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"ABSTRACT

To determine if pre-commercial thinning to 1200 stems/ha and 400 stems/ha influences
movements, mortality rates and foraging behaviour of porcupines (Erethizon dorsatum), 1
monitored 33 radio-collared individuals over 4 winters. The study area consisted of three
second-growth conifer stands (20 —25 years of age) located in Shames Valley, near Terrace,
British Columbia. -

I found that porcupines selected den locations that had a higher than average density of sitka
spruce (Picea sitchensis) within 10 m of the den compared to the rest of the stand. Once a den
site was selected, porcupines foraged in a non-random manner, selecting western hemlock
(Tsuga heterophyila) > 9.9 cm diameter at breast height. Amabilis fir (4bies amabilis) of all
stem diameter sizes were avoided during foraging, as were western hemlock and sitka spruce <
9.9 cm diameter at breast height.

Throughout the winter months, a single porcupine damaged an average of 0.54 new forage
trees per day. A regression analysis revealed a strong relationship (r* = 0.92) between mid-
winter mass of a porcupine and the number of new trees damaged per day.

Porcupines chose the type of den they would use (stump, rock, log or pre-excavated den)
based on thé level of thermal protection provided. Stump dens and rock dens Were used most
frequently. Although fourteen of the 20 winter months of the study had average minimum
temperatures below the lower critical temperature of the porcupines (-4°C), rock and stump
dens provided enough thermal protection to maintain den temperatures above -4°C under most
conditions.

In areas thinned to 400 stems/ha, porcupines increased their foraging radius around the den
site compared to porcupines in the control area. Porcupines in thinned areas compensated for

the increased cost of travel to reach their forage trees by increasing the amount of vascular
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tissue removed per forage trée. Porcupines in the thinned areas travelled through deep snow
more and in open areas more often compared to control animals, but did not lose more mass or
suffer higher predation as a result.

Based on the conceptual model developed from this study, in areas where porcupine feeding
damage is a risk, forest managers are advised to avoid thinning to low stem densities and thin to

> 1200 stems/ha, or avoid pre-commercial thinning completely.
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GENERAL INTRODUCTION

Several species of small mammals, including meadow voles (Microtus pennsylvanicus), red
squirrels (Tamiasciurus hudsonicus), snowshoe hares (Lepus americanus) and porcﬁpines
(Erethizon dorsatum), inflict feeding damage on forest and agricultural crops in North America,
Europe and Asia (Van Deusen and Myers 1962; Hansson and Nilsson 1975; Green 1978;
Sullivan and Sullivan 1982; Byers 1984; Hansson 1985; Sullivan et al. 1986; Sullivan and
Moses 1986a, 1986b; Zimmerling and Zimmerling 1996; Singleton et al. 1999). The impact of
these herbivores on their food source can be substantial (Crawley 1983; Ostfeld and Canham
1993, Singleton et al. 1999) and conversely, changes in plant density, nutritional quality or
chemistry can have an equally dramatic effect on herbivores (Cole and Batzli 1979; Batzli et al.
1981; Sullivan and Moses 1986a, 1986b; Bryant et al. 1992; Krebs 1994). As a result of the
potential impacts of herbivores on forest trees, forest managers have become increasingly
interested in the dynamic relationship between plant anci herbivore communities and methods
by which to manipulate these interactions.

Since the early 1900’s porcupines have been considered a pest to commercial forest
operations throughout their range (Hunter 1918; Cox 1923; Gabriélson 1928; Hatt 1930; Curtis
1941). As aresult, a wide variety of control measures for reducing porcupine feeding damage
to commercial forestry plantations have been implemented (Roze 1989). Sullivan and Cheng
(1989) provided a review of the methods and examined the practicality of each. There are two
broad categories of control strategies: population reduction methods and damage reduction
methods. Population reduction methods include bounties (Reeks 1942; Dodge 1982), poisoning
(Faulker and_ Dodge 1962), trapping (Evans 1987) and biological control (Powell and Brander

1977; Dodge 1982; Conniff 1986). The potential rate of population increase for porcupines is

low, as they have just one offspring per year (Roze 1989), and as a result population reduction




methods have a high probability of successfully reducing porcupine numbers. However, such
programs have been found to be costly, impact non-target species and have been difficult to
monitor to ensure porcupines were being removed from the appropriate location (Reeks 1942;
Roze 1989, Sullivan and Cheng 1989).

The three methods which fall into the category of damage reduction are: the use of
mechanical barriers, repellents and forest management. Mechanical barriers are effective at
preventing porcupines from climbing trees (Dodge 1982; Griesemer et al. 1994), thereby
reducing damage. However, material costs and labour make mechanical barriers impractical
over a large scale (Dodge 1982).

Repellents, such as predator odors and plant antifeedants, have been shown to reduce
feeding damage caused by snowshoe hares and meadow voles (Sullivan and Crump 1984;
Sullivan et al. 1992; Zimmerling and Zimmerling 1996). Currently there are no repellents
recommended for use égainst porcupine feeding damage; however, Witmer and Pipas (1998)
report promising results from preliminary pen trials using predator based odours.

The use of forest management techniques such as thinning or pruning to reduce porcupine
damage has been suggested by several authors (Sullivan and Cheng 1989; Krebs 1994), but has
feceived little attention from researchers. Pre-commercial thinning (removal of trees prior to
the stems being large enough to be commercially harvested) is a common practice throughout
much of British Columbia. This technique can result in a substantial reduction in the density of
trees within a stand. If tree densities can be reduced‘ low enough, the habitat within the stand
should become poorer quality for porcupines. Porcupine numbers in the thinned stands should
decline owing to a direct exodus of porcupines from the poor quality habitat, or from increased

mortality rates of porcupines that remain in these stands. It is the use of pre-commercial

thinning to reduce porcupine feeding damage which I explore in this study.




I have followed a number of radio-tagged porcupines, residing in second-growth coniferous
forests of northwestern British Columbia, for four winters. In the first two winters of the study
the second-growth forest was left unmanaged. During that time I collected data on den use and
forage tree selection.

In Chapter 1 of this thesis I examine whether porcupines select their winter den site location
based on within-stand variation in tree species composition and size class distribution. The |
association between particular species and size classes of trees and den site may aid forest
managers in predicting where, within a second-growth stand, porcupine feeding damage is
likely to'be most severe. In addition to den site location, I also examine forage tree selection By
porcupines and present data on species and size class preferences.

In Chapter 2 I present the data on den type selection. I examine the thermal cover provided
by several different types of den structures used by porcupines during the winter. I also present
data in this chapter relating to the lower critical temperature of porcupines in the study areé and
examine how dens reduce the energetic cost for a porcupine of maintaining body temperature.

After tracking the radio-tagged porcupines for two winters, the study area was divided and
pre-commercial thinning to 1200 stems/ha and 400 stems/ha occurred over a portion of the
study area. I continued to monitor the radio-tagged porcupines for two consecutive winters
after these treatments. I anticipated that the thinning treatments would have a negative impact
on porcupine movements, mortality rates and foraging behaviour, such that thinning to low
densities (400 stems/ha) could be used as an effective means of controlling porcupine feeding
damage within second-growth stands.

In Chapter 3 I present data collected from the post-treatment years and I test four hypotheses
relating to the impact of the thinning treatments on the foraging behaviour of porcupines:

H;: Owing to an increased perceived risk of predation, porcupines will shift their foraging

range to avoid the thinned treatment areas.



Hai: Alternatively, porcupines will not shift their foraging ranges out of the thinned areas
and will suffer higher rates of mortality owing to predation compared to porcupines in

control areas.

H,: Porcupines that continue to use den sites within thinned treatment areas will forage in
a greater radius around den sites and move to new dens more frequently than porcupines

using dens in the control areas.

Ha,: Alternatively, porcupines will not increase their foraging range around the den site
and will not change den location in a shorter time frame because den switching is not
based on the rate of foraging that can be achieved.

In Chapter 4 I examine the potential benefits to forest management of using low density pre-
commercial thinning treatments (400 stems/ha) to increase porcupine winter energetic
expenditures. I compare the influence of the low density thinning to the more standard 1200
stem/ha pre-commércial thinning and control areas (2000 stems/ha), and tested six hypotheses:
H;: The lower density of trees in thinned areas will reduce the thermal cover afforded by
tree canopy. As a result, the thinned treatment areas will be, on average, colder than the

control areas.

Ha,: Alternatively the thinned treatment areas will maintain the same temperature, on

average, as the control areas.




