZE OF TERRITORY IN THE CLAY-COLORED_SPARROW,

Spizella pallida
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INTRODUCTION

‘Spacing systems in populations of animals are products
of the relationship between wecological and behavioral
forces., Several reviews of aviaﬁ soccial systems have
concluded that the spacing system in a bird population is a
joint adaptation to food distribution and safety fron
predators afforded by available nesting sites {Crook 1965
Lack 1968; Horan 1968; Orians 1971; Brown 1975; Wilson
1975) . sSize of territory in a territorial spacing systen
‘should then be a compromise between these forces of food
and predation, Within a given nesting habitat, there
should presumably be a certain size of\territory which is
more frequently defended than others, and this size could
be optimum in terms of reproductive success. I examined
this postulate for two populaticns of Clay-colored Sparrows
in southwestern Manitoba.

I first determined the size of the territory defended by
the sparrows. I determined the position of the nest within
the territory, and I then investigated the hypothesis that
nest 'spacing was influenced by predation on the nest
contents {e.g. Horn 1968, Post 1974). I also tested the

hypothesis that variabiliity din size of territory is a
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result of different 1levels of aggression of individual
territorial males. I then investigated several other
proximate factors which could influence size of territory,
such as pressure from mneighboring males, variations in
habitat structure, and age of the territorial male.

As food 1is not gathered within the territorial
boundaries {Paft 4), territories located around the
periphery of the nesting habitat might be favoured over
ones located in the centre of the nesting habitat, as the
birds might have shorter flight lines to feeding areas, and
hence expend less energy. There should therefore be mnmore
potential <competition for peripheral territories, and I
hypothesized +that this would result in peripheral
territories being smaller, enjoying higher reproductive
suceess, and/or being occupied first.

It is possible that all birds present on the area
established territories, territorial behavior working
merely to distribute the population evenly. The size of
the population and hence the territories could have been
determined by other factors, such as  mortality on the
wintering grounds. An experimental demonstration of a
surplus population, potentially capable of breeding but
prevented from doing so by the territorial behavior of the
territorial birds, constitutes one effective Ymethod of
experimentally refuting this hypothesis {e.g. ¥Watson and

Moss 1970). I therefore carried out removal eéxperiments to
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test for the existence of such a surplus.

Finally, I investigated the possibility

that the most

frequently defended size of territory was optimal in terms

of reproductive success,
reproductive fitness
territory.

Size of territory in this sparrow has been

individuals

by defending a

maximizing their

particular size of

reported as

being quite " small, between 0.1 and 0.4 ha {Fox 1961; Salt

1966; Bent 1968), although in
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METHODS

T et e ot

Two populations of Clay-colored Sparrows were studied in
southwestern Manitoba near the town of Lyleton during the
breeding seasons of 1974, 1975 and 1976. The two areas
were about 12km apart, between 5.5 and 5.%ha in size, and
each contained extensive stands of low shrubs, principally

Symphoricarpos occidentalis. The male Clay-colored

Sparrows established their territories over these stands.
Over 800 birds were banded during the study, and all
territorial pairs during the last two summers of research
verse color-handed, thus permitting recognition of
individunals. Males showed a high rate of return from one
year to the next, and in general returned to the territory
they held the 7year before. Females on the other hand
showed a low rate of return, and rarely returned to either
the same territory or the same mate in succeeding years.
Dgring the cou;se'of the study, 232 nests were located, and’
for each nest its outcome and its position within the
territory were determined. More details are given in Part

A,

Determination of territorial boundaries and sizes

Territorial boundaries were determined after the
ma jority of males had arrived, Males westablished

territories guickly {Part Yz no trespassing of
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neighboring wmales was recorded after 20 May, and the
territory did not vary in size or shape until late into the
breeding season, at the time when adults were occupied in
feeding fledged young., Betermination of territorial
boundaries was greatly facilitated by the topography, which
was essentially flat and thus allowed a wide uninterrupted
view of large portions of a study area and greatly aided
observations on the movemenis of individual birds and of
pairs of adjacent territorial males. Alsé, the computation
of size of territory was helped by the fact that there was
a very small vertical component in the low shrub
copmunities defended by the sparrows.

Territorial boundaries gere determined using the
following information. The nost important criteria were
the number and location of song perches. HMales perched
conspicuously whilst singing and they frequently changed
song perches bpetween bouts of singing. Song perches were
the exclusive property of particular territorial males; no
two males were ever observed to use the same song perch
once territories had been established. Boundaries were
fixed at the mid-point between the nearest song perches of
adjacent territorial males, and these perches were rarely
more than 5m apart. Several observations on the behavior
of territorial males tended to support this procedure.
¥hen a non-territorial bird appeared on the nesting

habitat, it would be chased out of one territory into the
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next, the neighboring male taking over the chase once the
intruder had peen chased across +the territorial boundary
into his territory. Aiso, males could be flushed from_
shrub to shrub within the territory ({the *territory <£lush!?
technique of Wiens 1969, 1973). Each male was flushed no
tewer than ten times, and the male kept within a clearly
delineated area. If a male was driven to his territorial
boundary, he either doubled back behind the observers or
made a prolonged £1ight directly to a neighboring bluff,
soon returning once the disturbance had passed. In  all
these instances, males would not venture peyond their
peripheral song perches for more than a netre or S0,
indicating that the song perches around the periphery of
the territory were a reaSonable gnide to the extent of the
territory.

As few as six peripheral song perches and ten flushes
were sufficient +to determine with a high degree of
assurance the boundaries of some males? territories,
especially those with particularly smalil territories or
those which had peripheral territories with an undefended
boundary {(see below). The boundaries of other males?
territories were less easily discovered. Thus, in order to
obtain a more precise measure of the boundary between some
neighboring males, I placed a tape recorder at what I
judged to be the boundary between two territories. I

placed a mount of a Clay-colored Sparro¥w close by, ‘then
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played back a tape of a territorial Clay-colored Sparrow
song. In most instances, both males apéroached the tape
recorder, perched close by, and often sang; this was
interpreted as indiéating that the tape recorder was close
to, or on, the nmutual territorial boundary between
neighboring males. In one instance, a male approached and
-attacked the stuffed bird, evidently indicating that the
tape recorder had been placed Ffar into that male's
territory. This playback method has been used successfully
to determine boundarieé in <cther territorial passerines
{see Dhondt 1966; Krebs 1971: Cederholm and EXman 1976) .

Once territories appeared settled, that is when a ©pair
ot sParrows couid be consistently and reliably found within
an exclusive area of +the nesting habitat, and nales
Tepeatedly used a number of song perches within that area,
I plotted the territorial boundaries on aerial photoegraphs,
and determined size of territory by compensating
planimeter. The photographs were taken directly voverhead
and verified by actual ground measurements on the study
areas.

Figure 1 shows an example of territories on one study
area. Territorial boundaries are contiguous, and

territories cover the nesting habitat, which closely

corresponds with the distribution of Symphoricarpos on the
study areas. Areas surrounding the nesting habitat, such

as marshes, tree bluffs, weedy fields, and pure stands of
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Figure 1. Aerial photograph of Study Area #2, showing
extent of nesting area {thick black 1line} and the
territorial boundaries {thin black iines) of the
territorial males. The most prominent clumps of vegetation

are aspen bluffs., Peripheral territories are marked 'p'.
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other shrubs such as Elaeagnus commutata were not defended.

The locations of peripheral territories are also indicated

in the figure.

Internest distances and nest predation

Oone method used to investigate the possibility that
predaticn is correlated with nest spacing is to 11ook for
different rates of predation on nests at different

distances from nearest neighbors ({Horn 1968; Krebs 19773

Post 1974). I thersfore took direct field measurements of‘

the distances between nearest active nests, after the young
had fledged, and comparsd these distances between
successful and unsucceséful nests. I analyzed one time
period, early June, in 1975, aﬁd three time periods over
‘the course of the breeding season in 1976, In all
analyses, I only considered blocks of contiguous
territories such that the distances between the closest
active nests were known. No nest was used in more than one
analysis, and I used the 1largest number of contiqucus
territories containing active nests at one time within sach
time periéd.

I also analyzed nest 1locations to sSee if the birds
thenselves were actively spacing out their nests wiﬁhin the
boundaries of their previously established territories. To
do this, I tirst ﬂetermineé whether nests were selectively
placed within 5m of the periphery {cortex) or nearer the

centre {corg). In addition, I generated hypothetical
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random distributions of nests within the territories, and
compared the distances between pairs of nests from the
hypothetical and the actual distributions. I used two
blocks of contiguous territories for these analyses. Both
blocks were on Study Area #2; and the territories contained
active nests during the early part of the breeding season.
All nests were thought to be first nesting attempts.

I generated a hypothetical random distribution of nests
by dividing the boundary of each territory into 12
sections, assigning a number to each section, and
determining in which section a nest was to be located from
tables ¢ random numbers. Each hypoﬁhetical nest was
arbitrarily located on the territorial boundary, as the
Clay-colored Sparrow had a pronounced and repeatable
tendency to nest at the edge of the territory (see below) .
The distance between tyo nests was determined from randonmly
picked rairs of numbers between adijacent territo;ies, The
data were analyzed by comparing the distances between the
corresponding pairs of nests from the hypothetical and the

actual distributions.

