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GBSTRACT 

The population ecology, home range size, and caching behaviour of red squirrels 

was studied in black spruce habitat in Terra Nova National Park, Newfoundland. Density 

was almost twice as high during sumrner 1995 (a year of heavy cone crop) than in 1994, 

but densities in both years were similar to those reported in other studies. Densities 

ranged fiom 0.4 - 1.3 squirrels h a  in 1994 and 1.0 - 2.7 /ha and 0.8 - 3.7 h a  on grids 95-1 

and 95-2 respectively in 1995. Transients (animais captured oniy once) were a minor 

component of the population in both years. The larger number of spruig recniits and 

higher summer body weight in 1995 indicate that the greater deosity was due to higher 

overwinter survival during 1994/1995. Total adult sex ratios (based on al1 animals 

captured) were significantly biased in favour of males in 1994 and for the combined 

adults in 1 995, 

S ummer home range size in 1 99 5 ranged fkom 0.34 - 4.1 ha (95- 1) and 1.8-2.4 ha 

(95-2) using the minimum convex polygon method and fkom 0.34 - 4.8 ha (95- 1) and 4.3 

- 8.0 ha (95-2) using the adaptive kemal method. These values are generally larger than 

home range and temtory sizes reported in other studies. The presence of deciduous food 

and the breeding season, may have contributed to the larger home range size. Home 

ranges were not exclusive and al1 showed signs of overlap. 

North Amencan red squirrels exhibit variation in caching behaviour across their 

range. Larderhoarding dominates in the west and scatterhoarding dominates in the east. 

One proposed explanation for this variation is predation risk. If sa& feeding and caching 

sites are unavailable, then moving to, and eating at scattered caches may elevate the risk 

of predation for the caching individual. It was predicted that in areas of low understory 

shmb cover, predation risk is higher and safe caching sites are rare. Therefore, creating 

larger caches at one or a few low-rîsk sites would be the better strategy. 



The caching behaviour of red squirrels was documented in 1995 in grids 95-1 

(high cover) and 95-2 (low cover). Ln both grids, both single cone and large caches (1 1+ 

cones) occurred more fiequently than expected, but cache size fiequency distributions did 

not differ significantiy between grids. The mean (* SE) number of cones in large caches 

(30.9 * 2.5) was sipaincantly greater in Low cover than in hi& cover (18.3 * 2.6). Large 

caches accounted for 65% and 20% of di cones stored in the low and hi& cover grids 

respectively. The size of the cache (single or multiple cows) was not dependent on the 

distance from the nearest tree in low cover, but in high cover, single cone caches were 

found farther from a tree (mean * SD: 1.5 m * 1.3) than multiple cone caches(l.0 m * 
0.67). It appears that the amount of cover may be one component of red squirrel caching 

behaviow. 
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Chapter 1: Introduction 

Food hoarding dows an animal to have some control over the availability of food 

in space and t h e  (Vander Wdi, 1990). Two basic patterns are recognized: 

larderhoarding and scatterhoarding. Larderhoarding involves storing rnost of the food in 

one concentration in a srnaii part of the home range, while scatterhoarding involves 

fomiing many caches of one or a few food items dispersed throughout the home range 

(Smith and Reichman, 1984). The type of food hoarding pattern exhibited is associated 

with the amount of both inter- and intraspecinc competition, and has important 

implications for social behaviour. Larderhoarding is believed to occur in species which 

experïence little interspecific competition for food or when caches can be defended fiom 

interspecific cornpetitors. Larderhoaders are often temtorial which prevents cache the& 

by conspecifics (Smith and Reichman, 1984). Scatterhoarchg usudy occurs when there 

is extensive inter- and intraspecific competition for the hoarded food. With high leveis of 

competition, large hoards are harder to defend and may be more easily located (Smith and 

Reichman, 1984). Scattering caches presumably makes it less economical for a 

cornpetitor to pilfer these small, scattered caches than to forage on its own and since 

scattered caches are difficult to defend, scatterhoarding is associated with non-temtorial 

species (Stapanian and Smith, 1978)- 

North Amencan red squirrels (Tamiasciurus hudsoninrs) have been categorized 

as larderhoaders (Stapanian and Smith 1978; Smith and Reichman, 1984; Vander Wd, 

1990). Seeds fiom conifer cones are their primary food source and cones are harvested 

fiom throughout their individual territories and stored in a centrai midden composed of 

cone scales and cores (Gumell, 1987). Removing cones fkom trees and c a c b g  them in 

the damp midden matenal prevents the cones from opening, providing the animal with a 



supply of cones necessary for wuiter survivai. These middens may contain thousands of 

cones and can supply food for one or two winters (MC. Smith, 1968; Finley, 1969). 

Red squirrels are believed to be able to larderhoard conifer cones because they 

face little interspecinc competition for this food source. Larger herbivores would have to 

eat the whole cone to obtain the seeds, however, the woody tissue in the cone makes it 

indigestible (Smith and Reichman, 1984; Hurly and Robertson, 1987). Also, the size and 

hardness of the cones make them diff?cuit to open for smder herbivores such as mke 

(Smith. 198 1). Therefore, food competition is prirnarily intraspecific and temtoriality 

reduces this. The spacing and food storing system is d i k e  most other tree squirrels 

(Sciurus spp.) which scatterhoard the nuts of deciduous trees and are non-territorial 

(Gumell. 1987). 

Much of the information on food use and caching behaviour in red squirrels 

cornes fkom the western portion of its range (CC. Smith, 1968; M.C. Smith, 1968; 

Finley. 1969; Kemp and Keitâ, 1970; Rusch and Reeder, 1978; Kelly, 1978; Gumell, 

1984). Recently, studies on eastern populations have shown that the caching behaviour 

of red squirrels is more flexible and that a m k  of both larder and scatterhoarding is used 

(Hurly and Robertson, 1987,1990; Dempsey and Keppie, 1993). 

Although it has not been rigorously tested, red squirrels which scatterhoard are 

believed to be temtorial (Hurly and Robertson, 1987, 1990; Dempsey and Keppie, 1993). 

Therefore. either the scatterhoards themselves or the area in which they are placed (i.e. 

the temtory) can be defended This is in contrast with the European red squirrel (Sciums 

vulgaris) which can also occupy coniferous habitat and eat conifer seeds. Cones are 

scatterhoarded by this squirrel (Wauters and Dhondt, 1987; Wauters and Casale, 1996) 

but individual exclusive temtorïes are not defended (Wauters and Dhondt, 1992). If 

scatterhoarding red squirrels are territorial and are presumably able to defend a 



larderhoard then some factor other than defendablity of caches must account for the 

prevalence of scatterhoarding behaviour in this species. 

Dempsey and Keppie (1993) suggested that predation may be a factor in hoarding 

strategy. Many studies have shown that predator avoidance affects foraging behaviour 

and that predation risk may be greater in areas with low vegetative cover (see Lima and 

Dill. 1990 for a review). Grey squirrels (Sciurus curolinensis) perceive a high risk of 

predation m e r  from protective cover (Lima et ai., 1985) and fox squirrels (Scium 

niger) perceive open patches as rkky (Brown et al., 1992). 

A recent study bas shown that cover is also important for red squirrels. Juvenile 

red squirrels that were eventually preyed on spent more time exposed in trees and on the 

ground than juveniles which survived their nrst summer (Stuart-Smith and Boutin, 1995). 

Also. juveniles during their £kt summer vent less time in covered places and more time 

in exposed places than adults (Stuart-Smith and Boutin, 1995) which rnay explain the 

lower srnival rate of tira summer j uveniles as compared to adults (Stuart-Smith, 1993). 

Similady, Yahner (1987) showed that in marginal habitat, red squirrels used feeding sites 

which were associated with higher densities of understory trees, indicating that 

minimizing exposure while feechg is important. Moreover, Sullivan et al. (1994) have 

shown that feeding darnage on young lodgepole pine (Pinus conforta) increased with the 

amount of understory s h b  cover available. These authoa assumed that the ability of 

predators to capture squirrels and /or the perceived risk of predation may be increased in 

open microhabitats. 

Consequently, red squirrels should alter thek food caching behaviour in response 

to differing levels of understory shrub cover. Because eating a cone requires more t h e  

than locating, cutting, canying and storing it (CC. Smith, 1968) and because squirrels eat 

relatively close to caches (at the midden for larderhoarders - Finley, 1 969; at a mean 



distance fiom caches of c a  1 m for scatterhoarders - Dempsey and Keppie, 1993), then 

squirrels should select d e ,  protected sites for cachbg and fwding. Presumably, in low 

cover, safe caching sites are rare. If caches are scattered, then getting to and eatuig at 

caches rnay elevate the risk of predation for the squinel, especiaiiy when movement can 

be used by avian predators to locate prey ( K a h a n ,  1974; Samo and Gubanich, 1995). 

Under these conditions, creating larger caches at one or a few low risk sites would be the 

better strategy. In high cover, where the perceived risk of predation may not be as great 

and where safe caching and feeding areas may be numerous, it may be easier and more 

efficient to cache food in the general area in which it is found. Hence, many srnailer 

caches would be expected. I tested these ideas by comparing the size and spatial 

distribution of red squirrel caches in areas of hi& and low understory cover in a boreal 

forest in Newfoundland. 

Specifically, I predicted that if the relative amount of understory cover influences 

the pattern of caching then: 

1) red squirrels would make larger caches (Le., containuig more cones) in areas 

of low understory cover than in high cover areas; 

2 )  since piacing caches near trees would provide a squirrel with a source of cover 

and would allow for a quick escape ifa predator is detected, then caches should be 

placed closer to trees in low cover areas than in high cover sites. 

Caching behaviour may be affected by levels of intraspecific cornpetition which 

may in turn be affected by population density. However, little is known about the 

population ecology of red squirrels since their introduction to the island approximately 34 

yean ago (Minty, 1976; Payne, 1976; Goudie, 1978). The introduction of red squirrels 



has been attributed as the cause of the population decline of the Newfoundland red 

crossbill (Loxia curvirostra percna) whereby it is suggested that squirrels outcompete 

crossbills for black spruce (Picea mmima) cones (Benlmiaa, 1989). Red squirrels are 

believed to be twice as dense on the island of Newfoundland as they are on the mainiand 

(Benkman. 1989; Pimm, 1990) and Benkman (1992: 41) suggests "that a tenfold 

difference in density is closer to reality." Therefore, 1 used mark - recaptwe techniques to 

describe red squirrel population demography and radio - telemeûy to document space use 

patterns of individual red squirrels. 



Chapter 2: Materials and Methods 

2.1 Study Sites 

Red squirrel populations were midied for two Sunmers in Terra Nova Nanonal 

Park (48O33' N. 53O58' W)), Newfouodland. Squirrels were fkt detected in the park 

around 1 977- 1978 (Bateman et al., 1983). Potential mammalian predators in this area 

include lynx (Lynx lynx), red fox ( Vui'pes vulpes), and weasel (MmteIa spp.). Pine marten 

(Martes americanu) are present but cousidered very rare (Bateman et al, 1983). Potential 

avian predatoa include northem goshawk (Acc i ' e r  gentils)), and great homed owl 

(Bztbo virginianw; Burrows, 1980). 

