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Abstract

Grey jays (Perisoreus canadensis).in the southwest
Yukon Were provided with supplemental food on three study
areas to study the effects of food on territoriality and
foraging strategies. Territory sizes and overlap were
measured in 1993 and 1994. Territoriés of food addition
grids were 30% smaller than those on grids without access to
added food. There was only slightly more overlap between
territories on food»addition grids compared to controls, and
the difference was not statistically significant.

Time spent foraging, the rate at which jays made
caches, and the weights of jays were measured. These data
were used to test four hypotheses about the factors that
limit overwinter body masses of jays. Birds on food
addition grids made three times as many caches as control
birds in a similar amount of time spent foraging. In
winter, grey jays with added food spent less time foraging,
yet they were able to maintain higher body condition than
control birds. These results were consistent with the
hypothesis that overwinter weights are limited by both a
food shortage and by costs associated with increasing
weight.

- Seasonal trends in bod?;qon@ition<différed between -
birds on fédd addition éridé and those ﬁithoﬁﬁ supblémeﬁtél
food. Birds with added food were in better condition year

round, and were able to increase in weight between summer
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and fall. Control birds lost weight between summer and
fall, but then increased dramatically in winter. These

different weight trends may represent different caching or

cache retrieval strategies.
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Chapter 1: General Introduction

The experimental addition of food has been used to
study how food supply influences a range of response
variables from individual behaviour to community structure
(e.g. Ewald and Carpenter 1978, Ewald and Rohwer 1982, Krebs
et al. 1992, Waite 1990). In Boutin's (1990) review of food
supplementation experiments, he concludes that knowledge in
several areas is still lacking despite the extensive
literature already available. This is due, in part, to
advances in theory that require increasingly sophisticated
experiments. An example is the role of food supply in
territory size.

Increased food density is often correlated with smaller
territory sizes in birds (e.g. Stenger 1958, Enoksson and
Nilsson 1983) but as the theory of optimal territory size
advanced from the early conceptual model of economic
defendability (Brown 1964) to more explicit mathematical
models (Hixon 1980, Schoener 1983), the importance of
intruder pressure was recognized and incorporated into
experimental food additions, and non-experimental studies
(e.g. Mares et al. 1982, Myers et al; 1979) .

Shortcomings in methodology have also been recognized.
For exgmple, thegrole,of'food?sqpply in démography~has_loﬁg
been of interest (see réview in éoutin'1990); As Boutin

(1990) observed, food additions have generally resulted in

twofold increases in density, but the real increase in




density may be less if animals are commuting from off the
censusing area for food but are not truly residents (i.e.
the effective censusing area is larger than control areas).
This problem arises when inadequate attention has been paid
to the spatial scale of the study system. The concept of
ecological neighborhoods (Addicott et al. 1987) and
recognizing the need to incorporate multiple scales in
studies (Kotliar and Wiens 1990) have arisen from the
methodological shortcomings of past studies. By
incorporating relevant spatial scales into the designs of
food additions, a shift from measuring qualitative to
quantitative changes can be made, allowing more predictive

power and testing of more explicit hypotheses.

The Kluane Food Addition

Since 1987, three 36-ha areas in white spruce (Picea
glauca) boreal forest have had commercial rabbit chow added
year-round (Krebs et al. 1992). The food is supplied by
spreading pellets along four rows of a 20 x 20 grid.
Numerous animals make use of this food addition: snowshoe
hares (Lepus americanus); red squirrels (Tamiasciurus.
hudsonicus); arctic ground squirrels (Spermophilus parryi);
moose (Alces alées); grizzly bears (Ursus arctos) ;
. chickadees (Parus -atricapillus, and P;,ﬁudsonicus); dark-".
eyed juncoé.(Juﬁcb hyemaiis};.magpies (Pica picé);’aﬁd'grey

jays (Perisoreus canadensis). The juncos, chickadees, and

jays have been observed selecting the graih component of the




pellets, whereas the other animals appear to use the entire
pellets (personal observation). I used the Kluane food
addition to study the response of grey. jays to the food
addition.

Grey jays are common birds throughout boreal forest in
North America. Because they are relatively tame, they are
easily observed at most times, and readily adapt to the
presence of human observers. They live in social groups
comprised of a mating pair and usually one or two non-
breeding birds (Rutter 1969, Waite and Reeve 1992). On
occasion a group is made up only of males (Waite and Reeve
1992) . The group defends an all-purpose territory which is
held year-round.

Throughout the summer and into the fall, jays
scatterhoard saliva coated boli of food in bark crevices and
conifer branches (Rutter 1969); a list of the foods I have
observed birds using in the Kluane area is presented in
Table 1. The diverse nature of their diet leads to use of
many habitat types. I have observed birds using mossy bogs,
meadows, dense willow (Salix spp.) shrubs, and aspen
(Populus tremuloides) and white spruce (Picea glauca)
forests at various times throughout the summer.

Jays will also cache opportunistically in the winter,
for.example wheﬁfthere is céfrion.(RUtterv1969,»Waite_and'
-Reeve 1992).or; as in this stuéy, when food.is supplied

year-round. The caches are used throughout the winter, and

the birds observed in this study appeared to rely almost




Table 1. List of foods used by grey jays in the Kluane

area. This is only a partial list based on items that | was
able to identify. ) '

Organism

Notes

Plant

Invertebrate

Vertebrate

Arctostaphylos uva-ursi
A. rubra
Mushrooms

Moths/Butterflies
Unidentified Beetle Larvae
Ants

Dragonflies

Spider egg masses
Carrion, variety of species
Dendroica coronata

Turdus migratorius

Flowers
Berries

Found on willow leaves

Nestlings
Eggs




entirely on caches (see chapter 2). This study took place
during the low of the snowshoe hare cycle (Krebs et al.
1992). Increased availability of carrion during the period
of high hare numbers may result in very different
observations.

Scatterhoarded caches are susceptible to theft, decay,
and being forgotten (Vander Wall 1990); Theft of caches in
the Kluane area is presumably due to other grey jays and
magpies (see Waite 1988), and red sqﬁirrels have been
observed stealing caches (J. Delehanty,. pers. comm.) .

One method to mitigate the risks of losing caches over the
winter is to store energy as fat reserves. There is,
however, a complex system of tradeoffs between the relative
costs and benefits of caches and fat reserves (Vander Wall
1990) which appears to limit the extent to which grey jays
accumulate fat reserves (Waite 1992).

In chapter two I discuss these tradeoffs and test
several hypotheses to determine whether food shortage and/or
- costs associated with increasing weight limit winter fat
reserves. Also in chapter two I present the weight trends
of birds on food addition and control grids, and discuss the
different patterns in terms of the factors limiting
overwinter weights.

LT go on in chapter three-to dlscuss the response of
grey jay terrltorlallty to food addition. I measured

territory size, percent overlap between adjacent

territories, and the arrangement of territories around food




addition and control grids. Using these results I then

‘discuss the relationship between territory sizes and

apparent population densities on the study areas.