H,: Porcupines in the thinned stands will travel in the open (away from conifer branch
cover) more often, and move through deep snow more often than porcupines in control

areas.

Ha,: Alternatively, porcupines in treatment areas will restrict their travel routes to areas
under the remaining conifers and will travel in the open in the same frequency as

porcupines in the control areas.

Hj;: Increased energetic cost of travel between trees in the thinned stands increases the
amount of vascular tissue removed per feeding event (before leaving the tree) by

porcupines feeding in thinned areas.

Hajs: Alternatively, porcupines that forage in thinned stands do not remove a larger
amount of vascular tissue per feeding event and thus suffer a higher rate of mass loss than
porcupines foraging in the control areas.

In Chapter 5 I present data on the short-term benefits of pre-commercial thinning on conifer
tree growth rates. I examine the impact of porcupine winter feeding on tree growth rates and I
present a conceptual model. The model has been developed based on data collected from this
study and other studies from the general area. It is presented as an aid to forest managers in
deciding which second-growth stands should be pre-commercially thinned when porcupine
feeding damage is a possibility.

I conclude with management recommendations and suggestions into further research into the

prbblem of managing mammalian pest damage in commercial forest plantations.




LITERATURE CITED

Batzli, G.O., Jung, H.G. and G. Guntespergen. 1981. Nutritional ecology of microtine rodents:
linear forage-rate curves for brown lemmings. Oikos 37:112-116.

Bryant, J.P., Reichardt, P.B., Clausen, T.P., Provenza, F.D. and P.J. Kuropat. 1992. Woody
plant-mammal interactions. /n Herbivores, Their Interactions with Secondary Plant
Metabolites, .Volume I1, Second Edition. Rosenthal, G.A. and M.R. Berenbaum eds.
Academic Press Inc., New York.

Byers, R.E. 1984. Control and management of vertebrate pests in deciduous orchards of the
eastern United States. Horticultural Review 6:253-285.

Cole, F.R. and G.O. Batzli. 1979. Nutrition and population dynamics of the prairie vole,
Microtus ochrogaster, in central Illinois. Journal of Animal Ecology 48:455-470.

Conniff, R. 1986. All things considered, a porcupine would rather be left alone. Audubon

88:88-93.

Cox, W.T. 1923. Pine or porcupine? American Forestry 29:351.

Crawley, M.J. 1983. Herbivory: The dynamics of animal-plant interactions. Studies in
Ecology Volume 10. Blackwell Scientific Publications.

Curtis, J. D. 1941. The silvicultural significance of the porcupine. Journal of Forestry 39:
544-583.

Dodge, W.E. 1982. Porcupine. /n Wild Mammals of North America: Biology,
Management, and Economics. Chapman J.A. and G.A. Feldhamer (eds.). Baltimore. John
Hopkins University Press. Pp 355-366.

Evans, J. 1987. The porcupine in the Pacific Northwest. /n Proceedings of the Symposium on

Animal Damage Management in Pacific Northwest Forests. Spokane, Washington.

Pp 75-78.




Faulkner, C.E. and W.E. Dodge.. 1962. Control of the porcupine in New England. Journal of
Forestry 60:36-37.

Gabrielson, I.N. 1928. Notes on the habits and behaviour of the porcupine in Oregon. Journal
of Mammalogy 9:33-38.

Green, J.E. 1978. Techhiques for the control of small mammal damage to plants: A review.
Alberta Oilsands Environmental Research Program. Project VE7.1.1.

Griesemer, S.J., DeGraaf, R.M. and T.K. Fuller. 1994. Effects of excluding porcupines from
established winter feeding trees in central Massachusetts. Northeast Wildlife 51: 29- 33.

Hansson, L. 1985. Damage by wildlife, especially small rodents, to North American Pinus
contorta provenances introduced to Sweden. Canadian Journal of Forest Research
15:1167-1171.

_.and B. Nilsson (eds.). 1975. Biocontrol of Rodents. Ecological Bulletins No. 19.
Swedish Natural Science Research Council, Stockholm.

Hatt, R.T. 1930. The relation of mammals to the Harvard Forest. Roosevelt Wild Life
Bulletin 5:625-671.

Hunter, G.M. 1918. Porcupines and the damage they do. Unpublished Ms. U.S. Forest
Serviqe, Denver Colorado. 10 pp.

Krébs, J. A. 1994. Porcupine populations and winter feeding damage in thinned and
unthinned second-growth stands. M.Sc. thesis, University of Alberta, Edmonton,
Alberta.

Ostfeld, R.S. and C.D. Canham. 1993. Effects of meadow vole population density on tree
seedling survival in old fields. Ecology 74:1792-1801.

Powell, R.A. and R.B. Brander 1977. Adaptations of fishers and porcupines to their predator
prey system. In Proceedings of the 1975 Predator Symposium. Philips, R. and C. Jonkel

(eds.). Montana Forest Conservation Experimental Station. Pp 45-53.

7




Reeks, W.A. 1942. Notes on the Canada porcupine in the Maritime provinces. Forestry
Chronicle 18:182-187.

Roze, U. 1989. The North American Porcupine. Atherton, L., (ed.). Smithsonian Institution
Press, Washington, D.C.

Singleton, G.R., Hinds, L.A., Leirs, H. and Z. Zhang (eds.) 1999. Ecologically-based
management of rodent pests. Australian Centre for International Agricultural Research
Monograph No. 59, 494pp.

Sullivan, T.P., and C. Cheng. 1989. Impact of porcupine feeding damage on intensive forest
management in the Prince Rupert Forest Region: Problem Analysis. Forest Resource
Development ‘Agreement Report 083.

_ ,and D.R. Crump. 1984. Influence of mustelid scent gland compounds on suppression
of feeding by snowshoe hares (Llepus americanus). Journal of Chemical Ecology
10:1809-1821.

_ ,and R.A. Moses. 1986a. Demographic and feeding response of a snowshoe hare
population to habitat alteration. Journal of Applied Ecology 23:53-63.

___and R.A. Moses. 1986b. Red squirrel populations in natural and managed stands of
lodegpole pine. Journal of Wildlife Management 50:595-601.

__and D.S. Sullivan. 1982. Barking damage by snowshoe hares and red squirrels in lodge
pole pine stands in central British Columbia. Canadian Journal of Forest Research
12:443-448.

____ ,Jackson, W.T, Pojar, J. and A. Banner. 1986. Impact of feeding damage by porcupine

on western hemlock-Sitka spruce forests of north-coastal British Columbia. Canadian Journal

of Forest Research 16:642-647.




_ , Sullivan, D.S., Crump, D.R., Weiser, H. and E.A. Dixon. 1992. Influence of the plant
antifeedant, pinosylvin, on suppression of feeding by snowshoe hares. Journal of Chemical
Ecology 18:1151-1164.

Witmer, G.W. and M.J. Pipas. 1998. Porcupine damage and repellent research in the interior
Pacific NorthWest. In Proceedings of the 18" Vertebrate Pest Conference. Baker, R.O. and

"~ A.C. Crabb (eds.). University of California, Davis. Pp 203 —207.

Van Deusen, J.L. and C.A. Myers. 1962. Porcupine damage in immature stands of Ponderosa
pine in the Black Hills. Journal of Forestry 60:811-813.

Zimmerling, T.N. and L.M. Zimmerling. 1996. A Comparison of the effectiveness of predator

odor and plant antifeedant in deterring small mammal feeding damage on lodegpole pine

seedlings. Journal of Chemical Ecology 22:2123-2132.




CHAPTER 1: RESOURCE SELECTION BY PORCUPINES: WINTER DEN

SITE LOCATION AND FORAGE TREE CHOICES.

INTRODUCTION

The porcupine (Erethizon dorsatum) is found in a variety of habitats across most of Canada,
United States and northwestern Mexico (Dodge 1982). During the spring and summer months,
porcupines feed extensively on ground vegetation such as forbs and grasses (Taylor 1935;
Dodge 1982; Hendricks and Allard 1988; Griesemer et al. 1998). Over wintef, when summer
forage has died back or is covered by snow, porcupines feed on the cambium, phloem and
foliage of a variety of woody shrubs, and deciduous and coniferous trees (Curtis and Wilson
1953; Van Deusen and Myers 1962; Dodge 1967; Dodge and Canutt 1969; Harder 1980;
Tenneson and Oring 1985; Speer and Dilworth 1978; Griesemer et al. 1994; Griesemer et al.
1998).