Determination of aggressive _responses to a test stimulus

TO test the hypothesis that males with larger
territories are it some way more aggressive +than those
holding smaller ones, I conducted playback experiments in
1376 on 12 males (8 returning and 4 new territorial males)

on Study Area #1 and on 32 males (25 returning and 7 new
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territorial males) on Study Area #2. The experiments were
carried out between 17 May and 23 May, between 0600 and
0300 hours. The experiment consisted of two test periods,
a three minute control period followed by a three minute
experimental playback. The test scng was a three;buzz song
of a male which was tape recorded about 30km southeast of
Study Area #2. The tapes were played back through a loud
speaker at constant volume. The speaker was placed
centrélly in each territory, and a mount of a Clay-colored
Sparrow in a perched position placed on top of the speaker.
This experimental design is similar to the one used in 1975
in Part B. Four responses vere measureds: the ciosest
approach to the’speaker/mount, the latency of response, the
number of flights over the speaker/mount, and the change in
song rate between the control and the experimental time
periods. 1Information was recorded into a portable Sony

tape recorder and later transcribed.

Vegetation structure analysis

Variations in habitat structure have been sShown to
influence size of territory in sone passerines {e.g. Wiemns
1973, Martin 1974). In 1974, casual observations on size
of territory and vegetational features/of the study areas
suggested that the Clay-colored Sparrows defending large
territories appeared to incorporate areas im which .

Symphoricarpos was sparsely distributed. Conversely, small

territories were often to be found in dense homogeneous
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stands of Symphoricarpos. Therefore, I ran line transects
the following year on both study areas in order to test the
hypothesis that size of territory is influenced by +the

relative amounts of Symphoricarpos. The transect method I

used vwas the line intercept technique, as it is both rapid
- to perform and well suited for analysis of 1oy shrub stands
{(Smith 1974).

Line transects were run in early May 1975, in an
east-west direction. Twenty transects, about 12m apart,
were run on each study area, aﬁd each transect was 210m in
iength. " A tape was 1aid oyver the vegetation, and the
percent ground cover which laid directly below the transect
¥as visually estimated by perpendicular projection from the
tape onto the vegetation., The transects were transferred
onto a map of the study area in question, and a map of the
territorial boundaries was superimposed onto each study
area map. Thus, each territory overlay part of at 1least
one transect.

The vegetation within a territory wasv measured at
intervals of approximately one metre in length along the
transects, = For the purpose of analysis, I expressed each
intercept length as a function of the amount of

Symphoricarpos present within that length. For example, a

one metre intercept of grass alcne would be recorded as 0%

Symphoricarpos, one in which 70% of the ground cover was

Symphoricarpos and 30% some cther vegetation vwould be
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recorded as 70% Symphoricarpos, and so on. More details of

the analysis are given in Appendix 8. I then totalled the

amcunts of the different percentages of Symphoricarpos

within each territory, and compared these totals between

territories of different sigzes.

The_removal experiments

In order to test the hypothesis that territorial pairs
are actively spacing themselves out, I carried out removal
experiments on both study areas in 1975. On one study
area, five territorial males were shot on 19 May and on the
other study area four males were captured, transported
250km east of Lyleton, and then released, on 20 HMay. The
identity of each removed male was known before the removal,
as was the Dboundary of his territory. Two of the males
from each removal experiment held peripheral territories,
and territories experimentally made vacant did not share
copmon territorial boundaries. ' No attempt was made to
estimate +the size of the surplus, merely its existence,
The numbers of replacements, the dates of settling, and the

area claimed by the replacement birds were monitored,
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RESULTS

Size_of_territory

Mean sizes of territories were 971 m2 and 1053 m2 on
Study Area #1, and 739 m2 and 676 m2 on Study Area #2, for
1975 and 1976 respectively. When numbers of territories
were plotted against size of territory (Figure 2), it was
evident that there were ranges of sizes of territories
which were more fregquentiy defended than others, On Study
Area #1, the most frequently defended range was 800 - 1000
m2 in both vyears. Oon Study Area #2, the commonest size
range was 400 - 800 m2 in 1975, and from 400 - 600 m2 in

1976.

Size _of _territory and _location of territory within the

nesting area

Peripheral territories were, on average, larger than
central ones on both study areas in both years {Table 1).
The differences yere significant in 1976 (Study Area #1,
t = 2.28, P < 0.05; Study Area #2, t = 2.68, P < 0.01), and
were marginally insignificant in 1975 (Study Area #1,
t = 1.46; Study Area #2, t = 1.37; for both study areas,
0.1 >P > 0.05). There were no significant differences {x=2
tests, P > 0.05) in éll four analyses of sucéess rates of
nests between peripheral and central territories in two
years {Table 2). Thus, if there was greater competition

for ©peripheral territories because of their proximity to




139

Figure 2. Freguency distributien cf sizes of territory of
Clay-colored Sparrows on both study areas during 1975

{hatched bars) and 1976 {open bars).
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Table 1. Comparison of size of territory between peripheral and central territories.

Peripheral Territories Central Territories

- Number of Territory Size (mz) Number of Territory Size (m2)
territories Mean sb territories Mean SD
1975 15 991.7 476.3 12 945.8 233.3
Study Area
#1
1976 14 1052.6 316.0 8 863.1 240.4
1975 19 781.6 232.6 20 698.8 286.3
Study Area
#2

1976 22 788.7 285.6 23 537.5 308.4

ov1




Table 2. Analysis of frequency of successful nesl:s1 between peripheral anci central territories.

1975 1976
Peripheral Central Peripheral Central
Successful nests 7 6 8 7
Study Area . * *
#1
Unsuccessful nests 17 1 10 7
Total 24 17 18 14
Successful nests 6 10 18 14
Study Area * *
#2
Unsuccessful nests 15 10 24 19
Total 21 20 42 33

T

1. A successful nest is defined as ane in which e or more nestling Clay-colored Sparrows fledged.
* Not significant (X* test).
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the feeding areas, it did not result in peripheral
territories being smaller or enjoying higher nesting
success,

There was no difference in dates of arrival in 1976
between males occupying central or peripheral territories
{(Table 3. X2 =0.25, not significant}. Returning males
reclaimed their +territory of the previous years, wherever
its 1ocation; and new birds claimed whatever area remained
undefended. Moreover, in 1976, returning males reoccupied
23 out of 371 central territcries {74%) and 26 out of 36
peripheral territories {72%), indicating that the location
of territory did not affect rates of return. Thus, there
¥as no evidence to support the hypothesis that peripheral
territories were favored over central ones.

One of the more plausible explanations why peripheral
territories should average larger thanm central ones is that
pressure from neighboring males is greater in central
positions and so causes a reduction in size of central
territories {e.g. Krebs 1971, Wiens 1973). On my study
areas, there was a significant difference between thqse
territories with few {0 - 2) and those with many {3 - 6)
neighbors on Study Area #1 in both years (respectively,
P = 0.00002 and P = 0.003, Fisher's exact probakility test}
{Table 4). There was a similar trend on Study Area #2 in
both years (Table 8), although the differences were not

significant (X2 tests, 0.1 > P > 0.05 for each year).
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Table 3. Arrival dates (early or late) and location (peripheral or
central) of territory occupied by Clay-colored Sparrows in 1976, both
study areas combined. :

Location of territory

Central Peripheral Total
Farly 17 23 40
Date of 1
Arrival
Late 14 13 27
Total 31 36 67

1. 'Early' is from 1 - 7 May, 'late' from 8 - 16 May.
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Table 4. Comparison of size of territory with mumbers (0 - 2, 3 -96)
of adjacent territorial males.

Median size of 1975 1976

territory (m?) 0-2 3-6 0-2 3-6
| £ 900 5 9 0 6
Study Area
#1
$900 12 1 12 4
{750 9 12 8 18
Study Area
#2

» 750 12 6 10 9




145

Central territories on average have‘ nore adjacent
ferritories than peripheral cnes, as the latter generally
have a length bf undetended boundary. Thus, there may have
been more compression of central territories, resulting in

their average smaller sizes.

Location of nest within territory in relation to predation

Casual observations on nest locations in 1974 indicated
that nests were most frequently positioned at the édge of
territories. Quantitative analysis of nest locations in-
1975 and 1976 revealed that nests were built significantly
more often in a five  metre band around the edge of the
territory {the cortex) than in the centre of the territory
{the core) on both study areas in both years (Table 5). Aas
nany territories encompassed a complete patch of

Symphoricarpos, most nests were also constructed at +the

edge rather than in the centre of a patch of

Symphoricarpos. It is possible that this tendency to nest

at the periphery of the territory was a result of nest
spacing in response to potential predation pressure, an
aspect that I consider next.

Predation on adult Clay-colored Sparrows during the
breeding season was minimal; however, the «chief cause of
nesting mortality was predation (Part A). I therefore
examined the relationship between nest predation and
territory size,

Comparisons between successful sand unsuccessfal nests
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Table 3. Comparison of nest locations within the territory (cores

versus cortices).

