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ABSTRACT

This study measured the incidence of red squirrel { Tamiasciurus hudsonicus Erxleben) feeding injuries to
thinned lodgepole pine (Pinus contorta Dougl. var. latifolia Engelm.) during the first 7 years after spacing.
Squirrel feeding damage in two manually spaced stands was monitored from 1979 to 1986 (Prince George)
and 1980 to 1986 (Cariboo); squirrel populations were monitored from 1981 to 1986 in a juvenile {unspaced
stand) and mature stand at each area. At Prince George, squirrel populations increased on two occasions
(1980-1981 and 1984-1985) in association with substantial cone crops of interior spruce. Squirrel abundance
in the mature stand peaked in the year after each cone crop, with a surplus of squirrels appearing in juvenile
stands in subsequentyears. Ingeneral, damage incidence and feeding intensity in the spaced standtended to
be associated with increased densities of squirrels, but exceptions to this pattern also occurred. This pattern
was less evident in the Cariboo, where the absence of spruce stands presumably resulted in consistent
squirrel densities over time. The inconsistent periodicity of cone crop and squirrel population cycles, as well as
the preference by squirrels to attack large-diameter (> 60 mm) stems, negates the possibility of strategic timing
of spacing operations. Several silvicultural recommendations are suggested fo alleviate squirrel damage to
spaced lodgepole pine.

Key Words: lodgepole pine, juvenile spacing, red squirrel, population dynamics, barking, girdiing, British
Columbia, intensive silviculture, feeding damage.
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INTRODUCTION

Juvenile stands of lodgepole pine (Pinus contorta Dougl. var. fatifolia Engelm.) form anintegral part of the
future forest resource of central British Columbia. The Prince George and Cariboo Forest Regions have an
abundance of overstocked stands of lodgepole pine suitable for juvenile spacing. This practice concentrates
growth on a prescribed number of stems that have been selected for superior growth and form at an early age
in the fife of the stand. However, rapidly growing crop trees within managed stands of tedgepoie pine are
particularly susceptible to feeding attacks by small mammals.

The red squirrel (Tamiasciurus hudsonicus Erxieben) and the snowshoe hare (Lepus americanus
Erxieben) feed on young lodgepole pine (Sullivan and Sullivan 1982a). These animals remove the bark and
vascular tissues from stems during their feeding activities. This damage may completely girdle the tree,
resulting in mortality. Even semi-girdling (sublethal} damage by snowshoe hares has been found to suppress
diameter and height growth of lodgepole pine (Sullivan and Sullivan 1986). Aswell, red squirrels preferentially
attack vigorous stemns, and the lost growth of these trees may be substantial (Suillivan and Vyse 1987).

in the Prince George Region, both hares and squirrels feed on lodgepole pine. Feeding damage by the
red squirrel is most common in stands with average diameters > 60 mm {Sullivan and Sullivan 1982a). In
addition, squirrel damage is the major type of mammal attack in the southern Interior {Cariboo and Kamloops
Forest Regions), where the snowshoe hare is less abundant than further north (Dolbeer and Clark 1975; Wolff
1981; Brockley and Elmes 1987, Sullivan and Vyse 1987). Because hares prefer small-diameter stems (< 60
mmy}, crop trees in managed stands outgrow their susceptibility to attack. Thus, damage can be avoided if
spacing is delayed until average tree diameter is > 60 mm (Suliivan 1984).

Squirrels prefer to attack large-diameter stems (> 680 mm), and therefore crop trees in managed stands
remain at risk to squirrel darnage for several years. The variable pattern of population fluctuation in red
squirrels suggests that they could create a damage problem every year. [f so, strategic timing of spacing
operations may not help to reduce or eliminate the damage.

To address the problem, a long-term study of squirrel population dynamics and feeding injuries in stands
of juvenile lodgepole pine (and of populations in adjacent mature stands) was initiated in 1981. This study was
designed to determine the incidence of feeding injuries by squirrels in treated (spaced) and untreated {control)
stands of lodgepole pine near Prince George and in the Cariboo, B.C. The major objective was to relate tree
damage to squirrel populations in juvenile stands and in nearby mature stands. Information about population
fluctuations of squirrels is important for predicting the incidence of damage to crop trees in spaced stands.