Although porcupine winter feeding occurs on a variety of tree species, across a large
geographic area (Daniel and Barnes 1958; Van Deusen and Myers 1962; Storm and Halvorson
1967; Gill and Cordes 1972; Eglitis and Hennon 1986; Sullivan et al. 1986), similarities in
feeding patterns do exist. Roze (1984) reported that the majority of porcupines in the Catskill
- Mountains of New York State foraged on trees within 30 m of their den site. Speer and
Dilworth (1978) reported a similar result in New Brunswick, with most winter feeding being
associated with winter den sites. Griesemer et al. (1994) also reported that the majority of
winter porcupine feeding occurred close to (<40 m) wiﬁter den sites. These results indicate an
apparent association between den location and foraging; however, it is unclear as to whether
den sites are chosen because of the presence of preferred forage species.

Roze (1984) reported that porcupines feed upon the tree species which is most abundant

around their den site and Sullivan et al. (1986) reported that porcupines preferred the most
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abundant tree species in the study area, and selected for specific diameter classes of that
species. Gill and Cordes (1972) also reported that porcupines feed on the most abundant tree
species in close proximity to their den site. None of these previous studies have examined
whether porcupines use localized tree species abundance in selecting den sites, or if den sites
are randomly located and forage tree selection shifts with respect to available trees near the den
site.

The objective of this study was to determine if porcupines select den sites based on within-
stand variations in tree species composition or size-class distribution. In addition, I wished to
determine whether porcupines choose forage trees around the den site randomly (i.e. show no
selection of forage tree), thereby relying on den site location to provide appropriate forage tree
availability, or whether porcupines select specific forage trees around the den site, thereby
using a single tree scale to make foraging choices.

STUDY AREA

This study took place near Terrace, British Columbia, Canada (54° 35', 128° 42') in the
. Shames Valley (approximately 30 km west of Terrace). The study site was composed of three
second-growth stands, (20 - 25 years old) located in the Coastal Western Hemlock, wet
submaritime (CWH,) biogeoclimatic subzone (Banner et al. 1993). The second-growth forest
consisted primarily of western hemlock, amabilis fir (4bies amabilis), and sitka spruce (Picea
sitc'hensis) with a minor component of western red cedar (Thuja plicata).

The study stands were located on a west facing slope with gradient up to 40% present. The
lower boundary of the study stands were at approximately 200 m elevation and the upper

boundary were at approximately 450 m elevation.
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METHODS

In the spring of 1996, 5.64-m radius (100-m?) tree assessment plots were established within
the study area. Plots were systematically placéd across the study area at a density of 2 per
hectare for a total of 160 plots. The centre of each plot was marked with a stake and flagging.
Within each plot all trees with a diameter at breast height (dbh = 1.3 m) > 5 cm were
permanently marked. The species and dbh of each tagged tree were recorded to give a species
composition and diameter size ciass distribution for the study area.

In the fall, using systematic searches of the study area, 12 porcupines (7 males, 5 females)
were located and captured. Once located, the porcupine was netted, using a large dip-net, if the
animal was out of its den. If the animal was in its den, a Tomahawk, single door live-trap (40
x 40 x 100 cm) was placed at the den entrance and left overnight. Once captured, the animal
was drugged using a 10:1, ketamine (10mg/kg): xylazine (1mg/kg) combination. To reduce the
time to recovery of smaller animals 1 kg was subtracted from body weight when determining
ddsage. This procedure ensured that smaller animals, that could be processed more quickly and
were more susceptible to exposure to cold temperatures, recovered more quickly than larger
animals that required more processing time and were less susceptible to exposure to cold
temperatures.

Each captured aﬁimal was fitted with a radio-collar (Lotek, model SMRC-3RB, with nylon
collars; weight = 45 - 50 g), tagged with a numbered ear tag, weighed, and sexed. Throughout
the winter months each collared animal was located three times per week (using handheld
telemetry), to identify the animal’s den location. From its den location snowtracking was used
to trace the feeding route of the animal from the previous night. During the snowtracking, the
dbh and species of all forage trees encountered were recorded. A forage tree was defined as

any tree from which the porcupine removed cambial tissue. Trees that were climbed but not fed
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upon were not considered forage trees. Upon encounter, each forage tree was marked, using a
spot of orange tree paint, to ensure it was nbt recorded more than once.

The average number of forage trees used per day by a porcupine was calculated by adding
all the forage trees used over a defined time period (> 30 dayé) and dividing by the number of
days in the time period. Any tree that was fed upon on more than a single day was only
included once. As a result, this calculation represenfs only the number of new forage trees.

Porcupine home range size was calculated using minimum convex polygons (Animal
movement extension to arcview; Hooge and Eichenlaub 1997) of foraging trees around each
den site. Although porcupines may have travelled a considerable distance (> 500 m) between
den sites, this distance was not included as part of home range. Instead the range defined in this
study may be better termed “foraging range” as it was calculated based solely on foraging
locations. Where more than one den site was used, the area around each den site was added
together to give a foraging range estimate.

In the spring of 1997 and 1998, four tree assessment plots were established at each den site
identified during the winter. The assessment plots were placed, 10 m from the den site in the
cardinal directions. Within each plot, dbh and species of every tree = 5 cm dbh were recorded.
These data were used to estimate a size-class distribution and species composition of trees close
to the den site. In several cases, individual porcupines spent time at multiple den sites. In these
cases tree assessment plots were established at each den site and the data were combined.
STATISTICAL ANALYSIS |

Data from the assessment plots and from porcupine foraging were sblit into 15 resource
categories based on tree species and dbh. The resource categories were based on dbh size
classes 0f 5.0 - 9.9,10.0 - 14.9, 15.0 - 19.9, 20.0 - 24.9 and > 24.9 cm, for each of three species
(western hemlock, sitka spruce, amabilis fir). Western red cedar was not included in the

analysis, as it made up < 5% of the trees in the study area.
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Selection analysis was performed using the Chi-squared goodness-of-fit test used by Neu et
al. (1974), with the associated Bonferroni z-test to determine specific resource category
differences. This method has been assessed by Alldredge and Ratti (1986), Manly et al. (1993)
and McClean et al. (1998) and found to provide good consistency across several scales of
analysis and acceptable Type I and Type II errors when applied to resource selection analysis,
such as that required fc;r this study.

RESULTS

Porcupines used an average of 3.75 den sites per individual (range 1 - 5) throughout the
winter months of this study. The porcupines had a mean foraging range of 1.53 ha (range 0.14
ha to 5.80 ha) over which foraging on conifer trees occuﬁed. Within this foraging range,
porcupines used a mean of 0.54 (s.d. = 0.40 trees) new forage trees per day. The number of |
new forage trees used/day varied considerably among porcupines, with a range from 0.18
trees/day to 1.33 trees/day (Figure 1.1). Field observation revealed a potential relationship
between porcupine size and number of new forage trees used per day. Mid-winter weight
measurements were available for ten of the porcupines and subsequent regression analysis of
new forage trees per day on mid-winter weight of these ten individuals revealed a strong
positive relationship (r* = 0.92) when a polynomial regression line was used (y = 0.0032x> —
0.0234x* + 0.0048x + 0.3612) (Figure 1.1).

As a “new forage tree” constituted everything from a small, 1 cm? patch up to the complete
removal of all vascular tissue from a tree, it was of interest to determine if there was a
relationship betWeen porcupine mid-winter weight and the amount of vascular tissue removed
per forage tree. Regression analysis of the mean vascular tissue removed per forage tree on
porcupine mid-winter weight revealed no significant relationship (F = 2.36, d.f. 1, 10; p = 0.16).
The mean vascular tissue removed per tree by an individual porcupine ranged from 533.13 cm?

to 15623 cm>.
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A comparison of the proportion of trees in each resource category around winter den sites
and in the entire study area (Table 1.1) produced a significant difference (X* = 343.0, d.f. = 14),
indicating that porcupines show some resource category selection or avoidance. Bonferroni z-
statistic revealed that porcupines avoided den sites with smaller hemlock trees (5.0 - 9.9 and
10.0 - 14.9 cm dbh) and showed a trend towards selecting sites with high proportions of sitka
spruce (Table 1.1). A statistical selection was found for sitka spruce in the 15.0 - 19.9 cm dbh
resource category (Table 1.1).