Chapter 2:

Factors Limiting Overwinter Body Mass in Grey Jays

Introduction

Animals overwintering in temperate and sub-arctic
regions can experience food shortage during times when
maintaining adequate energy reserves is particularly
important. Because winter in northern boreal forest brings
short days, extreme cold, and reduced availability of food,
animals must be able to store enough energy in either fat
reserves or food caches to last the period of food shortage.

Although different energy storage strategies have been
identified, little research has been done on the factors
influencing the adaptive value of a particular strategy.
Vander Wall (1990, p. 26) suggests that because fat

deposition is a function of body mass and food storage is

not, small animals can store more energy through food

hoarding. In small birds, this explanation alone is
insufficient as they have an extraordinarily high ability to
store energy as fat (Blem 1976) yet actual winter fat mass
is generally less than what is possible (King 1972).

In this study, I tested four hypotheses coﬁcerning the

- factors limit overw1nter body mass in grey. jays (Perlsoreus -

canadensis). I flrst describe patterns of welght change in

control birds and those with added food. I then compare

time budgets of birds with added food to control birds.




These hypotheses and their predictions are described below
and are summarized in Table 2. I also discuss the observed

weight trends in the context of these findings.

Hypothesis 1: Winter fat reserves are not limited by food
or weight-related costs. 1If this is the case, food addition
should not affect body condition, not should birds with
extra food spend more time foraging in the winter, nor

should they cache more food in the summer or fall.

Hypothesis 2: Food alone limits grey jay fat reserves. If
jays are food limited, jays with added food should maintain
better body condition over winter by spending more time
foraging, and cache more in the summer or fall. This
hypothesis allows some cost to added weight, but it is
always less than the cost associated with storing the same
amount of energy as caches. }
Hypothesis 3: Costs associated with increasing weight are
the sole limiting factors. The costs of added weight are in
the form of predation risk while foraging or in the
metabolic expense of transporting and maintaining the extra
weight. 1In this case, birds with added food will maintain
-hlgher w1nter body condltlon than ‘control blrds (lea 1986),'

but not because they have cached more in the summer, 31nce

food is not limited. Rather, birds are able to reduce their

foraging time in winter because the food addition provides




Table 2. Predicted direction of change in response to food addition for the
four hypotheses being tested. An increase is denoted by +, decrease by -,
and no difference between food and control animals is =.

Winter ' Summer
Hypothesis Condition Time Spent Foraging ~ Amount Cached
1: Not Limited = = =
2: Food Limited + + +
3: Weight Limited + - =
4: Food and Weight + - +

Limited




food with less search time involved. Since foraging time
and the associated costs have been reduced, birds with added
food can maintain higher weights than control birds without

incurring a higher total cost.

Hypothesis 4: A limited food supply in winter and a cost of
increasing weight combine to limit winter fat reserves. 1In
summer, food addition allows jays to cache more food than
control birds which, in turn, allows them to maintain higher
weights in winter. Once again, though, because there is a
cost to increased weight, the jays with added food must be
able to balance those costs by decreasing the costs of
foraging in the winter (Lima 1986). As with the weight-only
hypothesis this gain can be had by using the added food
available on the ground in the winter. In contrast to the
weight only hypothesis, foraging time can also be reduced by

having more caches from the summer.

Methods
Study Site

This study was conducted near Kluane Lake, in the
southwest Yukon (61°N, 138°W) between May 1993 and November
1994. Grey jays are found throughout the study site which
is dominated by.white spruce (Picea .glauca) overstory and a.
" shrub willow<understory.(5alix spp.). A more complete
description of the site is found in Krebs et al. (1986).

Commercial rabbit chow (16% crude protein, 2% fat, '18%

10




fibre) is added year-round to three 36-ha grids as part of
the Kluane Boreal Forest Ecosystem Project (Krebs et al.
1992) . Grey jays use the grain component of this food,
which often separates from the pellets (personal
observation). Jays on the food addition grids and in other
areas of similar habitat but with no access to food addition

were used in the study (Figure 1).

Trapping

Jdays were caught throughout the study in Tomahawk live
traps during hare (Lepus americanus) and squirrel
(Tamiasciurus hudsonicus and Spermophilus parryi) trapping
sessions of other projects, and also when these traps were
set explicitly for jays. Depending on the nature of the
trapping session, traps were baited with either peanut
butter, apple, raisins, or rabbit chow. The birds were
banded with numbered aluminum bands and with one to three
coloured plastic bands in unigue combinations to make.birds
individually»recognizable.

Jays were weighed to the nearest gram using a 300 g
spring scale and their tarsus length was measured to the
nearest 0.1 mm from the joint with the tibiotarsus to the
last undivided scute at the dlstal end of the tarsus. The
- average tarsus‘measurement- over all trapplng se531ons for
each blrd was then used with its average welght over a
single trapping session to calculate a condition index (see

below) .
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2km

Kluane Lake

Highway

D>
e

Figure 1. Map of the study site showing the location of
food addition (F1 - F3) and control grids (Cl1 - C4). The
three food addition grids and three of the control grids
were used to estimate the number of territories per grid.
Control grid 2 was not used due to incomplete information.




Condition Index

To estimate relative amounts of fat reserves a
condition index based on weight and body size (as
represented by tarsus length) was used (see Krebs and
Singleton 1993 for a discussion of this technique). The
first step in generating a condition index was to use
weights and mean tarsus lengths of all control jays caught
in trapping sessions in May and early June, 1993 and 1994.
Because the relationship was linear and there were
measurement errors in both weight and tarsus, the Geometric
Mean Regression was calculated (Krebs 1989 p. 462) from this
data. The resulting regression equation (WEIGHT =
3.86TARSUS - 50.51) was used to calculate a predicted weight
for a bird with a given tarsus length. I then used the
ratio of observed weight to predicted weight as a condition
index. This condition index assumes that changes in mass
are due to changes in fat reserves, and that this in turn

represents an increase in body condition.

Time Budgets

To estimate the proportion of time spent foraging in
winter, time budgets were conducted between January 17, 1994
and March 11, 1994. A total of 36 sessions were recorded
invol#ing.5~cohtrol groups and -7 food addition groups. Once
a focal.bird was'selécﬁed,.a watch and a'hand held tapé
recorder were used to record time of day (to the nearest

second), and whether the bird was perched, foraging,

13




caching, or flying. Flights less than two seconds were not
included in the flight time as such short events were
impractical to record. If birds were lost for more than

30 s the session was ended.g In practice, however, when
birds were lost, they were always lost for much more than

30 s. Originally, sessions between 5 min and 30 min were to
be used, but to increase sample size, the lower limit was
set at 4 min. An effort was made to sample each group at
evenly distributed times of day. -

To estimate the amount of food cached in the summer I
collected 55 time budget sessions between June 19, 1994 and
August 6, 1994 (using 3 food addition groups and 3 control
groups) . Summer time budgets were similar to the winter
sessions, except that distinguishing between food gathering
and food caching was more difficult than in winter. These
two activities were therefore grouped together as foraging.
I also recorded the number of caches made. To avoid
counting "false" caches, only cases where the jay was seen
manipulating the bolus in its beak before making caching
motions were counted. As a result, the actual caching rate
is probably slightly higher than reported here, but there is
no reason to suspect that an unequal proportion of food and
control birds' caches were recorded. Sessions less than 5
'min were“discardéd,.as~were%seséions where the bird-was lost .
for moré than 30 s. Based on winter reéuits, the maximum

session length was reduced to 20 min.

