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J. Michael Eeed, M.A., June 1984 Zoology
Habitat selection and territory size regulation in the Vesper 
Sparrow (Pooecetes graminexis) (75 pp.)
Director: Dr. Richard L. Hutto

I recorded the size and placement of Vesper Sparrow terri
tories during the breeding seasons of 1982 and 1983 in Missoula 
County, Montana, to compare an adaptation of the flush method with 
the spot-mapping method for mapping Vesper Sparrow territories.
Each of seven territories was mapped using the flush and spot-map 
methods. Territorial boundaries \iere delimited using four standard 
techniques so that I could determine vhether my results were sensitive to the analytical methodology used. The flush method of 
mapping territories was faster and more representative of the area used hy the bird than was spot—mapping.

To investigate the relationship of certain environmental 
variables with territory size and placement by Vesper SparrovTS an 
adaptation of the flush method was used to map 60 territories. 
Arthropod densities and 13 variables associated with vegetation 
structure were measured to determine if any were related to 
territory size. Territory size was correlated with the number of 
perches, perch height, vegetation height, and horizontal vegetation 
density. Since the variables were highly intercorrelated regres
sion analysis was used. Only horizontal vegetation density was 
significantly related to territory size. Arthropod density was not 
correlated with territory size, and appeared to be a non-limiting 
resource.

175 sample points were located at one of the study sites and 
at each point 11 variables associated with vegetation structure 
were measured. I compared vegetation variables associated with 
the following categories: 1) points included within territories vs.
those outside territorial boundaries, 2) randomly chosen sample 
points vs. points within territories and vs. points outside the 
territories, and 3) points falling within each of six territories. [ 
Discriminant function analysis (DtFA) showed significant differences 
in vegetation structure between sample points within and those 
outside territories. Vegetation structure could be described as 
a continuum from short, dense vegetation with a high percentage 
of ground cover in used areas to tall, patchy vegetation in unused 
areas. Random sample points could be discriminated from points 
in used areas but not from points in unused areas. The territories 
were placed in areas with discemibly different vegetation 
structure. The same four variables were significant in each DFA: horizontal vegetation density, vertical vegetation density, percent 
ground cover, and mean vegetation height, Iforizontal vegetation 
density had the strongest effect in each analysis.
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"It is fairly safe to assume that, if two observers are competent 
and upright, their contradictory results, no matter on what subject, 
will prove essential to the final solution of the problem. "

Frank Cramer 
The Method of Darwin 

1896, P. 69 
A. C. MoClurg and Co., Chicago
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PREFACE iv

This thesis is written in tvro chapters. The first chapter is 
entitled "A ccjrtparison of the "flush" and spot-map ræthods for estimating 
the size of Vesper Sparrow territories." It reports the results of 
a stu£^ to test the applicability of the mapping method I used to map 
territories. The second chapter has the same title as the thesis 
("Habitat selection and territory size regulation in Vesper Sparrows") 
and contains the primary research for iry thesis.

These tvD chapters are written as papers that will be submitted 
for publication. Each has its own literature cited.

The research, analyses, and writing for ny Master's thesis were 
truly the learning experience they should have been.
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A COMPARISON OF THE "FLUSH" AND SPOT-MAP METHODS FOR ESTIMATDJG 

THE SIZE OF VESPER SPARRCtf TERRITORIES 

INTRCDUCTION

Spot-mapping is œsmmonly used as a census method for birds 
(Williams 1936, Kendeigh 1944, Emlen 1977, Paul and Roth 1983) , and it 
has also been used to delimit individual territories or "known use" 
areas (Zimmerman 1971). Spot-mapping involves mapping individual 
observation points throughout the day, or over a course of several days, 
so that territorial locations and boundaries may be drawn. A faster 
method of mapping territories, especially suitable for grassland species, 
was developed by Wiens (1969). The method (the "flush" method) involves 
repeatedly flushing an individual a minimum of 20 times and recording 
its flight path and flush sites. Together, these paths are assumed to 
fall within territorial boundaries (Wiens 1969). Both methods have been 
used in grassland research to provide estimates of territory size 
(spot-map— Zimmerman 1971, 1982; flush— Wiens 1973, 1974; Whitmore 
1979, 1981, Rotaiberry and Wiens 1930) . These tvo methods have not been 
compared with respect to their relative accuracy, consistency, or 
usefulness in estimating territory size.

The objective of this study was to conpare the accuracy and 
efficiency of the spot-map method for mapping territories with that of 
an adaptation of the flush method, using observations from the Vesper 
Sparrow (Pooecetes gramineus), a common grassland bird species. I used
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four standard techniques of delimiting territorial boundaries to 
examine the robustness of ity results, i.e. vhether the results are 
independent of boundary delimitation technique.
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STOPy SITE AND MBTEiODS

The study site, a 130 ha upland plot, was situated amid the gras^ 
slopes located 0.5 km North of Nissoula, Ibntana (114® 00' W; 47® 48' N; 
elevation 980m). Vegetation was typified by Idaho fescue (Festuca 
idahoensis), rough fescue (F. scabrella), blue bunch vheatgrass 
(Agropyron spicatum) , and spotted knapweed (Centurea maculosa).

I mapped seven territories using an adaptation of the flush method, 
v̂ iereby only flush points vere used, rather than flush points plus 
flight paths (Wiens 1969), to delimit territories. I excluded flight 
paths because flight paths of scane individuals crossed known territorial 
boundaries, as indicated by observation of habitat use and territorial 
skirmishes. If another Vesper Sparrow territory was invaded during the 
flushing, the territory owner whose boundary was crossed chased out the 
encroacher. These chases never occurred vhen an indivudal landed at a 
flush point.

After flush mapping was conpleted, I set up routes for spot-mapping 
the individuals that occupied the same territories. Each time I 
traversed a territory, I recorded the location of any bird seen. This 
technique differs from the flush method because all points are generated 
from the first sighting of an individual each time the path is traversed. 
Researchers have used as few as three repetitions of their ^stematic 
paths to delimit a territory (Williams 1936), but the International 
Standard for Mapping (Robbins 1970) recommends a minimum of eight visits 
and three sightings for census work in open habitat. To get more 
information on territory sightings, I repeated each systematic path 38
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times and sighted each individual a minimum of 20 times.

From the points generated by both the flush and spot-map methods I 
estimated territory sizes using four different boundary delimitation 
techniques:

(1) Adjusted Polygon (Figure lA)— Found by connecting the outermost 
points with straight lines, except that areas that viere not used or 
defended, for whatever reason, were not included (ftohr 1947 ["minimum 
heme range"] , Janes 1959 ["composite method"], Ambrose 1969 ["adjusted 
home range"], Seastedt andIfecLean 1979). The decision about an area's 
exclusion was made through repeated observations of an individual's 
presence in different parts of the territory. If an area was consistently 
unused it was excluded.

(2) Minimum Circle (Figure IB)— Ihe territory area was calculated hy 
using the two most distant points as the diameter of a circle (Fitch 
1958). Such a method may be reasonable for grassland species, as 
evidenced hy the fact that the territory of the Chestnut—collared 
long^ur (Calcarius omatus) is approximately circular (Harris 1944) .

(3) Maximum Polygon (Figure 1C) — Found by connecting the outer-most 
of the cluster of points with straight lines (Odum and Kuenzler 1955, 
Ambrose 1969).

(4) 90% Polygon (Figure ID) — A maximum polygon is found with the 
lïDst isolated 10% of the points excluded. Stenger and Falls (1959) 
calculated a "utilized" territory, excluding the most isolated 5% of the
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Figure 1. Plot for territory 2 using the flush method and each of the 
techniques of delimiting territorial boundaries: adjusted
polygon (A), minimum circle (B), maximum polygon (C), and 
90% polygon (D). Numbers r^resent multiple points.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



# #

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



6
points. I had smaller saitple sizes than they, and by excluding 10% I 
eliminated two points from each territory for both map methods.

To determine the variability in estimating territory size using 
the flush method, I chose five of the seven territories that were 
initially mapped and remapped each four times during the following three 
weeks. I then compared the within-to between-territory variances in 
territory size. The method used for determining territorial boundaries 
for this part of the analysis was the adjusted polygon method (for 
reasons presented in the discussion).

Uie areas of the polygons were calculated using a digitizer.
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RESULTS

Using the adjusted polygon technique to define the territorial 
boundaries (Figure 2), the flu^ method resulted in significantly 
larger territory sizes than spot-mapping did (Sign test, n = 7 
for each method, P<0.01). This result held true regardless of the 
technique used to delimit territory boundaries (Table 1).

Territory sizes ranged from 0.29 ha (90% polygon, spot-map, 
territory 1), to 3.04 ha (minimum circle, flush, territory 2). The 90% 
polygon method consistently resulted in the smallest territory sizes, 
vhile the minimum circle resulted in the largest territory sizes (Table 
1).