In 1994, a 15-ha trapping grid with 48 trapping stations located at 60-m intervals 

in an 8-by 6 pattern waç established in the area between the Park Maintenance compound 

and the Administration Building of the Park Headquarters area near Newman Sound (grid 

94- 1. Fig. 2.1). This area was composed mainly of black spruce with some balsam fi 

(Abies bnlsamea). Understory consisted of alder (Alnus mgosa) and Kalmia shrubs. 

Because the number of traps was Limited, and in order to accommodate the use of 

two gids  in 1995, the trapping grid used in the previous year was shortened to 5.8 ha 

with 8 1 trapping stations located at 30-m intervals in a 9-by 9 pattern. The portion of the 

1994 grid closest to the maintenance area was used An additional trapping grïd of the 

sarne dimensions was established approximately 0.8 km away dong the road which leads 

to the Newman Sound Campground. Aithough this grid was of the same dimensions, the 

total effective area was smaller (5.4 ha) due to the mad which intersected the grid. The 

grids near the maintenance area and that near Newman Sound Campground will be 

referred to as d d s  95-1 and 95-2 respectively (Fig. 2.1). Both grids consisted mainly of 



Figure 2.1. Location of the study grids in 1994 (94- 1) and 1995 (95- 1 : high cover, 95- 
2: low cover) in Terra Nova National Park, Newfoundiand. Top inset: atmw 
indicates the approximate position of the study area. 
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black spmce with d e r  amounts of balsam tir. Larch (Lmir fmcim) was present in 

grid 95-2. Grids 95-1 and 95-2 were chosen to represent areas of hi@ and low understory 

s h b  cover, respectively. For a more detailed account of the vegetation composition and 

structure of the grids in 1995, see sections 2.4.1 and 3.3.1. hie  to the large size of the 

grids and lack of traps, the shidy areas were not replicated. 

2.2 Population Ecology 

2 -2.1 Live Trapping 

In 1994 d l  stations on each grid were live-trapped on two non-consecutive days 

per week. On average, sites were trapped every 3 0.5 days. Trapping commenced on 

May 16 and ended August 17,1994. In 1995, al1 stations on each grid were trapped 

approxirnately once per week. Occasionally, traps were set twice per week in order to 

capture individuals selected for radio-collaring. These data were included in estimates of 

population size. Summer trapping ran fiom June 2 - August 30 for grid 95-1 and May 29 

- September 1 for grid 95-2. Al1 trapping stations on both gr& were trapped twice in the 

autumn between November 1 1 and 1 8. 

One Live trap ( "Havahart" Smail Mammai Trap No. 0745, Wood Stream ) was 

located at each station in 1994 and at aitemate stations in 1995. Traps were set at 08:OO 

h baited with a mixture of peanut butter and rolled oats, and checked four to six hours 

later. On initial capture, squirrels were outfïtted in each ear with individually numbered 

metal ear tags (Monel size 1, National Band and Tag Co., Newport, Kentucky) through 

which were threaded coloured disks (1 cm diameter) in a unique combination of colours 

for each squirrel. The disks dlowed individuals to be visuaily identifïed at a distance. At 

ail captures squirrels were weighed to the nearest 5 grams using a Pesola spring scale (Le 

Naturaliste, Ste-Foy, Quebec), and classified by age (adult or juvenile), sex, and 



reproductive condition. Juveniles (young-of-the-year) were distinguished fiom adults on 

the b a i s  of low body weight (< 150g, Sullivan, 1990) and generally smailer size. Adult 

fernales were classified as either pregnant (based on relatively high weight and abdominal 

palpation), lactating (nipples enlarged), or non - reproductive. Adult males were 

classified as breeding or non - breeding based on testes position (scrotai or regressed, 

respectively). The location of each capture was also recorded. 

2.2 -2 Dernography 

Population size was estimated with the Joliy-Seber model of population 

estimation (Jolly, 1965; Seber, 1965) using the program JOLLY (Krebs, 1989). The 

crucial assumption of this model is equal catchabiiity (i.e., every animal in the population 

has the same probability of king caught) whch must be tested before population 

estirnates cm be used with confidence. The computer program LESLIE (Krebs, 1989) 

was used to test this assumption. This program uses the method of Leslie et al. (1953) 

which tests for equal catchability withïn the marked portion of the population. This test 

compares the sum of the estimated number of newly marked animals with the sum of the 

observed number of newly marked animals. 

Trappability (the fiaction of the population trapped), population density, survivd, 

recruitment, proportion of reproductive anirnals, body weight, and sex ratios were 

monitored for the single large grid in 1994 and both grids in 1995. .JO Uy trappability (%) 

was detemiined as in Krebs and Boonstra (1984) and is defined as the total number of 

marked individuals divided by the estimated marked population size for each trapping 

session. Trappability values were then averaged to provide a mean for the entire trapping 

period. 



Population density was calcdated as the population sue estimate divided by grid 

area. ALthough variances for estimates of population size are vaiid only for large samples 

(Krebs, 1 989), Begon (1 983) recomrnends their use as an indication of the reliability of 

the estirnate. Standard errors are calculated for population size estimates by the JOLLY 

program. These are omitted fiom figures for clarity but are available in Appendix A. 

Survivd was calcdated as the average of JollySeber nuvival estimates (number 

of marked individuals surviving kom one trapping session to the subsequent trapping 

session) between trapping sessions and is expressed per 3 days in 1994 and per 7 days for 

both grids in 1995, because these were the typical intervais between trappiag sessions. 

For trappability, population density, and niMval two analyses were done: i) using all 

squirrels captured and ii) omittuig transient animals (caphued ody once). This provided 

estimates for the overall population and for residents, respectively (Sullivan and Kiemer, 

1993). 

The Jolly-Seber mode1 provides an estimate of recNitment (number joinuig the 

population between trapping intervais) but does not provide information on sex or age of 

the recruits. Therefore, recruits were defined as al1 squirrels caphued for the first time 

regardless of whether they became transient or resident animais (Sullivan and Moses, 

1986) and these were taliied for each month based on sex and age. For ease of 

cornparison. the number of cecruits was divided by grid area in order to account for grid 

size diEerences. Body weight was averaged over the summer for each individual. These 

values were then used to obtain mean summer weights for males and females separately. 

The proportion of reproductive animals was based on summer trapping while sex ratios 

include fdl  trapping sessions in 1995. Adult sex ratios on each grid were detennined 

separately for i) the total number of adults caphired and ii) residents only (single captures 

omitted). Al1 means are reported with k 1 SE. 



2.3 Radio-Tracking and Home Range Anaiysis 

For the purpose of this study, home range is considered to be "that area traversed 

by the individual in its normal activities of food gathering, mating and caring for 

young" (Burt, 1 943 : 3 5 1). Territory is the defended part of the home range and may 

encompass d l  or only part of it (Burt, 1943). To detemine home range size, selected 

squirrels were fitted with radio-transmitters (L.L. Electronics, Mahomet, Iiiinois) 

beguining on .My 1 1 and Wy 17, 1995 for grids 95-1 and 95-2, respectively. Radio 

transmitters were approxirnately 6 g and were attached around the squirrei's neck with a 

cable tie. Each transmitter emitted a specific frequency signal in the range of 153.200 - 
13.425 MHz and had a battery life of six montlu. Squinels were selected based on 

residency statu. The consistency of capture between trapping sessions was used as an 

indicator that the animal was a resident on the grid and for 95-1, al1 collared animals were 

repeatedly trapped on the grid in 1994. For both grids, al1 coliared animais were adults 

(>= 1 year). 

Each grid was monitored every other day by locating squirrels with a hand-held 

antenna and radio receiver (mode1 TR-4,  Telonics, Mesa, Arizona). Radio tracking was 

never conducted on days when traps were opened. Squirrels were tracked between 08:OO 

- 20:OO h and for each session, an attempt was made to locate ail radio-coilared 

individuais at least once. Radio signals were followed Mtil the squirrel couid be located 

visuaily. The position of the squirrel was then recorded by triangulation with respect to 

the 30 m interval grid. 

Home range size was estimated using the nunimm convex polygon method 

(MCP: Mohr, 1947) and for cornparison, with the adaptive kernal estimator (Worton, 

1989). The adaptive kemal estimates the utiiization distribution: the probability density 

hnction that gives the probability of ikding an animal at a particular location on a plane 



(Worton. 1989). No assumptions are made about the shape of the utilkation distribution, 

and therefore the adaptive k e d  estimator is nonparatnetric. Both estbates of home 

range size were calculated using the Calhome- California Home Range cornputer program 

(Calhome, 1992). AU radio-fixes were used in the calculations since the number of fixes 

per animal was relatively low. if the MCP home range is convex in shape then this 

estimate shodd approach an asymptote as the number of radio-fixes increase (Anderson, 

1982). Therefore, MCP area was plotted against the number of radio-fixes for each 

squirrel and asymptotes were estimated v i d y .  Fixes were added randomly to the MCP 

estirnate as suggested by Harris et al. (1990) since squinel locations were obtahed 

discontinuously. 

As an index of the exclusivity of home ranges, the proportion of an individuai's 

home range contained within that of another squirrel (% overlap) was calculated. The 

MCP estimate was used to determine % overlap since these home ranges were generally 

smaller and therefore provided a more cornervative estimate of overlap. 

2.4 Cache Sampüng 

3.4.1 Vegetution Analysis 

Cache sarnpling was conducted fiom October - November 1995 on grids 95-1 and 

95-2 (Fig . 3.1) which differed in the amounts of understory cover. To ensure that any 

differences in caching behaviour were not due to ciifferences in the food species available 

to be cached, and to provide a quantitative assessrnent of understory cover, the vegetation 

composition and structure were compared between grids. Eighteen 0.01 ha cucular plots 

were randomly located at grid intervals (2 plots per each of 9 Lines) on each of grids 95- 1 

and 95-2 (Sullivan, 1990). The species, number of individuals, and diameter at breast 

height of al1 trees in these plots were recorded. An estimate of relative horizontal 



screening cover (visual obstruction) provided by trees and shrubs was d e  at each of 

these circular plots using a vegetation profile board (Nudds, 1977). The board was 2.0 x 

0.3 m and marked with 240 5x5 cm squares. It was placed at the selected grid interval, 

faced in a random direction, and the number of squares not covered by foiiage in each 0.5 

m interval was counted fiom 10 m away. This standard distance was chosen since at 15 

m the board was u d l y  completely covered by vegetation whereas at 5 rn most of the 

board rernained visible. 

3.4.2 Cache Size and Distribution 

My original intention was to describe caches within the home range of individual 

squirrels. However, 1 was unable to obtain estimates of fa11 home ranges (see sections 3.2 

and 4.2) and instead, caches were randornly sampled on the grids. Trapping grids were 

subdivided into 15 m intervals resuiting in 288 grid stations (centric-systematic-area 

sarnpling method - Krebs, 1989). These stations were numbered and a random number 

generatot was used to select stations about which a 7.1 m2 circular sampling plot was 

established. There were 65 and 70 selected sample plots on grids 95-1 and 95-2, 

respectively. 