A comparison of the proportion of forage trees in each category and trees around the den
sites (Table 1.2) also produced a significant difference (X* = 337.2, d.f. = 14). Porcupines
avoided amabilis fir in all categories (Table 1.2) and the smallest diameter category (5.0 -9.9
cm dbh) of sitka spruce. There was also a trend towards avoidance of western hemlock in the
smallest category (Table 1.2). Western hemlock larger than 9.9 cm dbh were selected by
porcupines as forage trees (Table 1.2). Selection wés statistically significant for the 10.0 -14.9
cm dbh, 15.0 - 19.9 cm dbh and 20.0 - 24.9 cm dbh resource categories. Porcupines displayed a
trend towards selection of the largest resource category (> 24.9 cm dbh) as well; however, the
selection was not statistically significant.

DISCUSSION

An unexpected observation from this study was the strong relationship between porcupine
size and the number of new forage trees used/day. Although this relationship indicates that
larger animals tend to feed on more new trees (compared to smaller animals), there was no
relationship between porcupine size and the amount of vascular tissue removed per forage tree.
In general there was considerable variation in the amount of vascular tissue removed per tree,
even within individual porcupines.

Despite the lack of a relationship between the amount of vascular tissue removed and the

size of the porcupine, the results do indicate that larger porcupines cause a greater proportion of
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observed feeding damage (trees with bark removed) in second-growth stands, relative to the
damage caused by smaller porcupines. Thus, the percentage of trees damaged within a stand
may be related as much to the size of porcupines, as to the number of porcupines in the stand.
This finding is important for forest management, as it indicates that gaining an estimate of the |
number of porcupines within a particular stand will provide little information on the expected
level of porcupine feeding damage, without some idea of the size (related to age and sex) of the
individuals within the stand.

Porcupines in my study used different criteria for choosing den site location than they did to
select forage trees. With respect to den site location, porcupines select sitka spruce as a key
habitat characteristic. I do not know if the higher proportion of sitka spruce around den sites is
the ultimate characteristic porcupines are selecting for when choosing a den site, or if sitka
spruce is merely correlated with an unknown variable. Spruce trees may intercept snow better;
than other species, or may provide greater protection from predators when used as a roost tree,
or it may be an indication of other site characteristics such as higher soil moisture (Lavender et
al. 1990; Pojar and MacKinnon 1994). Mattson (1980), in a review of plant nitrogen content,
suggested that increased soil moisture results in increased nitrogen levels within plants. If this
is the case for western hemlock trees, then an area with a higher density of sitka spruce within a
stand may be an indication to porcupines of a location where forage trees will have higher
nitrogen content.

Speer and Dilworth (1978) noted that porcupine den sites were located on more moist soils,
and speculated that this may be owing to the higher probability of blowdown occurring on these
soil types, which creates more den sites. On my study site, blowdown was not an issue as the
valley is not subject to high winds, and dens were not located in blowdown (Chapter 2).

The selection for sitka spruce around den sites would be easily explained if porcupines were

also selecting sitka spruce when foraging; however, this is not the case (Table 1.2). Roze
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(1984) suggests that porcupines choose their foraging areas based on the relative density of
their primary food choice. My results do not support this, as sitka spruce are selected when
choosing a den site and western hemlock, in the larger diameter categories, are selected when
- foraging around the den site.

Forage species selection is common among mammalian herbivores (Radwan 1972; Freeland
and Janzen 1974; Belovsky 1981). Both the nutrient value of a forage species and the
concentration of secondary compounds (antifeedants) influence forage choice, and one or both
of these factors have been related to forage selection in a wide range of mammals, including:
moose (Belovsky 1981), snowshoe hares (Bryant 1981; Sinclair et al. 1982), white-tailed deer
(Odocoileus virginianus) (Swihart and Picone 1998), black-tailed deer (Odocoileus hemionus
columbianus) (Radwan 1972), black bears (Ursus americanus) (Kimball et al. 1998), Orkney .
voles (Microtus arvalis orcadensis) (Hartley et al. 1995), pocket gophefs (Geomys bursarius)
(Epple et al. 1996), tassel-eared squirrel (Sciurus aberti) (Farentinos et al. 1981) and porcupines
(Gill and Cordes 1972). Selection of particular individual plants within a species, or a specific
part of a plant is also influenced by nutrient and secondary compounds (Freeland and Janzen
1974; Bryant 1981).

Van Deusen and Myers (1962) noted that porcupines select large diameter, dominant and
codominant trees for forage in the forests of New Brunswick. Sullivan et al. (1986) also
reported that porcupines damaged more large diameter hemlock trees in coastal British
Columbia. I found that porcupines use tree diameter when making foraging choices. Western
hemlock and sitka spruce in the smallgst dbh category (5.0 - 9.9 cm) were avoided during
foraging as were all size classes of amabilis fir. Larger diameter western hemlock were
selected as forage trees. |

I do not know why porcupines select for the larger, more vigorous hemlock trees; however,

work by Nolte et al. (1998) reported that Douglas fir (Pseudotsuga menziesii) grown in thinned
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stands had an increased concentration of sugars and a decrease in terpenes compared to
unthinned trees. In addition, it is known that more vigorous trees have a thicker cambial layer
compared to suppressed trees (Jozsa and Middleton 1994). As a result, the larger trees selected
by porcupines are expected to have a larger amount of vascular tissue per unit area and (if the
hemlock is similar to Douglas fir) the vascular tissue has a higher concentration of nutrients.

My results indicate that porcupines feed selectively when they leave their den site to forage.
Speer and Dilworth (1978), Tenneson and Oring (1985), and Sullivan et al. (1986) all reported
species selection preferences by porcupines; however, these three studies compared feeding
trees to the study site as a whole, and not to trees available directly adjacent to the den site. The
small winter foraging range of the porcupines in this study (1.53 ha) indicates that comparing
forage choices to entire forest stands may be misleading, because porcupines cover only a small
portion of the area. My results suggest that porcupines use within-stand variation in tree
species composition to select den sites, and forage selectively from around the den site.
SUMMARY

This study was undertaken to examine the importance of tree species composition and tree
size class distribution in determining the selection of winter den sites and forage trees by
porcupines. I used data collected from 12 radio-tagged porcupines over two winters to examine
den site location and forage tree selection.

I found that porcupines in the study area fed on a mean of 0.54 new forage trees per day.
Regression analysis showed heavier porcupines used more new forage trees/day and therefore
cause a larger proportion of the observed, newly damaged conifer trees in second-growth
stands, than smaller porcupines. This result indicates that to predict potential future porcupine
feeding damage within a stand it is important to gain information on both the numbér of

porcupines in the stand and the size of the porcupines.
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My results showed that porcupines selected winter den sites based on within-stand variation
in the density of sitka spruce trees. The reason for sitka spruce being selected around den sites
1s not known, as porcupines did not select spruce as foragé trees. It is possible that spruce trees
are used by porcupines to identify locations of higher soil moisture, which is related to higher
nutrient content in forage.

When foraging around the den sites, porcupines avoided amabilis fir in all size classes and
selected western hemlock in the larger size classes. This selection may be related to an increase
in the amount of vascular tissue available in the larger trees, and an increase in the
concentration of nutrients within the vascular tissue. Based on the results of my study, it is
clear that porcupines use within-stand variation in species composition to select den sites, and

feed non-randomly on specific species and size classes of trees around the den site.
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Figure 1.1: Number of new forage trees used by porcupines per day in relation to mid-winter

mass (regression line y = 0.0032x> — 0.0234x* + 0.0048x + 0.3612; r* = 0.92).
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CHAPTER 2: WINTER DEN USE BY PORCUPINES

INTRODUCTION

Cold temperatures can have dramatic impacts on mammals, including increasing individual
mass loss and mortality.rates (Moore and Kennedy 1985; Saether and Graven 1988; Sweitzer
and Berger 1993). Despite the extreme cold weather conditions which may be encountered
throughout the northern portions of the porcupine’s (Erethizon dorsa;um) range, the porcupine
appears to be poorly adapted for survival in colder climates. Its dorsal pelage is sparse in
comparison to othef northern furbearers, and the soles of its feet are hairless and large (Folk
1966). Under winter conditions the lower critical temperature (ambient temperature at which
the porcupine must increase its basal metabolic rate above resting rate to maintain body
temperature) for porcupines is estimated to be between -12°C (Irving et al. 1955) and -4°C
(Clarke 1969), which is high compared to other mammals living in northern climates
(Scholander et al. 1950a, 1950b; Irving et al. 1955).

Given that porcupines have a high, lower critical temperature, cold ambient temperatures
must constitute a major energy cost for them. To survive in cold temperature conditions the
porcupine has evolved a number of physiological and behavioural adaptations (Clarke and
Brander 1973; Roze 1987). One of the behavioural adaptations is the use of a winter den.