In the repeat-mapping portion of the study, territory sizes ranged 
from 0.53 ha (territory 3) to 1.13 ha (territory 5) (Table 2). I 
performed a nested analysis of variance (ANOVA) to determine where the 
variability in territory sizes was most prominent, and the most 
significant amount of variability occurred between territories (98.6%), 
rather than within territories (1.4%) (F = 2.60, df = 4, 20, P>0.05) 
(Table 3).
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Figure 2. Flush points (left column) and spot-map points (right 
column) for seven Vesper Sparrow territories. Numbers 
represent multiple points. Territories are depicted 
using the adjusted polygon method.
I 1 = 20m

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



#

2 # •

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 2. Continued.
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T&ble 2, The area (ha) of five territories using the flush method 
to generate points and the adjusted polygon technique to 
estimate territory size for each of five saitple dates.

Territory

Repetition Date

6/25 6/28 6/30 7/6 7/10

3 0.61 0.78 0.90 0.76 0.59
4 0.71 0.86 0.71 0.77 0.75
5 0.64 0.39 0.80 0.53 0.62
6 0.94 0.89 0.73 1.00 0.87
7 1.12 1.13 1.05 0.92 0.89
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Table 3. Analysis of variance table for data on territory sizes.

Source of 
Variation df S3 F

% of 
Variation

Between territories 4 0.52 0.13 98.6
Within territories 20 0.26 0.05 2.6 1.4
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DISCUSSICN

TEŒNICXIES OF TERRITORY SIZE ESTXI-lATiasr

Adjusted Polygon— For purposes of discussion I will define 
"territory" eis the area on vAiich an individual bird was consistently 
found. The adjusted polygon method probably best defines a Vesper 
Sparxow's territory for the following reasons. It is the only method 
that I used vhich allows for researcher interpretation from observations 
in the field, allowing the exclusion of areas that the individual does 
not use (e.g., Ambrose 1969, Seastedt and IlacLean 1979). Prcm additional 
field observations and flushing of individuals I am fairly certain that 
the boundaries shown by the adjusted polygon technique are accurate. 
Territory borders often follov̂ ed fence lines or trails for a distance, 
vhich altered the territory shape from the expected maximum polygon 
shape. For example, territory 2 was "L"-shaped. The area avoided by 
the individual, causing the unusual territory shape, was one of sudden 
vegetation structure change from mixed grasses to a broad-leafed forbs. 
Vesper Sparrows had difficulty perching on this vegetation (pers. 
obs.) and ireiy have avoided it on this basis.

Minimum Circle— The greatest problem with Pitch's (1958) technique 
is that it assumes an individual's territory is circmlar. The greater 
the territory deviates from a circle, the greater the area erroneously 
interpreted as "territory. " The most extreme problem would occur with 
birds having very narrow territories. For exaitple, a known "L"-shaped
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DISCUSSION

TECHNIQUES OF TERRITORY SIZE ESTn«lATIŒ

Adjusted Polygon— For purposes of discussion I will define 
"territory" as the area on vhich an individual bird was consistently 
found. The adjusted polygon method probably best defines a Vesper 
Sparrow's territory for the following reasons. It is the only method 
that I used which allows for researcher interpretation from observations 
in the field, allowing the occlusion of areas that the individual does 
not use {e.g., Ambrose 1969, Seastedt and ItecLean 1979). Frctn additional 
field observations and flushing of individuals I am fairly certain that 
the boundaries shown by the adjusted polygon technique are accurate. 
Territory borders often follovjed fence lines or trails for a distance, 
which altered the territory shape from the eŝ êcted maximum polygon 
shape. For exaiqple, territory 2 was "L"-shaped. The area avoided by 
the individual, causing the unusual territory shape, was one of sudden 
vegetation structure change from mixed grasses to a broad—leafed forbs. 
Vesper Spsurrows had difficulty perching on this vegetation (pers. 
obs.) and may have avoided it on this basis.

Minimum Circle— The greatest problem wdth Fitch's (1958) technique 
is that it assumes an individual's territory is circular. The greater 
the territory deviates from a circle, the greater the area erroneously 
interpreted as "territory." The most extreme problem would occur with 
birds having very narrow territories. For exanple, a known "L"-shaped
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territory (territory 2) produced the greatest deviation between actual 
and estimated territory size (Table 1).

Maximum Polygon— This technique is probably a bit more accurate 
than the minimum circle because it excludes some of the area known to be 
unused. It often yielded the same results as the adjusted polygon 
technique (Table 1), but ran into errors with territories that had an 
irregular shape (e.g., territory 2). This technique may include 
sections of the habitat that are not suitable for the individual, or for 
some other reason are not used, as part of the territory size estimate.

90% Polygon— In addition to the problems associated with the 
Maximim Polygon technique, it was often the case that one of the points 
excluded was a perch site. Perhaps this particular problem would be 
elminated with additional data.

MAPPING METHODS

I feel the modified flush method (Wiens 1969) was better than 
spot-mapping for mapping territories for two reasons: accuracy and
time. The best way to explain vàiy the flush method was more accurate is 
to go throu^ the hypothetical exaitple illustrated in Figure 3.

The first problem with the spot-map method is that the only way to 
see an individual is when it is perched or whan it is flushed from the 
ground while walking the path. Vesper Sparrows are very secretive and 
are virtually never flushed from the ground unless approached wdthin 
1.5 m. It was effectively inpossible to see an individual on the ground 
because the vegetation was so obstructive.
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Figure 3. Gortparison of hypothetical flush-mapped (squares) and 
spot-mapped (dots) territories.
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16
The modified flush method on the other hand involves repeatedly 

flushing an individual a minimum of 20 times, and recording the flush 
points. In all my territories the individual began repeating its flush 
points before I oonpleted mapping. The "invisible boundaries" that 
surround the territories seemed very distinct, especiadly vAiere the 
territories abutted (Figure 3) . lihen an individual was flushed into an 
adjacent territory it was chased out by the resident territory holder, 
resulting in two abutting territories (solid lines) , much larger in size 
than the spot-mapped territories that met at a single perch site.

It may be inportant to note that the study site did not seem to be 
"saturated" with individuals, vhich might have influenced territory size 
and shape. If the area had been saturated, spot-maj^ing might have 
resulted in more points alone the territorial borders due to border 
disputes.

One apparent drawback to spot-mapping is that a very large number 
of sightings of an individual (»20) may be necessary to establish its 
territorial borders. By chance along an individual is more likely to be 
seen anyvhere in its territory except its borders, since the majority of 
time is spent centrally (Bobbins 1971, Bbrtindale 1982) . Feeding and 
nesting activities are generally centered around the nest site, thus 
increasing the probability of sighting an individual away from its 
territorial borders (i.e. towards the territory center). Flush-mapping 
forces an individual to the edge of its border, and repeated flushing 
defines a distinct border vAiich probably represents the "familiar area" 
of an established territory. I believe the flush method gave an
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accurate picture of territory sizes and distributions, while spot-mapping 
gave information cxi centers of conspicuous activity within the 
territory.

The flush method has the added advantage of being less time- 
consuming than spot-mapping, particularly when many sightings are 
required for detailed territory-border results using the latter method. 
Flushing a Vesper Sparrow 20 times generailly took little more than 10 
min. while the information needed by spot-mapping took much longer and 
can take hours of continuous observation time (Odum and Kuenzler 
1955)— or at least a week of regularly walking a systematic path 
(Robbins 1970).

There is one situation in which the flush method is ineffective for 
mapping territories. The flush method is not useful when mapping a 
species that will leave its territory when flushed. Potter (1972) had 
this trouble mapping Savannah Sparrow (Passerulus sandwichensis) 
territories and had to use spot-moping. A situation in which 
spot-mapping may be as effective as flush mapping is when the species 
under observation is large enough that the vegetation does not obstruct 
its detection, e.g. long-billed Curlews (Numenius americanus). In such 
cases the individual can be seen on the ground at some distance frcxn the 
^stematic path, which increases the possibility of seeing the 
individuals at the borders most distant from the path.

VARIABILITY

After remapping territories, I found much less variation in 
territory size wd-thin than between territories. This finding, coupled
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with an assurrption that individual territory sizes remain constant 
with time, indicates that the flush method is a relatively precise method 
of measuring Vesper Sparrow territory size.

There is evidence however, that grassland bird species* territories 
increase in size during the breeding, season (Risser et al. 1982:225). 
Results from individual territories in this study (Table 1) indicate that 
although fluctuations did occur in Vesper Sparrow territory size, there 
vas no noticeable trend in direction of change. It may be that 
territories set up later in the season differ in size from those 
established earlier due to reasons associated with changes in prey 
densities, but individual territories established earlier did not appear 
to increase with time.
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HABITAT SELECTION AND TERRITORY SIZE REGULATICN 

IN THE VESPER SPARROW 

INTRODUCTION

MDst bird species of higher latitudes are migratory, and most 
also defend breeding territories in the spring. This means that every 
spring the individuals falling within each of the above characteristics 
have two inportant decisions to make:

1) Exactly where should the territory be established; and
2) How large a territory should be defended?
When considering habitat selection on a broad scale, the answer 

to the first question probably involves a rigid evolutionary progranming 
(e.g. woodland birds do not breed on the tundra) . However, except for 
the most site-tenacious ^>ecies (e.g. Pied Flycatcher (Ficedula 
Hypoleuca), Greenwood 1980), at least seme flexibility on a finer scale 
may be involved.