S tarting on October 2 1, sample plots were searched for caches by digghg through 

moss. soil. and litter to a depth of 15 cm with a hand shovel (Hurly and Robertson, 1990). 

Cones were considered cached if they were buried, pushed into the ground, or piled 

together in small depressions above ground. Only cones produced during the study year 

were counted. Cones fiom previous years were not counted as it could not be determined 

if these were buried by squinels or had fallen nom the trees and buried over tirne. New 

black spruce cones were generally hard and purple-brown in color. Cones fiom previous 

years were dark brown-black in color and couid easily be broken apart. 



In each sample-plot the oumber of caches, the number of cones per cache, and 

the distance each cache was located fkom the nearest tree were recorded. Distance fkom 

the nearest tree @NT) was taken as a straight h e  from the centre of the cache to the tree 

tnuik. 

2.4.3 Statistical analysis 

Diameter at breast height (DBH) for the various tree species was compared 

between nidy grids using two-taiied t-tests at 0.05 level of significance. Since the spruce 

DBH data were non-normai, a randomization test (Edgington, 1980) was used to 

determine signincance. The MINITAB statistical package was used to c a .  out 

randornizations. Results were considered significant when test statistics were associated 

with a probability of0.05 or les. Horizontal screening cover was square root 

transfomed before analysis and cornparisons between each grid at different height levels 

were made ushg one-way analysis of variance. Signincance was determined using 

randomization- 

Caches were categorized accordhg to the number of conedcache. These ranged 

from 1 - 10 cones. Caches containing more than 10 cones were combined into one 

category ( >= 1 1 cones). The distribution of cache sizes should conforrn to a lefi- 

tmcated Poisson distribution (no zero class - Cohen, 1960) if cache size is randomly 

determined (Hurly and Robertson, 1990). The hquency distributions for grids 95-1 and 

95-2 wcre each tested against theû corresponding expected distribution using the 

Kolmogorov-Smirnov goodness of fit test and against each other with the Kolmogorov- 

Smimov two-sample test (Sokal and Rohlf, 198 1). 

Sirnilarly, to determine whether the spatial distribution of caches was random, the 

fiequency distribution of the number of caches found per sample plot was compared to a 



corresponding Poisson distribution (zero class included) for each grid. This was done 

using the Kolmogorov-Smimov goodness of fit test, while the Koimogorov-Smirnov 

two-sarnple test was used to compare distributions between grids. 

A 2x3 contingency table was used to determine if cache size was dependent on 

distance fiom the nearest tree (Sokai and Rohlf, 1981). Caches were classified as single- 

cone or multiple-cone ( ~ 1 )  caches. Distance was arbitrady classified as near (0 - 2.0 m), 

medium (S.0 - 4.0 m) or far (>4.0 - 6.0 m). Randomi;ration tests were used to determine 

significance. Means * 1 standard error were used as a measure of cenaal tendency unless 

o thenvise iodicated. 



Chapter 3: Results 

3.1 Population Data 

3.1 - 1  Equal Catchabiiity Test and Trappabiliry Estimates 

Results of the Leslie, Chitty, and Chitty test for equal catchability (Leslie et al., 

1953) indicate unequal catchability within the marked population for grids 94-1 and 95-2. 

The assumption of equai catchability holds ody for grid 95-1 and ody these data can be 

used as population estimates (see appendix B for detailed redts of these tests). The 94-1 

and 9 5 -  data will be used as indices of population size and therefore must be interpreted 

with caution. Enurneration methods of population estimation such as minimum number 

dive (MNA- Krebs, 1966) were not used, because this method is more negatively biased 

than the Joliy-Seber estimator even when the assumption of equal catchability is not met 

(Jolly and Dickson, 1983). See Nichols and Pollack (1983) and Joiiy and Dickson (1983) 

for discussions o f  the advantages of the Jolly-Seber mode1 over the MNA even under 

conditions of unequal catchability. 

Surnmer trappability was highest in grid 94-1 and lowest on grid 95-2 and was 

always higher among the resident populations (Table 3.1). Since the assumption of e q d  

catchability does not hold for the 94-1 and 95-2 data, these trappability values are 

positively biased (Krebs and Boonstra, 1984) and therefore overestimated. Low 

trappabilities in this nidy (< 70%) aiso provide fürther justification for not using the 

MNA enurneration technique since the accuracy of this method declines when 

trappability falls beiow 80% (Hilborn et al., 1976). 



Table 3.1. Estimates of bliy  trappability (fiaction of the population trapped) for red 
squirrels during the summers of 1994 and 1995. Values are caiculated as in Krebs and 
Boonstra (1 984) and are estimated for i) aü aaimals c a p a d  and for ii) resident animals 
only (anirnals trapped more than once). Estimates for 94-1 and 95-2 are overestimates 
(see text) . 

Animais used in estimate 
Year Gfid AU captures Residents only 



3.1.2 PopuIation Density 

Figure 3.1 shows population density of red squirrels IÏom midoMay to mid- 

August 1994. Density remained steady throughout the summer except for a slight peak in 

mid4uly. Mean (* SE) density was 1 -0 * 0.05 squirrels / ha (range OS- 1 -6). Removal of 

single captures (transients) nom the anaiysis did not have much effect The trend for 

residents was sunilar and mean density was 0.96 * 0.04 squirrels I ha (range 0.4-1 -3). 

On both grids 95-1 (hi& cover) and 95-2 (low cover), the demity of resident 

squirrels was approximately 2ha until mid-July when density declined on grid 95-2 to 

approximately I/ha (Fig. 3.2). Mean nimmer resident density for grid 95-1 (2.0 * O. 13, 

range 1 -0-2.7) was higher than that for grid 95-2 (1 -7 * 0.13, range 0.8-2.6). This 

difference in resident density between both grids remained throughout the f& when 

density was 1 -9 times greater on 95- 1 (2.3 squirrels ha) than on 95-2 (1.2 1 ha). 

Transient animals were a minor component of the total population (Fig. 3.2) on 

both g ids  with one exception. in mid-August, several transients were captured on 95-2. 

This coincided with the midsumrner decline in resident animals on the same grid. Mean 

sumrner density was slightly higher for grid 95-2 (2.1 * 0.2 1, range 0.8-3.7) than for 95- 1 

(2.0 * O. M. range 1 -0-2.7). 

Although density estimates for grid 95-2 may not be accurate due to violations of 

the equal catchability assurnption, the trends in density are similar between both grids 

throughout the study period. This is more apparent for the resident populations. 

Generally, both populations in 1995 increased from June to mid-July and then declined. 

Another peak occuned on August 9, but was agah followed by a decline until the end of 

the month. Both fa11 density estirnates were above the final summer estimates. 

When comparing both years, the most noticeabte observation is that density in 

1995 was double that of 1994. The trend, however, in the 1994 data was similar to that 



+- All Animais +- Residents 

May June July August 

1994 

Figure 3.1. JollySeber estimates of red squirrel population density on grid 94-1 fiom 
May - August 1994. Estimates are based on i) ai i  animals captured and ü) residents only 
(animats captured more than once). 



Figure 3 2. Joll y-Seber estimates of red squirrel population density for @ds 95- 1 and 
95-2. Estirnates are based on i) aii animais captured and ü) residents only (animals 
captured more than once). 
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of 1995 with respect to the density peak around mid-luiy and the tendency to decrease 

toward the end of August. The 1994 estimates were less variable over time than the 1995 

data. 

S. 1 -3 Survival and Recruitmenf 

Survival was high in both years, for aU animals and fcr residents (Table 32). 

Grid 95- 2 had the lowest Survival. 

Spring recniitrnent for both males and females was much higher in 1995 than in 

1994 (Fig. 3.3). There were more addt male than adult female recru& and no adult 

females entered the population in July 1994 or 1995. It is interesting to note that in 1994, 

juveniles appeared in early July, but in 1995 none were detected in the trapping record 

until the end of August when two females were caught on grid 95-1. No juvedes were 

caught on 95-2 until trapping resumed in November. 

3.1 -4 Reproduction 

More adults were in reproductive condition in 1 995 than in 1 994 (Table 3.3). 

This difference was particularly noticeable for males. Whereas over 80% of the males 

were in breeding condition in 1995, only 58% were found to be so in 1994. However, 

these proportions are based on total numbers caugbt throughout the summer and the time 

at which an individual is caught may affect how it is classifïed. Therefore, the proportion 

of trapped animals that were in reproductive condition is shown for each month (Fig. 

3.4). Males did not show signs of behg reproductive after June in 1994, whereas 25% of 

males trapped on grid 95- 1 were still in breeding condition in August 1995. Females in 

reproductive condition were caught in al1 summer months. Grid 95-2 had the highest 

proportion of reproductive females and this occurred in July and August. 



Table 3.2. Mean t SE bily-Seber estimates of probability of survivai between summer 
trapping sessions for red squirrels on al1 grids. Survivai estimates were caicuiated for i) 
ail anllnals captured and for ü) residents only (animals captured more than once). The 
average interval between trapping sessions was 3 and 7 days in 1994 and 1995 
respectively . 

Animais used in estimate 
Year Grid AU animals Residents only 



Figure 3.3. Number of recruits (individuals captured for the first t h e )  per hectare on 
the study grids for 1994 (May - August) and 1995 (lune - August, and November). 
Nurnbers above bars indicate the number of trapping sessions in each month. 
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Table 3 -3. The proportion of live-trapped male and fernale red squirrels that were in 
reproductive condition during the summers of 1994 (May 16 - August 17) and 1995 (June 
2 - August 3 1). Numbers in brackets refer to the total number of individuais trapped. 

% Reproductive 
Year Grid Males Fernales 



Figure 3.4. The percentage of adult male and female red squirrels in reproductive 
condition for each month during the summers of 1994 (May - August) and 1995 (June 
- August). 
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The higher proportion of reproductive animais in late summer 1995 and the Iack 

of juveniies in the trapping record untif the end of August suggest that the breeding 

season was Iater in 1995 than in 1994 (Fig. 3.4). However, it is possible that early iittea 

did not survive because juveniles were forced to emigrate or were killed due to high 

density of addt animals. Trapping was not initiated before May and Sune in 1994 and 

1995, respectively, so the total length of each breeding seasoa is not known. 

3.1 -5 Body Weight 

Mean surnmer body weights for male and female red squirrels are shown in Table 

3.4. Females were grouped into reproductive and non-reproductive animais since 

pregnancy and lactation affect normal body weight (C.C. Smith, 1968; Lair, 1985; 

Humphries and Boutin, 1996). Mean weight for both grids in 1995 tended to be higher 

than that of the previous year both for maies and the two categories of females. Lack of 

independence between grids 94-1 and 95-1 and smali sample sizes preclude statistical 

comparisons between years for each category. However, 6 adult males trapped in 1994 

were recaptured on grid 95-1. A paired t-test of the mean weights between yean showed 

that these individuals were heavier in 1995 than in 1994 (paired t = 2.27, df = 5, P < 

0.05). Adult males tended to be heavier on 95-2 than on 95-1 but this was not significant 

(t-test assuming unequal variances t = 1.44, df = 24, P = 0.16). Again, small sample sizes 

prevent statistical comparisons for the female categories. In both years, reproductive 

females were heavier than either non-reproductive females or males. 