Sweitzer and Berger (1993) and Roze (1989) found that porcupines alter their foraging
patterns in response to cold weather and spend more time in dens. Radiometric measurements
(Clarke and Brander 1973) indicate that cover above the back of a porcupine, such as a conifer
branch, reduces radiative heat loss, and presumably a winéer den (not measured in the Clarke
and Brander study) provides even greater thermal protection than a conifer branch.

The objective of this study was to determine the relative thermal protection provided to a

porcupine by different den structures and to examine whether porcupines choose den types with
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respect to the thermal protection provided. Den switching and den sharing by porcupines was
also examined to compare winter denning behaviour of this study population with those from
other areas.
STUDY AREA

Please see Chapter 1 for alfull description of the study area.
METHODS

During the winter of 1996 and 1997, 33 porcupines were located, captured and fitted with
radio transmitters as per the methods described in Chapter 1. Throughout the winter months
from 1996 to 2000 each collared animal was located 3 times per week, using handheld
telemetry. When an animal was found in a den the location was recorded using a Trimble
ProXL GPS unit with differential correction (accurate to £ 1 m), and a temperature
measurement from inside and outside the den was made. The temperature was measured using
a Barigo digital indoor/outdoor thermometer (accurate to + 1°C) with a 3 m probe cable. The
probe was taped to heavy guage electrical wiring to give stiffness and to allow manipulation
into the porcupine den. When the porcupine could be seen within the den, the probe was placed
beside (but not touching) the animal. When the animal could not be seen the probe was
inserted to a maximum of 2 m. In all cases the probe was positioned so as not to be resting on
the den floor. The probe was left for 10 minutes to gain a stable temperature reading. Once the
den temperature had been recorded the probe was then removed and placed at snow level, in a
forest opening, closest to the den site, to record ambient temperature.

Although a single porcupine may have used the same den over several weeks during the
winter or during two or more winters, only a single temperature measurement was taken from
each den site over the course of this study. In addition to the den use by collared porcupines,

den use by uncollared porcupines was also noted (the type of den used) when discovered
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fortuitously. Temperatures were not recorded at these den sites unless it was confirmed
(through visual observation) that the porcupine was occupying the den at the time.

Porcupines within the Shames Valley study area used four distinct den types: 1) log dens,
which were deﬁned’ as dens within fallen, hollow logs or dens located under a fallen tree
(usually having been created by trees that had been cut down during commercial harvesting, but
left on-site). 2) Stump dens, which were defined as dens located beneath the stump of a
previously harvested tree. In all cases these dens were located in the rootwad of the stump, not
in any kind of hole within the stump itself. 3) Rock dens, which were dens located within the
crevices of rock outcroppings. These dens were usually very deep and often had multiple,
potential entrances. 4) Pre-excavated dens, which were rare in the stﬁdy area, consisted
exclusively of dens excavated by coyotes (Canis latrans) into soft soils on gully slopes.
STATISTICAL ANALYSIS

I compared the thermal protection provided by each den type using a single factor analysis
of variance of the temperature differentials for each den type. Where required a Tukey test was
used to determine which means were different (Zar 1974). Temperature differentials were
calculated by subtracting the ambient temperature from the den temperature to give a positive
number. When den temperatures were lower than ambient températures the differential was
negative.

RESULTS

A total of 46 dens were measured to determine the temperature differential between den and
ambient temperatures. Unfortunately, owing to the low number of pre-excavated dens used, no
measurements for this den type were obtained. Rock and stump dens provided almost identical
thermal protection, with mean temperature differentials of +5.4°C and +5.2 °C, respectively
(Figure 2.1). Log dens provided the poorest insulation for porcupines, as the best temperature

differential recorded for a log den was +4°C and the mean was +1.3 °C (Figure 2.1). This
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compares with the best temperature differential for a rock den of +9°C and a stump den of
-+10°C. Analysis of variance, with the associated Tukey test, showed log dens provide
significantly less thermal protection than both rock and stump dens (ANOVA p =4 x 10%; d.f.
=2,43; F=9.42).

In the single case where a log den was measured while ambient temperature was below
-12°C, the den temperature was also below -12°C-(-16°C ambient, -15.3°C den). In nine cases
where den temperatures were recorded in stump and rock dens while ambient temperatures
ranged from -12°C to -20°C, the den temperatures remained above -12°C.

Of.24 observations of porcupines out of their dens during the day, only one occurred when
the ambient temperature was below -4°C (temperature was -5°C). This observation involved a
porcupine moving down a tree and travelling to a stump den, which it entered. All other
observations of active animals involved porcupines feeding or resting in trees when
temperatures were between -2°C and +6°C.

If -4°C is the lower critical temperature for porcupines, then log den temperatures were at or
below the lower critical temperature in all eight cases where ambient temperature was below

-4°C. Rock den temperatures were at or below -4°C in four out of twelve cases where ambient
temperature was below -4°C, and stump den temperatures were at or below -4°C when ambient
temperatures were below -4°C in four out of fifteen instances. In the cases where stump and
rock den temperatures were below -4°C, the ambient temperature was -12°C or colder and the
level of thermal protection provided by the den was high (+6.7°C to +10.0°C temperature
differential).

The use of pre-excavated and log dens was similar from year-to-year, with pre-exca\}ated
dens being used in only one year (1996/97) and log dens being used infrequently in all years
(Table 2.1). In three of the four years the majority of dens used were stump and rock dens, the

two den types with the best temperature differentials. The biggest single change in den use,
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from year-to-year was in the use of stump dens in 1997/98. During this winter, the use of
stump dens dropped to the lowest usage of the study (13.8%), while the use of rock dens
increased to the highest usage (69.0%) (Table 2.1). The winter of 1997/98, based on average
weekly temperatures, was the warmest winter of the four- year study (Table 2.2). January was‘
the énly month in which 1997/98 did not have the warmest maximum and minimum average |
temperatures, compared to the three other study years.

The number of dens used by a single porcupine in one winter was constant over three
winters of the study. In 1996/97, 1998/99 and 1999/00 individual porcupines used an average
of 3.44 dens/porcupine, 3.33 dens/porcupine and 3.25 dens/porcupine, respectively. The.
average number of dens used by a porcupine dropped in 1997/98 to 2.12.

Throughout the four winters of this study individual porcupines did not always use the same
den sites from year-to-year. In some cases new dens were used every winter and in a small
number of instances the same den was used by different porcupines in two different years.
Only one instance of two porcupines using the same den at the same time was noted. This den
sharing occurred in the winter of 1998/99 and involved an adult female and a juvenile female.
It was unknown if the two animals were related, but they shared the same den for 22 days
without any ind.ication of disputes occurring within the den (no sounds when den was obéerved
by researchers).

Average minimum monthly temperatures (Table 2.2) varied considerably from month-to-
month and from year-to-year over the four winters of the project. Fourteen of the 20 months of
this study had average minimum temperatures of —4°C or lower and 6 of the 20 months had
average minimum temperatures of —12°C or lower.

DISCUSSION
Porcupines in this study used four distinct den types (log, stump, rock or previbusly

excavated dens); however, previously excavated dens were only used to a minor degree during
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a single winter. Unlike the results reported by Roze (1987) and Griesemer et al. (1994), all
animals in this study used dens extensively throughout the winter and although roosting in trees
during the day was noted, none spent more than a day in the shelter of conifer trees rather than
in a den.

The relative use of the three common den types mirrored closely the temperature
differentials found between them. Rock and stump dens had the largest temperature
differentials and were used equally often through most of the study. An exception to this was
the winter of 1997/98, when rock dens were used more than in any other year and stump dens
were used less often. This winter was also the warmest winter of the study. The warmer
average temperature resulted in more mid-winter snowmelt than in other study years, and this
may have influenced den choice by porcupines. Stump dens tend to be low-lying and are
susceptible to water seepage. As a result, increased snowmelt may have resulted in water in the
den and thus lower use by porcupines.

Log dens had the poorest temperature differential and were used least often among the three
common den types. Even in years of increased snowfall, when the large snowpack would be
expected to provide increased thermal cover to a log, pdrcupines did not increase the use of this
den type. In all years, when ambient temperatures dropped below -4°C, log dens did not
provide adequate thermal protection to porcupines.