If a habitat is perfectly homogeneous in all resources, then one 
would expect territories of a given species to be randomly placed 
(provided that the habitat is unsaturated) and to be equal in size. 
Within a habitat, however, locations differ in vegetation structure, 
plant species, prey density, light intensity, soil moisture, mineral 
content, and many other factors. If any of these parameters affect 
survival or reproductive success, natural selection would favor those 
individuals that locate their territories in the best sites, or
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microhabitats, and those that adjust the size of their territory to 
maximize an economic benefit to cost ratio.

Nonrandom microhabitat selection by species within an area has 
been reported in many bird communities (e.g. Vander Wall and MacT4ahon 
1984, and references). Additionally, different bird species have been 
found to select specific sites within a habitat on the basis of ground 
moisture (Tryon and MacLean 1980), plant species (Holmes and Robinson 
1981, Meents et al. 1982) , and vegetation struKoture (Lack 1933,
Miller et al. 1966, VÜens 1973, Lance 1978, McKitrick 1979, Meents et al. 
1981, Whitmore 1981).

In fact, based on reproductive success, certain habitats are 
considered to hJe "qptimal" for a given species (Orians 1969, Weatherhead 
and Robertson 1977, George et al. 1979). This does not mean, however, 
that all individuals of a given species will breed in the habitat for 

. vhich they are best suited. For example, Zimnennan (1971) found that 
Dickcissels (Spiza americana) occupy both old-field and prairie habitats. 
The old-field was "preferred” hy males because the habitat heterogeneity 
allowed multiple nest sites within a territory, vdiile the prairie sites 
did not (Zimmerman 1971) . Even though reproductive success for males 
was higher in the old-field, individuals still bred in the prairie 
habitat because the old-field was saturated with individuals. So 
instead of not breeding, individuals bred in suboptimal habitats.

Vegetation structure may affect territory size through the amount 
of protective vegetation for nesting (Knapton 1979) , or amount of 
visually obstructive vegetation (Ewald et al. 1980). It is also 
possible that vegetation parameters may act secondarily as a cue for
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pr^ abundance later in the season (Willson 1966, Cody and Walter 1976, 
f^ers et al, 1979), and that territory size is ultimately related 
to food supply. In fact, prey density has been proposed to affect 
territory size directly. Studies of insectivorous birds (Stenger 1958, 
Oody and Oody 1972, Morse 1976) and herbivorous birds (lederer 1977, 
Salomonson and Baida 1977) have revealed negative correlations between 
territory size and food abundance. Sunbirds adjust their territory sizes 
on a day-to-day basis to provide just enough food to survive (Gill and 
Wolf 1975) . The Cactus Pinch (Geospiza scandens) adjusts its 
territory size to cactus area, vdiich affects food supply and, consequently, 
territory quality and mating success (Millington and Grant 1983).

In contrast, Hinde (1956) asserted that except for a few rare 
instances there was 'no evidence that territories of birds are limited 
in size by prey abundance. Brown (1969) , Krebs (1971) , and Franzblau and 
Collins (1980) all found no correlation between territory size and prey 
abundance. In grasslands, Evans (1964) , Wiens (1974), and Folse (1982) 
reported prey to be "superabundant", and that prey abundance should 
therefore not be expected to restrict territory sizes.

Some of these questions have been addressed toward Vesper 
Sparrows (Pooecetes gramineus) , vhich occur in a variety of geographic 
regions (Whitmore 1979, Wray and IShitmore 1979, Rotenberry and Wiens 
1980a,b, Wiens and Rottenberry 1981, Rodenhouse and Best 1983, Best 
and Rodenhouse 1984) and vhich are known to breed in grassland, meadow, 
cropland, and shrubsteppe habitats.

Working on a regional scale (i.e. 16 sites from many areas across 
the western United States) with grassland and shrubsteppe species.
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Kotenberry and Wiens (1980a) found that ̂  Veî jer Sparrows were present 
at a site, their densities were correlated with habitat structure. 
Ifcwever, habitat structure was not a good predictor of v^ether Vesper 
Sparrows wDuld be present at a given site (Wiens and Rotenberry 1981).
On what I will call a ''semi-regional'.' scale (i.e. nine sites in S.E. 
Oregon and N. Nevada) Rotenberry and Wiens (1980b) found Vesper 
Sparrow distributions to be independent of habitat structure.

It may be that neither the regional nor semi-regional 
scale of resolution is fine enough to detect local-scale (i.e. one or 
two sites) interactions between the habitat and individual sparrows.
At the local level, Wray and Tihitmore (1979) found reproductive 
success in Vesper Sparrows to be directly correlated with different 
measures of habitat structure. Rodenhouse and Best (1983) found an 
association betwëen some measures of habitat structure and nest 
placement, and they also found an association between measures of 
habitat structure and territory site selection in croplands (Best and 
Rodenhouse 1984).

Habitat structure was a good indicator of Vesper Sparrow density 
if the Sparrows were present at a given site (Rotenberry and Wiens 
1980a). This could be due to a limitation of sparrow density because 
the amount of suitable habitat is limited, or because habitat "quality" 
affects territory size. Certain habitat-structure characteristics 
appear to be "preferred" by Vesper Sparrows and such parameters have 
the potential to affect both territory size and territory placement 
(Wray and Whitmore 1979, Best and Rodenhouse 1984). In this paper 
I investigate the effect of several environmental variables on both
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microhabitat selection (territory placement) and territory size in 
Vesper Sparrows. Specifically, I ask vihether several aspects of 
vegetation structure and food density influence territory size, and 
vAiether territories are situated nonrandoraly with respect to 
vegetation structure.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



26
STUPy AREA.

My study sites were in upland grasslands in central, western 
Montana, 1.4 km north of Missoula (JÆLssoula County, 114® W, 47® 48' N; 
elevation 980m). Dcminant grass species included Idaho fescue 
(Festuca idahoensis), rough fescue (F. scalrella), and blue bunch 
vdieatgrass (Agrcpyron specatum) . The most common forb in the study 
area was spotten knapweed (Centurea maculosa), an exotic that often 
dominated large areas (>0.5 ha) . Taller plants were commonly used as 
perch sites for Vesper Sparrows. Many birds had shrubs or fences 
within or bordering their territories, and some had a tree at their 
border.
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METHODS

The study was conducted during the qpring and summer months of 
1982 and 1983. Research in 1982 centered on the question of territory 
size regulation, and in 1983 I concentrated on habitat selection.

In 1982 I mapped 60 Vesper Sparrow territories and measured 
vegetation parameters and arthropod abundance within the approximate 
center of each territory.

In 1983 I set vp five plots on one study site, each of vhich 
consisted of a 7 X 5 grid of saitple points with 25m between each 
point. The grids were set up along a previously marked census route, 
and were placed to overlap areas that included Vesper Spsarrow territories 
during the year before. I then mapped Vesper Sparrow territories 
(Figure 4) and determined which grid points fell within territories 
("used”) and wdvLch lay outside territories ("unused”). At each point 
I measured vegetation characteristics in each of the four major compass 
directions. No territory overlapped grid 2 so it was excluded from the 
analysis.

Territory Mapping— I mapped territories both years using an 
adaptation of the "flush" method (Wiens 1969; Chapter 1) . Instead of 
including both flush points and flight paths in the territory, only 
flush points were included. Flight paths of individuals sometimes 
occurred outside known territory boundaries. This was best demonstrated 
where territories abutted. Typically, when chasing an individual, it 
would fly as far as a particular point and then turn around. Its 
neighbor, when chased towards the same border, would fly only to that

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



28
same point and turn around as well. Sometimes the individual would 
continue into the other's territory and the owner would chase out the 
intruder. No chases occured from a flush point, so I concluded that 
flush points were included in the territory, vdiile flight paths often 
were not. A minimum of 20 flush points were located for each bird.
Each individual began returning to earier flush points before 20 points 
were recorded.

The flush points were connected to form the territory using the 
"adjusted polygon" method, in vAiich a polygon is formed hy connecting 
the outer points, excluding areas from vdiich individual was not 
flushed (Janes 1959, Ambrose 1969, Seastedt and MacLean 1979),

Vegetation Measurements

Ground Cover— Grinnell and Miller (1944) and Wray and Vlhitmore 
(1979) found Vesper Sparrow densities to be correlated with ground 
cover, vAiile Rotenberry and Wiens (1980a) and Best and Rodenhouse 
(1984) found forb cover to be correlated with Vesper Sparrow 
densities. Consequently, I iteasured percent vegetation cover, percent 
forb cover, and percent grass cover because of their potential 
importance in providing the basis for microhabitat selection.
1982 - I randomly placed a 0.25 m? frame on the ground within each 
territory, and estimated each of the percent coverages hy eye. This 
was repeated four more times in each territory. The coverage estatimates 
for each of the five frame placements were then averaged for each 
territory for analysis.
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Figure 4. Grids with territories overlain. Rows and columns of grid
are 25m apart. Dashed lines indicate portions of territories 
extending beyond grid boundaries.
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1983 - At each grid point four 5-m oords were placed on the ground in 
the four cardinal directions, with the grid point as the origin for 
each cord. Percent coverages were then estimated fcy eye along each of 
the cord-transects. The values for each cord were then summed into a 
composite value for analysis.