3.1 -6 Sex Ratio 

The total adult sex ratio deviated significantly fiom a 1 : 1 ratio in 1994 when there 

were 3 times as many males as females (Table 3.5). Resident adults were male-biased 



Table 3.4. Mean î SE summer body weights (g) of adult male and female red squirrels live-trapped in 1994 and 1995. Mean 
weights are shown separately for non-reproductive and reproductive females. Number in brackets refers to the number of 
individuals trapped. 

Females 
Y ear Grid Males non-reproduct ive reproductive 



Table 3 S. Number of male and female red squirrels trapped on the stwly grïds in 1994 
and 1995, the correspondhg sex ratios, and the binomial probability (P) of observing this 
or a greater deviation fiom a 1 : 1 sex ratio. Adult categories are based on i) the total 
nurnber of aduits captured and ii) residents only (animais captured more than once). The 
1 995 data includes both November trapping sessions. 

Sex Ratio 
Year Grid Category Male Female (Mm P 

Adda 
Totai 
Residents 

Juvedes 

Adults 
Total 
Residents 

Juveniles 

Adults 
Total 
Residents 

Juveniles 

Adults 
Total 
Residents 

* Combuied iddt data nom gids 95-1 and 95-2. 



but this was not significant. The juvenile sex ratio was nearly 1 : 1. On grid 95-1 neither 

the total adult, resident adult, nor juvenile sex ratios were significantly different fkom 

expected. Similar results were obtained for grid 95-2. Total and resident adult sex ratios 

compared between grids 95-1 and 95-2 did not m e r  signincantly fiom each other (G-test 

for heterogeneity - Sokal and Rohlf, 1% 1 ; Total: G = 0.0402, df = 1, P > 0.05; Residents: 

G = 0.693, df = 1, P > 0.05). When combineci, the 1995 adult data revealed a signincant 

male bias for total adults but not for cesidents. 

It is interesthg to note that in both years, addt males outnumbered adult femaies, 

but j uvenile ratios tended to be in favour of femaies. Conclusions for juveniies are 

tenuous since the number of individuais caught was low. 

3.2 Home Range Data 

Although attempts were made to locate each squirrel during each âay of tracking, 

this was not always possible. Often, the signal for specific fiequencies could not be 

picked up every tracking day even though the grid and surrounding area were thoroughly 

searched. Failure to detect a signal was most notable on grid 95-2. Equipment failwe 

may have been a possible cause but due to the intermittent nature of signai detection, 

squirrels were probably moving out of range of the ceceiver. As well, an effort was made 

to locate squirrels during al1 hours of the tracking day but again, due to the variation in 

signal detection, this was not possible. 

Table 3.6 shows the dates of the first and 1 s t  radio fix and total nwnber of  fixes 

for each collared squirrel on both grids. Ail squirrels were monitored for approxünately 

the sarne time period but the number of fixes per squirrel varied. Originally, 1 selected 

four males and three females fiom grid 95-1, and two individuals of each sex nom grid 

9 5 -  for the home mge study. Data could not be obtained for two of the females on grid 



Table 3.6. Length of tracking period, total number of fixes, and home range size for each radio-collared squirrel on both study 
grids, 1995. Home ranges were determined using both the minimum convex polygon (MCP) and the adaptive kemal method. 

Lengtb of Tracking Period Total No. Home Range Size (ha) 
Grid Tan no. Sex First fix Last fix of fixes MCP Ada~tive Kemal 

95- 1 109-1 1 1  Male July 13 Aug. 25 9 4.1 4.8 
114-1 15 Male M y  24 Aug. 28 1 1  1.3 2.4 
1 37-209 Male July 14 Aug. 25 13 0.34 0.34 
142-138 Male July 13 Aug. 22 14 2.5 5.7 
234-2 1 0 Female Aug. 3 Aug, 28 6 0.67 0,89 

236-237 Male July 19 Aug. 25 20 2.4 7.1 
238-27 1 Female July 19 Aug. 25 17 1.8 4.3 
243-258 Female July 19 Aug. 25 9 2.2 8.0 



95-1. After the first failed attempt, one of the squirrels was no longer trapped. The 

second squirrel was collared but the transmjtter failed A subsequent attempt was aiso 

unsuccessful. It should be noted that squirrel 10% 1 1 1 (male) fiom grid 95-1 loa its 

col1a.r after July 13 and was retollared on August 1. On grid 95-2, one of the males lost 

its collar but a second attempt at re-coilaring this individual was not made. 

Home range sizes for both rnethods are also shown in Table 3.6. The adaptive 

kernal estimates were always Iarger than MCP estimates except for squirrel 137-209, 

where both methods produced identicai values. Plots of MCP home range area against 

the nurnber of radio &es produced asymptotes for three squirrels on 95-1 (Fig.3 -5). 

Home range size stiil appears to be increasing for the male 1 14-1 15 and the femaie 234- 

2 10 when the fuial locations are added. On grid 95-2, only one plot (238-271) reaches an 

asymptote (Fig.3.6). An asymptote indicates that the area used is convex and is an 

indication of the accuracy of the estimate (Anderson, 1982). 

On grid 95-1, home range overlap was greatest for 137-209 where 100% of its 

home range was located inside that of 109-1 1 1 (Table 3.7 and Fig. 3.7). Squirrel 142-138 

also had a large amount of overlap with 109-1 1 1 ; 64% of its home range was contained 

within 109-1 1 1's boundaries. This is not surprishg since these two squirrels had the 

largest home ranges. The fernale's (234-210) home range was relatively exclusive of the 

other radio-collared squirrels, overlapping with only one other individual (Fig. 3.7). On 

grid 95-2, the largest amount of overlap was between the female 238-271 and the male 

23 6-23 7 with 45% of the fernale's home range being located in that of the male (Table 3 -8 

and Fig. 3 -8). Both female ranges overlapped but this appears to be due to an excursion 

by 343-258. 



---O-- male 109-q 11 
-O- male 114-115 
-B- male 137-209 + male 14Z-i38 
-A- kmafe 234-21 0 

O 2 4 6 8 10 12 14 16 

Number of Fixes 

Figure 3 -5. Home range area (ushg the minimum convex polygon method) as a fhction 
of the number of radio-fixes for each of the radio-coiiared squirrels on g id  95- 1. Radio- 
fixes were added randomly to each successive estimate. The home range estimate should 
approach an asymptote as the nurnber of &ces increases. An asymptote indicates that the 
area used by the animai is convex in shape. 
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Figure 3.6. Home range area (using the minimum convex polygon method) as a hct ion 
of the number of radio-fixes for each of the radio-coiiared squirrels on grid 95-2. Radio- 
fixes were added randomly to each successive estimate. The home range estimate shouid 
approach an asymptote as the number of fixes increases. An asymptote indicates that the 
area used by the animal is convex in shape. 



Table 3.7. Home range overlap matrix for the radio-collared squirrels on grid 95- 1 .  Values are the percentage 
of a squirrel's home range located inside the Iioine range of the corresponding individuals and were calculated 
using the MCP estimate of home range size. 

Percentaae of squirrel's home rame found inside that of: 

109- 1 1 1 (male) X 4 8 39 

1 14-1 15 (male) 1 1  X 2 39 

137-209 (male) 100 8 X 35 

1 42- 1 38 (male) 64 20 5 X 

234-2 10 (female) O 2 O O 



Figure 3.7. Minimum convex polygons of the radio-colared squirrels on grid 95- 1 
using 100% of the fixes for each squirrel. The square demarcates the outer 
boundaries of the trapping grid which was extended 30m on al1 sides (9 ha) for the 
tracking study. 
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Figure 3.8. Minimum convex polygons of the radio-collared squimls on grid 95-2 
ushg 100% of the fixes for each squirrel. The square demarcates the outer 
boundaries of the trapping grid which was extended 30 m on aii  sides (9 ha) for the 
tracking study. 
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3.3 Caching Data 

3 3.1 Vegetutive Structure und Composition of Study Gridr 

Boîh grïcis were similar in species composition with black spruce king the 

dominant tree type (Table 3.9). Grid 95-2 dinered in that it contained larch. Although a 

few individuals of this species were present on grid 95-1, they were not located in any of 

the sample plots. The DBH of spruce and £k trees was greater on grid 95-1 thaa grid 95- 

2 (spruce: t = 2.23, P = 0.03 1, df = 498; &: t = 3 -42, P = 0.001, df = 79). White birch 

(Betzila papyrifeu) DBH did not differ between grids ( t = 1 -3 9, P = 0.18, df = 25). 

Small sample sizes for red maple (Acer rubrum) precluded statistical andysis. Tree 

density was also similar between grids 95-1 and 95-2 (Table 3.9) except for the apparent 

absence of larch on grid 95-1. However, density of understory alder (Alrcs rugosa) was 

much greater on grid 95-1 (Table 3.9). 

Understory growth (horizontal screening cover) was almost twice as great on grid 

95-1 (rnean no. of squares uncovered = 59.33 ,95% C.I. (0.13 - 182.40)) as on 95-2 

(mean = 105.22,95% C .  L(13.01 - 240.06)) ( t = -2.13, P = 0.041, df = 34). This was 

apparent at al1 height levels but signincant oniy for the 1 .O- 1 -5 m range (Table 3.1 0). in 

surnmary. grids 95-1 and 95-2 varied linle in the composition and size of overstory tree 

species but understory vegetation provided almost twice as much cover on grid 95-1 than 

on grid 93-2. Gtids 95-1 and 95-2 wiil be referred to as high and low cover respectively. 

3.3 -2 Cache Size and Distribution 

A total of 13 1 and 76 caches were found on the high and low cover grids 

respectively. Red squirrels exhibit non-mndom variation in the size of caches that they 

construct (Fig. 3.9). The observed distribution of cache sizes did not confonn to the 



Table 3 -9. Characteristics of the vegetation composition of both study gnds in 1995. 
Relative abundance is the proportion of trees accounted for by each particular species. 
Diameter at breast height is given as mean r standard emr. Density for each species is 
the number of trees counted divided by the total area sampled (0.1 8 ha). 

Sample Size Relative Diameter at 
(no. of trees Abundance Breast Height Density 

Grid Species counted) (%) (cm) (stemsha) 

95- 1 
Black spruce 249 
Baisam frr 38 
White birch 11 
Red maple - 3 

301 
Aider 

95-2 
Blackspruce 251 
Balsam fir 43 
White birch 16 
Red maple 2 
L arch - 17 

329 
Alder 



Table 3.10. Relative amount of understory cover (horizontal screening cover) at 0.5 
meter intervais above ground meanued as the number of squares uncovered on the cover 
board for grids 95-1 and 95-2. Lower values indicate greater horizontal cover. 



Figure 3.9. Observed and expected fiequency distributions of cache size in high (95- 
1) and low (95-2) cover black spruce habitats, FaIl 1995. Expected distributions are 
based on the left - truncated Poisson distribution. Number of caches = 13 1 and 76 in 
the high and low cover grids respectively. 
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expected distribution (Kolmogorov-Smirnov test, P < 0.0 1 for both grids). Single cone 

and large caches were over-represented in both plots. In the low cover grid, caches 

containing two cones were also more numerous than expected. The distribution of cache 

sizes did not M e r  between grids (Kolmogorov-Smimov two sarnple test, P > 0.05). 