14




Statistical Treatment
1. General Procedures and Conventions:

All tests are one-tailed for hypotneses two through
four Qhere directional predictions are made. The tests for
hypothesis one, although using the same data, are two-tailed
because differences between food and control birds in either
direction will lead to rejection of the hypothesis. The
significance level for all tests was set at 0.05.

In tests where daté were transformed, the results are
presented as back transformed means with 95% confidence
intervals since the standard error has no meaning if back
transformed (Sokal and Rohlf 1981, p. 421; Krebs 1989, p.
447) . Non-transformed data are presented as méans with

standard errors.

2. Condition Index:

Because jays live in social groups, thore is the
question whether individual condition measurements are
independent, and that using them as such would be
pseudoreplication. To test the independence of individual
birds, an F-ratio was calculated using the mean square
‘between social groups over the mean square within social
groups. If the ANOVA is significant, then individuals are
not independent and group means should be used in future
analyses. There was no significant effect for either for
food or control birds in any of the sessions (Table 3).

Based on this, the effect of group membership appears to be

15




small, so the condition analysis was done using individuals

as independent measurements.

3. Tiﬁe Budget Analysis:

In winter, leg bands wére rarély visible because the
birds usually kept their legs tucked up in their feathers.
Based on trapping, occasional confirmation of a bird's
identity, and the location and behaviour of the birds, I am
certain that I was able to accurately infer the group a bird
belonged to although individuals within groups were not
distinguished. For this reason; one-way ANOVA's were
calculated using group means of the arcsine transformed
proportion time spent in each behaviour during a session.

In the summer, the proportion of time spent in each
activity was caléulated, and then arcsine transformed.
Because individuals could be recognized in the summer
sessions this data was analyzed using a nested ANOVA, where
multiple observations of individuals were nested within
social groups within treatments. The caching rates were
calculated for each session, square root transformed
(because the rates were based on counts of observed caches;
Sokal and Rohlf 1981, p. 421), and then analyzed with a

nested ANOVA.

16




Table 3: Significance tests from ANOVA's comparing the variance in
condition between social groups to the variance within social groups for
both treatments in each trapping session. Non-significant results
indicate that individual birds can be used as the experimental units in the .
condition analyses. ' :

Trapping Session  Treatment Test Statistics
Spring 93 Food F78=0.680 p=0.688
(May 11-June 8) Control Fe64=0.898 p=0.569

Summer 93 Food - Fg43=1.86 p=0.164

(Aug. 14 - Aug 26) Control F45=0.142 p=0.962

Fall 93 Food Fg9=2.62 p=0.084
(Oct. 16 - Nov. 13) Control F12=1.02 p=0.419

Winter 94 Food Fi3,15=1.46 p=0.241
(Jan. 1 - Mar. 30) Control F;,7=0.27 p=0.771

Spring 94 Food F76=0.713 p=0.668
(May 6 - June 9) Control Fg,10=1.30 p=0.342

Summer 94 Food  Fy01=1.33 p=0.314
(Aug. 8 - Aug 23) Control Fs10=0.481 p=0.841

17




Results
Condition

Mean tarsus lengths were similar between food addition
and control grids (Control mean (SE)=32.0 mm (0.22); Food
Addition mean (SE)= 31.8 mm (0.14); t-test t=0.60, df=86,
p=0.55). Jays with added food were in significantly better
condition than control birds in all trapping sessions
(Figure 2, Table 4). The differences in condition indices
between food addition aﬁd control birds ranged between 3% in
the winter session, and 15% in the fall session, although
there were only four birds in the control group for that
session. In both 1993 and 1994 Spring and Summer sessions,
the difference in condition was consistently between 5% and
7% higher on food addition grids.

The mean condition of control birds fell sharply
between the Summer 1993 and Fall 1993 sessions, whereas the
mean condition of birds on food additions rose during that
period. This pattern was mirrored by trends of individual
birds. I caught ten birds in all three sessions from Summer
1993 through Winter 1994. Of these, three were control
birds. All control birds were in poorer condition in-the
fall session than in either the previous summer session or
the following winter session (Figure 3a). All the birds on
~food" addition gfidS»increased:ffom~the summer session_téfthe 
fall session (Figure 3a).. For comparison with othér work-.
(see Discussion), the weight trends of these individual-

birds are also presented (Figure 3b).
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Figure 2. Mean (+SE) condition indices for birds on food addition and
control grids in all trapping sessions. Results of significance tests are in
Table 4.
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Table 4: Significance tests of t-tests between mean condition of food and
control birds in all trapping sessions. Asterisks indicate significant
differences (p<0.05)

Session Treatment Mean (SE) n t-statistic

Spring 93 Food 1.04(0.015) 16 > 66+
Control 0.975 (0.023) 11 )

Summer 93 Food 1.03(0.012) 21 2.13*
Control 0.978(0.021) 13

Fall 93 Food 1.06(0.015) 20 4.03*
Control  0.918(0.021) 4

Winter 94 Food 1.09(0.010) 30 2 66*
Control 1.05(0.013) 11

Spring 94 Food 1.06(0.015) 15 3.51*
Control 1.00(0.011) 20

Summer 94 Food 1.02(0.012) 23 2.45%
Control 0.973(0.012) 17

20
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Figure 3. Seasonal trends in in (a) body condition and (b) weights for individual birds on food addition
(solid lines) and control (dashed lines) grids.
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Time Budgets

Jays with added food made three times as many caches
per hour in the summer as control birds (Nested ANOVA,
F1,4=2$.54, p=0.01; Figure 4). Analysis of summer time
budgets showed that there was no effect of food addition on
time spent foraging, perching, or flying (Figure 5).

In winter, birds on food grids spent less of their time
foraging than control birds (Figure 6). The difference was
significant for the one-tailed test (ANOVA F; 10=4.88,
p=.026, one-tailed). ©No significant differences were found
in the proportion of time spent perching (ANOVA Fj 710=1.92,
p=.20) or flying (ANOVA Fi,10=-11, p=.75). Birds on food
grids would regularly, though infrequently, cache the rabbit
chow, whereas no control birds weré ever seen making new

caches (Figure 6).

Discussion

Regulation of Winter Fat Reserves

Energy storage strategies can be represented on a
continuum ranging from pure food caching to pure fat
storage. While food caches and fét reserves are analogous,
evolutionary and ecological factors may make a particular
storage strategy optimal (McNamara et al. 1990; Vander Wall
'“1990) P 27). Wrazen and.Wrazeh‘(1982;.see also Panuska‘
©1959) found that individual easterﬁ chipmunks (Tamias
striatus) could either gain no mass before winter and

subsist on stored food, or gain mass at the onset of winter,
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Caching Rate (caches/hr)

T 1
|

Control Food

Figure 4. Summer caching rates of food addition and
control birds. Means, shown with 95% confidence
intervals, are significantly different (Nested ANOVA
Fi4=25.54, p=0.01).