METHODS

Stand Selection and Site Description

The Prince George study was located at Bowes Creek on the Grove Burn {1961), 20 km southeast of
Prince George in the Sub-Boreal Spruce (SBS) Biogeoclimatic Zone (Krajina 1969). This area (32 400 ha)was
covered by a mixture of young lodgepole pine stands and several deciduous species: willow {Safix spp. L.),
aspen ( Populus tremuloides Michx.), black cottonwood (P, trichocarpa T. & G.), paper birch (Betula pap yrifera
Marsh.), and Sitka alder (Alnus sinuata (Regel) Rydb.). The site is sandy loam gleyed gray luvisol on a level
valley floor at 760 m elevation.

The average density of lodgepole pine in the control stand in 1979 was 34 778 stems per hectare (range:
4000 to 140 000; n=18). The average density of lodgepole pine in the treatment stand before spacing was
40 000 stems per hectare (range: 2000 to 100 000; n=27), and after spacing was 2304 stems per hectare. The
number of crop trees, by diameter classes, for the control and treatment stands (before spacing) isillustrated in
Figure 1A. In general, there were significantly more large-diameter crop trees (but fewer small-diameter ones)
in the control (average 56.5 + 1.2 mm) than in the treatment (average 49.9 + 0.8 mm) stand.

The mature stand of white spruce (Picea glauca (Moench) Voss) and lodgepole pine was located
approximately 0.5 km east of the Willow River (30 km from Prince George) and 1 km south of Highway 16. The
stand was dominated by a mixture of spruce and pine, with subalpine fir (Abjes lasiocarpa Hook. (Nutt.)} and
Douglas fir (Pseudotsuga menziesiiMirb. (Franco)) in minor abundance. The understory was dominated by
subalpine fir, and included some alder and spruce (Table 1).

The Cariboo study area was established at Mile 15-Palmer |_ake Road, 88 km west of Williams Lake. This
site was located in the SBSa (Chilcotin pine) subzone (Krajina 1969; Annas and Coupé 1979). Lodgepole pine
forests in this subzone are very extensive and form a patchwork of different-aged pure stands which have
developed from frequent wildfires. Most young stands are overstocked and require some degree of thinning to
maximize productivity. This site produced a natural stand of lodgepole pine following a fire in 1961. The site
was flat, with little discernible aspect.

The understory vegetation was dominated by pinegrass (Calamogrostis rubescens Buckl.), scapberry
(Sheperdia canadensis (L.) Nutt.), kinnikinnick (Arctostaphylos uva-ursi (L.) Spreng), common juniper
{Juniperus communisL..), blue leaf strawberry (Fragaria virginiana Duchesne}, and several species of lichens.
Scattered regeneration of white spruce was common. The average dbh of 20-year-old lodgepole pine was
50.31 1.4 mmiorthe control stand and 53.2+ 1.2 mmfor the thinned stand (Figure 1B). The average density of
pine in the control stand was 20 000 stems per hectare, and in the treatment stand, before thinning, 17 000
stems per hectare (reduced to 850 stems per hectare after thinning).

The mature stand of lodgepole pine (with some white spruce) was located 1 km west of Mile 14, Palmer
Lake Road. The stand and understory were dominated by pine, with Sitka alder as a minor component {Table

1).

Sampling Design and Tree Measurement

At Prince George, two 9-ha matrix grids {one control and one treatment) were established during March
1979 in natural stands of lodgepole pine at Bowes Creek. Each grid had 18 permanent tree-sampling plots as
described by Sullivan (1984). Two circular sampling plots (50 m2) were systematically located within each of
the 1-ha segments of each grid area. The size of these plots allowed for sampling of up to 15 crop trees per
piot. All potential crop trees in the 50-m?2 plots on control and treatment grids were permanently tagged. Crop
trees in the control area were chosen on the basis that these trees would be left as the future crop if the stand
was spaced. Measurement of the height, diameter, and damage for all trees was done at the initial sampling
period: May 29 - June 28, 1979. Height and diameter measurements were taken again in October 1982 and
October 1984, 3 and 5 years after initial sampling (see Sullivan and Sullivan 1986). The 50-m?2 plots on the
treatment grid were manually spaced (2 x 2 m) on August 7-9, 1979. The entire treatment area (11.7 ha) was
manually spaced (2 x 2 m} between August 27 and September 26, 1979.