Roze (1989) found similar results in den use by porcupines in the Catskill Mountains of
New York State. Rock crevices were the most used denning structure (70% of dens) and
hollow logs were least often used (< 10% of dens). A key difference between the porcupines in
the Catskill Mountains and the porcupines in the Shames Valley is the use of stump dens and
standing, hollow trees. In the study area chosen by Roze (1989), porcupines used standing trees
with hollow openings for dens 20% of the time, and never used stump dens, as seen in my

study. The difference in den use is related to forest structure. My study site is a second-growth
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forest, 20 —25 years of age, and, as a result, there are no trees within the study area that are old
enough to have developed hollow openings in the stem. The high use of stump dens is related
to previous logging activities. The removal of the large coastal old-growth trees resulted in
large stumps being left behind. As the root structure of these stumps begins to decay a natural
opening is created beneath the stump in the root wad. Although Roze’s study area was an
abandoned farm, he mentions no evidence of recent (in the last 30 years) logging on the site.
As a result, stumps would only be created through natural mortality of trees.

Speer and Dilworth (1978) also reported that the majority of den sites in their New
Brunswick study site were located in the roots of trees. These dens, however, were not under
stumps, but located in the roots of wind-thrown trees. Only one of 69 dens was located in a
standing, hollow tree.

Based on behavioural observations of porcupines during my study, I assumed that the lower
critical temperature for porcupines in the study area is closer to —4°C as reported by Clarke
(1969), rather than the —12°C reported by Irving et al. (1955). In my study area, under most
winter temperature conditions, porcupines are able to rely solely on the thermal cover provided
by a rock or stump den to reduce the energy requirements for maintaining body temperature, as
den temperatures are maintained above -4°C. When ambient temperatures drop below —12°C, it
appears porcupines are forced to increase their metabolic rate to maintain body temperature
within rock and stump dens, however, on average, temperatures within the study area were
above —12°C.

Porcupines in my study were usually solitary in their den occupancy, but there was one
instance where two porcupines used the same den at the same time. The sharing of dens by
porcupines has been reported by Roze (1987), who found 12% of dens to be occupied by two

porcupines (usually a male-female pair). Dodge (1967) also described den sharing by

porcupines in western Massachusetts. In contrast, Dodge and Barnes (1975), Brander (1973)
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and Shapiro (1949) found that porcupines rarely shared dens in their studies. The occurrence of
winter den sharing appears to be directly correlated with the abundance of den sites in a
particular area. All three studies where porcupines were found to rarely share dens were
described as having an abundance of den sites, whereas Roze (1987) describes both his study
site and that of Dodge (1967) as having limited den sites. The results from my study also
support this argument as the Shames Yalley has a large number of potential den sites (as
indicated by numerous unoccupied, but previously used dens).

Despite the large number of available dens, porcupines in the Shames Valley used only a
few dens per individual during a single winter (3.25 - 3.44 dens/porcupine during 1996/97,
1998/99, and 1999/00). In the warm winter of 1997/98 the average number of dens used per
porcupine dropped to 2.12. Increased snowmelt in this year may have reduced the number of
dens availabie to porcupines, owing to water seeping into den sites. Alternatively, the warmer
temperatures may have also increased the energetic cost of travel for porcupines by qreating a
soft snowpack, thereby restricting porcupine movements. Roze (1989) reported a similar
impact, with high snowfall events reducing porcupine winter movements and numbers of dens
used.

SUMMARY

In this chapter, I investigated den type selection by porcupines, in relation to the thermal
cover provided by the den type, over a period of four winters. Porcupines used log dens, stump
dens and rock dens in proportion to the thermal cover provided by each den type. Based on
behavioural observations I assumed that the lower critical temperature for porcupines in my
study area is -4°C. Both stump and rock dens provided adequate thermal protection under most
ambient conditions, to allow porcupines to maintain their body temperature, without increasing
basal metabolic rate. In most cases rock and stump dens maintain den temperatures above -4°C

until ambient temperatures reach -12°C or lower. In contrast log dens provided poor thermal
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protection, even in years of high snowfall. When ambient temperatures dropped below -4°C,
den temperatures within log dens were also recorded below -4°C.

The use of rock dens has been reported in other studies; however, the use of stump dens
appears to be related to unique stand structure of my study area. Previous logging activities
have created a large number of potential stump dens for porcupines. As a result, in addition to
rock dens, which are a\'/yailable to porcupines in other study areas (Roze 1989), porcupines in the
Shames Valley also have the opportunity to usé stump dens, which provide similar levels of
thermal protection as rock dens.

Despite the large number of potential dens available to porcupines within the Shames
Valley, den use is generally limited to about 3 dens per porcupine per winter. The limited use
of dens by an individual porcupine during winter may be related to the energetic cost of finding
a new den or it may be related to specific selection criteria used by porcupines (Chapter 1).
These criteria may make many dens unsuitable owing to the species or size of trees ifl the

immediate vicinity of the den.

35




LITERATURE CITED

Brander, R.B. 1973. Life-history notes on the porcupine in a hardwood-hemlock forest in
upper Michigan. Michigan Academician 5:425-433.

Clarke, S.H. 1969. Thermoregulatory responses of the porcupine, Erethizon dorsatum, at
low environmental temperatures. Special Report, Department of Forestry. and Wildlife
Management, University of Massachusetts.

and R.B. Brander. 1973. Radiometric determination of porcupine surface temperatures
under two conditions of overhead cover. Physiological Ecology 46: 230-237.

Dodge, W.E. 1967. The biology and life history of the porcupine (Erethizon dorsatum)
in western Massachusetts. Ph.D. dissertation, University of Massachusetts, Amherst.

_and V.G. Barnes. 1975. Movements, homerange and control of porcupines in western
Washington. U.S. Department of Fish and Wildlife Service, Wildlife Leaflet No. 507.

Folk, E.G., Jr. 1966. Introduction to environmental physiology. Lea & Febiger, Philadelphia.

Griesemer, S. J., DeGraaf, R. M. and T. K. Fuller. 1994. Effects of excluding porcupines
from established winter feeding trees in central Massachusetts. Northeast Wildlife
51:29- 33.

Irving, L., Krog, H. and M. Monson. 1955. The metabolism of some Alaskan animals in
winter and summer. Physiological Zoology 18: 173-185.

Moore, D.W. and M.L. Kennedy. 1985. Weight changes and population structure of raccoons
in western Tennessee. Journal of Wildlife Management 49:906-909.

Roze, U. 1987. Denning and winter range of the porcupine. Can. J. Zool. 65: 981-986.

. 1989. The North American Porcupine. Atherton, L., editor. Smithsonian

Institution Press, Washington, D.C.
Saether, B. and A.J. Graven. 1988. Annual variation in winter body condition of Norwegian

moose calves. Journal of Wildlife Management 52:333-336.
36



Scholander, P.F., Walters, V., Hock, R., and L. Irving. 1950a. Body insulation of some arctic
and tropical mammals and birds. Biology Bulletin 99: 225-236. |

Scholander, P.F., Hock, R., Walters, V., Johnson, F. and L. Irving. 1950b. Heat regulation in
some arctic and tropical mammals and birds. Biology Bulletin 99: 237-258.

Shapiro, J. 1949. Ecological and life history notes on the porcupine in the Adirondacks.
Journal of Mammalogy 30:247-257.

Speer, R. J. and T. G. Dilworth. 1978. Porcupine winter foods and utilization in central New
Brunswick. Canadian Field-Naturalist 92:271-274.

Sweitzer, R.A. and J. Berger. 1993. Seasonal dynamics of mass and body condition in
Great Basin porcupines (Erethizon dorsatum). Journal of Mammalogy 74:198-203.

Zar, J.H. 1974. Biostatistical Analysis. Prentice-Hall, Inc., Englewood Cliffs, N.J., U.S.A.

37




| Table 2.1: Winter den type selection by porcupines in the Shames Valley (1996 - 2000).

Den Type
Winter n Log Stump Rock Dirt
1996/97 47 17.0% 38.3% 38.3% 6.4%
1998/99 24 12.5% 50.0% 37.5% 0.0%
1999/00 23 17.4% 52.2% 30.4% 0.0%

TOTAL 123 16.3% 37.4% 43.9% 2.4%

|
1997/98 29 17.2% 13.8% 69.0% 0.0%




Table 2.2: Maximum and minimum temperatures (°C) for the Shames Valley study site (1996 -

2000), based on weekly averages (£ 1 s.d.).

1996/97 1997/98 1998/99 - 1999/00

Max. Min. Max. Min. Max. Min. Max. Min.