23




D Control

S .
& Food Addition

Proportion of Time

R

|
L

Foraging Perching Flying
Activity

Figure 5. Proportion of time spent in various activities during
summer. Means are shown with 95% confidence intervals. Two-
tailed p-values of treatment effects from nested ANOVA's are as
follows: Foraging p=0.086; Perching p=0.12; Flying p=0.36.
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become semitorpid, and rely less on stored food. Similarly,
adult beavers (Castor canadensis) rely on fat étdrage for
overwinter survival (Novakpwski 1967, Aleksiuk 1970) while
the kits and yearlings rely more on cached food in order to
gain weight over the winter (Novakowski 1967). 1In birds,
Rogers (1987) found the amount of fat reserves was inversely
related to the reliability of food supply. Nilsson et al.
(1993) found that nuthatches relied less on caches in good
weather when other sources of food were available. They
also found the that number of caches consumed was inversely
proportional to ambien; temperature. Evans (1969) found
that fat reserves of Yellow Buntings (Emberiza citrinella)
were negatively correlated with the long term minimum
temperature for the day of capture.

Although there is evidence of some system of benefits
and costs to storing energy as either fat or caches
(McNamara et al. 1990, Vander Wall 1990 p. 26, Lucas 1994),
few studies have tested the nature of these tradeoffs.

Waite (1992) studied grey jays in central Alaska and found
evidence that jays increase their fat reserves as midwinter
approaches. He suggested thaﬁ this is evidence that the
birds are regulating body mass in a way that balances higher
predation risk and lower risk of starvation. Similar trends
in other species (Rogers 1987, Rogers and Smith 1993, Blem
1976, Blem and Pagels 1984) have likewise been ascribed to a

tradeoff between fat reserves and predation risk (Blem 1975,
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Lima 1986, McNamara and Houston 1990) or increased metabolic
expense (Blem 1975, 1976) .

| While Rogers (1987) and Waite (1992) provide supportive
evidence for the-predation risk hypothesis, experimental
work is lacking. Moreover, alternative hypotheses of what
limits overwinter weights (or even if.they are limited at
all) have not been tested. This study was able to test the
predictions of several hypotheses on the factors that may
limit winter body mass in grey jays.

My results support hypothesis four, that the overwinter
weights of the jays I studied are limited both by costs
associated with increasing weight, and by a shortage of food
(Table 5). Food limitation for the grey jays appears to
have its root in the summer, since birds on food grids did
not spend a significantly larger proportion of time foraging
but made three times as many caches. This suggests that
control jays cache as much as they can through the summer,
but birds with added food cache more because of the greater -
abundance of food in their territories.

This result is consistent with Waite'and Ydenberg's
(1994) finding that jays maximize the rage at which they
store recoverable energy. Rate maximization is expected
when animals are time constrained, rather than constrained
by an energy-expenditure ceiling (Ydenberg et al. 1994). It

appears that control birds are limited by their capacity to

cache rather than by the’availability of food. Birds with




Table 5. Agreement of results with predictions of the four hypotheses. An asterisk
by the prediction indicates the results met the prediction. No asterisk indicates that
the data did not fit the prediction statistically. Where directional predictions were
made, tests were one-tailed. :

Winter Summer
Hypothesis Condition Time Spent Foraging Amount Cached
1: Not Limited = =* =
2: Food Limited +* + +*
3: Weight Limited +* -* =
4: Food and Weight +* -* +*

Limited
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added food, however, are able to cache at a higher rate
because of the greater food density. |

In territories with added food, the shortage of food
was fufther reduced by regular winter caching. Control
birds may get the opportunity to cache in winter when
carrion is found, but in this study no such events were
observed (Figure 6). Also in winter, birds on food addition
grids were able to reduce the amount of time spent foraging
for food. This could reflect both the increased density of
caches from the summer, and the availability of rabbit chow
on the ground.

This study was not able to describe the nature of the
food shortage. The value of added food could be due to
either an absolute scarcity of food or a strong incentive to
keeping as many caches as possible until the end of winter.
Such incentives may include reproductive benefits (Jansson
et al. 1981) or the uncertain length of winter. The
allocation of caches to present and future needs, and.the
fitness consequences of sqch»decisions are interesting
problems for modelling and field experiments, and which have
not been explored in detail to my knowledge (but see Nilsson

et al. 1993).

The trend in condition indices shows that birds on food
addition grids were in better condition in all trapping
sessions. The winter time budgets show that control birds

spent more time foraging than birds with added food. Higher
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condition and lower foraging.times in -winter were predicted
in hypotheses three and four and are evidence of weight-
related limits to winter fat reserves.

Td explain why many temperate bird species do not
maintain maximum fat reserves, Lima (1986) and McNamara and
Houston (1990) have proposed models4where the survival value
of fat reserves (i.e. the ability to survive periods of food
inaccessibility) is balanced by increasing risk of predation
because of increased foraging time or by decreased agility
in escaping predators. Three of four predictions made by
Lima's model have been confirmed: Rogers (1987) found that
fat reserves increase as the frequency or harshness of food
shortage increases; Waite (1992) found that fat reserves
increase with decreasing temperatures; and this study shows
that winter weights increase with increasing food resources
(Table 4).

Rogers' (1987) and Waite's (1992) results are also
consistent with McNamara and Houston's model, but the
increase in body condition in response to increased food
abundance found in this study are opposite to the
predictions in McNamara and Houston (1990). As the authors
of this model point out, the disagreement between their
model and Lima's (1986) is due to different assumptions
about the nature of environmental variability. In Lima's
model a day was either good or bad, whereas in McNamara and

Houston's model foraging success was a continuous,

stochastic function. Under the conditions that each model




was run, this difference led to opposite predictions.
Because grey jays are retrieving caches from tree branches,
foraging success is likely to dependable (Rogers 1987)
exceptbon days with extremé weather, and more accurately
represented by Lima's model. For this reason, I based my
predictions on Lima's model, rather than McNamara and
Houston's model.

Although Lima (1986) argues against the relevance of
costs to added weight other than predation risk, and
McNamara and Houston (1990) do not address alternate costs,
in this study I have not excluded the possibility that the
weight-related costs to increasing fat reserves are due to
transport or maintenance costs. Rogers (1987) also
recognizes that his results are equally consistent with
other models that involve costs to winter fattening.
Measuring the relative importance of predation risk and
transport or maintenance costs will be a useful next step in

understanding body mass regulation in wintering birds.

Trends in Body Condition

Although the Fall 1993 trapping session included only
four control birds, the trends of individual birds matched
the population condition trends implying reliability in thé
pattern (Figures 2, 3a, and 3b). While birds with access to
food addition were able to maintain ofueven increase their
weights between the Summer and Fall 1993 trapping session,

the control birds' weights declined. Despité this decline,
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control birds were able to raise their weights_in the Winter
session such that the weights were closer to food addition
birds than in any other trapping session. Between these two
sessiohs caches would likely be the only food available to
control birds.