2



TABLE 1. Characteristics of mature forest stands at the Prince George and Cariboo study areas.

Study area Average Overslory Understory

and {rseiz;?i?%) dbh 1 S.E. (om) (F.,I:) density density

stand age 5.1-15.0 >15.0 {stems/ha} {stems/hs)

Prince Sw (53.2) 10.5£0.8 30.511.2 18.5- 295 180

George 284

{100~ Pl (40.5) 0.0 36.0x1.1 225 o

120 yr) Ab (3.6} 0.0 19,1128 20 2,215
F{2.7) 0.0 23.7¢1.1 15 0

Cariboo Sw(23.3) 8.610.4 23.911.9 19.5- 300 400

{150- 28.4

250 yr) Pl (76.7) 10.140.4 21.940.4 995 3,395

Sw - white spruce, PI - lodgepole pine, Ab - subalpine fir, F - Douglas-fir

(A) PRINCE GEORGE
60+ 72

504

Control I:l Treatment

40

20

Number of trees

504 CARIBOO 54

304

20

Number of trees

O 11- 21~ 31~ 41~ 51~ &1~ 71~ Bt- 91- 101~
LY 290 30 40 50 60 70 80 a0 100 130

Tree diameter classes {mm)

FIGURE 1. Crop tree diameter classes of lodgepole pine in control and spaced stands, {A) Prince George
{1979} and (B) Cariboo (1980).



At the Cariboo study area, crop trees in twenty 50-m? circular plots, located every 50 m on a 9-ha grid
systemin each of the control and treatment stands, were marked and dbh recordedin October 1980. Diameter
measurements were taken again in October 1985, a 5-year interval after the initial sampling {see Sullivan and
Vyse 1987). The treatment stand was manually spaced (3.5 x 3.5 m} in the fall of 1978.

Lodgepole Pine Damage Assessment

Red squirrel damage to crop trees in control and spaced stands at Prince George was assessed annually
in July or August from 1979 to 1986. In the Cariboo, damage was assessed annually in July or August from
1980 o 1986. The height (mm) and width (mm) of each new damage wound was recorded and marked with a
different colour tack. The location of the centre of each damage wound was recorded with respect {o the
diameter of a given tree at that point. This allowed each wound to be identified and remeasured (if necessary)
at subsequent sampling times. All new wounds were marked and recorded at each sampling time.

Girdling injuries to crop trees were assessed by calculating the width of each wound as a percentage of the
circumference of a stem at that point. Trees having wounds with a damaged circumference > 50% (semi-
girdled) were considered likely to experience reduced growth and yield, or even to die. Trees completely
girdled would, unquestionably, die. The surface area of each wound, and hence the amount of bark and
vascular tissues removed per tree, was also calculated to assess the wound's effect on growth and yield, as
well as its susceptibility to fungal attack. The impact of damage on tree diameter and height growth in these
stands was reported in Sullivan and Sullivan (1986) and Sullivan and Vyse (1987).

Red Squirrel Populations

Al Prince George, populations of squirrels were intensively monitored at approximately 4-week (2-weekin
1981) intervals during spring, summer and fall, and at irregular intervals during the winters of 1981/1982,
1983/1984, 1984/1985, and 1985/1986. Grid systems with 100 trap stations (10 X 10} and one live-trap (40 X
12.5 X 12.5 cm) at every other station were operated in each of the juvenile pine and mature spruce/pine
stands. In the Cariboo, squirrel populations were similarly monitored, with overwinter trapping conducted
during 1983/1984, 1984/1985, and 1985/1986. The grid inthe mature pine stand included 100 trap stations (10
X 10), with one squirrel trap at every other station. The juvenile pine gridincluded 96 trap stations (6 X 16} with
the same trap configuration. Traps were baited with sunflower seeds and a slice of apple. For 2 days during
each trapping period, traps were set at dawn and checked 4-6 hours later. All squirrels were ear tagged, their
reproductive condition noted, and weight and point of capture recorded.