Vegetation Height— Because vegetation height is potentially 
iriportant as a means by which grassland bird species divide resources 
(Cody 1968) , I made the following measurements:
1982 - The mean vegetation height (cm) was calculated frcm 15 measurements 
taken at 1 m intervals along a transect running throu^ the center of
the territory. The variance of this measurement was used as an 
indicator of vegetation height variability.
1983 - Vegetation height (cm) was recorded, using a meter-stick, at 
the grid point and at 1 m and 5 m frcm the grid point in eacdi of the
' four cardinal directions. These values were analyzed as separate
measurements and also were averaged to determine a mean height.

Vertical Vegetation Density— Vertical vegetation density was
estimated only in 1983. I determined this by lowering a thin vertical
rod through the vegetation at the grid point and counting the number
of hits by the vegetation. The number of hits equaled the vertical
vegetation density. Wray and ISZhitmore (1979) found this measurement
to be correlated with reproductive success in Vesper Sparrows.

Horizontal Vegetation Density— 1982 - At the approximate center
of each territory I placed a Im X Im board on edge and estimated the
amount of the board obstructed by vegetation. To make density

?estimation more accurate, the board was divided into a 1 dm checkerboard
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pattern, and the percent of each square covered by vegetation was 
estimated. Ihe squares were then added together to find total board 
cover. Hiese measurements were made with the observer looking from 
10 cm above the ground (approximate Vesper Sparrow eye-height), and 
75 cm above the ground (to simulate view from a perch). The observer 
made estimates at distances of 1 m, 5 m, and 10 m from the board. After 
rotating the board 180® (on its vertical axis) , this procedure was 
repeated.
1983 - A 4 X 10 dm board, again painted in a checkerboard of 1 dn^, 
was placed narrow end down at 1 m and 5 m distant from the grid point. 
Cumulative board cover was estimated in the same manner as in 1982. The 
observer was stationed at the grid point and was looking with eye 
level at 75 cm from the ground. This height was chosen because in 
1982 it yielded the greatest variability in measurement (see results) 
and therefore has the greatest potential for discrimination among grid 
points (Anderson 1981).

Vegetation volume— I calculated vegetation volume for analysis 
to determine if it was independently correlated with microhabitat 
selection. Vhnder Wall and Macî4ahon (1984) found the presence and 
density of insectivorous bird species to be correlated with vegetation 
volume.
1982 “ Volume = percent ground cover times territory size times mean 
vegetation height.
1983 - Volume = percent ground cover times mean vegetation height.

Perches— Perches are inportant to Vesper Sparrows for singing
(Wiens 1969, Rodenhouse and Best 1983) . Identification of potential 
perches was subjective, based on what I had seen Vesper Sparrows use.
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Tîiey include shrubs, trees, fences, forbs, rocks, and mounds of bare 
ground. Even thou^ rocks and mounds were lower than the mean 
vegetation height, the area immediately surrounding them was typically 
free of vegetation.
1982 - Hie number of potential perches on each territory was counted 
and the territories were divided into three grovçjs by perch number:
<4, 4-7, and >7 perches. îfean perch height was divided into three 
gror^s based on perch height relative to the surrounding vegetation 
height: 0.7-1.5x mean vegetation height, l,5-3x, and >3x.
1983 - The height of the potential perch (dm) nearest the grid point 
was measured, as was distance to nearest perch (m), and perch type.

Litter— In several studies of grassland birds litter depth has 
been measured and found to be inportant in occupancy selection by Vesper 
Sparrows (iVhitmore 1979, 1981, Wray and Whitmore 1979). In iry study 
area vegetation was either alive or standing dead, so there vias 
essentially no litter.

Arthropod Sarrpling

Arthropods were sanpled in 1982 only. In each territory I made 
50 sweeps with an insect net. I sw^^t as close to the ground as 
possible and typically scraped the ground with the net. The number of 
arthropods captured per sweep was used as a measure of arthropod 
density. I calculated a measure of arthropod availability to the birds 
by the equation: number of arthropods per sweep in each territory times
vegetation volume.
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Effects of Time

•Riere is evidence that the territory sizes of scxpe grassland bird 
species increase through the breeding season (Risser et al. 1982).
In 1982 I kept track of the date I measured each territory to determine 
if this trend occurred in Vesper Sparrows.

I also recorded the time of day that measurements were made to 
determine if territory size measurements were directly related to time 
of day independent of arthropod densities.
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RESULTS

Habitat Selection
The data for the grid points in used and unused areas (̂ >̂pendix 1) 

were subjected to stepwise discriminant analysis to determine which 
variables, if any, were inportant in discriminating the two categories 
of the grid points: those falling within and those falling outside of
the territories. The values from measurements taken at 1 m had the 
greatest variability and revealed the greatest difference between used 
and unused areas. The same was true for 5 m for measurements of horizontal 
vegetation density (Table 4). Because of this variability, they had 
the greatest potential to discriminate between grid points falling 
within used and unused areas (Anderson 1981) .

Maximum discrimination between used and unused grid points was 
based on four variables: vegetation height at 1 m, percent vegetation
cover (=percent ground cover) , horizontal vegetation density at 1 m, 
and vertical vegetation density (Table 5). Vegetation height and 
horizontal vegetation density varied inversely with percent ground 
cover and vertical vegetation density. Horizontal vegetation density 
had the greatest effect within the function. The distribution of 
points from used and unused areas along the discriminant function 
axis (Figure 5) can be interpreted as a continuum from tall, patchy 
vegetation in unused areas (-3, centroid = -0.359) , to short, dense 
vegetation with a relatively high percent ground cover in used areas 
(+3, centroid = 0.608).
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Table 4. Mean values and standard deviations of continuous variables 
used in the discrimination of points from used and unused areas.

Variable Used t&iused

Vegetation Height (cm)
Grid Point 20.23(13.1) 22.67(18.5)
Mean at 1 m 24.01(10.9) 31.26(12.3)
Mean at 5 m 28.97( 9.5) 34.47(10.8)

Ground Cover
Cover 351.26 ( 29.1) 343.25(36.7)
Grass 163.93(108.1) 145.81(89.5)
Forb 235.05(108.9) - 254.00(89.4)

Vertical Vegetation Density 3.49(1.8) 3.54(2.3)

Horizontal Vegetation Density
1 m 505-63(275.7) 633.27(333.7)
5 m 1710.45(758.2) 2163.85(984.5)

Perch
Height (dm) 9.00(3.9) 9.37(2.4)
Distance to nearest (m) 9.32(6.4) 8.06(5.5)
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Table 5. Variables that provided maximum discrimination (P<0.05) among 
points from used and unused Vesper Sparrow raicrohabitat, and 
standardized canonical discriminant function coefficients (SCDFC).

Variable WilX's Lambda P SCDFC

Vegetation Height at 1 m 0.913 0.0004 -0.2498
% Vegetation Oover 0.867 0.0001 0.6408
Horizontal Density at 5 m 0.827 <0.0001 -0.7731
Vertical Density 0-819 <0.0001 0.7000
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Tb test the significance of the discriminant analysis I 

used the linear function in a classification analysis. In this 
test, grid-point-variable values from each grid point are plugged 
into the linear equation, and then each point is classified as 
used or unused based on vdiidh centroid they are nearest. Results 
show that 69% of the 140 points were classified correctly (Table 6).
This is significantly more than the 55% correct classification 
expected by chance sorting (proportional chance criterion.
Hair et al. 1979:102-103)(X̂  = 11.09, df = 1, P<0.005).

I tested the hypothesis that values of variables from grid 
points found within a territory were not significantly different 
from those of grid points chosen at random. I selected 52 grid 
points at random (equal to the number of grid points falling 
into used habitat) and compared them to grid points in used and 
unused areas. These comparisons were made using direct discriminant 
analysis involving the four variables in Table 6.

Discriminant analysis successfully discriminated between grid
points from used areas and those chosen at random (P<0.02). The
classification test showed significantly more cases classified
correctly (61%) than expected by chance sorting (50%)
(x2 = 6.26, df = 1, P<0.025) (Table 7). Analysis could not
discriminate between randcm and unused grid points (P>0.1),
hcwæver, and the classification results (54%) were not significantly
different from that expected by chance sorting (55%)
(x2 = 0.10, df =1, P>0.5) (Table 8).

Each of the six territories could also be successfully 
discriminated from the other five on the basis of the same four
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Table 6. Classification analysis for grid points from used vs. unused
areas. Significantly more were classified correctly than expected by 
chance (X̂  = 11.09, df = 1, P<0.005).

Classified as:

Actual N Used Uhused

Used 52 34 18
Unused 88 26 62
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%ble 7. Classification analysis for points from used areas vs. randomly 
selected grid points. Significantly more points were classified 
correctly than es ŝected hy chance (X̂  = 6.26, df = 1, P<0.25).

Classified as:

Actual N Used Unused

Used 52 32 20
Random 52 21 31
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Table 8, Classification analysis for points from unused areas and 
randomly selected grid points. No more points were classified 
correctly than ejçiected by chance. (X̂  = 0.10, df = 1, P<0.5).

Classified as:

Actual N Used unused

Oiused 88 48 40 -

Random 52 25 27
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variables. Classification analysis resulted in 44% classified 
correctly, significantly greater than expected by chance sorting 
(19%) (x2 = 20.3, df = 5, P<0.005) (Table 9). Ihe first 
discriminant function explained 72% of the variability (Table 10), 
and four functions were required to explain 100% of the variability.