Number of nests

Core Cortex X2 *
1975 12 30 8.43  P(0.01
Study Area
#1
1976 10 22 6.15 P<0.01
1975 9 32 8.80 P<0.01
Study Area
#2
1976 14 61 19.50 P<0.001

* The expected values for the number of nests in each area were

calculated from the relative areas of cores and cortices (see Apperdix 9)
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{Table %) 1indicated a significant relationship between
predation and distances from nearest neighbors in three out
of the four analyses, and a similar trend in the other ocne.
There was also no seasconal effect, as the relationship
occurred throughout the breeding season, Thus, nests
closer together were 1less successful than those farther
apart, |

Table 7 presents results of the further comparison
between actual inter-nest distances and hypothetical
distances generated by assuming nests are placed randomly
around the periphery of the territory. Actual internest
distances averaged larger than the hypothetical distances
in both analyses {1975 analysis, T = 13.5, 0.1 > P >0.05;
1976 analysis, T = 15.5, P < 0.05; #ilcoxon matched-pairs
signed rank test, one-tail). It is thus possible that the
birds were not positioning their nests randomly around the
margins of the territory, . but were influenced by the
location of their neighbor's nest(s), such that inier-nest

distances were greater than randonm.

Territory size_and aggression

I investigated, by means of playback experiments, the
premise that territory size is related to the
aggressiveness of individual males. Responses - to the
playback/mount revealed large differences between
~individual birds in each of the four behaviors monitored

{Table 8). In general, an individual male that responded




Table 6. Summary of nest spacing and nesting success during 1975 and 1976. Presented are the
mprber (N) of nests used in the analysis, the mean of the distances in metres between nests
in adjacent territories, and the standard deviation.

Unsuccessful Successful
Time period N Mean SD M Mean 5D t
30 May - 10 June 1975 4 26.5 4.6 6 35.5 6.2 2,68 P{0.05
25 May - 10 June 1976 6 14.7 5.8 9 19.7 6.8 1.64 0.1)P)0.05
11 June - 30 June 1976 9 13.8 4.9 12 18.4 5.9 2.14 p<0.05
1 July - 20 July 1976 4 15.4 4.6 7 20.9 5.9 2.53 P<0.05
1976 data combined 19 14.6 5.1 28 20.2 6.3 2.86 P<0.005

89T
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Table 7. Comparison of intemest distances between the actual and the
hypothetical nest distributions.

Actual distances Hypothetical distancesl

Range 12.4 - 53.4 11.7 - 36.2
Intemest
distances (m) Mean 31.7 -23.9
1975 (%= 10)

SD- 13.4 6.7

Range 8.2 - 37.6 9.6 - 24.5
Intemest
distances (m) Mean 20.6 16.2
1976 (N = 12)

' SD 8.8 5.1

1. See Methods.
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Table 8. Frequencies of occurrence of responses of male Clay-colored
Sparrows to experimental playbacks on the two study areas. 1

Response Study Area #1 Study Area #2
0-25 4 5
Percent decrease 26 - 50 1 7 K = 0.50°
in sang rate 51 =75 3 6 ‘
76 - 100 4 14
0 - 25 7 16
Closest 26 - 50 2 6
approach (cm) 51 - 75 0 1 K= 0.24
76 - 100 1 4
100 2 5
0 - 4 11
Nunber of 4 -6 2 11
flights 7-9 2 6 K= 0.62
9 4 4
0-10 6 13
Latency of- 11 - 20 2 2
response (sec) 21 - 30 0 5 K = 0.59
31 - 40 1 6
40 3 6

1. The samples for the two study areas were compared by the Kolmogorov-
Smimnov two sample test (Sckal and Rohlf 1969). None of the X values

is significant. 12 birds were tested for each of the respmse categories
on Study Area #1, 32 for each category én Study Area #2.
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within 10 seconds of the start of the pléyback would also
approach the loudspeaker/mount within 25cm, often within
10cn, and would make numerous  flights over the
loudspeaker/mcunt and would have the highest percent change
in song rate; Conversely, cther individuals would respond
weakly in all the response paraneters measuared. Birds on
the two study areas did not differ significantly {Table 8),
thus the fact that territory size averaged larger on Study
Area #7171 than on Study Area #2 cannot be attributed to the
greater 'aggressiveness?! of the territory holders on the
former area, which might have resulted in the defense of
larger territories.

Differences between individuals were not correlated with
territory size {Table 9). ©No value approached significancse
for either study area. If there is a correlation between
territory size and the ability of a male to defend a
particular size of territory, then it was not eviaént in
the measures taken during the playback experiments.

Further, the differences betyeen individuals could not
be equated with new versus vreturning territory holders
{Table 10). There were sone pronounced differences between
the two groups; rTeturning males approached the test
4stimulus much closer than did new males, for example. None
of these differences 1in the <responses neasured was
significant, however, and this is probably a result of the

wide differences between individuals within each group.




152

Table 9. Correlation values (r) for size of territory versus response
to playbacks. None of the r values is significant. Data used in the
analyses are given in ZAppendix 10. '

Response Study Area #1 Study Area #2

Percent decrease in

song rate 0.16 0.08
Closest approach 0.13 0.04
Number of flights 0.26 0.16

Lé.tency of respmse 0.09 0.07




Table 10. Comparison of responses to playbacks between new and returning territorial males.l

" New males Returning males

Responses Mean Sh Mean SD t
Percent decrease in song rate 68.8 26.3 44.2 28.6 1.43
Closest approach (cm) 87.5  42.7 - 60.3 44,4 '1.66
Study Area #1
Number of flights 3.3 3.4 7.4 3.4 0.98
Iatency of response (sec) 18.6 18.1 20.1 24.0 0.66
Percent decrease in sang rate 78.7 17.3 63.6 30.1 1.18
Closest approach (cm) 101.4 176.8 45.9 51.8 1.56
Study Area #2
Number of flights 6.2 4.6 5.6 3.4 0.35

ILatency of response (sec) 16.5 15.0 27.7 30.5 0.87

1. For Study Area #1, N(returning males) = 8, N(new males) = 4, For Study Area ‘2 i
males) = 25, N{new males) = 7. None of the t values is significant, Y #2, N(returning

£€ST
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Territory size and habitat structure

In this section, I test the hypothesis that larger
territories contain proportionately iess dense

Symphoricarpos than do smaller territories.

The line transects on each study area totalled 4200m.
However, the transects frequently crossed parts of the
study areas which were not defended by the Clay-colored
Sparrovs. These parts were grassy areas, tree bluffs,
stretches of standing water and marsh habitat, and pure
stands of Elaeagnus ggéggzgzg; 2016m on Study Area #1 and
1428m on Study Area #2 were not defended. Only defended

portions were used in the analyses.

Two categories of Symphoricarpos were identified; sparse

{lower than 50% cover) and dense {50% and higher cover)
{see Appendix 8). On both study areas, there was an
inverse relationship between proportion of dense

Symphoricarpos ground cover and territory size {Figure 3);

larger territories had proportionately less dense ground
cover than smaller territories. A comparison of the «ratio

of sparse to dense Symphoricarpos between the two study

areas showed close agreement within each range of territory
sizes. The hypothesis that 1larger territories contain

proportionately 1ess dense ground cover of Symphoricarpos

appears to be supported.

Territory sizz_and other proximate factors

Older males are reported to defend territories which are




155

Figure 3. Fregquency distribution of the proportion ({%) of

dense Symphoricarpos in relation to size of territory. The
number of territories in each size range of territories is

given above each bar.
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on average larger than those of first year males 1in the

Great Tit Parus major {Dhondt and Huble 1968) and in the

Field Sparrow Spizella pusilla {Best 1977b). In the
populations of Clay-colored Sparrovs at Lyleton,
individuals nesting for the first time werse not
distinguished from older birds, partially becaunse no
fledgling banded on either of the study areas was ever
resighted in subsequent years. However, as males shoved a
high rate of return to the same territory in subsegquent
years {Part A), a not unreasonable assumption is that new
territory holders can be eguated with first vyear birds
holding territories for the first time. A comparison of
territory‘sizes of new and retuarning terri&ory holders,
however, revealed nc obvious trends {(Table 11). In one
area, new birds defended larger territories, and in the
other returning birds detended 1larger ones, but neither
difference was significant. There is thus no evidence that
age, as assumed above, consistently influencead territory
size,

This finding 1is consistent with the observation that

returning males took essentially the same territory with

the same boundaries from one year to the next. %¥hen a male

did not return, new males would claim the now vacant
territory. Usually the territory would be occupied by one
new¥w male, but occasionally the territory would be divided

between two new males, as happened in 1976 on Study Area
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Table 11. Comparison of sizes of territory of new and returning

territorial males in 1976.

2
Number of Territory size(m )
"Class of males territories Mean SD tl
Returning 16 888.1 260.6
Study Area 0.94
#1
New 6 1023.1 360.4
Returning 33 746.8 331.5
Study Area 0.71
#2
New 12 606.6 278.7

1. Neither t valie is. significant.
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#2. This resulted 1in more territories being taken {45 in
1976, 39 in 1975) and possibly the smallier territory size
for the new territory holders {Table 11).