In high cover, 52% of caches were composed of ody  one cone and these 

accounted for 19% of ail cones cached. Only 3% of caches were large (>=Il cones) but 

these accounted for 20% of cached cones (mean no. of cones in large caches * SE: 18.3 * 
2.6: range 13-24; n = 4). Single cone caches comprised 42% of caches in low cover , 

accounting for only 8% of al1 cones stored. Large caches had 12% of the sarnpled caches 

and accounted for 65% of ail cones stored ( mean no. of cones in large caches: 30.9 * 2.5; 

range 22 - 43; n = 9). Large caches in low cover contained more cones (t = -3.03, P = 

0.0 12. df = 1 1) than those found in high cover. 

Figure 3.10 shows the cumulative proportion of cones for the high and low cover 

grids according to cache size. Both grids appear similar in the proportion of single cone 

caches but it is apparent that large hoards accounted for most of the stored cones on the 

low cover grid. 

Since black spruce was the predominant tree in both grids, most caches consisted 

of these cones. However, 15 caches (12%) in the high cover grid and 6 caches (8%) in 

the low cover grid were composed entirely of balsam fir cones. Most fir caches consisted 

of single cones (80% in high cover; 100% in low cover) with the largest fx cache having 

10 cones. Only 1 mked species cache was found. This consisted of 5 spruce cones and 1 

fir cone found together in the low cover grid. Also, larch cones were never found in any 

caches although squirrels were observed feeding on them in August. 
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Figure 3.10. Cumulative proportion of ai i  cones stored by cache size in the high (95- 1) 
and Iow (95-2) cover grids. 



Caches were not evenly dispetsed throughout both study gricis (Fig. 3.1 1). Both 

distributions were signincantly different fÏom the expected Poisson distributions 

(Kolmogorov-Smimov test, P < 0.01 for both grids). Coefficients of dispersion (CD) for 

the distributions on each grid were pater thaa 1 (hi& cover: CD = 12.7; low cover: CD 

= 1 1.5) indicating that caches were spatidly clumped (Sokal and Rom, 1981). In high 

cover, a totai of 65 sample plots were searched. Of  these, 24 (37%) contaiwd at least 1 

cache. In low cover, only 10 out of 70 (1 4%) contained at lest  1 cache. The 

distributions were not significantly different between grids (Kolmogorov-Smimov two- 

sample test, P > 0.05). 

Figure 3.12 shows cache sizes in relation to distance fiom the nearest tree. 

Caches were placed at a median distance of 0.92 m (range 0.02 - 5.93 m) and 1.24 m 

(range 0.08 - 2.86 m) from the nearest tree in the high and low cover grids respectively. 

This di fference was significaut (Mann- Whitney , W = 1 226.5, P = 0.0 1 6). There was a 

trend for cache size to be dependent on distance in the high cover grid ($ = 5.88, P = 

0.042). Single cone caches were placed 1.46 1.34 m (mean SD) fiom a tree, whereas 

multiple cone caches were found 0.99 * 0.67 m from the nearest tree. Distance had no 

effect on cache size in the low cover grid ( J? = 0.92, P = 0.298). Single and multiple 

cone caches were found at similar distances fiorn the nearest tree (single cow caches: 

mean * SD = 1.43 * 0.65 m; multiple cone caches: 1.36 * 0.90 m). 
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Figure 3.1 1. Frequency distribution of the number of caches found in each sample plot in the higli 
(95- 1) and low (95-2) cover grids. There were 65 and 70 sample plots searched in high and 
low cover, respectively 



Figure 3.12. A plot of cache sue relative to the distance &om the nearest tree at 
which the cache was found for aii caches in the hi& (95- 1) and low (95-2) cover 
grids . 
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C hapter 4: Discussion 

4.1 Red Squimel Population Ecology 

Population density for both years was similar to those reported approxirnately four 

years after four male and two fernale red squirrels were introduced on Camel Island, 

Notre Dame Bay, Newfoundland (Payne, 1976). Densities in balsam firlblack spnice 

habitat there ranged nom 1.14 - 2.37iha (Payne, 1976). Values fiom the present study 

( 1994: 0.5 - 1 -6; 1995: 0.8 - 3.7) are generaüy lower than the minimum density reported 

for black spruce sites in central Newfoundand (2.0 - 5 . 8 k  West, 1989) but are 

comparable to densities reported for other coniferous habitats in generai (Table 4.1). 

Close agreement of the total population density with that of resident density withui each 

study grid, and the high survival beween trapping sessions suggests that squirrels were 

staying on the study grids for the duration of the summer and fall. This may be indicative 

of the suitability of the habitat on each grid- 

Density in both years showed a tendency to decline at the end of the nimmer, 

although this was not as pronounced in 1994. Sullivan and Klemer (1993) showed that 

population densities declined fiom mid-mmmer to the end of August in both food 

supplemented and control study plots in British Columbia Rusch and Reeder (1978) also 

noted a decline £iom summer to fa11 and reported that emigration, especially of juveniles 

occurred fkom August through October in Alberta. This was related to the need for 

finding a temtory which is necessary for overwinter survival (Kemp and Keith, 1970; 

Rusch and Reeder, 1978; Larsen and Boutin, 1993). Juvenile dispersal could account for 

the apparent decrease in 1994, but in 1995 juveniles had only started to appear in traps at 

the end of August. Therefore, explanations for the decline must lie in the adult 

population. 



Table 4.1. A surnmary of red squirrel densities reported in various types of coniferous habitat. 

Habitat Location Source 

Western hemloçk 
( Ts uga het erophylla) 

Lodgepole pine (Pinus contorïa) 

Unthinned juvenile lodgepole pine 
Mature lodgepole pine 

Scots pine (Pinus sylvestris) 

Jack pine (Pinus banbiana) 

White spruce (Picea glauca) 

White spruce 

Black spruce (Plcea marima) 

Black spruce I balsarn fir (Abies 
buIsc~tnea) 

Black spruce / balsam fir 

2.0 British Columbia, 
Canada 

1 .3 Colorado, U . S .A. 

1.1 - 1.2 British Columbia 
0.3 - 2.0 

0.75 - 2.2 Ontario, Canada 

0.86 - 2.6 Alberta, Canada 

0.2 - 0.8 Alaska, U.S.A. 

1.7 - 2.7 Yukon, Canada 

C.C. Smith, 1968 

Ournell, 1984 

Sullivan and Moses, 1986 

Hurly and Robertson, 1990 

Rusch and Reeder, 1978 

M.C. Smith, 1968 

Price, 1994 

Newfoundland, Canada West, 1989 

Newfoundland, Canada Payne, 1976 

Newfoundland, Canada This Study 



Table 4.1. (continued) 

Density * 
(no ./ha) Location Source 

Mixed black and white spruce 1.6 - 6.8 Alberta, Canada Rusch and Reeder, 1978 

Aspen (Pupulus spp.) / black 0,3 - 0.5 
and white spruce 
Aspen / black spruce /jack pine 0.5 - 0.6 

Alberta, Canada Kemp and Keith, 1970 

- -- -- - 

1 Methods used to calculate density varied between studies 



The decline rnay be due to adult squirrels dispershg fiom the grids. Adults of 

both sexes rnay leave an area if the food supply is low. M.C. Smith (1968) reported 

emigration of temtoriai adult squirrels into black spruce habitat when the white spruce 

cone crop on the study area fded. This explanation is ~ulsatisfactory since both spruce 

and fi cone crops were reported to be heavy for 1995 (C. Harrison, Forest Geneticist, 

pers. comm.), and therefore food was not expected to be a limiting fàctor. 

Female squirrels rnay bequeath their temtories to their young and disperse in 

search of a new one (Price et al., 1986; Price and Boutin, 1993). This is most notable in 

females with late-bom juveniles, as these young rnay be at a disadvantage when 

competing for temtories (Price and Boutin, 1993). However, evidence fiom the trapping 

record is not consistent with this explanation since most breeding females that were 

repeatedly trapped on both 5 d s  in 1995 remained for hast the entire summer. 

The decline in density rnay be the result of a gened increase in temtorial 

behaviour. Territories are established or reaftumed in the fd as juveniles disperse and 

the caching of cones takes place (Kemp and Keith, 1970; Rusch and Reeder, 1978; 

Gumell, 1987). An increase in agonistic behaviour rnay force other squirrels to disperse. 

This is consistent with the high numbers of transient animals in August on grid 95-2. In 

addition. death of Uidividuals is also a possibility. Price et al. (1990) indicated that when 

territorial disputes occur, vigilance rnay be decreased resulting in an increased 

susce ptibility to predation. Two of three Goshawk (Amipiter spp.) predation attempts 

witnessed on their study area occuned during temtorial chases. 

Despite these explanations, GumeII(1983) states that the possibility of declining 

trappability due to the abundance of natural food cannot be disrnissed. Good crops of 

spruce and Er were maturing at this tirne and squïrrels rnay have been less attracted to the 

bait. However, data fiom fail trapping lends support to dispersal/lower survival 



explanations. Both grids expenenced the loss and ingress of individuais. This was more 

extreme for grid 95-2 where an almost complete turnover was observai in November. Of 

seven individuals captured on that grid in November, only one (14%) was a recapture 

from summer trapping. On grïd 95- 1, eight of 14 (57%) individuais ttapped in November 

were also trapped during the nimmer. Unfomioately, the data cannot idenw whether 

death or dispersal has the greater effect. An intensive radio-tracking study could 

determine the fates of missing individuals. 

Density was higher in 1995 than in the previous year. Since several studies have 

shown that Tamiasciurus populations are food limited (Sullivan and Sullivan, 1982; 

Sullivan. 1990; Klemer and Krebs, 1991), a ciifference in density may be attributed to a 

difference in cone abundance. Cone crops were classified as hght in 1993 and 1994 and 

as heavy in 1995 for both black spruce and baisam fir (C. Harrison, pers. comm.). 

Although conifer seed-eating Eurasian red squirrels ( S c i m  vuigms), as weii as other 

Scitcrus species, show a tirne lag of about one year behveen a nch food source and a high 

density (PuIlianen, 1984; Gurnell, 1987; Andrén and Lemneli, 1992), this is not believed 

to be the case for North Amerïcan red squirrels (Kemp and Keith, 1970). 

Kemp and Keith (1970), based on an hypothesis proposed by Sviirdson (1957), 

suggest that red squirrels may be able to anticipate the size of cone crops and their 

reproductive rate can be adjusted accordingly. This stems fiom the fact that flower buds 

in conifes differentiate in the year before they flush Fis, 1967) and are nutitionally 

superior to vegetative buds (Minty, 1976; b e r  and Koziowski, 1979). Squirrels will 

utilize conifer buds as food (CC. Smith, 1968; Ferron et al., 1986), especidy in winters 

when cone supplies are scarce ( M C  Smith, 1968). Kemp and Keith (1970) suggest that 

taking advantage of this high quality food source during a winter before a large cone crop 

will subsequently stimulate red squirrel reproduction. Hence, density would increase 



without a t h e  lag. Therefore, the avaiiability of an abundant and highly nutritious food 

source during late winterleady spring 1995, as compared to previous years, should result 

in more offspring king produced thereby increasing the density on the grids for summer 

1995. 