A possible explanation for discrimination success between 
points in used and unused areas, and between territories, is that 
adjacent grid points may be more similar than non-adjacent points.
This would result in discrimination as an artifact rather than by 
biological cause. To look at variability between adjacent points 
and nan-adjacent points I chose two sets of 36 grid points. One 
set was chosen at random, and the second set consisted of the 
middle-most point and the eight surrounding points in each of the 
four grids. Hie se represented random and clumped points respect
ively. Hie variability of each of the four variables important 
in discrimination was similar, but the clumped points tended to 
be more variable than the random points (Table 11).

Territory Size Itegulation

Territory Size— Vesper Sparrow territories ranged in size 
from 0.25 - 5.09 ha, with a mean size of 1.65 ha (n = 60) (Table 12).

Vegetation Relationship— Territory sizes were compared with 
vegetation-structure measurements using correlation and regression 
analysis. Territory sizes and their respective vegetation 
measurements are listed in Appendix 2. Five vegetation-structure 
measurements were significantly correlated with territory size
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Table 9- Classification analysis conparing grid points from within
each of six territories. Significantly more points were classified 
correctly than expected by chance (xf = 20.28, df = 5, P<0.005).

Actual

Classified as:

N 1 2 3 4 5 6

1 10 4 4 2 0 0 0
2 6 2 4 0 0 0 0
3 15 2 2 5 1 4 - 1
4 10 0 1 1 4 2 2
5 7 0 1 1 0 4 1
6 4 1 0 0 1 0 2
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Table 10. First discriminant function for between-territory ccrrparisons, 
The function accounts for 72% of the variability in the discriminant 
function analysis.

Coefficient of Variability

Vegetation Height (hti) .2359
Vertical Density -.5957
% Ground Cover -.1932
Horizontal Density 1.1003
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Table 11. Variability of the four variables inportant in the 
discriminant analysis. Values are the standard deviations 
for 36 random points and 36 clurtped points.

Clunped Random

Vegetation Height (Im) 11.4 11.2
Vertical Vegetation Density 1.5 2.2
% Ground Oover 32.8 28.4
Horizontal Vegetation Density 1009.4 998.0
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Table 12. Sumnary statistics for territory sizes and vegetation 

structure measurements of the territories (excluding perch 
height and number). N = 60.

Range

Grand Mean SD Minimum Maximum

Territory Size (ha) 1.65 1.10 0.25 5.09
% Cover 80.78 12.37 27 100 .24
% Grass Cover 28.58 14.53 5 69 .10
% Forb Cover 52.27 13.84 18 89 .11
Relative Perch Height 2.23 0.5 1 3 .28*
Nurrtoer of Perches 2.47 0.7 1 3 .26*
Mean Vegetation Height (cm) 25.30 8.04 20.0 52.0 .31*
Variance of MVH 284.78 118.80 87.0 718.0 .11
Horizontal Vegetation 
Density-lOcm

1 m 1771.3 1201.8 90 6100 .09
5 m 8400.0 3857.9 1400 17100 .06
10 m 14692.5 3888.6 6000 20000 .13

Horizontal Vegetation 
Density-75cm

1 ra 466.5 1301.8 20 10200 .39*
5 m 1623.3 1183.3 330 5100 .01
10 m 3555.3 1755.0 950 8700 .10

*P<0.05
** r = the correlation coefficient from correlation between a given 

variable and territory size.
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correlated with date (r = -.38, P<0.002) (Figure 8), and positively 
correlated with time of day (r = 0.56, P<0.001). Arthropod numbers 
were significantly correlated with tine of day (r = .37, P<0.005).
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Figure 6. Territory size vs. Arthropod density, 
r = -.06, P>0.30.
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Figure 7. Territory size vs. Day of measurement, 
r = .30, P<0.05.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



<M

<W
o

«J

IT>

<M  « 1

O
CMlO O(O

E(X.

i2

I

(VH) 3ZIS AWOiMtQi

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



57

Figure 9. Residuals frcm arthropod density vs. Time and date plotted 
against standardized territory size.
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DISCUSSION

Habitat Selection

Patterns at the Population Level— Vesper Spairrows were found in areas 
vAiere the vegetation was short and dense, with a relatively high 
percentage of ground cover, and were not found in areas where the 
vegetation was tall and patchy. This distribution might be expected 
on the basis of their feeding habits. During the breeding season, a 
minimum of one-third (Bent 1968) to over 50% of an adult's diet and 
nearly 100% of a juvaiile's diet (Evans 1964) consist of arthropods. 
Ve^3er Sparrows do much of their foraging on the ground but ^so 
capture flying insects- Low, dense vegetation would probably provide 
greater availability of food for both Î Tpes of foraging. Crawling 
arthropods would be more accessible to a sparrow vhen they are on low 
rather than high vegetation. Shorter vegetation, vhich is more 
uniformly distributed, would probably be easier for the Vesper Sparrow 
to maneuver around during flight than would taller, patchy vegetation.

This is only one possible explanation of ny results. Other 
explanations may include such things as: 1) lower vegetation may be less
visually obstructive, allowing easier detection of predators or 
oonspecifics, or 2) the higher amount of ground cover may be needed for 
proper nest concealment (Vftray and Whitmore 1979).

VJray and Whitmore (1979) found that high percent litter cover, 
vertical vegetation density, and percent ground cover near the nest 
were associated with high reproductive success of Vesper Sparrows.
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ïtiey felt this type of oover hid nests from predators, because nests 
found in "less preferred" habitat were all lost presumably due to 
predation. Two of their three structural measures are the same as those 
that I found to be inportant in discriminating used from unused areas.
Their work, in an area with higher Vesper Sparrow densities, indicates 
the presence of a continuum of vegetation structure along vhich 
reproductive success varies. I found a similar continuum defining 
habitats chosen for territory sites and those avoided.

Grid points in used areas could be discriminated from randomly 
chosen grid points. Ihis result is consistait with the hypothesis 
that individuals are not positioning territories at random with respect 
to the measured vegetation parameters. Recent studies have stressed 
the inportance of habitat selection ty bird species, particularly 
in explaining community structure (e.g. Karr and Roth 1971, Wiens 1983, 
Vander Wall and flacMahon 1984). results demonstrate that Vesper 
Sparrows exhibit a specific vegetation-structure affinity. However, 
these results do not discriminate between the possibilities that this 
affinity is a result of specific site selection or interspecific 
ccnpetition.

There are several possible explanations for the lack of discriminating 
success between unused and random grid points. The stut^ area may not 
have been "saturated" (Wiens 1974) with Vesper Sparrows. In fact, in 
1983 the study site had fewer territories than it did the year before 
(pers. obs.). In other words, based on vegetation structure the site 
could have supported more individuals in "optimal" territories. This 
"unsaturated" condition resulted in some grid points being unused vhich 
could have been used.
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Another explanation is that a second species with similar resource 

‘requirements was limiting Vesper Sparrow distribution in the area, 
ïîiis would result in some grid points being unused which vould have 
been used in the absence of the competing species.

The final explanation I offer is that approximately three-fifths 
of the grid points are classified as unused. A random sanple of grid 
points would ccaitain a greater proportion of unused than used points. 
Discrimination between random and unused points would favor a type II 
error - not discriminating between the two samples vhen in fact they 
differ.
Inter-Individual Variation— The niche variation hypothesis (Van Valen 1965) 
states that individuals in an area utilize separate subsets of the 
available resources, rather than each individual being a generalist 
and using all of the resource types available. This differential 
use of resources is a result of behavioral and/or morphological 
differences between individuals. results are consistent with the 
niche variation hypothesis. I could discriminate each territory 
on the basis of vegetation measurements taken from grid points within 
each. The first function of the discriminant anaysis e5p>lained 
explained a high percentage (73%) of the observed variation (Table 10) . 
Since territories could be distinguished from one another, it appears 
their residents utilize distinct subdivisions of the acceptable habitat.

That territories were significantly different from one another 
may be due to adjacent grid points being more similar than non- 
ad jacent points. Although I have shown this possibility to be unlikely, 
if it were true, it would not affect the conclusion that the individuals
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use distinguishable subdivisions of the acceptable habitat. Such 
differences WDuld not be the result of differences in the "preferences" 
of individuals. Rather, they would be the result of chance differences 
in the vegetation structure associated with each territory. In any 
case, since grid points were scattered throughout each territory, I 
can be confident that the vegetation structure of each territory was 
significantly different, for whatever reason.