Complete enumeration using minimum number alive (MNA) (Krebs 1966) provided the density values for
each trapping period. Enumeration technigues provide sufficiently accurate estimates for a trapping designin
which 80% or more of the animals are caught at each sampling time (Hilborn ef al. 1976). However, at lower
trappability levels, and for those reasons outlined by Jolly and Dickson (1983), population eslimates were also
calculated using the Jolly-Seber model (Jolly 1965; Seber 1982).

Statistical Analysis

Statistical analyses were conducted on parameters measured in control and spaced stands at each study
area. Analysis of variance was used to compare tree diameters between controf and treatment stands. Linear
regression analysis was used to determine the effect of tree diameter on frequency of attack. Regression
analyses for 1979-1981 regressed the proportion of crop trees attacked on 1979 (Prince George) or 1980
(Cariboo) diameter classes. Analyses of 1985 and 1986 damage frequencies used 1984 (Prince George) or
1985 (Cariboo) diameter classes to accommodate growth changes over the 5-year period. Chi-square tests
were conducted to detect significant differences in the proportion of crop trees attacked in control and spaced
stands: and on an annual basis within each stand. Average spring and fall densities (with 85% confidence
limits) were used to compare squirrel populations from year to year and between stands. Percentage data
were transformed by arcsin square root before analysis. In all analyses, the level of significance was at least p
<0.05.



RESULTS AND DISCUSSION

Lodgepole Pine Damage - Prince George

The percentages of crop trees damaged each year by squirrels in control and spaced stands at Prince
George are listed in Table 2. Comparable levels of damage were recorded for control trees during 1978 to
1981. However, the intensity of damage declined to 1.6%in 1982 and 0.5% in 1983, before increasing slightly
in 1984 (6.0%), 1985 (2.7%), and 1986 (3.3%). After no damage to spaced crop irees was observed in 1980,
the incidence of squirrel feeding attacks in the spaced stand in 1981 increased three times (31.9%) from the
pre-spacing levelot 9.5%. The lack of damage in 1980 might be altributed to the spacing operation altering the
habitat for residency of red squirrels. These rodents occupied the control stand during 1980, when they
damaged 19.2% of the crop trees. However, some squirrels (one or two per 9 ha) were present in the spaced
stand, at least during the damage period {(May-June) in 1881 (Sullivan and Moses 1986), and caused
considerable damage. Damage intensity inthe spaced stand declined significantly 10 5.8%in 1982 and 0% in
1983, betore increasing again to 5.3%in 1984. Red squirrel attack of crop trees continued to increase in 1985
(11.1%) and 1986 {16.9%), with these levels being significantly higher than those in the control stand. In
general, squirrels tended to prefer large-diameter stems in their feeding attacks (Table 3).

The surface area of damage is the amount {cm?) of bark and vascular tissues removed from a given
wound by squirrel feeding, and may be considered as a measure of feeding intensity. Total and average
amounts of bark and vascular tissues removed from crop trees by squirrels in control and spaced stands at
Prince George are givenin Table 4. Squirrels removed nearly twice as much bark andtissues fromthe control
than from the treatment (pre-spacing) stand in 1978. However, after spacing, only the control stand had bark
removed in 1980. Thereafler, 2.2 and 6.1 fimes as much bark and tissues were removed from spaced than
from control crop trees in 1981 and 1982, respectively. There was little difference infeedingintensity between
control and spaced stands in 1983 and 1984, However, squirrels removed 6.6 and 8.1 times as much bark and
tissues from spaced than from control stems in 1985 and 1988, respectively.