In general, there are few studies of birds that have
recorded series of weights; more information is available
for mammals. Fatﬁéning at the onset of winter and gradually
declining until spring has been observed in chipmunks
(Tamias striatus; Panuska 1959) and in beaver (Castor
canadensis; Aleksiuk 1970). My results and those in Waite
(1992) suggest that grey jays, like other small birds (Blem
1976, Blem and Pagels 1984), increase mass in mid-winter
rather than building up reserves for the onset of winter.
Furthermore, the differences I found in weight and condition
trends between birds with and without access to food
addition suggest that food addition may alter the strategy
used.

There are currently no models of overwinter cache use
that have considered a bird subsisting entirely off caches
as Qrey jays seem to do, but there are at least two models
that consider caching and cache use. The acorn woodpecker
(Melanerpes formicivorus) caches acorns for use in the
winter when other food sources are less abundant. In a
model of caching in this woodpecker, Hitchcock and Houston
(1994) predict a constant rate of cache use resulting in

stable body weights (Figure 7a). In a model of caching
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Figure 7. Predicted weight trends according to two models of
cache use during periods of food scarcity: a) a model of a
small bird in winter from McNamara et al (1990); b) a model
of acorn woodpecker cache use from Hitchcock and Houston
(1994) . Solid lines represent body reserves, dashed lines
are caches.
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behaviour, McNamara et al (1990) consider a bird that
forages and makes short-term caches during the non-breeding
season. The prédicted daily pattern of fat storage (Figure
7b).feéembles the seasonal pattern of control jays from
Summer 1993 through Winter 1994. A modification of one of
these models could be used to model overwinter cache use by
grey jays. By incorporating both the control conditions and
the food addition into such a model, a preliminary test of
the modei exists. The weight series predicted by the model
under control and supplemental food conditioﬁs should
resemble the patterns I observed for tfeatment and control
birds (Figure 2). Perhaps more importént than another model
of caching, is that experimeﬁté catch up with theory and
begin to test the models and assumptions of how animals use
their caches during periods of food shortage. One way this
could be done is by monitoring the caches of individuals
with and without supplemental food. Nilsson et al. (1993)
have observed that European nuthatches (Sitta européeé) used
caches of supplemented food more often in poor weather, but
théy did not collect data on cacﬁe uée by control birds.
This study has observed very different weight trends between
fed birds and controls, but this falls far short of
understanding how differences in cache use has resulted in
these patterns. This is likely a fruitful area for future

research.
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Chapter 3:
Effects of Food Addition on Grey Jay Territories

Introduction

Interest in territoriality has led to a great deal of
research into the economics of maintaining an exclusive
territory and the optimal size 6f such a territory (e.qg.
Brown 1964, Davies 1978, McNab 1963, Ebersole 1980, Hixon
1980, Schoener 1983). Theory suggests that territory size
of animals holding food territories (sensu Hinde 1956) is
regulated by food availability and intruder pressure
(Ebersole 1980, Hixon 1980, Schoener 1983).

Food additions have been the most common experimental
manipulation to test this model of territoriality (for a
review see Boutin 1990), although there have been a few
attempts to look more explicitly at the effect of intruder
pressure (Mares et al. 1982, Price et al. 1986). Results
froﬁ food addition studies have proved to be variable
depending on the species studied. Enoksson and Nilsson
(1983) found that the European nuthatch (Sitta europaea)
decreased territory size in response to food addition, while
the rufous-sided towhee (Pipilo erythrophthalmus) did not
change home range size (Franzblau and Collins 1980), and the
reef fish (Eupomacentrus leucostictus) increased.territory
size (Ebersole 1980)} '

; Schoener i1983).éxamined a nﬁmbef oflmodels of

'territory size and, by clarifying the underlying

assumptions, was able to unify them into a comprehensive




model. By defining three types of térritory holders (time
minimizers, énd'two'types of energy maximizefs) and four
types of environmental variation (i.e.. the relationship
between food availability and intruder pressure) Schoener's
model shows how these factors determine the optimal
territory size. A more detailed description of the model as
it applies to this study is given in the discussion below.
Fewer studies have examined the effect of food addition

on overlap between territories (see Boutin 1990). Overlap
should increase as the net benefit of defending an exclusive
area decreases. Territorial economics predicts that an
animal should defend an exclusive foraging area when the
benefits of exclusiveness outweigh the costs of defense
(Brown 1964). When food is scarce, the energy spent
guarding it exceeds the energy gained from the territory,
and when competition for food is reduced, the benefits of
exclusive access are negated. Carpenter and MacMillen
(1976) found that a species of Hawaiian honeycreepers
(Vestiaria coccinea) altered their level of defense such
that intermediate densities of flowers were defended more
than low or high densities. Other studies show that ‘some
animals will maintain territories or not depending on the
level of food resources (see réview in Davies 1978).

' This study uéed]the loqg term, year-round food_additioﬁ
of the Kluane Boreal ﬁorést Ecosystem Proﬁeét (Krebs et al.
1992) to examine the effect of food availability on the

'territory characteristics of grey jays (Perisoreus
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canadensis). My objectives were to examine the effects of
food addition on territory size, overlap, and'spatial

arrangement.

Methods
Study Site

The study was conducted near Kluane Lake in southwest
Yukon (61°N, 138°W) May through August, 1993 and 1994. As
part of the Kluane Boreal Ecosystem Project, three 36-ha
grids have had commercial rabbit chow (16% crude protein, 2%
fat, 18% fibre) added year-round since 1987. Among the
species that use the food are grey jays - year-round
residents of the boreal forest, which maintain all-purpose

group territories (Rutter 1969).

Territory Mapping

To map territories my assistant and I found groups of
colour banded jays (see chapter 2) on food addition grids
and on other grids of similar habitat but without access to
the food addition (Figure 1). We followed the birds between
0600h and 1400h from June 9, 1993 to August 13, 1993, and
from July 10, 1994 to August 15, 1994. We recorded their
location to the nearest 15 m on grids with stakes spaced at
30 m. When the birds travelled off the grid we used
1:10.000 aerial photos 6f thé area to estimate their
locations using identifiable landmarks. Accuracy and

precision of locations off the grid varied depending on the

37




nature of the landmarks in the area. At best, we were able
to locate the exact tree on the photo while at worst we
could only estimate the location to the nearest 30 m.

In the territory maps we included locaﬁions where birds
made repeated vocalizations, foraged, cached food, perched
for more than one minute, or interacted with neighbours at a
border. It soon became clear that intrusions onto
neighbouring territories were occurring, but these were not
seen to extended more than 100 m into the neighbouring
territory. At these times the behaviour of intruding birds
changed from being highly visible and audible, to being very
quiet and inconspicuocus. The focal birds were sometimes
chased away by other birds (either the owners or assumed
owners of the neighbouring territory). We noted this
behaviour and did.not include these areas in the territory
maps. Areas where two groups tolerated each other (i.e.
were plainly visible to one another, but were not
aggressive) were recorded as areas of overlap (Figure 8).