Territory Size Regulation

Vegetation— Several aspects of vegetation structure were positively 
correlated with territory size. Horizontal vegetation density, the 
most important variable in the discriminant analysis, was also the only 
measure that was significantly correlated with territory size in 
regression analyses. I found territory placemait to be associated 
with some aspects of vegetation structure. data also indicate 
territory size to be associated with vegetation structure. Horizontal 
vegetation density increased in unused areas and was also greater in 
larger territories. Vegetation structure similar to that affecting 
territory placement on my study site affected reproductive success in 
another study (Vfiray and Whitmore 1979). Whether due to nest site 
availability (Knapton 1979, Wray and Whitmore 1979), visually obstructive 
vegetation (Ewald et al. 1980), or a less direct effect, it ^spears that 
as vegetation becomes taller and patchier it is "less preferred" by 
Ve^>er Sparrows. As a result, territories associated with this vegetation 
type are larger.
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This relationship between vegetation structure and territory 

size and placement does provide evidence that vegetation structure 
affects Vesper Sparrow density, Rotenberry and Wiens (1980a,b) and 
Wiens and Rotenberry (1981) provide evidence that Vesper Sparrow 
population densities may be affected by vegetation structure. However, 
their evidence is conflicting. It is likely, from iry results, that 
Vesper Sparrow densities are affected by vegetation structure through 
influencing both territory size and the amount of suitable habitat. 
Arthropods and Time— Territory sizes vary with the date they were 
measured, and the increase in size with time was highly significant 
(Figure 7) . Of the variables correlated with date, I believe arthropod 
densities might be a pot^tially important influence on territory size. 
Arthropod densities are highly negatively correlated vrLth the date 
(Figure 8). Although the relationship resembles the rectangular 
hyperbolic one described by Ocdy and Oody (1972) for Wrens (Troglodytes 
troglodytes), when my own plot of territory size vs. arthropod density 
was redrawn using a semi-log scale the correlation was not improved, 
as would be expected if the relationship were truely hyperbolic.
Arthropod densities were not significantly correlated with territory 
size, but this relationship may have been clouded by the effects that 
date and time of day may have had on arthropod densities. To remove 
any effect that date and time may have had, I regressed these variables 
and the square of each (in case there was a simple curvilinear 
relationship) on arthropod densities. I then plotted the residuals 
against standardized territory size (Figure 9), and no relationship 
became apparent. I therefore conclude that arthropod densities do not
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affect territoiY sizes of Vesper Sparziows and that they are a non- 
limiting resource. In fact, as territory size increased the 
density of arthropods increased. These results are consistent with 
those of Evans (1964), Wiens (1974) , and Folse (1982) vto reported 
arthropod prey to be " si:perabundant" * (i.e. non-limiting).

There remains the question of territory size increasing with date.
In another study (Chapter 1) I found that individual territories do 
not increase in size during the breeding season. A possible 
explanation for the trend of increased territory size is that territories 
set up later in the year (perhaps as a consequence of individuals 
losing their first nest, or late nesters) are placed in less preferred 
habitat. This would result in larger territories later in the breeding 
season.
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OONCLUSim

Üiese results indicate that vegetation- structure played a significant 
role in where Vesper Sparrows place their territories. They seemed to 
select areas nanrandcmly, choosing sites which had. low, dense vegetation 
with relatively high percent ground cover. This result was expected 
from previous research. Vegetation structure also may affect territory 
size. Horizontal vegetation density was the most iirportant of the 
variables I measured in both habitat selection and territory size 
regulation. Vesper Sparrow population densities may be affected by 
vegetation structure through limiting available habitat and affecting 
territory sizes. Arthropods appeared not to limit territory size.
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Vegetation measurements for grid points. Perch types: (1) forb,
(2) rock, (3) tree, (4) mound, (5) fence; Use: 0 = no, 1 = yes;
Vert. Veg. Den. = Vertical Vegetation Density; Horizontal Vegetation 
Density = cumulative .% cover; Perch height. == dm.;

HorizontalVegetation

I
•1

1 Height % Cover Density .

1
1s
E

a

i 11 1: |5 1 1 1 e
rH

Bm t jg

PM

1 01 0 04 11 08.75 18.75 368 032 325 0085 0780 11 1 10
1 02 0 05 26 22.00 18.50 375 025 380 0740 2050 01 1 07
1 03 0 04 15 22.75 20.75 337 063 290 0880 1740 12 1 08
1 04 0 02 17 18.25 26.75 376 024 344 0290 1350 06 2 02
1 05 0 01 01 02.50 20.75 386 014 334 0160 0650 14 1 09
1 06 0 06 14 12.75 13.75 354 046 384 0350 1650 02 1 05
1 07 0 04 30 22.25 31.50 372 028 360 0450 1110 03 1 08
1 08 0 04 08 07.50 20.00 324 076 367 0230 1000 04 1 09
1 09 0 04 14 19.00 18.75 345 055 377 0580 1640 03 1 . 09
1 10 0 03 22 20.75 26.00 370 030 394 0560 2430 09 1 10
1 11 0 05 18 15.50 27.25 373 027 382 0430 1930 07 1 08
1 12 0 02 21 16.75 23.75 373 027 381 0410 2200 04 1 11
1 13 0 04 46 33.25 20.25 374 026 394 0680 1530 17 1 08
1 14 0 03 10 34.75 22.75 378 022 377 0570 1360 01 1 09
1 15 0 02 28 28.75 32.75 361 039 381 0470 1840 13 1 05
1 16 0 00 00 06.25 26.75 370 030 349 0220 1400 11 1 09
1 17 0 01 05 13.00 28.50 365 035 385 0430 1660 04 3 35

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPENDIX 1 — cont'd. 65

11
§
i
i

Vegetation
Hei^t

Cumulative 
% Caver

Horizontal
Vegetation
Density

ë 1 &1 S r4 § eS in I- 1 1 e1—i Ein

§
s
E

ë
1

1 18 0 02 03 24.50 26.75 324 076 382 0420 2070 01 1 11
1 19 1 04 22 22.25 33.75 254 146 380 0280 1770 05 1 10
1 20 1 02 05 36.00 26.00 280 120 269 0240 1200 01 1 07
1 21 0 02 10 28.75 27.25 375 025 381 0390 1410 25 3 09
1 22 1 00 00 26.75 30.25 363 037 337 0280 0910 11 1 11
1 23 1 03 09 28.50 29.75 352 048 291 0310 0980 07 2 02
1 24 1 03 17 39.25 39.50 361 039 360 0470 1450 20 3 13
1 25 1 03 50 16.50 37.50 341 059 331 0440 1190 17 1 08
1 26 0 03 33 15.25 21.25 284 116 305 0250 0940 07 1 09
1 27 0 04 08 12.25 09.25 109 291 349 0200 0700 07 2 03
1 28 0 04 34 27.25 26.50 202 198 354 0390 0840 18 2 03
1 29 0 05 35 16.75 30.75 286 114 360 0730 2780 18 2 04
1 30 0 05 23 23.00 30.25 278 122 325 0280 2290 18 2 05
1 31 0 10 42 31.50 32.25 320 080 368 0810 2710 08 1 07
1 32 1 10 17 24.25 33.50 336 064 374 0590 2420 15 3 10
1 33 1 06 07 18.50 26.25 269 131 322 0260 1550 09 1 09
1 34 1 04 18 10.75 18.50 267 133 324 0140 0570 06 1 07
1 35 1 02 05 12.50 42.25 388 012 254 0330 0800 25 1 10
2 01 0 02 15 20.75 32.50 310 090 334 0390 2620 25 3 19
2 02 0 04 11 14.75 36.50 273 127 357 0600 2510 25 3 19
2 03 0 03 15 23.25 32.50 295 105 318 0610 0950 25 1 07
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Horizontal

•111 1
i
i

Height ' - % Cover Density 1
Ê PU

é
1i i ̂s  1-4 1 ® 2  in I 1 1 eiH e

in

2 04 0 06 13 19.75 12.75 343 057 342 0310 1510 10 1 07
2 05 0 02 11 11.25 27.75 261 139 341 0170 0950 12 1 07
2 06 0 03 11 19.00 35.00 324 076 354 0580 2050 13 1 05
2 07 0 03 10 06.75 21.50 297 103 364 0430 1680 06 1 04
2 08 0 04 13 20.75 40.50 155 245 376 0660 0980 08 0 10
2 09 0 04 09 12.00 30.75 236 164 358 0470 1800 06 1 07
2 10 0 05 20 06.75 18.75 297 103 332 0200 1850 14 1 08
2 11 0 03 21 18.25 24.75 297 103 276 0450 1840 13 1 09
2 12 0 04 16 17.25 22.25 336 064 322 0250 0920 16 1 08
2 13 0 01 04 27.50 25.75 263 137 320 0380 1440 12 1 09
2 14 0 07 30 15.75 19.00 169 231 390 0220 1290 12 3 24
2 15 0 03 14 25.25 15.00 259 141 366 0480 1200 15 1 07
2 16 0 01 02 36.75 27.75 230 170 258 0390 0580 12 1 09
2 17 0 03 28 05.00 20.50 265 135 348 0240 1360 16 1 05
2 18 0 04 21 22.50 29.00 312 088 342 0650 1810 10 1 06
2 19 0 04 12 10.50 15.00 187 213 374 0250 1020 12 1 08
2 20 0 02 07 36.00 17.00 249 151 352 0790 0670 09 1 08
2 21 0 04 19 25.25 28.75 288 112 352 0250 1180 14 1 08
2 22 0 02 09 08.75 22.75 281 119 356 0180 2030 10 1 07
2 23 0 04 27 16.25 26.50 299 101 348 0430 1560 11 1 11
2 24 0 02 10 13.00 19.25 292 108 354 0360 1420 09 1 08