Lodgepole Pine Damage - Cariboo

The percentages of crop trees damaged each year in control and spaced stands at the Cariboo study area
are listed in Table 2. More spaced than control crop trees were aftacked during 1980; in 1981 this was
reversed. However, there was a general decline in the proportion of trees wounded from 1881 to 1985 in both
stands. The rate of attack did increase significantly in the spaced stand in 1986. Interms of feeding intensity,
the total and average amounts of damage reflect the attack rates in 1880 and 1981 (Table 5) and the decline in
damage during 1982 to 1985. Again, the frequency of squirrel attack was significantly greater among large-
than small-diameter stems (Table 3}. Further resulls regarding squirrel damage at this study area are
discussed in Sullivan and Vyse {1887).

Red Squirrel Populations

initially during the summer of 1881, squirrel populations were monitored in control and spaced stands of
juvenile lodgepole pine at each study area. Squirrel densities in spaced stands, averaging 0.22 per hectare at
Prince George and 0.54 per hectare at Cariboo (Sullivan and Moses 1986}, were significantly lower thanthose
in control stands. These densities were comparable to the lowest density estimates (0.12-1.24 per hectare for
hardwood forest) reported for any of the major habitat types in North America (Rusch and Reeder 1978).

Because most squirrels captured in spaced stands actually lived in the adjoining unspaced control areas
{Sullivan and Moses 1986), additional study areas in stands of mature lodgepole pine and white spruce were
started in the summer of 1981 so that red squirrel populations could be menitored more accurately. Thus, the
population changes monitored inthe control stand represent the spaced stand as well. [naddition, the very low
sample sizes {(number of squirrels captured) in the spaced stands did not allew rigorous comparison of squirrel
densities between years (Sullivan and Moses 1986).



TABLE2. Percentage of croptrees damaged each year by red squirrels in control and treatment stands atthe
Prince George and Cariboo study areas. Sample size in parentheses. Values followed by the
same letter are significantly different by chi-square where sample size is appropriate.

Prince George Cariboo
Control Treatment Control Treatment

1979 13.0{209) 9.5(210} - -

1680 19.2(204}= 0.0{210)acd 17.0(200) 32.0{z00)
1931 14.3(194)0 31.9(191)pce 22.2(198) 14.5(193)#
1882 1.6(184) 5.8(189)° 0.0(1986) 2.6{180)
1983 0.5(184) 0.0(189) 7.1{198) 1.1{180}
1984 8.0{184) 5.3(188) 4.1(196) 2.1(190)
1985 2.7(184y 11.1{189)% 1.0(191) 0.5(190)
1886 3.3(184)8 16.9(189)8 3.1(1a)m 8.9(190)m

&-a, b-b, ¢cc, d-d e-e H, gg hh i 3, p<0.01 kK H, mm, p<0.05

TABLE 3. Summary of regression analyses {proportion of crop irees attacked, regressed on diameter class)
as reported in text. Levels of significance indicated by * p < 0.05; ** p< 0.01; NSp > 0.05.

Study area and stand Year: r values Significance

Prince George

Control 1979: 0.48 NS
1980: 0.36 NS
1981: 0.96 b

Spaced 1979 0.89 *
1981: 0.85 *
1985: 0.82 *
1986: 0.59 N3

Cariboo

Control 1980: 0.94 ”
1981. 0.95 i

Spaced 1980: 0.97 -
1981: 0.95 .-
1886: 0.91 -




TABLE 4. Total and average amounts (¢cm?) of bark and vascular tissues removed from lodgepole pine crop
trees by red squirrels, Prince George study area. Sample size in parentheses.

Number of Average per Average
Stand and year sampie crop trees Total damsaged tree per wound
1979
Control 209 22011 B81.5(27) 48.9(45)
Treatment 210 1160.8 58.0(20) 32.2(36)

(pre-spacing}

1980
Control 204 2308.9 59.2(36) 42.0(55)
Spaced 210 0.0 00 0.0
1981
Control 194 19568 67.5{(29) 40.8(48)
Spaced 191 43451 71.2{6%) 45.7(95}
1882
Control 184 99.0 33.0(3} 33.0(3)
Spaced 189 808.0 55.3(11) 40.5{15)
1983
Control 184 29 2.9(1) 2.9(1)
Spaced 188 0.0 0.0 0.0
1984
Control 184 4200 38.2(11) 26.3(16)
Spaced 189 §70.0 57.0(10) 35.6(16)
1985
Control 184 1140 22.8(5) 19.0(6)
Spaced 189 754.6 35.9(21) 22.9(33)
1986
Control 184 2040 34.0(6) 22.7{9)
Spaced 189 1853.0 57.9(32) 34.3(54)




TABLES. Total and average amounts {cm?) of bark and vascular tissues removed from 1odgepoie pine crop
trees by red squirrels, Cariboo study area. Sample size in parentheses.