My assistant and I mapped a total of nine territories
over the two summers (Figure 1). Mapping was labour
intensive; it required about one month, mapping three.
territories at a time, to be satisfied that very little area
was missing or wrongly included. This is largely a function
of tefritpry size: the bigger the territory,-the more time -
the birds spend in the interior of the territory, and the

longer the perimeter that is needed to define the territory
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Control

Food Addition

Figure 8. Examples  .of territory maps for contrcl (a) and food
addition (b) groups. Each point represents at least one
observation of one or more birds from the group. Locations where
birds were judged to be intruding on other territories were not
included in the maps. Dots represent members of the owner group,
crosses represent neighbouring groups. Areas where there are
crosses inside the territory borders drawn were used to calculate
overlap.
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boundary. Limited visibility in many of the habitat types
also contributed to the difficulty of territory mapping.
From trapping records and observations, my assistant
and I ﬁoted the approximate borders of other territories on
the grids where we worked. Most of the groups that included
part of a grid in their territories had at least some
members colour banded, so we are confident that we were able
to accurately distinguish between groups. This allowed us
to determine the number of territories that were entirely or
partially within the boundaries of three food addition and

three control grids.

Results

Territory maps consisted of an average of over 220
points as well as points from neighbouring groups that
helped to define borders (Figure 8). These points were
often concentrated near the edges of the territories since
we were interested in defining the territory borders_father
than recording proportional usage of ﬁhe area. The mean
size of territories on food addition grids was approximately
30% smaller than control territories. The mean size of five
control territories was 23.2 ha (SE = 1.4) compared to a
mean area of 15.8 ha (SE = 1.9) for the four territories on
“food addition grids (t-test, t;3.19,'p=0.02). Based-on these
'résults, if the number of.terfitériés pef grid is strictly
proportional to mean territory size (which assumes there is

no unoccupied space), there should be more territories on




food addition grids. On the three control grids there were
an average of 2.67 territories per grid, and on the three
food addition grids studied, there was an average of 4.67
territories (Figure 9). To determine whether this increase
is more or less than expected based only on territory size,
I used a simple Monte Carlo simulation.

In the simulations, territories were approximated as
squares with an area equal to the mean territory size I
observed for the respective treatment. A 36-ha grid was
placed at random on the landscape of contiguous territories
1000 times, and the mean number of territories per grid
calculated. There was no significant difference between the
mean number of territories on control grids and the mean
number the model predicted (Table 6); There were 1.7 times
more territories on food addition grids than expected based
on the model (Table 6).

Because some of the nine mapped territories were
adjacent to each other, only six territories were used in
the overlap enalysis to keep each measurement independent.
All but one of the six territories used in this analysis had
at least some overlap with other territories. The amount of
overlap between territories on control grids was
consistently low, while that on food grids was 4.7 times
1higher compared to. control. grids. The lack of-a
statistically sighificane difference (Figure iO) despite the

magnitude of the difference is due to the low power of the

test (estimated to be 0.3).
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Figure 9. - Diagrams showing approximate boundaries between
all the territories that had access to three food addition
and three control grids. Each square is 600 m by 600 m,
representing the borders of the grid.




Table 6. Observed and predicted number of territories per 36-ha
grid. Predicted numbers are from-a Monte Carlo simulation as
described in chapter two. The p-values shown are from t-tests
between observed and predicted mean number of territories per

grid.

Observed Model

Control

mean (SE)
n

Food Addition
mean (SE)
n

2.67 (0.66) 2.35 (0.047) p>0.5
3 1000

4.67 (0.33) 2.77 (0.043) p=0.016
3 1000
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Figure 10. Percent overlap between territories with
95% confidence intervals. The data were arcsine
transformed; the values presented are back-
transformed. T-test: t=2.16, df=5, two-tailed
p=0.084.
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The mean number of adult birds per group was identical
for food addition and control areas. We were confident of
our estimates of the number of members.in each group for
five cdntrol and five food addition groups. Four groups had
four members, and one had three on both supplemented and
control grids (mean=3.8, SE=0.2). To be confident of our
counts, all or all but one bird had to be colour banded, and
we had to see them regularly enough that we were able to

verify our counts.

Discussion

Methodology

In general the methods used to map'territories were
successful, but some difficulties arose. Because the
territories are large, neighbouring groups are not seen
together frequently at territorial borders. Woolfenden and
Fitzpatrick (1984) were able to use very conspicuous
territorial displays at borders to map Florida scrub jéy
territories. The scrub jays they studied are also strongly
territorial. Although grey jays do not generally tolerate
other jays on their territories, border displays are not as
frequent or as visible as described in Woolfenden and
Fitzpatrick (1984). Another factor that makes territory
: méppingjeasier is areas’that_are not used by the animals. -
In scfub jays, Woolfeh&en and Fitzpatrick (1984) found that

the birds never used low-lying and open areas; consequently
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these areas often formed a large part of the territorial
boundaries.

Grey jays use such a diversity of.habitats, that no
such natural features were consistently useful in mapping
territories. The use of radio telemetry might be useful for
quickly locating groups, but triangulation is unlikely to be
precise enough to map the relatively complex borders of grey
jay territories. Nonetheless, the ﬁse of grid stakes and
aerial photos appears to be a feliable method for mapping

territories.

Territory Size

To apply Schoener's (1983) model, we first must be able
to classify the territory holder as either a time minimizer,
or an energy maximizer (Schoener 1971). A time minimizer
meets a minimum feeding requirement to meet its needs,
whereas an energy maximizer tries to gain as much energy as
possible. Energy maximizers can be constrained by either
the time available to forage, or by a processing constraint.

Because jays store food in the summer for use over
winter and into the breeding season (Rutter 1969, personal
observation) it seems likely that they should be energy
maximizers (Pianka 1976). Waite and Ydenberg (1994) found
."thaptcaching_by ja§s was. accurately modeled aé-net.rate
méximizing Kwhére the ratio of enérgy stored, less the cost
of transport, to time spent caching is maximized)

Ydenberg et al. (1994) show that this currency is expected
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when foraging is limited by time. This is consistent with
grey jays being an example of Schoener's first type of
energy maximizer, which is.constrained,by time available for
foragiﬁg rather than by a capacity constfaint (Schoener
1983).

Moreover, in summer there was no significant difference
in the proportion of time spent foraging by birds with added
food and those on control areas. As was discussed in
chapter 2, this suggests that both groups of birds were
spending as much time as possible in foraging activities.
This, and the fact that jays are foraging to make caches and
not just for immediate consumption, is good evidence that
grey jays are constrained by time rather than processing
constraints in summer. In summary, of the three types of
territory holder defined by Schoener, grey jays meet the
criteria for being classed as energy maximizers with time
constraints.

The next consideration in applying Schoener's model of
optimal territory size is what he describes as the type of
environmental variation. More explicitly, this refers to
the relationship between food density and intruder pressure.
The four types are as follows:

1. a change in food density does not change intruder

pressupe}'_

2. a”change in intruder pressﬁré ihdependent of changes

in food abundance;
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3. an increase in food density increases intruder

pressure; and

4. an increase in intruder pressure decreases food

density in the territory.

For grey jays, intruders can have two effects: intruders can
steal caches food resources, or they can steal uncached
food. There is also the cost of expelling intruders.
Although there may be arguments for not simply dismissing
this latter coét, I believe that the energy spent in flight
during chases and vocalizations is minimal relative to the
energy lost when food or caches are stolen (personal
observations). Although this assumption seems reasonable,
it remains to be confirmed.