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPENDIX 1 - cont'd 67

S' -T
Vegetation
Height

Cumulative 
% Cover

Horizontal
VegetatiOTi
Density

4$:i i 1
>

i 1 I ̂!S rH Is 1 1 1 Bi-H Bin

Pi
5
B 1

W

1
2 25 0 05 11 26.75 21.50 292 108 366 0460 1500 08 1 07
2 26 0 01 06 11.75 21.50 238 162 342 0550 1340 11 1 05
2 27 0 03 10 15.75 26.25 275 125 306 0580 1500 05 1 07
2 28 0 02 10 18.50 33.00 276 124 338 0550 1720 06 1 09
2 29 0 00 00 03.75 11.00 176 224 222 0150 0310 07 1 08
2 30 0 02 10 08.25 15.50 250 150 274 0130 0780 07 1 04
2 31 0 03 33 12.75 21.50 209 191 358 0350 1100 12 1 04
2 32 0 06 27 21.00 27.00 278 122 386 0690 2510 05 1 06
2 33 0 03 11 07.25 10.25 318 082 372 0360 1370 12 1 08
2 34 0 04 12 24.00 17.50 313 087 354 0320 1080 16 1 08
2 35 0 02 17 09.00 23.75 253 147 354 0200 1390 11 1 09
3 01 0 09 33 37.25 33.00 292 108 354 1290 2520 17 1 10
3 02 0 03 07 14.00 23.00 172 228 320 0140 0980 19 2 05
3 03 1 02 05 14.75 18.75 133 267 340 0240 0980 14 2 05
3 04 1 02 07 21.50 14.50 156 244 310 0340 0630 11 1 10
3 05 1 04 12 25.75 21.25 041 359 336 0430 1590 09 1 08
3 06 0 02 16 12.25 23.50 044 356 322 1080 0480 14 1 10
3 07 0 02 04 19.25 21.25 047 353 340 0150 0530 08 1 09
3 08 0 01 10 11.00 25.75 085 315 358 0240 1120 07 1 08
3 09 0 03 11 04.50 19.25 039 361 322 0170 0440 25 1 08
3 10 0 04 17 44.25 34.25 152 248 334 0690 1220 12 1 06
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S Horizontal
“ Vegetation Cumulative Vegetation

g ^   Height__ ' % Cover Density *6IiI 11 i I" I" I I I " " f 11
3 11 1 03 13 16.00 20.25 040 360 328 0240 1210 11 1 10
3 12 0 05 32 18.75 24.75 114 186 326 0270 1150 13 2 06
3 13 0 02 19 11.25 17.50 102 298 345 0310 0770 12 2 05
3 14 0 03 24 32.75 32.25 095 305 306 0710 1600 06 1 08
3 15 0 02 05 10.25 23.75 157 243 332 0200 1380 04 1 09
3 16 0 02 07 17.25 30.75 128 272 298 0360 2000 25 4 05
3 17 0 03 13 37.25 19.50 046 354 342 0380 0510 13 1 08
3 18 0 04 33 24.75 24.50 038 362 360 0470 1230 02 1 10
3 19 0 02 05 17.50 15.50 103 297 346 0420 0700 25 1 09
3 20 0 04 20 14.75 18.25 041 -359 358 0390 0820 25 1 08
3 21 0 03 10 13.75 19.75 143 257 374 0320 1410 09 1 09
3 22 0 02 08 13.75 15.75 221 179 378 0540 1560 20 1 09
3 23 0 04 35 16.75 22.50 069 331 360 0230 0920 06 1 07
3 24 0 03 08 17.75 21.25 055 345 342 0580 0770 20 1 08
3 25 0 04 37 23.25 28.25 104 296 312 0310 1340 03 2 03
3 26 0 04 09 19.50 17.50 150 250 364 0400 2390 09 1 09
3 27 0 03 26 36.00 33.25 171 229 332 0730 2110 05 1 13
3 28 0 03 09 16.00 20.00 112 288 312 0330 0930 15 1 12
3 29 0 04 31 29.75 26.25 227 173 366 0380 1640 13 1 09
3 30 0 02 31 26.00 32.25 159 241 302 0400 1780 08 1 07
3 31 0 03 30 21.25 23.50 163 237 346 0350 1230 06 1 10
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g Horizontal
“ Vegetaticn Cumulative Vegetation

"ë Height % Cover Density Ü  K.-  ̂ * K . H : ! i
3 32 0 05 15 21.25 33.25 147 253 340 0570 0990 14 1 06
3 33 0 02 06 21.00 38.75 116 284 346 0400 1900 08 1 10
3 34 0 03 10 23.00 22.00 140 260 380 0320 1030 10 1 11
3 35 0 04 32 20.50 43.50 243 157 388 1180 2910 07 1 09
4 01 0 01 05 31.00 39.50 121 279 334 0310 1410 05 5 10
4 02 0 04 29 35.50 24.25 329 071 360 0790 1760 05 5 10
4 03 0 02 22 04.00 21:75 117 283 286 0120 0770 05 5 15
4 04 1 05 30 37.75 39.25 133 267 380 0610 1810 05 5 10
4 05 1 02 07 56.25 27.50 205 195 386 0780 2580 05 5 10
4 06 0 05 29 34.25 49.25 244 156 400 1050 3450 05 5 10
4 07 0 03 20 36.00 28.00 292 108 400 0830 2600 05 5 10
4 08 0 06 32 41.00 24.50 293 107 374 0980 2120 01 1 10
4 09 1 05 34 31.00 31.75 305 095 388 0810 2090 10 1 09
4 10 1 05 72 38.00 29.50 276 124 364 0900 1790 04 1 12
4 11 1 04 29 27.00 28.75 210 190 370 0790 1260 11 3 12
4 12 1 02 13 29.00 14.00 201 199 318 0340 0730 08 1 07
4 13 0 05 32 42.00 28.00 200 200 334 0400 1000 16 1 11
4 14 0 04 38 37.25 34.25 271 139 390 0650 2600 05 1 13
4 15 0 04 11 35.00 36.00 205 195 380 0540 2440 10 3 08
4 16 0 02 07 22.75 57.75 256 144 368 0500 3260 04 1 09
4 17 1 03 32 07.50 11.50 279 121 260 0250 0780 10 1 08

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPENDIX 1 — cxant'd 70

§ Horizontal.
" Vegetation Cumulative Vegetation

"ë Height % Cover Density %* I  ̂ & I # a
'q "c* -H 'O c _ c_  n w kf o ’S ' S
ë S > ë S «H S u") & ë 8

p.t-i in E A 1
4 18 1 06 25 33.25 35.00 263 137 366 0830 3380 03 1 10
4 19 1 05 41 24.00 39.25 296 104 376 0800 4450 01 1 09
4 20 0 05 31 22.00 34.50 283 117 356 0520 1430 06 1 11
4 21 0 05 61 27.50 34.50 337 063 368 0490 2400 02 1 09
4 22 0 08 46 58.75 52.25 318 082 400 1450 3290 01 1 10
4 23 0 01 05 33.25 51.00 236 164 388 0330 1720 08 1 11
4 24 1 03 10 37.25 34.75 259 141 362 0390 2920 04 1 14
4 25 1 03 10 55.25 57.75 223 177 386 1790 3140 06 1 10
4 26 1 06 50 28.50 36.00 101 299 272 0530 1890 04 1 09
4 27 0 04 33 22.75 51.00 146 254 308 0190 1790 10 1 09
4 28 0 07 22 32.25 34.00 186 214 358 0330 1880 14 1 11
4 29 0 09 28 42.25 40.75 132 268 340 0590 2310 08 1 12
4 30 1 12 33 40.25 47.75 088 312 287 0730 2650 13 1 11
4 31 1 02 06 45.75 37.50 170 230 294 0550 1860 25 1 08
4 32 1 01 03 29.00 31.25 251 149 278 0330 1830 16 3 08
4 33 0 03 30 31.75 45.00 284 116 370 0650 2600 17 3 11
4 34 0 05 64 19.50 42.25 338 062 392 0830 2630 03 1 10
4 35 0 04 22 30.50 36.00 296 104 352 0280 2160 01 1 09
5 01 1 05 63 49.25 59.00 277 123 384 1110 4140 05 1 10
5 02 0 04 19 32.25 46.00 154 246 396 0480 2770 07 3 09
5 03 0 03 10 27.75 27.50 300 100 354 0750 1710 11 1 12
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g
I
•1 1

i
i

Vegetation
Height

Cumulative 
% Cover

Horizontal
Vegetation
Density 1

3
B 1

éi
1 i ̂Jgj r-i 1 ̂  S in 1 1 1 e

pH
Bm

5 04 1 01 05 18.00 33.50 239 161 316 0420 2360 04 1 08
5 05 1 06 28 59.00 50.00 159 241 382 1230 2890 04 1 10
5 06 0 04 14 41.00 25.00 366 034 364 1250 4320 05 1 12
5 07 0 01 03 15.25 24.75 318 082 330 0620 1640 04 2 03
5 08 1 00 00 37.00 33.50 349 051 348 0740 2420 08 2 03
5 09 1 02 19 46.50 34.75 338 062 354 0640 2240 03 1 13
5 10 1 03 55 48.25 40.25 231 169 360 1020 2990 07 1 09
5 11 1 00 00 13.50 13.50 118 282 312 0270 1070 13 1 07
5 12 1 07 29 40.75 41.00 363 037 394 1170 4710 03 1 11
5 13 1 04 56 29.25 45.25 113 287 334 0970 2660 03 1 12
5 14 1 08 32 52.75 53.75 150 250 364 0980 3160 02 1 10
5 15 1 02 15 37.25 45.50 278 122 390 0480 2740 09 1 09
5 16 1 03 20 41.00 29.50 267 133 380 1090 3100 05 1 10
5 17 1 02 06 43.50 29.50 285 115 374 0480 2120 11 1 08
5 18 1 02 10 36.25 33.25 310 090 348 1070 2750 04 1 10
5 19 1 03 33 25.25 38.50 316 084 366 0600 3030 09 1 11
5 20 1 02 18 30.75 33.25 349 051 360 0840 2360 03 1 08
5 21 0 02 18 25.50 34.00 326 074 344 0710 2020 14 1 10
5 22 0 04 32 34.75 31.00 326 074 358 0620 2550 03 2 03
5 23 1 02 04 29.75 50.00 331 069 334 0620 2620 05 2 04
5 24 1 05 61 28.50 35.50 352 048 338 0780 2430 06 1 13
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à Vegetation Cumulative
IforizcHital
Vegetation