Number of Average per Average
Stand and year sample crop trees Total damaged tree per wound
1980
Control 200 1811.9 53.3(34) 36.9(49)
Spaced 200 55795 B7.2(64) 66.4(84)
1981 )
Control 198 5438.4 123.6(44) 56.1(87)
Spaced 183 7741 27.6(28) 18.4(42)
1982
Contral 196 0.0 0.0 040
Spaced 190 857 17.1(5) 17.4(5)
1983
Controt 196 10130 72.4(14) 59.6(17)
Spaced 190 66.3 33.1{2) 33.1(2)
1984
Control 196 a7t 46.4(8) 33701
Spaced 190 40.5 10.1{4} 10.1{4}
1985
Control 191 348 17.4(2) 6.8(5)
Spaced 190 64 6.4(1) _ 6.4(1)
1986
Control 191 105.9 17 .6(6) 8.8(12)
Spaced 190 414.4 24.4(17) 12.6(33)




Minimum unweighted trappability {Krebs and Boonstra 1984) of squirrels averaged 62% in mature forest
and 89% in juvenile pine at Prince George, and 59% and 52%, respectively, at the Cariboo study area.
Population changes were similar for both MNA and Jolly-Seber density estimates. Subsequent analysis and
discussion of squirrel populations will use MNA values.

Population densities of red squirrels in mature white spruce-lodgepole pine forest and in juvenile
lodgepole pine at Prince George are shown in Figure 2. The squirrel population in mature spruce/pine was
initially 50% higher (summer 1981} than that in the juvenile stand, before declining throughout the rest of 1981
and much of 1982, There were approximately 50% more squirrels in the juvenile than mature stand throughout
1982. This pattern contrasts sharply with that reported in the literature where stands of mature lodgepole pine,
white spruce, or Douglas-fir {or any combination) are considered to be oplimum squirrel habitat (Brink and
Dean 1966; C. Smith 1968; M. Smith 1968; Rusch and Reeder 1878). Although the squirrel popuiation in the
juvenile pine was declining in 1982, comparable densities of squirrels {approximately 10-13 per 9 ha) occupied
the stand during the early summer damage periods {(May to July) in both 1981 and 1982.

The juvenile pine population declined further to just three squirrels during the overwinter of 1883/1984,
The mature forest population stabilized at 6 to 8 squirrels on the study area in 1983, before increasing to apeak
of 14 animals inthe late fail. This lack of squirrels in the young pine and increased density inthe mature standis
a predictable response to the heavy spruce cone crop in the Prince George Region in 1983. Squirrel
populations increased dramatically in 1984 with higher reproduction and survivai than in previous years.
Density (up to 23 squirrels per 9 ha) was comparable to the high population recorded in 1881. The previous
heavy cone cropin 1979 presumably resulted in abundant squirrel populations through 1981. The high density
on our mature spruce/pine grid declined somewhat in 1985, whereas squirrel numbers increased sharply inthe
juvenile pine stand to a peak of 18 animals. Comparable densities were recorded on both grids in 1986.

The cyclic nature of the population fluctuation of squirrels at Prince George is shown in Figure 3A. Average
spring {May-June) and fall (September-October) densities clearly indicate the significant ditferences between
~ years and stands. Peak populations occurredin 1980 (presumably) and 1984 inthe mature stand, and in 1981
and 1985 in the juvenile stand.