One reason why fledglings were banded was to test the
hypothesis that territory size was a' heritable
characteristic, The total lack of filedgling return
prevented any fuither investigation of this idea.

Interspecific territoriality has been suggested as being
important in determining territory size in a given
population of some species of birds {=.g. Orians and
Willson 1964, Yeaton and Cody 1974). The expanses of low
shrubbery which the Clay-colored Sparrows inhabited yere
virtually devoid of potential avian competitors, and no
ove;t agonistic 1interactions vwvere observed between the
sparrows and any other passerine species on the nesting or
the foraging areas. This suggests that interspecific
competition between <Clay-colored Sparro¥s and other
cohabiting species is minimal.

?atterns of settling can influence territory size in
some passerines {e.d. Knapton and Krebs 1974). The fact
that most male Clay-colored Sparrows arrived over a short
space of +time and established their territories very
gquickly is at least consistent with this hypothesis., The

fact that males take the same size territory in consecutive

years suggests that the relative importance of this

proximate factor is probably minimal.
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Replacement of removed territdry holders

Within three days of each experimental removal, unbanded
replacement males had occupied all the territories
experimentally made vacant on the study areas {Table 12).
Replacement occurred on a 1:1 ratio with removals on both
study areas. There was no detectable shift in territorial
poundaries of neighboring males into the vacant areas,
indicating that territories were fixed and well established
before the removals were carried out. Each replacement
male subsequentiy attracted a female. 411 replacement
birds weré unbanded, thus their origin Qas not kxnown.

One of the four males removed on 20 May died during
transportation, The remaining three males were not seen
again during 1975. However, one of these males returned in
1976, and reoccupied his territory from which he had been
removed.

The identities of two females of the removed males were
known before the renmovals. Both females deserted the
territories after their mates  had been Temoved, to be
replaced by new unbanded females,

The fact that the experimentally emptied territories
gere filled within four days after the original territories
had been estabiished suggests that there was a surplus of
non~territorial birds. This is evidence that the territory
holders were actively spacing themselves by defending a

particular size of territory, and that territory size was




1
Table 12. Nunber and dates of removals of males from bre_eding territories in 1975,

Nurmber of o Rembval

Number of Replacement

‘males removed dates replacement males dates
Study Area #1 4 20 May 4 21 - 23 May
5 20 - 22 May

Study Area #2 5 19 May

1. For location of experimentally vacated territories within the study areas, see Methods.

091
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not merely a result of passive settling by all available

males onto a given area.

Territory size and reproductive success

In +this analysis, I define reproductive success as thse
naumber of fledged young per territory. Thus, in this
particular analysis, if two pairs each fledged one or nmore
young from a territory, the combined output of both is
used., On Study Area #1, the number of fledged young per
territory was greatest in the range of territory sizes
petween 800 and 1000 n2 {Fiqure 4), which also corresponded
with the largest number of territories {37%) taken, as
indicated in Figure 2. Similarly, on Study Area #2, the
greatest number of fledged young per territory corresponded
‘with the nost frequentliy defended territory size
{33%) {ccmpare Figures 2 and U).

This seems to indicate that the birds were tending to
" maximize reproductive fitness by preferentially defending
territories of an optimum size. The ranges of these
toptinum? territories differ between the two study areas,
indicating that optimal territory size is not .necessarily
fixed at one size for different populations of Clay-colored
Sparrovs.

The greater number of fledged young per territory was
not a result of‘multiple broods within certain ranges of
territory size and not in others, as the number of young

fledged per nest {Figure 5) was also greatest in the Trange
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Figure #4. Distribution o©of numbers of fledged young per
territory during the breeding season. ﬁata for 1975 and
1976 are coabined, Thév total number of territories for
both years for each size range of territories is above each

bar.
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Figure 5. .  Distribution of numbers of <fledged young per

nest. Data for 1975 and 1976 are combined. The total
number of nests for each .size range of territories is given

above each bar.
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of territory size which was most freguently taken.
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It we make the reasonable assumption +that spacing
systems are the products of natural selection {e.g. Smith

1968, Holmes 1973, Barash 1974), then we can further deduce

~that they should be adaptive, Why is it adaptive for a

Clay-colored Sparrow to defend so small a territory? Why
is it adaptive to be territorial ih the first place? Why

is there an apparent optimum range of territory size?

Food_and territory size

Ciay-colored Sparrows were nct observed to use their
territories as food gathering areas., Adults foraged and
collected food for their young on feeding areas away fronm
the nesting areas (Part 1).

As the territory is not used as a feeding area, then
there is presumably no selection pressure on the birds +to
defend a 1large area to supply food for the nestlings
{Howard 1920, Hinde 1956, Brown 1975). I therefore
conpared this system of the Clay-colored Sparrow in
southwestern Manitoba with those systems of 11 other
populations of seven species c¢f open country sparrows for
which territory Size, its range and mean, had been
determined, and I arranged these populations according to
whether the birds foraged githin the territorial

boundaries, part within and part outside the territory, or
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outside the territory {Figure 6). Thefe appears to be a
connection between territory size and the relative amounts
of food coilected within the boundaries of the territory.
The populatiqn of <Clay-colored Sparrows in soutﬁwestern
Manitoba represents the sole example of essentially all
food being collected off territory, and it also has the
smaliest mean territory size. It seems reasonable that the
removal of the need to protect a food gathering area has.
resulted in the Clay-colored Sparrow defending a size of
territory that is very small relative to that of other open
country sparrows, Thus, food is not a factor acting
directly on the size of the territory, and it would
therefore not be adaptive for an individual male to expend
large amounts of energy in defending an unnecessarily large
territory. Hence the size of the territory could collapse.

It 1s possible that the amount or availability of food
off territory could in some way influence the number of
breeding pairs on the islands of nesting habitat. If food
were repeatedly in short supply during part of the breeding
season, then selection could have favored a few pairs with
jarge territories. No mnestlings were lost to starvation
{Part A), a result that suggests {Ricklefs 1969, Emlen and
Demong 1974) that there was nc shortage of food, at least
during most of the breeding season.

It is also possible that the pattern of territorial

dispersion 1in Clay-colored Sparrows is related to the
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Figure 6. Foraging locations during the bpreeding season
and size of'territory.(range and means) for 12 populations

of 2ight species of open-country sparrows.




‘ @ //—Tree (Weeden 1965)
ON , o y — Savannah (Wiens 1969)
TERRITORY o - 1# Seaside (Post 1974)
' . Henslow’s (Wiens1969)
z -
Q
- i :
<
8 ° Vesper (Wiens 1969)‘
= o— 4 (Grasshopp)er(Wiens 1969)
o ° = Field (Best 1977b,
=z ON&OFF > Field (Walkinshaw 1944)
<o TERRITORY ° Henslow's (Robins 1971b)
= ~ —e—Savannah(Welsh 1974)
o - , Seaside (Post 1974)
OFF —a— Clay-colored (This study)
TERRITORYL | ' |
0 5000 " 10000 15000 20000 25000

SIZE OF TERRITORY (m?)




168

distribution and stability ot the food supply, as described
in Horn's {1968) energy budget model. However, Horn's
model 1is less relevant to situations involving small
islands ot breeding habitat surrounded by a feeding area,
as in the Clay-colored Sparrow. The clumped dispersion
pattern of territories in this species is better explained
as a direct result of the distributional pattern of

Symphoricarpos, which provides protected nesting sites,

rather than as a direct result of local food distribution.

The adaptive functions of territory

There are several proposed functions of territoriality
{2.9. Hinde 1956, Krebs 1971, Maynard Smith 1971, Brown
1975). One plausibile explanation for the selective value
of territoriality in the <Clay-colored Sparrow 1is the
'predator-buffer’ hypothesis (see Hinde 1956, ¥Wilson 1975).
The hypotheéis is supported by the evidence of lowered
rates of predation with increasing distances between nests,
and of a possible active spacing of nests. bwhus territory
could have a selective advantage in spacing out nests as a
defense against predators. This might act as a buffer to
prevent territory size ftrom decreasing to a point at which
predation pressure outweighs the benefits accrued from not
having to detfend a feeding territory.

Predation is an important selective pressure shaping the
breeding bioclogy of many avian species {Crook 1965, Lack

1968, Ricklefs 1969, ¥Windsor and Emlen 1975). Birds such
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as Clay-colored Sparrows, which are gregarious outside the
breeding season, typically become territorial for breeding
when preferred nest sites are relatively accessible to
predators, thus achieving a measure of protection by means
of nest dispersion and nest concealmant. In the
Clay-colored Sparrow, group mobbing of a predator was not
observed although the oppertunity arose when potential
predators such as spermophiles (see Part 3) were seen
frequentliy in the nesting areas during the breeding season.
Direct defense of the easily accessible nests seens
generally ineffective, and only occasionally were
distraction displays {invoclving injury-feigning} noted,
principally during the late nestling stage. Thé birds
appeared to be relying on both concealment and dispersion
of their nests to avoid mnest predation, as less well
‘concealed nests sutfered predation rates higher than did
better concealed ones (Part A4), and there was a significant
tendency for more widely dispersed nests to be less subject
to predation (Taile 6) .