Trapping data fiom the present study are not M y  supportive of this hypothesis. 

When the difference in grid size is taken into account, the number of juveniles trapped on 

the study grids was similar between years (Fig. 3.3). Also, juveniles appeared later in 

1995 than in 1994, eliminating increased reproduction in spring 1995 as the cause of the 

increased density. It is possible that femaies had two Liners in 1995 but this is unlikely. 

Single Iitters appear to be the d e  for red squirrels (Kemp and Keith, 1970; Dolbeer, 

1973: Ferron and Prescott, 1977; Rusch and Reeder, 1978). Second litters, however, have 

been reported in years of rnild temperature (Miilar, 1970), when the fim Litter is lost early 

enough to ailow a second successfûl mating (Larsen and Boutin, 1994), and in areas of 

mixed or deciduous forests (Lair, 1985). Ail recruits to the population in eariy summer 

were adults and no captures or sightings of juveniles occurred. 

The increased density of 1995 is the result of higher overwinter survival durhg 

the winter of l994/1995 than during winter 199311994, since the number of adult recmits 

was greater during late spring in 1995 than in 1994. Winter temperature and food supply 

have been positively correlated with survival in red squirrels (Rusch and Reeder, 1978) 

and also with density fluctuations for S. vufgaris (Wauters and Dhondt, 1990). The 

median daily temperature (at Gander; ca. 80 km N of the park; Atmospheric Environment 

Service, 1993, 1994, 1995) for winter 199311994 @ecember - March; -7. loC, range: - 
23.1 - 6.0, n = 12 1) was not significantly different fkom that of winter l994Il99S (-6.00C, 

range: -16.9 - 3.1, n = 121; Mann-Whitney rank sum test, T = 14450, P = 0.645). Median 

daily snowfall for winter 1993/1994 (1 .O cm) was not significantly different from that of 



winter 1994/1995 ( 0.8 cm; Mann-Whitney rank sum test, T = 14253, P = 0.410). 

Despite the lack of statisticdy signincant ciifferences for temperatme aad snowfiill, the 

added factor of a light cone crop for 1993 (C. Harrison, pers. comm.) may have 

contributed to lower overwinter survival. Feeding on abrmdant and nutritionally superior 

flower buds during Iate winter may have sustained squirrels until spring, but this needs to 

be investigated. 

Andrén and Lemneli (1992) indicate that the important contribution of a rich food 

supply is that it increases overwinter survival and subsequent reproduction. Therefore, 

due to the heavy cone crop of 1995, it is reasonable to predict that overwinter suivival 

may be enhanced for whter 1995/1996 and density should be as high or higher in 

sp~g/sumrner 1996 than in 1995. 

Although food may have been more abundant in winter 1995, juveniles were 

trapped earlier in 1994, suggesting that either the timing of reproduction was earlier or 

early litters did not survive in 1995. However, red squirrel females are asynchronous 

breeden and a 1-2 month difference in the onset of estnis can occur among females fiom 

the same population (Rusch and Reeder, 1978; Becker, 1993). Moreover, the start of the 

breeding season may aiso vary behhreen years (Rusch and Reeder, 1978). Becker (1993) 

has shown that the maintenance of a positive energy balance is one factor which helps to 

cue estms in female red squirrels. Wild squirrels that had access to a supplemental food 

source (sunflower seed) came into estrus eadier than those without excess food. 

S imilarly . Klenner and Krebs (1 99 1) found that females reached breeding condition one 

month earlier after a large cone crop. Therefore, it would be reasonable to assume that 

juveniles would have been trapped or observed earlier in 1995, since the relative amount 

of food may have k e n  greater. However, Becker (1993) suggested th& food abundance 

in the fdl is not as Unportant as cold weather in late winter or early spring. Despite the 



assumed incmse in winter food, colder temperatures may have been a factor delaying 

reproduction in 1995 as compared to 1994. 

The age composition and reproductive expenence of the femaie cohort c m  dso 

affect the timing of reproduction. Rusch and Reeder (1978) found that breeduig was 

initiated earlier when there was a high proportion of reproductive female yearlings in the 

breeding population. Ln contrast, Becker (1 993) found that juvenile and primiparous 

Cemales (those giving binh to a Litter for the first tirne) had their estrus cycle later in the 

season. However, female red squirrels do not nomally breed as  yearlings (Millar, 1970; 

Rusch and Reeder, 1978). Larsen and Boutin (1994) reported that most females in their 

study were > 2 years of age before having their nrst liaers. Limited data from the present 

study is supportive of this. Both females that were tcapped in 1994 as juveniles did not 

show any signs of reproduction when recaptured in 1995. 

Adult sex ratios were biased towards males in both years, although this was only 

significantly different fiom a 1 : 1 sex ratio for total adults ui 1994 and combined total 

adults in 1995. Davis and Sealander (1971) at theù Emma Lake study site and Rusch and 

Reeder ( 1978) found a significant prepondenuice of males in adult sex ratios. Hurly 

(1987) also found a male bias for addts. In contras& Kemp and Keith (1970) showed that 

there was no difference fiom a 1 : 1 sex ratio in trapped and shot samples fiom Jtme - 
September in Alberta. There have been several explanations for the significant male bias. 

Males tend to wander away fiom their temtories in search of females during the breeding 

season and are more iikely to be caught (Kemp and Keith, 1970; Ruch and Reeder, 

1978). Davis and Sedander (1971) suggested that pregnant squirrels may be less active 

than males and therefore more difficult to trap or observe. 

However, Hurly (1 987) concluded that the male bias in his populations was not 

due to samplmg methods and suggested that differential mortality acting on females was 



responsible. Rusch and Reeder (1978) found that adult femaies experienced higher 

annuai rnortality rates than adult males and Halvomn and Engeman (1983) showed that 

median adult female longevity was lower than that of males but this was not quite 

significant. The reduction in femaie nwivai has been associated with the higher 

energetic demands and stress of reproduction. A higher female rnortality may have 

contributed to the higher number of males especiaiiy in 1994; a year foiiowing a iight 

cone crop. However, since significant d e  biases were only found when transient 

anirnals were included, increased male movement is the more Likely explanation. 

Iuvenile sex ratios were not significantly different from a 1 : 1 ratio in both years 

but were always in favour of femaies. Although sample sizes are srnail, these resuits are 

consistent with the even ratio reported for other studies (Davis and Sealander, 1971 ; 

Ferron and Prescott, 1977; Rusch and Reeder, 1978; Lair, 1985; Hurly, 1987; Larsen and 

Boutin, 1994). 

In conclusion, red squirrel density in black spruce habitat in Newfoundand is 

similar to densities reported in other coniferous habitats throughout their range. Red 

squirrel numbers appear to fluctuate with food abundance but the lack of long terni data 

precludes strong conclusions. Also, population density needs to be monitored in white 

spruce and balsam fir habitats. White spruce appears to be preferred by red squirrels 

(Brink and Dean, 1966) and therefore higher densities rnay be supported. As well, black 

spruce cone crops are more dependable than white spnice or baisam fir (Minty, 1976) and 

viable seed may remain in cones for up to 30 years ( F m ,  1995). Consequently, 

population fluctuations may be steeper in white spruce and balsa.  fir forest types than in 

black spruce. 



4.2 Red Squirrel Home Ranges and TemtoNl i ty  

Rusch and Reeder (1978) state that v M y  di investigators of red squirrel 

populations (e.g. C C .  Smith, 1968; M.C. Smith, 1968; Kemp and Keith, 1970; Zinil and 

Fuller, 1971) agree that home range and temtory are equivalent Gumeii (1984), 

however, bund that for three squirrels in which temtory boundaries were detected, one 

had its temtory approximately eqtxai to its home range, one excluded a portion of its 

home range adjacent to an uwccupied area, and one defended an area of about 60% of its 

home range size. Although no attempt was made to deiineate territory boundaries, 

observation of behaviours when squirrels were Iocated were in gened agreement with 

those used by other investigators when rnapping temtories (territorial c a h g ,  chasing, 

eating, tree climbing, washing, remaining stationary for more than one minute - Price et 

al.. 1986). Home range sizes as determiwd in this study are generally larger than home 

ranges and temtories reported for other studies (Table 4.2). Several explanations may 

account for this. 

First. the timing of the study may affect home range size. Squirrel locations were 

obtained From mid-late summer and the flowers and fhit of birch and maple trees were 

available at this thne. Squirrels are able to take advantage of this food source (Ferron et 

al., 1986: Benhamou, 1996; personal observation) and since these trees were relatively 

rare on both grids, movements may have k e n  directed out of the nomai ranges to reach 

them. Secondly, the trapping data indicates that male squirrels were in breeding 

condition during most of the summer. Males wilf travel outside of their temtories in 

search of estrus fernales during the breeding season (C.C. Smith, 1968; Rusch and 

Reeder, 1 978). Ko ford (1 982) found that for Douglas squirrels (Tumiasciurus douglasii), 

a larger proportion of locations was found in the central areas (75% polygons) of other 

individuals during the breeding season than in the pst-breeding season. Finally, 



Table 4.2. A summary of some home range and territory sizes of red squirrels in various types of coniferous habitat. 

Home Rangel 
Territory Size (ha) Habitat Location Source 
Home range 

Home range 

Home range 

Home range 

Terri tory 

Territory 

Temtory 

Territory 

Lodgepole pine (Pinus Colorado, U.S.A. 
contortu) 

Balsam fir (Abies ba1samea)- Wisconsin, U.S.A. 
White cedar ( Thuja occidentalis) 
and pine (Pinus spp.) 

Jack pine ( Pinus banhiana)- 
White spruce (Picea glauca) 

Black spruce (Picea o na ria na) 

White spruce 

White and Black spruce 

White spruce 
White and Black spruce 
Jack pine 

White spruce 

Northwest Territories, 
Canada 

Newfoundland, 
Canada 

Alaska, U.S.A. 

Alberta, Canada 

Alberta, Canada 

Yukon, Canada 

Gumell, 1984 

Reige, 1991 

Zinil and Fuller, 
1970 

This Study 

M.C. Smith, 1968 

Kemp and Keith, 
1970 

Rusch and Reeder, 
1978 

Price et al,, 1986 



Table 4.2. (continued) 

Home Range1 
Territorv Size (ha) Habitat Location Source 

Territory 0.64 - 0.70 Douglas f ir  (Psei<dotsuga British Columbia, K k ~ e r ,  1 99 1 
tnenziesii) Canada 

Temitory 0.65 Jack pine Alberta, Canada Larsen and Boutin, 
1994 



temtorial squirrels do not restnct their movements entirely to their temtories and 

occasional exploratory movements do occur (Gumeii, 1984; Price et al., 1986; 

Benhamou, 1996). Occasionai excursions may be omitted when drawiog MCPs by using 

fewer than 100% of the locations (White and Garrott, 1990; Klenner, 199 1). Due to the 

relatively low sample sïzes in the present study, this was not feasible. ALL of these 

explanations may account for the inability to detect radio signals at various times. 