Population densities of red squirrels in mature and juvenile stands of lodgepole pine in the Cariboo are
shown in Figure 4. There was little variation in squirrel densities in the mature pine. bExceptfor anincreasein
the fall of 1984 {o 20 animals per grid, the populationin the juvenile pine also maintained a relatively consistent
density. This gensrally consistent average density is clearly shown in Figure 3B. This pattern may be
attributed to a lack of spruce stands and their fluctuating cone crops on the Chilcotin Plateau.

Spruce Cone Crops, Squirrel Populations, and Damage

The relationship of interior spruce cone crops to populations of the red squirrel, and the incidence of
damage to juvenile pine at Prince George, are illustrated in Figure 5. As outiined previously, heavy spruce
cone crops were recorded in 1979 and 1883 in the central Interior (see Figure 7). Squirrel populations in
mature forests that have a significant component of spruce will peak in the year after a substantial cone crop,
because of increased reproduction, recruitment, and survival. The highest annual density occurs in the fall
{(usually September) when recruitment of juveniles reaches a maximum. This high density may persist for an
additional year, depending on the size of cone crop, incidence of spruce trees, and several other factors. The
resulling surplus of squirrels in the mature forest will eventually "spill over” into stands of juvenile lodgepole
pine, which are presurmnably sub-optimal habitat. Therefore, 2-3 years after a heavy cone crop, squirrels willbe
abundant in juvenile pine stands and their density may equal that of mature stands (Sullivan and Moses 1986;
Sullivan').

* Sullivan, TP. [1987]. Comparative demography of red squirrel populations in juvenile and mature stands of lodgepole pine. In
preparation,
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This overall refationship is clearly outlined in Figures 3A and 5. Several studies have reported on red
squirrel populations and the availability of cone crops in mature stands {C. Smith 1968; Kemp and Keith 1970;
Rusch and Reeder 1878). A long-term (12-year) study by Halvorson {1884) clearly outlined the correlation
between red squirrel population fluctuations and cone crops. Experimental evidence relating supplemental
food to increased population size of squirrels has been recorded by Sullivan and Sullivan {1982b) and
Suflivan2.

In general, during years of squirrel abundance, the proportion of irees attacked and feeding intensity
tended to increase in spaced stands at Prince George (Figure 5). An exception to this pattern was the fack of
damage in 1882 even though squirref density was high. Perhaps the lodgepole pine cambial tissues were not
as attractive in 1982 as in previous years, or an alternative food source was available in the juvenile stands.

This general pattern was not evident inthe Cariboo where the lack of spruce stands and cone crops did not
generate any degree of consistent fluctuationin the squirrel populations (Figure 6). The increase intfall density
in 1984 may have been related 1o the previous year’s cone crop, but this trend was not evident in the mature
pine stand relative to other years (see Figures 3B and 4). The lack of appreciable damage from 1982to 1986
suggests that either the abundance of squirrels (which may be related to availability of alternative natural
foods) was at a threshold below which spaced crop trees will sustain negligible feeding injuries; or the quality
and quantity of nutrients in the vascular tissues varies from one year to another. The outbreak of damageinthe
Cariboo in 1980 and 1981 suggests that there may have been higher populations of squirrels during that
period, possibly in response to a conifer cone crop. Alternatively, squirrels may have responded positively to
the initial increase in growth of the recently thinned lodgepole pine. This latter explanation may also have
contributed to the higher incidence of damage at Prince George in 1981 than in later years.

The general pattern provides a predictable population cycle for red squirrels in juvenile stands, at leastin
areas where cone crops in nearby mature stands could be accurately monitored. The historical trend in spruce
cone crops in the central Interior indicates an average interval of 3.4 years between medium-heavy to heavy
crops {Figure 7). This trend suggests that high squirre! populations and damage could be expected in
susceptible stands of juvenile pine approximately every 3-4 years. There could certainly be local and
geographic variation in the magnitude of the overall cone crop in a year, which should be considered when
increases in squirrel abundance are predicted. However, as discussed by Sullivan and Sullivan (1982¢) and
Brockley and Sullivan {1987), prediction of damage potential may be only partially successful for fertilized
stands, where even low densities of squirrels attack the high quality vascular tissues associated with
vigorously growing stems.