One argument that 1is at 1least consistent with the
observation {Table 1) that peripheral territories averaged
larger that central ones is that predation is often most
severs at the edge of a breeding population ({Kruuk 1964,
Horn 1968, Hamilton 1971, Buckley and Buckley 1972, Erwin
1977) . Hence, to compensate for possible increased

predation pressure, it would be adaptive for peripheral
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territory holders to defend slightly 1argér territories.
There were however no differences between peripheralvand
central territories in success rates of nests (Table 2).

The *'sufficient-resource! hypothesis {e.g. Wilson 1975)
predicts that a selective value of territoriality 4is the
detense of an adequate supply of some resource, usually
food. Some studies {e.g. Snith 1968, Gass et al. 1375)
have shown that territory size was clossly correlated with
the food requirements of ap 1individual +territory holder,
thus supporting this hypothesis. Food however did not
appear to be a defended resource in the Clay-colored
Sparrow, and it is difficult to imagine any other resource,
such as nest sites, being in short supply.

The 'polygyny hypothesis? of NclLaren (1972) argues that
a sufficient force favoring defense of very large and/or
resource rich territories would be to iﬁcrease the
likelihood of a male attracting many mates. This is not
supported in the Clay-colored Sparrow. No territorial male
Wwas ‘unpaired and no male attracted more than one female
during the breeding season at any one time, no matter thow
small or large the territory. PFurther, large territories,
for whatever reason, are associated with a reduced
reproductive success rate as compared to the @modal
{smaller-sized) territory. It does not seem 1likely that
polygyny is the adaptive strateqgy of territoriality in this

species.
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On both ny study areas, replacements occupied
territories experimentally made vacant. One of the
consequences of territoriality was thus +that would-be
breeders were excluded from territories, This is
consistent with the ‘'super-territory hypothesis?' {Verner
1977) . |

Verner {1977) has argued that natural selection can
favor those individuals that defend territories that are
larger than the size that would be predicted %o dinclude
resources just sufficient for survival and/or feproduction.
He refers to these large territories as ‘*super
territories?, ané argues that they are favored not because
a super territory holder produces more young, but because
‘its relative contribution to future gene pools is 1larger
because some other, excluded individuals do not rteproduce
at all,

Some aspects of my study are at least consistent with
Verner's idea. The removal experiments indicated that sonme
birds were being excluded from the breeding population.
Farther, the hypothesis assumes some cost to defending a
larger than necessary territory, which is supported by the
observation that birds defending large territories on ny
study areas produced slightly fewer <young than those
defending smaller ones.

Even under this hypothesis, there ﬁust still be an

optimum size, and some territories must be too large. The
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real guestion then is vwhether this idea <can explain the

podal (= optimum) territory size 1in the Clay-colored

Sparrow. Is the optimum territory size in the Clay-colored
Sparrov a *'super-territory??

One of the tenets of Verner?!s hypothesis is that +the
super-territory holders are more aggressive than those
birds holding smaller territories. No correlationl was
found 1in this study between 1levels of aggression and
territory size, at least in the form of response +to
playback experiments, A further conclusion is that levels
of aggression manitested in the defense of. different-sized
territories 1is heritable., This remains to be shown in the
Ciay-colored Sparrov.

Perhaps the real flaw in Verner's idea is the problem of
‘cheaters'. Those that revert back to smaller, less costly
territories achieve the same benefit from super-territory
exciusion as do those simultaneously holding the
super-territories in the same areas, and yet they. pay no
added cost. It super-territory holders and cheaters are
equally aggressive, then selection could work against the
super-territory holders., The problem cf cheaters suggests

that this hypothesis may not be viable in the real world,

Optimality and territory size

It still remains to be explained why a certain range of

territories appears to be optimum in terms of reproductive

. success, and why this range should be different between the
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two study areas. My working hypothesis is +that nost
individual Clay-colored Sparrows preferentially defend a
particular range of size of territories din which they
apparently maximize their reproductive fitness. No banded
fledgling was seen in subsequent years, thus no information
could be collected on mortality rates of fledglings
relative to the different sizes of territories. Thus, as a
first approiimation, I assume that mortality of
Clay-colored Sparrovw fledgiings after they have left the
nest is independent of the size of territory in which they
were raised,

Individunals defending ferritories smaller than the
optimum were subject to a 1owered‘reproductive rate that
was most 1likely a result of predatibn pres#ure {Table 86).
It would not therefore be adaptive to defend too small a
territory. The question then remains why the largest
territories do wnot enjoy the highest rate of reproductive
success, Defense of an area by a bird requires expenditure
of a certain amount of time and energy that might
profitably be wused to other ends {Orians 1971). It is
conceivable that those individuals with large territories
spénd moré time in defending the térritory, or patrolling
its boundaries, than those individuals with smaller ones,
and this in some way effects overall reproductive
activities. WNo direct evidence is available to support or

retfute this 1idea for +the <Clay-colored Sparrow, but it
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remains a plausible consideration.

The idea that overly aggressive individuals may have a
reduced rate of reproductive success (the ‘'aggressive
neglect! phencmenon) has been discussed by Brown {1975).
No differences in response to an experimental playback were
determined between males defending different sized
territories, thus i1ndividual variability in the size of the
defended area could not be related to differing levels of
aggression.

It is possibie that the 1larger territories are
suboptimal due to lack of concealment afforded by potential
nest sites. Laiger territories iancorporate a lesser

proportion of dense Symphoricarpos than do smaller

territories in both the study areas. Also the total ratio

of dense to sparse Symphoricarpos is prbportionately

smaller on Study Area #1 {1.01:1.00) than on Study Area #2
{1.23:1.00), which ©<could partially explain the larger
average size of territories on Study Area #1 than on Study
Area #2. There 1is reason to believe that nests are more

easily detected in sparse Symphoricarpos {Part 1), and thus

it may be necessary tc defend a larger area in order to
gain Dbenefits from dispersion of nest sites to compensate
for reduced nest concealment.

When the two presumed anti-predator mechanisms of nest
spacing and nest cover {as explained above) are combined, a

general model can be generated to predict optimal territory
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size {Figure 7). Pressure from predators for nests to be
spaced out is assumed to be greater at low sizes of
territory, then becomes progressively weaker as territcry
size increases until it reaches an asymptote. Increasse
above this asymptotic size of territory would presﬁmably
provide little additional protection from nest predation.
The relationship between nest cover and reproductive
fitness shown in Figure 7 is derived from the assumption
that protection from nest predators provided by nest
concealment was rélatively greater in dense than in sparse

Symphoricarpos {Part A) combined with the finding {Figure

3) . that density of Symphoricarpos varied inversely with

territoxy size, thus the apparent decrease in fitness with
increasing territory size. The shape of the curve is drawn
to approximate the trend evident in Figure 3, in which the

ratio of dense to sparse Symphoricarpos appears initially

to decline linearly with increasing territory size, then
approaches an asymptote at large territory sizes.

One would predict that the territory size at which the
t¥wo lines in ?igure 7 intersect would be optimal. This
prediction from the modal is consistent with the situnation
encountered in this study, in which optimal territory size
vas intermediate in size.

A further intriguing aspect is why returning males
should take the same size of territory in successive years,

if ranges of territories differ in reproductive success.
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Figure 7. Model of two parameters {nest cover and nest
spacing) which <counld potentially affect fitness, and
thereby gre&ict an optimai size of territory when fitness
is maximized at the point where the two measures intersect.
For an explanation of the shape of the curves, see the

text.
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In this situation, a male defending a suob-optimal territory
is faced with a choice of alternatives: retain the same
territory from one year to the next and retain a siightly
beldw optimum reproductive output, or +take a chance on
claiming ancther territory which may or may not result in
an 1increased reproductive success. It seems as if, at
least in the Clay-colored Sparrow, the benefits are
weighted in favor of claiming one's territory in successive
years.,

In summary, territoriality in the Clay-colored Sparrow
has most likely evolved or is at 1east maintained as a
predator~-butfer mechanism, with predation being the most
important factor in preventing the tetritory from beconing
a very small size. The upper limit to the size of the
territory is probably determined unltimately by the amount
of time and energy expended in defending a large territory,
and proximately by a number of factors, such as nesting
cover and pressure from adjacent territory holders or
intruders. The results of this study indicate that most
individual Ciay-colored Sparrows preferentially defend a
particular range of size of territories in which they
apparently maximize their vrerroductive fitness, This
optimum range can be largely predicted by a simple a
posteriori model wusing +two parameters relating to the

anti-predator behavior of this species.




178

GENERAL DISCUSSION

By investigafing the ecology and behaviour of a single
species, one can attempt to deduce adaptive relatiénships
of the social system of an animal to its envirconment. The
spacing system of the sparrows in the genus Spizella, which
includes the Clay-colored Sparrow, is one of territorial
dispersion over the nesting habitat, but the use of the
territory and the corresponding territory size are guite
different between Clay-colored Sparrows and other members
of the genus Spizella which have been studied 1in depth.
The Field Sparrow {Spizella pusilia) (Best 1977b), the Tree

Sparrow {S. arborea) {Weeden 1965), and the Chipping

Sparrow {S. passerina) {C. Keller, personal

comnunication) all defend territories which average three

to twenty times 1larger than those defended by the
Clay-colored Sparrow in southwestern Manitoba {Part C). In
gach of the former three species, the territory is used
both for reproductive activities and for food gathering,
and it seens prohéble that, within a nesting territory,
food is an economically defendable resource. |

The situation in the Clay-colored Sparrow is different,
The distribntion of food does not <coincide with the
distribution of the nesting habitat, Thus, there are three
options open to the Clay-colored Sparrow:

{1) to defend a large area incorporating not only an area
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of nesting habitat but also an area of sufficient size to
provide enough food for both parents and young.