Home ranges overlapped on both grids. This indicates that if individual temtories 

do exist then home range is larger than temtory size, at least during the summer. Gurneli 

(1 984) found a merence between home range and temtory size as previously stated. 

This diffen fkom other studies which bave shown that temtories are mainiy contiguous, 

non-overlapping, and defended year-round (C.C. Smith, 1968; Kemp and Keith,1970; 

Rusch and Reeder, 1978; Price et al., 1986; Larsen and Boutin, 1994). However, 

territoriality may be reiaxed when there is a lack of a defendable food cache. Studies have 

shown the lack of, or reduction in temtoriality in the absence of large cone caches 

(Layne, 1 954; Yahner, 1 980; Reige, 199 1) but this usually occurs in deciduous forests. 

Koford (1982) found a seasonal relaxation in territorial behaviour in T. douglmii and 

related this to a ciifference in the importance of the cone cache. He reasoned that since 

cone caches were usually exhausted by summer, the benefits of temtoriality were 

decreased especiaily for fernales during the breeding season. With many males 

encroaching on a fernale's home range, territonality becomes uneconornical. Dempsey 

and Keppie (1993) report that oniy 14% of scatterhoarded caches remained in spring and 

Benhamou (1 996) stated that ail known caches were empty in mid-June in a deciduous 

coniferous forest. Aithough the present study areas were not searched for caches during 

the summer, it is likely that any cached food was depleted during the tracking period. 

Hence, a decrease in temtoriality could account for home range overlap. 



Due to the disappemce of some of the radio-coiiared squirrels, 1 was unable to 

compare summer and fa11 home ranges. Territorial behaviour is more noticeable in the 

fail when cone harvesting and caching reaches its peak (Gurneii, 1987). Therefore, fa11 

home ranges may show less overlap and would be less atfected by other factors as 

previoudy discussed. 

4.3 Cachin Bebaviour of Red Squirrels 

4.3.1 Cache SIie and Dis~ibution 

After an extensive visual search of the study areas in late fd, I am confident that 

no middens as described in western populations (Le., Finley, 1969; Keily, 1978; Gumell, 

1984.1987) were present on either grid. Therefore, my results indicate that these study 

populations of Newfoundland red squirrels are scatterhoarders and do not concentrate 

hundreds or thousands of cones in a central midden as is typicaiiy reported for this 

species ( M C  Smith, 1968; Fidey, 1969; Kelly, 1978; Gumell, 1984). At least for black 

spruce cones, Newfoundland squirrels show variation in the size of caches that they 

make, with both single cone and large caches being a deliberate part of the hoarding 

strategy . 

These results are sllnilar to those of Hurly and Robertson (1990) and Dempsey 

and Keppie (1993) who studied red squirrel food hoarding in Scots pine (Pinus sylvestris) 

and jack pine (Pinus banhiana) plantations respectively. in both of these studies, the 

variation in cache size was not random with single cow and Large caches king over- 

represented. 

The large caches found in this study were not as large as those reported for other 

scatterhoarding red squirrels. Large caches ranged fiom 13 - 24 cones for the high cover 

grid while in low cover 22 - 43 cones were found. Hurly and Robertson (1990) found 



that large caches ranged in size fkom 1 1 - 3 14 cones, while Dempsey and Keppie (1993) 

reported a maximum cache size of 156 jack pine cones. Clearly, these large caches do 

not reach the size of middens which contain thousands of cones as reported in western 

North Amencan populations. 

Black spruce was the predominant cone cached since this was the most abundant 

tree on each grid. The mity of balsam fir caches is probably due to the lower density of 

trees as Reige (1 99 1) observed these cones to be readily cached in middens in Wisconsin. 

Balsam fds importance on the present study grids may be as a summer food source since 

cone maturation and seed dissemination begins in late August to early September 

(Vidakovic. 199 1). 

Larch cones were not found in caches although squirrels were observed feeding 

on thern in August. Larch cones mature and begin to open in mid-August (Vidakovic, 

199 1 ; Farrar, 1995) providing an earlier source of seed than black spruce which matures in 

September. Therefore, squinels would probably have to cache larch cones early in the 

season to prevent thern fiom opening and losing their seed. However, cornpetition for 

these cones may preclude their caching. Crossbills (Loxia spp.) were fiequently observed 

feeding on these cones and on a few occasions two or more squirrels were observed 

feeding together in larch mes. C C .  Smith (1968) observed intraspecific tolerance among 

red squirrels feeding on seasondy abundant Douglas 6r (Pseudotsuga memesif) pollen, 

a food which cannot be stored or defended. Obse~ations in this study suggest that larch 

cones are used as an immediate food source and are not cached for subsequent use. 

Ground caches of cones do not provide the entire W e r  food supply of red 

squirrels. Mmy cones that appeared to be cut by squirrels were left lying on the forest 

floor and were not cached. It is not known whether squinels use these during the winter. 

Similarly, Ferron et al. (1986) reported that white cedar cones are cut fiom trees and are 



left on the ground or snow and not cached. but are eaten much later. Feeding fiom cones 

in trees and fiom cones cached in trees also occurs (Dempsey and Keppie, 1993). This 

may be possible in the present study due to the semi-serothous nature of black spmce 

cones; seeds are shed gradually throughout the wuiter and viable seed may remain in 

cones for up to 30 years (Farrar, 1995). Scatterhoards in the ground may possibly be used 

in "emergency" situations such as during periods of low temperature and inclement 

weather when foraging in the trees is not possible. Information on when caches are used 

during the winter and on other foods eaten during this time period is requùwl to 

detennine the overail importance of scatterhoards to the winter diet. 

Caches may also be more numerous or larger in forests where the cones must be 

stored in order to have a winter food supply. White spruce and balsam f~ lose most of 

their seeds during the first autumn (Farrar, 1995), and in the case of fk, the cone no 

longer remains intact. Also, once cones open the seeds become more readily available to 

bùds such as crossbills, chickadees ( P m  spp.), pine siskins (Curduelis pinu), pine 

(Pinicola enucleator) and evening (Hesperiphona vespertina) grosbeaks, and gray jays 

(Perisoreus canadensis) (Smith and Baida, 1979). Therefore, more cones would have to 

be cached. Also, energetic factors such as the quality and number of seeds kone, and 

handling time for the dBerent species c m  affect the number of cones cached (Gurneli, 

1987). An evaluation of cachhg behaviour in monospecific stands is needed to 

determine the effect of the type of food species on caching pattern. 

4.3.2 The Effect of Cover on Caching 

Although the distribution of cache sizes did not differ significantly between the 

MO grids, most of the cones (65%) cached in the low cover grid were found in large 

caches (Fig. 3.10). This was higher than the 20% of cones accounted for by large caches 



in hi& cover. Dempsey and Keppie (1993) found that in autumn 1990, large caches 

accounted for 40% of the total number of cones while Hurly and Robertson (1990) found 

that 50% of cones were in large caches. Mean number of cones in large caches was also 

greater in low cover thao in high cover. This indicaies that in low cover, squirrels rely 

more on large caches for hoarded food. 

The proportion of hoarded food accounted for by the different cache sizes rnay be 

the more important aspect of red squirrel food hoarding since the distribution of cache 

sizes is simiiar across their range. Michalko (1991) showed that even in the western part 

of their range where larders are fiequent and very large, red squinels also scatterhoard 

cones. In her study, she found that the distribution of cache sizes did not correspond to a 

random distribution and single-cone and large (IO+ cones) caches occurred more 

fiequently than expected. However, the scatterhoards did wt account for a large 

proportion (10%) of the total number of cones stored. 

Having larger caches in low cover rnay be due to a lack of safe feeding sites. If 

these are rare then squirrels rnay concentrate cones in areas that are safe at which to feed. 

In low cover. this was expected to be close to trees. However, the median distance fiom 

the nearest tree for all caches was greater in low cover than in high cover. Other 

attributes of the cache sites (such as proximity to shrubs, stumps or rocks) rnay have 

made them safer fiom predators but these characteristics were not descrïbed. 

Squirreis rnay have also placed caches in a marner that trades off predation risk 

and cache thefi. If the nearest tree can be considered the source tree, then placing caches 

away from the source rnay prevent theR This is possible since even in midden/temtorial 

systems. red squirrels occasionally enter the temtories of others and caches rnay be 

discovered (Gurnell, 1984). When presented with two species of pine cones in the centre 

of their temtories, scatterhoarding red squirrels camied these items away from the source, 



presumably to decrease the probability of losing the cache to cornpetitors (Hurly and 

Robertson, 1987). 

Snow cover and fkost penetration into the ground could affect cache placement. 

Studies have shown that a tree's canopy affects the distribution of mow around a tree with 

snow depth increasing with distance h m  the tree aunk (Hardy and Albert, 1995). A 

lower snow depth is associated with lower snow-ground interface temperatures as weii as 

deeper fiost penetration into the ground (Pruitt, 1957; Hardy and Albert, 1995). Red 

squirrels retrieve caches during the winter and cones may be eaten above or below the 

snow surface (Dempsey and Keppie, 1993). Because temperature affects the energetic 

cost of activity (Pauls, 1978), it may be less costiy and easier to retrieve caches in areas 

of relatively higher temperature and less frost penetration. 

These previous factors may also account for the spatial clumping of caches and 

the lack of difference in the distributions on both grids. However, since fa11 home ranges 

for individual squirrels were not determiwd it is possible that some sample plots were 

located in areas not utilized by any squirrels, thereby contributing to the large nurnber of 

sarnple plots without caches. 

There was no relationship between cache size and the distance fiom the nearest 

tree (DNT) for the low cover grid. However, in high cover there was a tendency for 

single cone caches to be found fùrther fiom a hee than multiple cone caches. Hurly and 

Robertson (1987) showed that red squirrels cached more valuable items farther fiorn their 

source than less valuable items. in low cover, predation-risk may be too great to warrant 

moving single items a greater distance. Further study on the relative food value of the 

different size caches is wmanted. 

Altematively, single-cone caches that have a relatively high DNT may be the 

result of the distribution of fallen cones on the ground. Squirrels collect cones by cutting 



individual coaes or branchiets with clusters of cones h m  the tree and allowing them to 

fa11 to the ground (Vander Wd, 1990; pers. obsew.). Higher DNT single-cone caches 

rnay be the result of single cones fidihg greater distances fiom the base of the ui 

low cover, this distance may be too far away firom cover to cache them wherp they fa 

and so squirrels may actively move these cache items closer to trees. However, these 

explanations are purely speculative. idormation is needed on how squkels place caches 

about a single source. 

4.3.3 Alternative explanaiions 

Squirrel population densities were 1.8 and 0.8 squirreld ha at the end of summer 

and 1.3 and 1.2 h a  in November for the hi& (95-1) and low (95-2) cover grids, 

respectively. If a higher density results in more intraspecifïc competition, then my results 

are consistent with those of Clarke and Kramer (1 994a). These authoa showed that 

eastem chiprnunks (Tamias striatus) that were chased by conspecifics at a food patch 

were significantly more likely to scatterhoard than unharrassed individuals which tended 

to larderhoard in their burrows. This is interesthg because these renilts are contrary to 

prevailing ideas about social organization and caching behaviour. Individual temtories 

for red squirrels are possible because they rely on an easily defended food resource. 

tnterspecific competition for intact conifer cones is low. Intraspecific competition is high 

however, and larderhoarding is prenimed to be the most efficient way to defead food 

fiom conspecifics (Smith and Reichman, 1984). Therefore, it is logical to assume that an 

increase in intraspecific competition should be foliowed by an increase in the amount of 

larderhoarding. T h i s  was not the case in the present study. 