1 CT» Hei^t % Cover Density •g .
=*= &

1
ë

•1 1 1 1 i i Sft, rH I ̂S lO 1 1 eiH em B 1 Pl4

5 25 0 02 03 40.25 32.75 276 124 318 0380 1940 10 1 13
5 26 0 03 16 34.75 28.25 281 119 314 0510 1790 08 1 12
5 27 1 03 16 24.50 37.75 349 051 364 0850 1790 03 1 11
5 28 1 03 16 20.00 29.00 283 107 358 1040 2580 05 1 14
5 29 1 03 38 25.00 38.50 281 119 332 0470 1830 10 1 10
5 30 1 02 52 35.75 39.75 292 103 360 0590 2250 08 1 10
5 31 1 04 21 21.00 43.25 337 063 354 0450 3870 03 1 09
5 32 0 02 25 10.50 32.25 356 044 304 0440 2420 05 1 10
5 33 0 01 11 25.00 33.50 308 092 294 0340 1730 11 1 12
5 34 0 02 15 44.25 40.75 293 107 316 0590 2000 05 1 12
5 35 0 03 20 12.00 42.50 242 158 328 0660 1590 02 2 05
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Territory sizes and vegetation measurements for each territory. Mean 
Height of Vegetation (cm) = MHV; Number of Perches = PN; Perch 
Height (cm) = PH.

îfean

g a 1

% cover 

1 1
¥

10 cm high 75 cm high
g

§ EH O Se
r-t

gin
eo 
1— 1

e 
1—! Ein

go
rH

0.25 52 24 076 24 218 1250 05650 09300 00100 1600 2870 2 01 1317 2
1.56 26 68 094 33 718 1500 07500 10050 00290 2200 3950 2 01 1347 2
1.81 25 56 081 28 242 6100 12000 19700 01090 2950 3800 3 01 1140 3
1.42 09 18 027 20 461 0090 05300 08700 00020 0400 2800 1 01 1345 3
1.33 32 38 070 47 169 2900 14200 18200 00960 3800 7100 3 01 1212 2
1.85 50 37 087 19 174 1150 06450 16300 00150 0850 2850 2 02 1420 2
1.71 41 39 080 26 413 0600 03100 08800 00250 0650 2750 2 02 1448 2
1.35 28 43 071 26 238 1350 05400 12300 00300 1350 2600 2 02 1442 2
2.45 27 61 088 31 460 0650 11500 18000 00070 0350 8700 2 02 1452 2
1.21 46 47 093 26 326 2100 09300 16700 00090 1550 3000 2 02 1504 2
1.71 29 53 082 30 574 1350 07600 15500 00110 0560 2200 2 03 1507 2
0.51 36 47 083 22 204 1450 07100 15200 00100 1150 3300 2 03 1525 2
1.71 25 64 089 32 319 1400 13600 19900 00170 1300 5000 3 03 1431 2
0.62 20 58 078 30 341 1700 10600 16400 00600 2650 3300 3 03 1450 2
3.09 36 50 086 32 349 1700 05650 16900 00200 1100 3900 3 03 1551 2
0.38 31 58 089 24 203 1150 09800 13900 00250 1100 3300 1 03 1604 2
0.32 28 44 072 36 535 1750 05800 12300 00320 1170 1950 1 03 1541 2
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Mean
3 5

l l

% Cover
1 l'a

10 cm high 75 cm high =*i= g t
E- O g1 1

e
rH

Ein
ao £

rH
Ein

E
S  i

1.58 34 44 078 19 143 0410 05000 16200 00110 0440 1450 2 03 1620 2
1.30 27 60 087 21 202 0620 09200 12200 00100 0400 1300 1 03 1630 2
0.94 36 57 093 28 291 4400 14000 18400 00850 3700 4800 3 03 1644 2
1.41 20 36 056 22 238 0550 04200 08000 00070 0500 1900 3 04 1405 3
0.43 20 57 076 13 251 0660 02400 06000 00060 0470 1050 3 04 1426 3
1.86 19 70 089 28 310 1650 08800 14500 00850 2500 4000 3 04 1456 3
1.64 54 49 100 25 311 0700 07900 12600 00250 2500 4650 3 04 1512 3
1.40 44 48 092 24 190 2250 08950 17100 00570 1800 3600 2 05 1131 2
1.11 10 65 075 24 381 3100 11800 19700 00550 2300 4800 3 05 1112 2
0.81 27 57 084 21 170 0400 08200 14700 00080 0330 2450 3 05 1107 2
1.13 14 82 096 26 328 1050 08000 19100 00330 1900 4800 3 05 1101 3
2.26 26 50 076 25 206 1100 07300 18800 00100 0850 2800 3 06 1123 3
0.61 35 46 081 15 130 1400 12100 16100 00180 0750 3500 2 06 1119 2
.1.94 14 58 072 24 473 1100 08100 15600 00220 0650 2100 3 07 1335 2
1.81 12 62 074 27 328 1800 08000 19900 00400 2000 5000 2 07 1351 2
0.71 46 39 085 16 252 2750 06300 15700 00250 1450 2850 1 07 1424 2
0.63 43 27 070 10 087 1100 03600 07500 00090 0350 0950 2 07 1409 2
1.44 33 47 080 15 178 0700 03400 07500 00080 0550 1100 1 08 1226 2
2.02 52 41 093 16 157 0650 06100 10200 00080 0550 1850 3 08 1244 2
3.56 13 56 069 21 287 1100 03600 14200 00140 0950 4000 2 08 1225 2
2.38 11 63 074 25 401 3450 06300 09400 00100 1350 3050 3 08 1214 2
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"HII
% Cover

Î|i
10 cm hiqh 75 cm high

g H o s1 1 1 e•H gin
e

s eiH 6in
eor4

1.26 38 48 086 19 371 0250 03700 13000 00100 0500 2200 3 08 1204 2
0.50 24 62 086 22 195 1250 08200 14200 00130 1800 3100 3 08 1208 2
1.42 42 46 088 18 164 0950 04100 08900 00250 0800 1850 3 08 1313 3
1.83 23 55 078 11 124 1350 04150 07000 00160 0550 1750 3 09 1323 2
2.26 17 67 084 28 385 0850 15300 19100 00200 0600 1550 3 09 1333 2
2.59 11 89 100 43 363 2750 14700 20000 00550 3800 6500 3 10 1401 1
5.00 23 75 098 52 249 4150 17100 19400 10200 5100 7000 3 10 1419 3
3.79 69 31 100 43 374 1600 06200 14900 00220 1000 3450 3 10 1341 2
0.48 05 69 074 31 285 3050 11500 18900 00530 2150 6500 2 11 1330 2
0.36 12 52 064 25 205 2550 01400 17700 00820 2700 4800 2 11 1340 2
4.50 30 57 087 23 303 1700 04800 13800 00250 1150 2800 3 12 1146 3
3.48 55 38 093 32 315 2250 12400 15500 00680 2450 5100 3 12 1135 3
1.82 06 49 055 19 321 0500 03250 11800 00090 0380 1250 3 13 1239 3
2.42 09 65 074 25 326 0700 05700 10300 00110 1000 2000 3 13 1231 3
0.37 14 51 065 25 242 2750 13600 16400 00300 2100 6000 3 13 1225 2
0.88 15 76 091 24 213 2650 15200 18700 00350 5050 7000 3 13 1215 3
1.11 45 33 078 22 218 2050 12900 15100 00270 3350 5300 3 13 1152 2
1.90 16 67 083 29 212 4750 13100 17400 00300 2750 5300 2 13 1208 2
1.64 33 44 077 32 283 3150 09900 17100 00550 2250 2200 3 14 1231 1
1.74 50 40 090 16 146 2500 09800 17100 00550 2550 3650 3 14 1248 2
0.47 13 58 071 30 369 3150 14200 17900 00450 3500 5800 2 14 1219 2
5.09 34 45 079 18 166 2250 09000 15800 00400 0850 2850 2 15 1252 3
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