{2) to defend both a nesting territory and a separate,
disjnnct feeding territory,

{3y to defend 3Jjust a nesting territory, and feed and
coliect food in communal feeding areas.

For a wmale to defend a very large territory
‘incorporating the neceésary resources for feeding and
nesting would reguire a large expenditure of time and
energy {Orians 1971), and may result in insufficient time
being devoted to reproductive activities. One possibility,
as the nesting habitat occurs as an island in a sea of
feeding habitat, is the defense of a territory on the
- periphery of the nesting habitat plus the feeding area
adjacent +to the territory. This would seem to be an
optimal strategy for increasing one?'s own potential fitness
at the expense of the relative fitness of others; not only
by defending resources sufficient for vreproduction and
feeding but also by preventing access by other individuals
to that resource, Results from this study show that
peripheral territory holders do not defend adjacent feeding
areas, nor do they enjoy higher nesting success {Part ()
than central territory holders. There are two possible
explanations why peripheral territory holders do not defend
adjacent 1and for use in foraging: {a) they are not
capable of defending both nesting and feeding areas, which

seens somewvhat unlikely, or {(b) the <food supply is not
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detendable as it is not uniformly disﬁributed in space and
time around the nesting habitat. Tt would thus not be
adaptive for a peripheral territorj holder to defend an
area adjacent to the nesting areavif the food supply, its.
distribution and abundance, could not be a priori predicted
spatially or temporaliy.

No evidence was obtained that individual males defended
pboth a nesting territory and a distinct feeding +territory
{Part A). This wonld be adaptive if the occurrence of the
food supply was not predictabie. Also, an individual could
not be in two places at the same time, which may be
required if intense competition for both types of territory
yas occurring.

The third option, to defend just a nesting territory,
would resuit if the food supply was =not an economically
defendable rTesource. This seems to be the case in the
Clay~colored Sparrov.

The <Clay~-colored Sparrow has been successful in
occupying a type of habitat which holds very few other
species, and few individpals of these species, Probably
less than ten pairs of all these other species nested on
both areas combined during either the 1975 or 1976 breeding
‘season, as compared to over seventy pairs per 7year of
Clay-colored Sparrows {Part C). The Clay-colored Sparro¥w
may have evolved from a species of sparrow .which held all
purpose territories; all other Spizella sparrows which have

been studied in depth defend essentially all purpose
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territories., Clay-colored Sparrows thus have occupied
successfully a particular type of habitat, the extensive

stands of Symphoricarpos occidentalis, by a separation of

the defense of a courtship/mating/nesting area from that of
a food gathering area,

One would predict that, if stabilizing selection {(Mayr
1963) is in operation in these sparrows, that territory
size which 1is optimal in terms of reproductive fitness
wonid be the one which is most freguently defended. I
found Just such an optimal size in both populations of
Clay-colorad Sparrows {Part C)., WNo evidence was obtained
on the heritability of territory size, because of the lack
of return of fledgliings to the study areas {Part 3). It
nevertﬁeless appeared as if the birds were indeed
maximizing reproductive fitness by preferentially defending
territories of a particular size.

Territory size itself within the nesting habitat would
be subject to several forces, both ecological and
pehavioural. In the present study, predation pressure on
nests  was determined as the major force preventing
territories decreasing to a very small size. However, to
increase one's relative contribution to future gene pools,
it wodld‘be adaptive to defend as large a territory as
possible. If <Clay-colored Sparrows defended as large a
territory as other Spizella sparrows, they would thereby
exclude many other Clay-colored Sparrows from breeding. I

argu2 that the upper 1imit to territory size seems to have
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been determined by the amount of time and energy devoted to
territory defense which in somé way influences overall
reproductive success when large territories are defended,
and by proximate factors such as nest cover and pressure

from intruders {Part C).
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Morphological and behavioral ditfferences between male and

female Clav-colored Sparrows

Ring-chord length.

Figure 1a shows the distribution of wing-chord lengths
in 162 adult wmale and 13% adult feﬁale Clay-colored
Sparrows caught 1in May and June on the ﬁanitoba‘study
areas, and initially sexed by the presence of a brood patch
Oor a cloacal protuberance {Wood 1969). Lengths in females

ranged from 56 to 62mm, with a peak at 59mm {mean = 59.§mm,

standard deviation = 1.2mm), and lengths in males ranged
from 50 to 66nm, with a peakx at 63mm (mean = $3.0nm,
standard deviation = 1.848mm). A similar distribution of

wing-chord lengths occurred in 83 adult specimens of known
sexX obtained from the National Museums of Science, Ottawa,
and the Royal Ontario Museum, Toronto. Females peaked at
50mm {mean = 58.7an, staﬁdard deviation = 1.6mm), and males
peaked at 63mm {mean = 62,2mm, standard deviation = 1,4nm).
Males therefore have longer wings than females, although
there is an area of overlap bet%een 59 and 62nmm.

A similar bimodal distribution was also obtained from
the measurements of the wing-chords of 26 Clay-colored
Sparrows caught on two stndy plots in central Mexico, near
Guadalajara {200 #0?' latitude, 1039 20! longitude) and near
Sanabria {190 30' 1latitude, 1019 40?* longitude) (Figure

1c); one peak at 5Ymm and the other at 63mm. Finally, for
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Figuare 1. Measured right  wing-chord ({after Baldwin,
Oberholser and Worley 19371) for three samples of adult
Clay~-colored Sparrows. 1A shows the distribution of
measurements for 134 females {hatched bars) and 162 males
{open bars) live-trapped in Manitoba, 1B for 22 fenale
(hatched bars)  and 671 male {open bars) nuseum specimens,

and 1C for 2% aaﬂlts.liveétrapped in Mexico.
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9 1immature museum specimens for which the sex was known,
the six males ranged from 61 to 63mm {mean = 62.2mnn) and

the females from 58 to 61mm {mean = 59.3mm).

Superciliary stripe coloration.

Daring 1974 and 1975, I noticed that the headmarkings,
especially the superciliary stripe, of females appeared
more buff-colored +than those of males. Conseguently, I
matched the color of the superciliary stripe against
Maunsell soil <color charts (see Wood and Wood 1972), on 70
adults caught in May and early June, 1976, and on 80 adult
nuseum specimens. In 1976, I also matched the color of the
breast feathers of 13 immatures caught in August that were
banded as nestlings on the study areas in Manitoba, and of
21 adults recaptured in August following the postnuptial
molt that had been banded in the previous springs. I took
the same comparisons on the 11 immature museum specimens.

The Munsell color chart used for all comparisons on the
birds was the hue 10YR, which shows the values 2 (black) to
8 (white) across a chromatic scale to dark vyellowish-brown
to yellow. The coloration of the superciliary stripe of
all sparrows féll along a continuun from white (8/1 and
8/2) and iight gray {7/1 and 7/2) through pale brown {8/3,
8/4, 7/3, 7/4) to yellow {(8/%, 878, 7/6, 1/8).

Bales had, on average, whitish superciliary stripes,
while those of the females were more pale-brown {Table 1).
For statistical analysis, categories were combined {8/1 and

8/2, 8/3 and 8/8), and the differences between males and
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Table 1. Superciliary stripe color of adults on the Manitoba study

areas (N = 70).

................ Chart value / chroma
8/1 8/2 8/3 8/4
Males 28 13 1 0
Famales 1 6 14 7
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females were found to be significant {X2 = 37.8,
P X 0.000.

The color of the.superciliary stripe of thrze of the 83
adult museum specimens could not be used because of damage
to the eye area, In the remaining 80, a trend similar to
the tfield data appears; superciliary white in males,>
browner in temales {(Table 2). Again, when catesgories are
combined, the differences betweeﬁ the sexes are significant

(X2 = 21.1, P < 0.01).

Some__behavioral and morphoiogical observations_on male and

female Clayv-colored Sparrous

Observations on males and females in the field -on amy
study areas revealed the following differences in behavior.
Only males were known to sing; Oon no occasion was a known
female observed singing during the course of the study.
Females are reported to do most of the incubating and
brooding of the young {Fox 1961, Bent 1968). Of 78 nales
“caught in the period mid-quue to mid-July, and sexed by
cloacal protuberance, none had developed a brood patch. Of
over 200 flushes of a banded bird of known sex from a nest
containing young, only three proved to be males. Often an
adult would sit tight and remain motionless on a nest vwhen
approached, In all such instances, when the bird was
identified by its 1leg band, it proved to be a female. Fox
{1961) gives the proportioni of time spent by the female
incubating as 81% and brooding of the young as 71%, and by

the male 13% and 9% respectively. My observations




Table 2. Superciliary stripe color of adult miseum specimens of

Clay-colored Sparrows. .