November -2.5 -11.0 11.5 1.0 10.0 -4.0 2.0 -3.0
(4.9) (8.5) 2.1 (5.7) (1.0) (0.0) 4.2) (3.8)

December -3.8 -14.8 4.7 2.3 0.5 -7.2 -3.3 -6.5
| (10.0) (10.2) 4.7) (2.5) (1.3) (5.6) (6.8) (5.2)

January 1.3 125 -06 -13.2 0.0 83 98  -165
22 (93) G4 9.0 (07 (39 (04 (@21

February 5.5 48 8.3 33 00 125 -1.0  -14.0
25 (38 (22 @1  (00) (64 (13) (4.0)

March 11.0  -44 1.0 30 80 30 18 -8.8
Q4  GB7 (5 (1.8 (‘48 (3.7  (23)  (65)
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Figure 2.1: Mean temperature differential (den temperature — ambient temperature in °C) (+ 1

s.d.) of winter den types used by porcupines in the Shames Valley.
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CHAPTER 3: IMPACT OF PRE-COMMERCIAL THINNING ON
PORCUPINE WINTER FORAGING BEHAVIOUR AND PREDATION
RATES.

INTRODUCTION

The porcupine (Erethizon dorsatum) is a serious threat to timber production in northwest
British Columbia. Sullivan and Cheng (1989), MacHutchon (1990) and Krebs (1994) have all
identified the potential for the porcupine to create "not satisfactorily restocked" (NSR) stands
and thus reduce allowable annual cut (AAC) in some areas of British Columbia. Unfortunately,
current trends in intensive forest management practices appear to be increasing the potential for
extensive porcupine damage in many second-growth stands within northwestern British
Columbia. With the continued decrease of the available forested landbase, there is increasing
pressure for forest mahagers to produce a larger volume of timber per stem, in a shorter
rotation. As a result of this pressure, an increasing number of second-growth stands in British
Columbia are being targeted for pre-commercial thinning treatments. This silvicultural practice
eliminates less healthy and suppressed trees, thereby reducing competition between the
remaining stems, and increasing growth rates (Assmann 1970; Kozlowski 1971; Carter et al.
1986; Jozsa and Middleton 1994). Thinning practices are continuing despite evidence from
Harder (1979), Eglitis and Hennon (1986), Sullivan et al. (1986) and Sullivan and Cheng
(1989) that porcupines prefer to feed on vigorously growing trees. This feeding preference
means that the current emphasis on thinning second-growth stands may enhance porcupine
feeding opportunities by providing a large number of areas with vigorously growing trees,
which may ultimately exacerbate the porcupine damage problem by increasing porcupine
survival and reproductive rates.

The winter diet of porcupines (cambium, phloem and foliage of a variety of Woody shrubs_,

deciduous and coniferous trees) is of poor quality (0.5% -8% crude protein or nitrogen,
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Stricklan 1986; Roze 1989), compared to the minimum protein. requirements found for other
small mammals of 15% (Wallach and Hoff 1982) and 11% (Sinclair et al. 1982). One
consequence of this low quality diet is that starvatién is a major cause of mortality in porcupine
populations (Roze 1989; Hale and Fuller 1996). The poor quality food means that porcupines
are nutritionally stressed for most of the winter and are not maintaining body mass, but merely
attempting to slow the rate of mass loss through their foraging choices (Oveson 1983; Roze
1985; Sweitzer and Berger 1992, 1993). The fact that porcupines are nutritionally stressed in
winter means that each foraging choice of when, where and what to eat, becomes important.
The selection exhibited by porcupines for specific species and diameter classes of trees
(Chapter 1) suggests that alteration of habitat may influence the foraging choices made by
individual porcupines, and may be useful in managing porcupine feeding damage within
particular second-growth stands. In this chapter I examine the influence of h'abitat alteration, in
the form of pre-commercial forest thinning, on porcupine foraging behaviour during winter. I
examine the potential beneficial use of pre-commercial thinning to 400 stems/ha versus a more
common 1200 stems/ha and control areas of 2000 stems/ha and I test four hypotheses relating
to these treatments:

H;: Owing to an increased perceived risk of predation, porcupines will shift their foraging
range to avoid the thinned treatment areas.

Several studies indicate that porcupines alter their behaviour to avoid foraging in open areas
(Keller 1935; Earle and Kramm 1982; Sweftzer and Berger 1992; Krebs 1994). Predators such
as cougar (Felis concolor), fisher (Martes pennanti), wolverine (Gulo gulo), and coyote (Canis
latrans) appear to be more effective at killing porcupines in open areas (Robinette et al. 1959;
Powell and Brander 1977; Powell 1982; Stricklan 1986; Sweitzer and Berger 1992; Krebs
1994). Although the density of predators within my study area is unknown, Sih (1992)

indicates that prey species often make foraging decisions based on perceived risk and often stay
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within refuge habitat long after predators have been removed from the system (either

experimentally or naturally). As a result, porcupines should avoid open habitats when possible.

Hai: : Alternatively, porcupines will not shift their foraging ranges out of the thinned
areas and will suffer higher rates of mortality owing to predation compared to porcupines
in control areas.

If porcupines are not able to adequately sample their environment to determine the potential
threat of predation (Lima and Dill 1990), then they will not perceive an increased predation
risk. As a result, porcupines that continue to forage within the thinned stands will suffer higher
rates of mortality, owing to the increased effectiveness of predatoré in more open habitats
(Robinette et al. 1959; Powell and Brander 1977; Powell 1982; Stricklan 1986; Sweitzer and

Berger 1992; Krebs 1994).

H;: Porcupines that continue to use den sites within thinned treatment areas will forage in
a greater radius around den sites and move to new dens more frequently than porcupines
using dens in the control areas.

Griesemer et al. (1994) experimentaily prevented porcupines from using feed-trees close to
den sites, and found that these animals increased the radius around the den from which they
foraged. The same work showed that porcupines shifted den locations more often throughout
the winter whenever feed tree selection was limited. The marginal-value theorem (Charnov
1976; Stephens and Krebs 1986) predicts that a rate-maximizing forager will choose the
residence time for each patch type so that the marginal rate of gain at the time of leaving equals
the long-term average rate of energy intake in the habitat. If the forage area around the den site
1s assumed to be the patch from which the porcupine must decide when to leave, then

porcupines feeding in the thinned areas will stay at one den site for a shorter period of time
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compared to control animals. The smaller number of forage trees available in the thinned areas
will be used more quickly, thereby reducing the marginal rate of gain within the patch to that of
the long-term average in the area, in a shorter period of time. This prediction assumes the cost
of moving to a new den is equal between the control area and the thinned areas, and that the

energetic value of forage trees is similar between thinned and control areas.

Ha»: Alternatively, porcupines will not increase their foraging range around the den site
and will not change den location in a shorter time frame because den switching is not
based on the rate of foraging that can be achieved.

The number of stems left around the den after thiﬁning may still be adequate to meet the
minimum foraging demands of the porcupines. As a result porcupines will stay at a particular
den location beyond the time that would be predicted under the marginal-value theorem
because the den site provides good protection from predators, or because the extra energy cost
of finding a new den site is higher than the gains from finding a den site with more available
forage trees.

STUDY AREA

Please see Chapter 1 for a full description of the study area.
METHODS

In the spring of 1996 tree assessment plots were established within three second-growth
stands (38 ha, 48 ha and 58 ha in size). The assesément plots were circular, 5.64-m radius (100-
m?) plots, systematically placed acr;)ss the study stands at a density of 2 per hectare (total of
160 plots). The centre of each plot was marked with a stake and flagging. Within each
assessment plot, all trees with a diameter at breast height (dbh = 1.3 m) > 5 cm were

permanently marked.
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In the fall of 1996 12 porcupines were located, captured and fitted with radio transmitters as
per the methods described in Chapter 1. An additional 21 animals were captured and fitted with
radio transmitters during the winter of 1996 and 1997. Of the 33 animals radio-collared only 18
maintained all of their activity within the study area and could be used for analyses in this
study.

Throughout the winter months from 1996 to 2000 each collared porcupine was located 3
times per week, (using handheld telemetry), to identify the animal’s den location. From its den
location snowtracking was done to trace the feeding route of the animal from the previous
night. During the snowtracking, the dbh and species of all forage trees encountered were
recorded. A forage tree was defined as any tree from which the porcupine had removed
cambial tissue. Trees that were climbed but not fed upon were not considered forage trees.
Upon encounter, each forage tree was marked to ensure it was not recorded more than once.