Also, as previously noted, there is evidence to suggest that the extent to which red 

squirrels scatterhoard has k e n  underestimated. in western populations where the 



dominant food hoarding strategy was traditionally describecl as larderhoarding, 

scatterhoarding is prevalent (Michalko, 1991). Therefore, the assumption that 

larderhoarding and territoriality evolved in response to strong intraspecific cornpetition 

may not be completely valid. Presumably, scatterhoarding and larderhoarchg evolved 

under those conditions. A more rigorous evaluation of territorial behaviour and 

information on cache loss is required for both larderhoarding and scatterhoarding red 

squirrels. 

I was unable to assess the effect ofsex and age on cache characteristics. Clarke 

and Kramer (1994 a,b) have shown that the prevalence and placement of scatterhoards in 

eastem chipmunks is affected by age and for femaies, the presence of young in the 

burrow. However, neither Hurly and Robertson (1990) nor Dempsey and Keppie (1993) 

found any difference in cache size distribution between individuah, aithough they did not 

test for the effect of sex or age on cache configuration. 

Lactating squirrels have higher energetic demands than males ( C C .  Smith, 1968) 

and therefore, females would require more food. However, there is some evidence from 

other studies that suggests that the sex of the caching individual is unimportant. Time 

budgets during the breeding season were not signifïcantly different for male and female 

red squirrels in Quebec, aithough the reproductive conditions of the observed females 

could not be confkmed (Fermn et al., 1986). Although the caching patterns of males and 

previously reproductive femaies have not been specificaily compared, no ciifferences 

were found in the larderhoarding behaviour between breeduig and non-breeding female 

red squirrels in Aiberta (Zimmerling, 1990). Consequently, male and female caching 

patterns would not be expected to differ. From November trapping sessions sex ratios 

(male: femaie = 4:3) and aduit: juvenile ratios (4:3) were identical in high and low cover. 



Therefore. if sampled caches are representative of ail caching squirrels on each grid, then 

sex and /or age structure wouid not account for differences between grids. 

The quaiity of the available food resource may affect caching behaviour. Vander 

Wall (1995) found that caches made by yeliow pine chipmunks (Tamias mnoemrs) with a 

low quaiity food source had signiscantly more seeds than caches made with higher 

quality seed. Red squirrels can also assess the quality of items to be cached and wiii 

cache higher quality items M e r  fkom their source (Hurly and Robertson, 1987) but it is 

not known how the quaiity affects the size of the cache. Setterington (1 993) found that in 

jack pine forests, red squirrels do not make various cache sizes based on the cone quality 

indices of % seed, total seed weight Icone, or number of seeds Icone. Because almost al1 

caches consisted of black spruce cones, then quality is probably not a factor affiecting 

cache sizes in this study (assumuig variation in cone quality is not great between gx-ïds). 

The quantity of food available to be cached may aiso be a factor affecthg the food 

hoarding strategy. Since the relative abundance and deasity of black spruce was similar 

between the high and low cover grids (Table 3.9) and cone production was hi& for 1995 

(C. Harrison, pers. comm.), then the availability of food should not have differed between 

grids. West (1989) showed however, that squirrels took proportionaily fewer black 

spruce cones in a year with a large cone crop than in years with small crops. This couid 

affect the number and size of caches, but the response of squirrels to taking cones should 

be the same berneen study grids. 

Finally, the dispersion of food is a possible elernent of food hoarding. In a hi& 

density food patch, making large caches may be more efficient. if food is widely 

dispersed then caching cones near their point of harvest minimizes costs due to caching 

and recovery (Hurly and Robertson, 1990). Large caches could be due to a high density of 

cones available in trees. Therefore, it is possible that cones may have had a clumped 



distribution in the low cover grid. However, cones were abundant on both grids and 

almost ail trees produced good crops (pers. observ.). Consequently, dispersion of food is 

an unlikely explmation for variation between grids. 



4.3 -4 Conclusion 

The difference in cover and assumed ciifference in predation risk between gcids 

did affect red squirrel caching in terms of proportion of  cones accounted for by large 

caches. Manipulating predation risk directly by increasïng the density of predatoe for 

example. should also a e c t  the caching pattern in red squirrels. Perhaps a more apparent 

difference in cache size distributions may have been observed ifcover had been 

rnanipulated (Le., prunïng of trees and removal of understory shrubs to decrease cover). 

Hurly and Robertson (1990) showed that the availability of middens affects red squirrel 

caching behaviour but at sites where rniddens were provided, cover was aiso altered by 

the investigators by p d g  branches fiom trees. This reduction in cover rnay have been 

a factor contributhg to the use of these simuiated middens. It would be interesthg to test 

if squirrels would use these structures in unpruned areas. 

Many facton have the potential for affecting the caching strategy of squirrels and 

these facton may Vary in importance spatiaiiy and temporally. For example, the amount 

of cover rnay not be important in years with a lower food abundance when the risk of 

starvation rnay be greater than that of predation. At these times, intraspecifk competition 

rnay be expected to play a greater role in determining the caching pattern since the need 

for cache defense rnay ovemde sensitivity to predation risk. This should in tum affect 

territorial behaviour. If intraspecifk competition is high, territorial behaviour c m  be 

costly (Stuart-Smith and Boutin, 1994). 

Also, the lack of protective cover rnay be compensated for by an increase in 

vigilance while caching and feeding. This is the case for eastem chipmunks which take 

longer to forage in open patches, as compared to covered areas, due to an increase in 

vigilance (Otter, 1994). Further research on tbe behavioural aspects of caching and cache 

recovery in red squirrels would be beneficial. 
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Appendix A 

Estirnates of red squirrei population size and corresponding standard errors caiculated 
using the Jolly-Seber mode1 of population estimation. The program JOLLY (Krebs, 
1989) was used to obtain the estimates. Estimates are based on i) aii animals captured 
and ii) residents ody (anirnals capture more than once) for each grid. 



Table A. 1. Joily-Seber estimates of red squirrel population ske and correspondhg 
standard errors for i) al1 aflulnals capnired and ü) residents oniy (animais capnned more 
than once) in grid 94-1. Estimates cannot be calcuiated for the fht and last trapping 
sessions. 

Trapping session All animals Residents ody 

1 May 
3 - 
3 
4 June 
5 
6 
7 
8 
9 
10 
1 1  July 
12 
13 
14 
15 
16 
17 Aug. 
18 
19 
20 



Table A.2. JoUy-Seber estimates of red squirrel population size and correspondhg 
standard erroa for i) dl animais captured and ii) residents only (animais caught more 
than once) io grid 95-1. Estimates c a ~ o t  be calculated for the nrst and last trapping 
sessions. 

Po~ulation size (no. of sauirrels) * SE 
Trapping session Aü animals  ide& only 

I I  Aug. 

15 Nov. 
16 



Table A.3- Joiiy-Seber e s h a t e s  ofred squürel population sîze and corresponding 
standard errors for i) aii aoimals captured and iii residents ody (animais caught more 
than once) in grid 95-2. Estimates cannot be calculated for the first and last trapping 
sessions. 

Povuiation size (no. of sauirrels) * SE 
Trapping session animais Residents only 

1 May 
2 June 
3 
4 
5 
6 
7 July 
8 
9 
10 
11 
13 
23 Aug. 
14 
15 
16 Sept. 
17 Nov. 
18 



Appendix B 

Results of the Leslie, Chitty, and Chitty Test (Leslie et al., 1953) for equal catchability 
within the marked population. Estimates were calculated using program LESLIE (Krebs, 
1989)- The relative value of the percent error between the observed and expected number 
of newly marked animais is used to mess the assumption of equal catchability. 



Table B. 1. Results of the Leslie, Chitty, and Chitty test for equal catchabiiity within the 
marked segment of the population for grid 94-1. Estimated number of new animais 
marked for the fïrst time is calculated as in Leslie et al. (1953). Estimates cannot be 
obtained for the nrst two and last trapping sessions. Similacity of the sums of the 
observed and expected newly marked animais indicates equal catchability. 

- - - --  

Estimated no. of Observed no. of 
new animals marked for new animals marked for 

Trapping session the fkt  tirne the fhst time 

1 May 17 - - 
2 19 - - 
3 28 2.8 6 
4 June 2 3.3 t 
5 6 1.8 1 
6 10 0.4 2 
7 14 -0.2 O 
8 23 0.0 O 
9 26 0.0 O 
10 29 0.0 O 
1 I July 3 0.0 -1 
12 7 1.9 3 
13 1 1  4.8 2 
14 15 -1.9 2 
15 19 -0.1 1 
16 29 1.1 3 
17 Aug. 4 4.3 3 
18 1 1  -0.5 O 
19 13 0.0 O 
30 17 - - - - - - 

17.7 23 

% error = obs. - exp. x 100% = 23-1 7.7 x 100% = 23.0% underestimate 
obs. 23 

Suggests unequal catchability within the marked population. 



Table B 3. Results of the Leslie, Chitty, and Chitty test for equal catchability within the 
marked segment of the population for grid 95-1. Estimateci number of new animais 
rnarked for the ntst time is calculated as in Leslie et al. (1953). Estimates c a ~ o t  be 
obtained for the fïrst two and last trapping sessions. Sunilanty of the sums of the 
O bserved and expected newiy marked animais indicates equal catcbability. 

- -- 

Ëstimated no. of Observed no. of 
new animais marked for new achals marked for 

Trapping session the fïrst time the f%st tirne 

1 June 2 
3 - 8 
3 IO 
4 19 
5 21 
6 29 
7 July 5 
8 1 1  
9 19 
10 26 
11 Aug. 1 
12 8 
13 23 
14 30 
15 Nov. 1 1 
16 18 

% error = O bs. - exn x 100% = 1 9 - 1 8.7 x 100% = 1.6% underestimate 
obs 19 

Suggests equal catchability within the marked population. 



Table B.3. Results of the Leslie, Chitty, and Chitty test for equal catchabiiity within the 
marked segment o f  the population for grid 95-2. Estimateci number of new animals 
marked for the nrst t h e  is calculated as in Leslie et al. (1953). Estimates cannot be 
obtained for the first two and last trappùig sessions- Similady of the sums of the 
observed and expected newly marked animals indicates e q u i  catchabüity. 

Estimated no. of Observed no. of 
new animais marked for new animais marked for 

Trappùig session the fust time the fint tirne 

May 29 
June 7 

9 
13 
20 
27 

July 4 
6 
12 
17 
18 
27 

Aug, 2 
9 
23 

Sept. 1 
Nov. 12 

18 

% error = obs. - em. x 100% = 19 - 1 1 x 100% = 42% underestimate 
obs. 19 

Suggests unequal catchability w i t b  the marked segment of the population. 