Chart value / chroma

8/1 8/2 8/3 8/4 /1 1/3 1/4 /6
Males 8 27 18 4 1 0 0 0
Pemales 0 0 9 6 0 2 3 2
Chroma alone
1 2 3 4
Males 9 27 18 4
Females 0 0 11 11
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essentially agree with these proportions,

Measurements taken on 83 specimens of adult Clay-colored
Sparrows of Kknown sex rTevealed that this species is
essentially monomorphic for <culmen depth and length, and

for tarsometatarsus length {(Table 3).
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Table 3. Measurements of 83 adult Clay-colored Sparrows of known
sex from the National Museums of Canada, Ottawa, and the Royal
Ontario Miuseum, Toronto.

Parameter Sex Sample Range (mm) Mean SD
, Male 61 4,2 - 5.6 4.79 0.33
Culmenvdepth
Female 22 4,4 - 5.4 4.70 0.41
Male - 61 8.0 - 9.7 8.80  0.44
Culmen length : : :
Female 22 8.1 -9.4 8.72 0.31
Male 61 15.1 - 18.8 17.01 0.88
- Tarsometatarsus

Female 22 15.3 -19.1 17.23 1.13
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APPENDIX 2
The expected values for R versus R and N versus ¥ in the

analysis in Table 3 were calculated using the equation

C=n{n~- MN/2

which gives the number of possible combinations C of two
individuals in a group of size n {Brown 1975:91.
Eguivalent expected valmes for R &ersus N were taken as (R

X N} possible pairs.
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APPENDIX 3

Bent {1968} 1lists the following as potential predators
on the nests of Clay-colored Sparrows: the mammals

HMicrotus pennsylvanicus, Peromyscus Baniculatus, Mustela

ermina, Y. frenata, M. rixosa, and Mephites mephites, the

e e W 2 W . —————_ i T iy

birds Lanius ludoyicianus and Pica pica, and the reptile

Thampophis sirtalis.

Bent {op. cit.) also mentions other sources of
destruction of the nest as fire and trampling by cattle and
horses. These factors were not directly responsible for

any e€gg loss or loss of young on my study areas.
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APPENDIX 4

Horn's {1966) measure of overlap is the equation:

A s S
.Z:Xi2+ZY
1=1 =

2
[
This equation is a simplified form of Morisita's {IN Horn

1966) index of overlap which can be used when the sizes of

the two samples being compared are egual.
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APPENDIX 5>

Means and standard deviations for each male in the two
analyses given in Tables 2 and 3 in Part B are given below

in Tables 3§ and 5 respectively.
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Table 4. Conparison of songs from the two main study areas. Fach value is the mean of measurements on five songs
per bird. Means and standard deviations for all 10 birds combined are given in Table 2 in Part B.

STUDY AREA #1

BIRD #

Song characteristic 1 T2 3 4

1 2 A 4 S0 8 2. S 2

6 7 8 9 10

Total song length (sec) 1.8620.08 1.30%0.09 1.52%0.04 1.85%0.06

Length of first buzz (sec) 0.80%0.04 0.77%0.06 0.62%0.09 1.06%0.07

2.14%0.16 1.97%0.11

1.74%0.09 1.6:%0.07

1.77-0.08 1.43t0.12

1.14%0.16 0.72%0,06 0.63%0.11 0.63%0.08 0.89%0.12 0.64%0.09
Interbuzz interval (seci10”29.3%0.3  9.0%0.2  8.6%0.4 11.610.4 10.8t0.6 9.9%0.7 10.4%0.6 9.6%0.2 10.1%0.3  9.2¢0.4
Mumbor of syllables/song 174.8%5.2 101.8%4.2 143.6%8.4 185.6%4.8 206.4%9.9 164.8%8.6 66.8%2.4 114.8%6.6 75.8%4.8 99.8%8.8

Mumber of buzzes/song 3 2 2.8%0.5 2 2 3.2%0.5 3 .2 2.8%0.5 3

Mumber of notes/syllable 2 2 2 2 2 2 6 2 3 2 i

Munber of notes/second  205,6%4.2 166.4%6.6 204.6'2.4 214.715.5 203.3%7.6 186.614.8 264.4%6.6 157.5%7.6 227.614.2 160.3t5.1

Upper frequency limit(khz) 6.5 . 6.2%0.5  6.4%0.6 6.0 6.620.2  6.4%0.3 6.0 5.0%0.2  6.7°0.3  6.6%0.3 ‘
Lower frequency limig(khz) 2.0 2.5 2.2%0.5 2102 2.2%0.3 2.5 2,0 2.4%0.2 2.5 2.0

: -2 + o +. + + + + "
FM(ascending) (hz/secx10 ) 2,4620.22  0.98%0.28 1.4820.16 4.76%0.44 3.44%0.36 1.14%0.21 —_— 2.66%0.31 —_— 0.86%0.08

FM(descendins)(hz/secno‘z)l.ss!o.14 0.76%0.21 0.9670.24 1.86%0.34 1.62%0.18 1.36%0.24 3.20%0.42 2.7420.26 2.60%0.14 1.60%0.15

BTTC
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Table 4 (cont.)

STUDY AREA #2

BIRD &

Song characteristic 1

2 3 4 5 6 7 8 S 10

Total song length (sec)  1.75%0.17 1.67%0.09 1,97%0.12 1.7320.05. 1.48%0.09 1.58%0.08 1.85%0.13 2.00%0.14 1.93%0.11 1.45%0.09

Length of first buzz (sec) -0.53%0.09 0.76%0.09 0.85%0.10 0.96%0.09 0.85%0.17 1.06%.05 1.17%0.12 0.65%0.09 0.72%.11 0.53%0.00

Interbuzz interval (secalo™$)10%4%0.4 10.6%0.5  9.0%0.3 10.8%0.3  s.1%0.z  8.2%0.3  9.1%0.4 15.6%0.5 - 12.620.4  8.1%.2

Nunber of syllables/song 118.6%5.5
Numbexr of buzzes/s.ongv . 3
Number of notes/syllable 2
Number of notes/second

Upper frequency limit(khz) 6.0

Lower frequency limit(khz) 2.2%0.3 ‘
PM(ascending) (hz/secx10™%) 0.66%0. 14

[FM(descending) (hz/secx10”2)0, 780,10

60.6'3.8 178.8%.8 168.474.8 106.49.6 82.6%6.8 177.2'8.8 78.6%4.2 186.4%9.2 132.5%4.2

2.8%.5 2 2 - 2 2 2.2%.5 3 3.4t s.ztos

154.628.3 205.8%6.6 190.8%s.6 207.5%7.8 152.0t4.3 220.3%7.2 203.7%.6 270.6%8.9 218.335.6 204.9%3.2

+
5.9%0.2  6.4-0.3 6.5 6.70.3  6.8%.3 6.0 6.5 6.6:0.2  6.4%0.3

2.1%0.2  2.4%.2 2.0 2.0 2.5 2.4%0.2  2.2%0.3  2.4%.2 2.0

—  0.98%0.12 3.66%0.40 2.84%0.33 —  1.66%0.21 —  1.88%0.18 2.06%0.19

1,44%0.20 2.66-0.08 2.14%0.16 1,88%0.14 0.6670.04 1.84%0.14 1.80°0.16 1.98%0.14 2.1470.16

q1TZ.
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Table 5. Oonparison of songs between four populations of Clay-colored Sparvowa. Each value ia the mean of measurements

Heans and standard deviations where present for all three binds per study area cogbined are glven in Table 3 in Part B.

taken on thres songs per bnd Four males lacked a PM{ascending) conponent to the ayllable.

Sony characteristic

Study Area 1
2

—Stdyhrea 2 =~
1 2 3

Delta

- Winnipeg

Tatal song length {sec)

lani;ﬂx of first buzz (sec)
Intertuzz interval (sec x 10-21
Narber of syllables/song
Nunber of buzzea/song

Mumber of rotes/syllabls
Nnber of potes/second

Upper frequency limit (khz)
Lower frequency limlt (khe)
Plascending) {hz/sec x 1073)
Fa(descending) (hz/scc x 1073)

1.302 0,07 1752 0.08 1.86 L 0.0

0.713%0.05 0.6220.086 105004

9.0t02 97%0s natoy
wata2s s6atis watag
2 3 2
2 6 2
165.3 T 4.2 2623 3.2 25,7 T2
6.2% 0.3 6.0 6.0
2.5 2.0 2.0
0.91 % 014 — 4.6 L o.18

0.4t 018 328% 0,21 178 Lo.20

1.67 £ 0.06 1.48 Y 0.04 1.83%0.08

-

0.74 Y 0.06 0.83 ¥ 0.20 1.08 Lo.04

wstos 82%oa 9.0tz
60.4 2.4 105.2% 4.6 177.4 L 6.2
23305 2 2
5 2 2
1516 L 2.4 204.2%3.2 200,22 3.2
6.0 6.5 6.0
2.2t 2.0 2.2% 0

— 2s80taa2 1.6 ta0
1.3 0,34 1.06 L 0.08 1.82%0.08

+

Lo6t 0.04 1.4 %006 1.84 0.3

1400 o

(L2

0.31 o.84 £ o0.09

watos natoz asston

6.4 £ 40 204.2% 6.6 86.6%3.6
3 2 2
2 1 4
19082 4.2 226.4 L 4.0 190.6% 7.5
6.5 6.7%03 6.5
2.5 23t 2.5

; 1.8 t 012 — —_

0.62%0.08 1.44 £0.07 0.64 £ 0.06

1.50 20,06 2.04 0,34 150t 0.02
0.9 ¥0.06 1.00%0.20 0.66 % 0.02
104 204

9.6%02 aatos

12.6%4.4 103.0t0 wa5tos

2 3 3

2 2 2
164.7 L 4.6 197.6% 2.2 5.5 0.5

63%03 6.0 6.5

2.2%0.3 2.5 2.5

0.9 £0.06 1.64 Y 0.4 3.62%0.28
1.62%0.04 07222 0.06 2.68 ¥ o0.12

[ ¥4
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ARPENDIX 6
Individual differences Setween the songs of twelve males
were analyzed in Table 4 in Part B. The songs of three
males were represented 3in that table; the songs of the

remaining nine are given below in Table 5.