2 Sullivan, T.P. [1987]. Demographic responses of red squirrel (Tamiasciurus hudsonicus) populations to supplemental food. In
preparation.
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SUMMARY AND CONCLUSIONS

This study assessed the incidence of red squirrel feeding injuries to thinned lodgepole pine during the first
7 years after spacing. During this period at Prince George, squirrel populations increased on two occasions in
association with heavy cone crops of interior spruce. Squirrel abundance in a mature stand peaked inthe year
after a substantial cone crop, with a surplus of squirrels appearing in juvenile stands in subseqguent years.
Incidence of damage and feeding intensity tended to be associated with high densities of squirrels. This
pattern was not evident in the Cariboo where the absence of spruce, in essentially pure stands of lodgepole
pine on the Chilcotin Plateau, resulted in consistent squirrel densities over time. Thus, this lack of both cone
crops and population fiuctuations in the Cariboo provided a “control” situation for the dynamic interaction of
cone crops and squirrel populations at Prince George. The two population peaks in juvenile pine in 1981 and
1985 at Prince George provided temporal replication for this relationship. Even thoughin 1 year (1982) of high
squirrel density there was little damage to lodgepole pine, it may be generally concluded that the two periods
(1980-1981 and 1985-1986) of damage incidence at Prince George have clearly been associated with
substantial cone crops and increased abundance of red squirrels.

Unfortunately, the red squirrel population cycle does not have the consistent long-term periodicity of the
snowshoe hare 10-year cycle. This factor, and the preference by squirrels to attack large-diameter stems (>60
mm) negates any possibility of timing spacing operations with population cycles, as recommended for
snowshoe hares (Sulfivan 1984). In addition, as discussed by Brockley and Sullivan (1987), delaying spacing
until crop trees are large enough to withstand damage is not a “realistic” option in dense stands that require
density control. However, the ability to predict outbreaks of squirrel damage from periodicity of conifer cone
crops would allow application of direct damage control techniques, such as encapsulated predator odour
repellents or systemic repellents, at the appropriate times. Predator odour repellents and systemic repelients
(to be applied with fertilizer) may be developed in the future.

Juvenile pine stands appear to act as marginal habitat for the surplus of squirrels from population
increases in mature forests. Since spaced stands had significantly fewer squirrels than unspaced, it is possible
that stand thinning over a large area (e.g., > 100 ha) may reduce immigration from surrounding areas, which
would help alleviate damage (Sullivan and Moses 1986). However, it must be noted that even low numbers of
squirrels evidently can cause high levels of damage to juvenile trees, particularly in fertiized stands. As
discussed by Sullivan and Moses {1986), a population reduction program with toxicants or trapping would
likely be ineffective because of the difficulty in achieving complete removal of all animals. In addition, the
resiliency of squirrels to depopulation would result in a rapid filling of available habitat.

RECOMMENDATIONS TO ALLEVIATE DAMAGE

1. Spacing stands with an apparent low hazard rating (based on a pre-spacing damage survey), and leaving
a greater number of trees than is currently done, are presently the best methods for preventing or
minimizing damage. A two-step spacing program is the most conservative and flexible approach.

2. Spacing operations should cover as large an area as possible (at least > 50 ha and preferably > 100 ha)to
make the managed stand less attractive to squirrel populations.

3. In general, conifer (interior spruce and Douglas-fir) cone crops should be closely manitored to predict
future outbreaks of squirrel populations and damage. Thereis up to a 2-to 3-year delay after a substantial
cone crop before squirrel populations increase in juvenile stands.

4. Examination of timber harvest options (such as preservation of some mature stands within a matrix of
juvenile stands, wherever possible) might prevent or reduce post-spacing damage.
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INFORMATION AND RESEARCH NEEDS

The results of this study point to several information and research needs:

Development of a diagnostic system and forecast modef to identify those stands susceptible to squirrel
attack. This should be done on a region-wide basis by assessing damage in managed stands in various
conditions.

Testing of control methods, such as predator odour repellents (and perhaps systemic repelients) and
supplemented alternative foods, in susceptible stands.

A need to understandfurther the year-lo-year variability indamage, e.g., why there is little damage in some
years with high populations of squirrels.
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