First I consider the relationship between cache density
and intruder pressure. Waite (1988) found the rate of loss
of simulated grey jay caches was density dependent, Density
dependent éurvival of caches seems to be common in
scatterhoarders: Stapanian and Smith (1984) found such a
relationship for simulated fox squirrel (Sciurus niger)
caches, and Clarkson et al. (1986) found that the
distribution of magpie (Pica pica) caches was consistent
with density dependent cache loss. Thus, food addition, by
increasing the number of caches made (chapter 2, Figure 4)

- should result in prépqrtionally greater ldsses due to
intruders. |

Second, I consider the relationship between uncached

food density and intruder pressure. This interaction is
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less clear. Presumably the same mechanism that allows
thieves to steal a greater proportion of caches as cache
density increases, would result in a similar density
dependent rate of loss of uncached food. If this assumption
is valid, then food addition should result in an increased
effect of intruders. In summary, there is evidence (Waite
1988) that increasing food density in grey jay territories
results in increased costs of intruders.

The final piece of information needed in Schoener's
(1983) model is how the costs of intruders change with the
area of the territory. As grey jay territory size increases
cache density should decrease and the cost of theft by
intruders should therefore decrease. As territory size
increases the'density of uncached food will not change, but
the proportion of total food resources stolen by.intruders
will decrease. Thus the net cost of intruders should
decrease with increasing territory size.

In summary, grey jays are time constrained energy
maximizers, increasing food density results in an increases
in intruder pressure (i.e. an increased effect of intruders
if not an increase in the number of intruders), and the cost
of intruders is likely to decrease as territory size
increases. With this information, the optimal territory
size for jays on-food addition grids is-prédicted to be
:smailef than.on controi gfids”by Schoenef's (1983) médel.

My results show that grey jay territories do respond in this

way to food addition.
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Territory Overlap

As food density increases, defense is expected to at
first increase, and then to decrease as food becomes very
abundant (e.g. Carpenter and MacMillen 1976). 1In this study
the position of grey jéys on control grids along this
continuum was unknown, which is why the t-test comparing
overlap was two-tailed. Food addition could either increase
the value of exclusiveness and therefore reduce the amount
of overlap, or it could increase the food density to the
point where the benefits of exclusiveness begin to fade,
which would lead to more overlap on food addition grids. 1In
the extreme case, if the Kluane food addition increases food
density to the point where defense is no longer economical,
territoriality should break down. However, because jays are
dependent on their caches in winter, and winter is such an
energetically stressful period (Waite 1991), such an extreme
case would be unlikely. These responses depend on the
territorial behaviour of jays being plastic enough to
respond to the food éddition. |

Although my sample size of territories was small, there
appears to be a slight increase in overlap between grey jay
territories on food addition grids compared to control
grids;‘ The difference was not,statistically éignificantr
but‘ﬁhe péwer'of the t—teét.waé_estiﬁated to be 0.3,
signifying a 70% chance of making a type II error. The

available data is not sufficient to draw conclusions, but
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does suggest that more research is warranted. Stamps and
Tanaka (1981) measured percent overlap in juvenile Anolis
aeneus home ranges. These juveniles are normally
territofial, but these territories sometimes overlap with
those of neighbours. Stamps and Tanaka (1981) found that
overlap increased when food was added uniformly through the
study area during the dry (reduced food) season. This
situation is similar to the food addition to grey jays in
the summer. In both cases the animals are experiencing food
shortages: the density of food for the lizards is reduced in
the dry season (Stamps and Tanaka 1981), and the jays are
food limited by time constraints. In both cases there
appears to be an increase in the amount of overlap.

In this study I did not measure territory size and
overlap in winter. Also, this study took place during the
low of the "10 year cycle" of snowshoe hare (Lepus
americanus) when there is little carrion available to
supplement grey jay caches. Measuring territory size and
overlap in winter and when natural food is more abundant may
lead to more insight into how these features of territories
vary in response to environmental conditions. Stamps and
Tanaka (1981) found home range overlap in A. aeneus did not
increase when food was added to an already food-rich
" environment in .the wet-season, and in éontrql areas, there -
was more overlap in the dry season than in the wet season.

An alternative explanation for the overlap observed is

that the neighbouring groups that had the greatest overlap

51




had familial ties, and so greater overlap was permitted. 1In
Florida scrub jays, new territories are sometimes formed by
the helpers of one group (usually offspring of the mated
pair) defending part of the home and/or neighbouring
territories (Woolfenden and Fitzpatrick 1984). If a similar
process occurs in grey jays, the relatedness explanation may
be valid (although no such overlap was noted in scrub jay
territories). More will have to be learned about how grey
jay territories are formed anq how juveniles disperse before

these explanations can be distinguished.

Number of Territories per Grid

There were more territories on food addition grids than
expected based on a simple simulation model. The model used
a simplified landscape of territories and generated the
expected distribution by laying 1000 36-ha grids at random
on this landscape and counting the number of territories on
each grid. When simulating control and food addition grids,
the model used the observed mean territory size for the
respective treatments (23.2 ha for control, and 15.8 ha for
food addition grids). The observed mean number of
territories per 36-ha control grid was not significantly
different from the model's expected mean. This suggests
“that control territories are randomly distributed with
respect to the Kluéne grids as the modei aésumes.

When the model was run to simulate food addition grids

the expected mean number of territories was less than the
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observed mean. This suggests that the increase in number of
territories on food addition grids is not solely due to the
smaller mean size of terri;ories on these grids, and that
the food addition has attracted territories. Similar
responses have been found in other studies. Boutin (1984)
found that some snowshoe hares that were attracted to a food
addition area became residents, but others commuted to and
from their home ranges off the site. 1In the territorial red
squirrel (Tamiasciurus hudsonicus), Klenner and Krebé (1991)
found increased densities on food addition sites, and some
of the immigrants seemed to become resident. In their study
the pulse food addition ended in the fall, at which time
densitieé on supplemented sites fell to control levels over
the next six months (Klenner and Krebs 1991). Boutin (1990)
raises the possibility that apparent increases in population
densities may be partly due to an increaseAin the effective
censusing area caused by the attraction of animals to the
supplemental food. My results support this hypothesis in
the case of grey jays.

Based on the number of territories per grid and average
group size, 75% more groups had access to the food addition
grids compared to control grids. Since food addition had no
effect on the number of birds per group, the number of birds
per grid.is also 75% higher. . In a'censuSQbf‘the;pbpulatidp
onhthé grid withbut knowledge about territory siies, this |

would likely translate into an estimate of densities being

75% higher on food addition grids. Based on mean territory




size, densities on food addition grids were only 47% higher
than on control grids, representing a considerably smaller
response to food addition than would be estimated with less
labour intensive methods.

In the case of grey jays and other territorial animals,
comparing territory sizes and overlaps will avoid the
problem of attracting individuals to the treatment areas.