Table 6. Songs of nine more Clay-colored Sparrows analyzed in Table 4 in Part B. Each value repreéents the mean of measurements

taken on five songs per bird.

A Bird § .
Song characteristic 1 2 3 4 5 6 7 - 8 9

Total song length (sec) 1.80%.12 1.77%.17  1.83%0.20 1.56%0.10 1.66%0.27 1.78%.10  1.87%0.06 1.67%0.01 1.74%0.01

Iength of first buzz (sec)  0.79%0.09 0.69%0.12  0.57%0.03 0.35%0.04 0.53%0.06 0.54%0.04 1.00%0.05 0.94%0.04 0.39%0.03

Interbuzz interval (sec x 10799.9%0.7 11.8%.3  1.0%.4 10.4%.4 12.9%0.7 11.7%0.3 11.7%0.3  11.7%.7  11.6t0.7

Number of syllable,/song 76.474.0 133.4%7.6  171.8%10.8 140.6114.0 71.4%.7 164.6%6.3  145.8%5.8 36.0%7.2 140.1%2.0 :
Number of buzzes/song 2 2.4%.6 3.4%.6  3.2%0.5 3 3 1.8t0.5  1.8%0.5° 4
Number of notes/syllable 5 1 2 ) 2 2 6 1 2

+ +. + + + + + + +
Number of notes/second 230.91.8  80.273.2  200.8-2.7 203.5%5.7 206.0%5.0 213.3%1.6  240.6%4.6 201.4%2.7 201.2%2.6
Upper frequency limit (khz)  5.4%0.2  s5.9%0.2 6.3%.3  6.6%0.2 6.2%0.3  6.3%0.3 6.4%0.3  6.0%.3  6.3%0.3 _
Lower frequency limit (khz)  2.2%0.3  2.2%0.3 2.3%0.3  2.7%0.3  2.3%0.3  2.6%0.2 2.2%.3  2.3%0.3  2.3t03
FM(ascerding) (hz/sec x 107%) —  o.e1f0.08  5.07%0.26 —— 1.5t 3.37%0.21 _ —  13.83%0.5

FM(descending) (h;/secxlo’z)l.uio.oa'o.saio.oe 1.78%0.13 1.27%0.05 0.85%0.10 3.34%0.26  3.34%0.26 4.24%0.48

71¢
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APPENDIX 7
The repertoires of four males in addition to those given

in Table 7 in Part B are tabulated below in Table 7.
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Table 7. Comparison of songs delivered from different perches (a - d) for four males. For an explanation of the values and

data analysis, see Table 7 in Part B.

Male #.4 Male 4 3

Song characteristic a b c a F P a b c d e F P

Total song length (sec) 1.59 1.50 1.59 4.35 204.8 0.001 1.62 1.74 1.24 1.71 1.74 34.6 0.0l

Length of first buzz (sec) 0.47 0.40 0.41 0.27 14.9 0.01 0.50 0.51 0.56 0.59 0.56 3.3 ns

Interbuzz interval (sec x 1072) 9.4 10.5 10.3 8.3 12.6 0.0l 13.3 13.2 13.3 13.4 13.3 1.9 ns

Mmber of syllables/song 146.7 141.0 149.3 215.3 9.1 0.0l 145.3 150.7 117.7 154.3 153.7 96.1 0.01

Nmber of buzzes/song 33 3 123 112.0 o0.00 28 3 2 3 3 12,0 o0.01 :
Number of notes/syllable 2 2 2 2 - — 2 2 2 2 2 - :
Mumber of notes/second 214.4 218.6 216.3 130.7 282.2 0.001  211.9 205.3 211.6 213.4 206.3 0.9 ns ' '
Upper frequency limit (khz) 6.5 6.5 6.7 6.5 10 ns . 6.5 6.5 6.5 6.5 6.5 —

Lower frequency limit (khz) 27 2.7 2.5 2.5 0.7 ns 2.5 2.5 2.5 2.5 2.5 —

FM(ascending) (hz/sec x 102 0 0 0 1.26 10.5 o0.01 0.78 0.78 0.81 0.85 0.78 1.9 ns

FM(descending) (hz/sec x 10™2)  1.25 1.28 1.36 0.67 160.4 0.00L 1.25 1.36 1.25 1.25 1,28 2.4 ns

*'The values for these characteristics did not vary within song types.

®9TC




Table 7 (continued)

) . Male #4 Male #5

Song characteristic a b a F P a b c F P

Total song length (sec) 1.55 2,18 1.42  23.6 0.0l 1.84 3.85 1.81 25.5 0.01
Length of first buzz (sec) 0.99 0.71 0.94 12.7 0.01 0.96 0.46 1.02 106.3 0.001
Interbuzz interval (sec x 10-2) 8.3 8.3 8.2 0.5 ns 12.0 9.1 1l.6 67.0 0,001
Number of syllables/song 108.0 153.3 103.7  30.7 0.001 76.0 240.0 75.6  37.3  0.00l
Mumber of buzzes/song 2 3 2 - —* 2 6 2.3  48.0 0.001
Nanber of notes/syllable 2 2 2 - > 6 2 6 - > :
Nurber of notes/second 147.3 156.6 153.7 2.6 ns 258.7 143.2 246.6 129.2 0.001 ,
Upper frequency limit (khz) 6.7 6.7 6.5 0.5 ns 55 57 6.0 1.8 ns

Lower frequency limit (khz) 2.0 2.3 2.3 0.5 ns 2,0 2.0 2.0 - —*

FM(ascending) (Hz/sec x 1072 1.04 0.91 1.09 2.5 ns 3.4 2.6 3.2 52,4 0.001

FM(descending) (hz/sec x 1072)  1.56 1.64 1.47 3.1 ns 0 0 1.47 15.6 0.0l

* The values for these characteristics did not vary within song types.

4912
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APPENDIX 8
There was no difficulty in determining the proportion of

Symphoricarpos within most of the one metre intercepts,

especially when the transect passed over thick clumps of
the shrub, when isolated plants were encountered along the
transect, énd of course when the shrub was absent, It
occasionally proved difficult to cbtain an absolute measure
of the shrub in transition zones, and thus some intercept
lengths were arbitrarily judged on the relative amounts of
Symphoricarpos within a one metre intercept. This is
partially because the vegetational measures were undertaken
in early May, when leaf growth was Jjust starting, and thus
mach of the cover was afforded by the branches themselves.
I deliberately carried out vegetation measures at this
time, however, as the male Clay-colored Sparrows themselves
would be establishing territories over the vegetation in
early May, thus I attempted +to approximate the real
situgation., |

Where Jjudgements were made on the cover value of

Symphoricarpos within an intercept 1length, attempts were

made to be consistent both within and between study areas.
However, because of the subjective assessment of some metre
intercepts, I used broad categories of relative amounts of

Symphoricarpos within an intercept in the analysis.
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APPENDIX 9

Total areas covered by cores and cortices within the
territories were not equal (Table 8), hence for the purpose
of analysis (see Table 4), the expected number of nests in

each area were determined from +the Tatio of cores to

cortices {Table 8).




Table 8. Total areas (n?) of cores and cortices on the two study
areas in 1975 ard 1976.

219

Total sum Tbtal'sum Predicted ratio
of cores (HF) of cortices (n@) cores:cortices
. 1975 13,554 12,871 1.05 : 1
Study Area
| 1
1976 12,367 10,790 1.15 : 1
1975 13,075 15,570 0.83 : 1
Study Area
#2
1976 13,557 17,555 0.77 : 1
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APPENDIX 10

Response values for 32 males to experimental playbacks
on Study Area #2 are given in Figure 1., None of the four
responses measured showed a consistent relationship with

territory size.
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Figure 1. Comparison of size of +territory with four
playback vresponses for 32 males tested on Study Area #2.
The responses are: {A) the number of flights, {B) closest
approach, {C) 1latency of response, and {D) percent change

in song rate. .
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