It is more difficult when a population includes floaters
(non-territorial individuals) or when the animal.is non-
territorial. In such cases several individuals may be using
the same areas, making it harder to distinguish commuters
from residents. As Boutin (1990) suggests, increasing the
spatial and temporal scales of food supplementation
experiments (which tend to be very small in most studies)
could resolve these problems. Food additions should be made
to areas large enough that the census area in the interior
is not affected by commuting individuals, and they should be
long eﬁough that territorial borders, and home range
conflicts are resolved before the censusing is done.

The problem of attracting individuals, although it may
‘never change the qualitative results of a study, will make
comparing the responses of differenﬁ organisms and different
environments unreliable. Explicit study of this phenomenon

-is needed to understand how- it may'bias_studieé using food

additions.




Summary

I found that grey jays on food addition grids had
smaller territories than control birds. This result is
consistent with Schoener's (1983) model of optimal feeding
territory size. I also found that there was a slight
increase in the amount of overlap between territories, but a
larger sample size is needed to determine if the observed
differences are real, or are just artefacts of small sample
size. Finally, there were more territories on food addition
grids than on control grids. This difference was not solely
attributable to smaller territory sizes on food addition
grids, and likely represents the increased value of the

habitat due to the food addition.
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Chapter 4: General Discussion

In this study I examined the response of grey jays.
(Perisoreus canadensis) to a long term food addition. The
two areas I examined were winter body mass regulation and

territoriality.

Overwinter Condition

In chapter two I tested four-hYpotheses about the
factors that limit overwinter body masé in grey jays. I
found evidence that winter weights of grey jays were limited
by food supply and by costs associated with extra weight.
Birds that had supplemental.food year-round made more caches
in the summer than control birds did. As a result, these
birds maintained higher body condition through the wintér
and yet were able to spend less time foraging for food than
control birds.

From these results, three areas for future work become
apparent. First, the nature of food limitation is not
clear. The value of extra food can be either in aiding
daily survival through the winter, or as extra fuel for
breeding in early spring (Jansson et al. 1981). The
relative importance of these components can be explored by
suppleﬁentingvfoodAat different times of the Year:and
compéring the reéponées of jays. ” ‘

A second area for future research is the nature of the

costs of weight. Two previous correlational studies (Rogers




1987, Waite 1992) found patterné consistent with costs to
weight as in Lima's (1986) and McNamara and Houéton's (1990)
models of winter body mass. My results provide experimental
evidenée for these costs. Lima (1986) assumed the cost was
the risk of predation, and that predation risk increased at
an increasing rate with mass. McNamara and Houston (1990)
modeled both mass-independent and mass-dependent predation
risk as the costs of foraging. The assumption that
predation risk is the ultimate cost of added weight remains
untested; the cost may simply be the weight in and of
itself. The heavier the bird, the greater its transport and
body maintenance requirements will be (Blem 1975, 1976). A
physiological study would reveal the relationship between
weight and metabolic expense. A study of the impact of
predation on the birds might also lead to some insights into
whether predation risk is a likely cost.

The third area requiring more study is the pattern of
seasonal weight trends. I found in one year of study that
under natural conditions grey jay weights declined between
summer and fall, and then increased from fall to winter
again. When provided with supplemental food, however, the
jays I monitored increased from summer to fall and
maintained high weights through the winter. This difference
'sugges;s‘that fqodnaddition may change the way caches are
made and used. | | | |

The grey jays appeared to rely entirely on the caches

they made in the summer and fall for overwinter food. When
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foraging in the summer, the birds can either consume the
food and store the energy as fat reserves, or they can cache
the food and store the energy in that way. As my results
show, ﬁhere is some cost to carrying weight, although the
exact form or magnitude of that cost remains uncertain. At
the same time, storing energy as caches can be risky if they
rot, are forgotten, or are stolen by other animals or
conspecifics. Furthermore, the relative importance of these
costs will change throughout the year, resulting in a
complex system of relative costs and benefits to fat storage
versus caching.

" A comparison of time budgets between food addition and
control birds through the fall when the weight trends are so
different is needed to clarify why the weight trends are so
different (i.e. is this a transition period between making
and consuming caches?). It should then be possible to model
the tradeoffs between making caches and putting on fat in
the summer, and retrieving caches and keeping caches in the

winter.

Territoriality

Based on the results of other studies, I was able to
fit grey jays into Schoener's (1986) model of territory
'_size To predlct how terrltory 51ze w1ll respond to food
| addition, one must know whether the animal is a tlme

minimizer or energy maximizer, and the nature of intruder

pressure and defense costs must be clear. This information




is crucial if the mechanisms behind the response are to be
understood. For grey jays, Schoener's model predicts that
territory size should decrease as food density increases.
In chapter three I showed that grey jays maintain smaller
territories when provided with extra food, supporting this
model. Schoener's model illustrates that simply observing
how territory sizes respond to food addition is not
intrinsically interesting. There are only three possible
responses (increase, decrease, no change) but many slightly
different mechanisms can lead to that change. In future
work.on territory size in response to food addition, an
understanding of these mechanisms will be crucial.

Another finding of interest was that the food addition
appears to have drawn in territories. The mean number of
territorial groups.that were entirely or partly within the
borders of the 36-ha grids I was using, is not significantly
different from the estimated mean of a Monte Carlo
simulation that assumed territories were distributed
randomly with respect to the grids. There were more
territories on food addition grids than predicted by the
model, even when the smaller mean size of territories was
taken into account. This implies that the territories have
changed shape in a way that more groups have access to at
least part of the food'éddition,..This.has some -implications-
fdf tﬁe use of food additions to study population density.

One of the most common goals of food addition

experiments is to study population dynamiCs, and the




majority of these studies have found increased densities of
the study animal (Boutin 1990). Although these results
probably represent increases in density of the study
animals, the data may be confounded by animals that are
attracted to the food, but which are not actually residents
of the food addition area. Boutin (1984) found that non-
territorial snowshoe hares (Lepus americanus) commuted from
their home ranges off thé supplemented grid to forage on the
added food. I found similar results for a territorial
animal. The increase in density as measured by the inverse
of the mean territory size is less than the increase in the
number of jays that have access to the food addition grids.
If usefui comparisons are to be made between species and
environments, or if the results of these studies are to be
used in mathematical models, the distinction between real
and apparent effects of food additions on population

densities should be made.

Conclusion

This study examined some of the effects a long term
food addition has had on a population of grey jays in the
southwest Yukon. The birds are abundant, relatively tame,
and habituate to human observers. Ih general they are quite
- trappable and easily -observed. 'Theée factors combine to .-
make grey jays good subjects fér étudying a variety bf

ecological questions.

60




Caching and cache use has received much recent
attention (McNamara et al. 1990, Nilsson et al. 1993,
Hitchcock and HOusﬁon 1994, Waite and Ydenberg 1994). By
comparing grey jays, which rely heavily on caches made in
the summer as overwinter food, to other birds that rely less
on long term caches (e.g. European nuthatch, Sitta europaea;
Nilsson et al. 1993) or birds that make short term caches
(e.g. various tits, Parus spp.; McNamara et al. 1990) we may
be able to get a more unified understanding of caching and

foraging behaviour in birds.
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