In the spring of 1998 each of the three study stands (Stand 1, 2 and 3) was split into three
equal size, rectangu]etr sections (Unit A, B and C), running from the lower boundary of the
study stands (approximately 200 m elevation) to the upper boundary of the study stands
(approximately 450 m elevation). Each section was randomly assigned a treatment. One
section of each study stand was left as a control (Unit A) at approximately 2000 trees/ha; one
section was pre-commercially thinned to a density of 1200 stems/ha (Unit B); and one séction
was pre-commercially thinned to a density of 400 stems/ha (Unit C). For two winters after the
pre-commercial thinning treatments the porcupine monitoring continued, and in the spring of
each year the damage assessment plots were re-visited and data were collected as described
above.

As bart of the weekly porcupine monitoring, predator tracks were noted to determine if
predation pressure in different stand densities influenced porcupine use of an area. Within each

treatment area (post-treatment) one transect was walked three times a week. While walking this
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transect the researcher recorded all tracks of potential porcupine predators that crossed the
transect line. The number of tracks counted per unit transect distance was used to index the
relative predation pressure within each treatment unit.

STATISTICAL ANALYSIS

For comparison of feeding damage rates within the stands between pre- and post-treatment
years, the pre-treatment damage assessment plots were split based on their location with respect
to the boundaries of the treatments in the post-treatment years (i.e. plots that were in the 400
stems/ha treatment area after thinning were grouped together for the pre-treatment analysis).

When examining the distance from den sites to forage trees for each porcupine, data from
different den sites of the same porcupine were combined to provide a single average maximum
distance. Analysis of variance with Tukey test (Zar 1974), was used to compare maximum
distance travelled from den sites to forage trees between porcupines in the control areas and the
two treatment areas. To examine the influence of outliers the same analysis was done on the
closest 95% of forage trees to the den site.

To examine shifts in a porcupine’s foraging range as a result of the thinning treatment I
plotted the GPS location of each forage tree used by an individual porcupine during the winter
of 1997/98 (winter before treatments). I estimated the minimum convex polygon foraging
range of each porcupine by including the closest 95% of all forage trees around the den site and
using the animal movement extension to arcview (Hooge and Eichenlaub 1997). In some cases
multiple den sites were used by a singie porcupine. In these cases a polygon was drawn around
each den site based on the closest 95% of forage trees. This procedure produced a pre-
treatment foraging range map for each porcupine. The same procedure was then carried out for
each porcupine based on forage trees used during the winter of 1998/99 (first winter after

thinning treatment), to produce a post-treatment foraging range map. The similarity between

the pre-treatment and post-treatment foraging ranges was then calculated based on the
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perceﬁtage of area overlap between pre- and post-treatment (i.e. if the post-treatment foraging -
range overlapped 3 ha of the 4 ha pre-treatment foraging range then there was a 75% overlap).
A comparison of the amount of foraging range shift between porcupines in the two treatment
areas and control was done using analysis of variance on the arcsine transformed, percentage of
overlap data. A power curve was developed to examine the likelihood of this test detecting a
difference between the control and treatment porcupines.

RESULTS

Foraging range shifts

Two out of six porcupines left the 400 stems/ha area after treatment. Two out of 10
porcupines left the control area and one out of seven left the 1200 stems/ha area, during the
same time frame. Porcupines within the control area had a mean of 53.8% (s.d. = 30.2%; n =
10) foraging range overlap between post-treatment and pre-treatment years. In the treatmeﬁt
areas foraging range overlap was 50% (s.d. = 26.7%; n = 7) and 40.7% (s.d. = 32.1%; n = 6) for
porcupinevs in the 1200 stems/ha and 400 stems/ha areas respectively. No significant difference
in the degree of overlap of post-treatment and pre-treatment foraging ranges was found
(ANOVA p=0.69; d.f. =2, 20; F = 0.37); however, power analysis revealed that given the low
sample size in each group, and the high degree of variation between individuals, overlap within
the 400 stems/ha area would have to be approximately 65% less than the overlap in the control
before a statistical difference could be established at p = 0.05.

While porcupines tended to change some of their den site locations from year-to-year, the
number of winter dens located in areas of thinning treatments was similar before and after the
treatments. In addition, the mean number of dens used by porcupines throughout the winter
was similar between the control and two treatment areas (control - 2.75, 1200 stems/ha -3.0,

400 stems/ha — 2.5).
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Predation

In the four winters of this study only three predation events on porcupines were noted, all by
wolverines. Two of the three occurred in the pre-treatment winters, prior to the track transects
being established. The third case occurred in the control area the first winter after thinning. In
all three cases the predation occurred in openings within the stand (no trees for a 3 m radius),
and involved adult porcupines. There was no other evidence of any interaction between a
porcupine and any predator during 13,692 radio-collared porcupine days.

In the two post-treatment winters, only one set of wolverine tracks was encountered on the
transects. In this case the wolverine traversed the entire study area, crossing all three treatment
units within all three study stands. The only other tracks of a potential predator that were
observed were those of martens (Martes americana). Although martens were incidentally
captured in porcupine traps I observed no incidence where marten had disturbed a porcupine in
a trap, nor did I find evidence that marten disturbed porcupines in dens or foraging trees.
Porcupine foraging

All three study stands had low levels of porcupine damage across all areas in the pre-
freatment years (Table 3.1). The one anomaly was in stand 2, Unit B where mean percentage of
trees damaged per plot was 7.96% compared to 0.56% and 0.09% in Units A and C respectively
(Table 3.1). In the post-treatment years damage rates increased in all three 400 stems/ha
treatment areas compared to pre-treatment damage. The percentage of trees damaged in the
400 stems/ha treatment areas of each stand varied considerably (0.50 % - 16.87 %), with Stand
2 having the highest damage percentage post-treatment (16.87%) (Table 3.1).

The proportions of hemlock trees fed upon by porcupines in each (ibh category varied

considerably between the control and two treatment areas (Figure 3.1). In the control area the

highest proportion (0.37) of forage trees was in the 5.0 — 9.9 dbh category, with the proportion
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declining as size class increases. For the 1200 stems/ha there is a similar trend as in the control,
with the smallest size class having the highest proportion (0.35) and the largest size class
having the smallest proportion (0.04). In the 400 stems/ha area the '15.0 —19.9 dbh size class
made up the largest proportion (0.33) of the forage trees, while the smallest size class had the
lowest proportion (0.08).

The maximum distance travelled from a den site to a forage tree (Table 3.2) was
significantly greater for porcupines with den sites in the 400 stems/ha treatment area (n = 4
porcupines; 3 male, 1 female) compared to the control (n = 8 porcupines; 4 male, 4 female) and
the 1200 stems/ha treatment area (n = 6 porcupines; 4 male, 2 female) (ANOVA p =0.019; d.f.
=2, 15; F = 5.50; with Tukey test). Comparing the distance from den site to the closest 95% of
forage trees revealed no significant difference between the two treatments and the control
(ANOVA p=10.059; d.f. =2, 15; F = 3.46); however, there is a trend towards the porcupines in
the 400 stems/ha area travelling farther to forage trees (Table 3.2).

Using the GPS locations of the forage trees, I calculated the distance to nearest neighbour
(next forage tree) for each forage tree, of each porcupine. The average distance between forage
trees was then compared between control and treatments. The mean distance between forage
trees for control porcupines (4.1 m) was not statistically different from 1200 stems/ha (5.7 m)
or 400 stems/ha (4.6 m) porcupines (ANOVA p =0.38; d.f. =2, 13; F = 1.06). This distance
indicates that if trees were randomly distributed in these stands then a porcupine would on
average walk passed one tree between each forage tree in the control and 1200 stems/ha stands,
and would stop at every tree to forage in the 400 stems/ha stands.

DISCUSSION

The risk of predation is most simply defined as the probability of being killed during a

specified time period. The three basic components for defining the level of predation risk are

the rate of encounter between predator and prey, the probability of escape given an encounter,
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and the time spent vulnerable to an encounter (Lima and Dill 1990). One of the purposes of
this study was to determine if a thinning treatment could be used as a method to reduce
porcupine numbers within a stand, by influencing at least one of these components of predation
risk, or creating the perception for porcupines that one of these components has been
influenced, and thus elicit a similar response.

Thinning of lodgepole pine stands has been shown to reduce red squirrel (Tamiasciurus
hudsonicus) (Sullivan and Moses 1986) and snowshoe hare (Lepus americanus)(Sullivan and
Sullivan 1988) populations. I hypothesized that the thinning treatments in this study would
reduce porcupine numbers, either through a direct exodus of porcupines from the treatment
areas owing to a perceived increase in predation risk (H;) or through a direct increase in
predation rates (Ha1). Sweitzer and Berger (1992) and Krebs (1994) found that the majority of
predation events on porcupines occurred in open habitat and Sweitzer and Berger (1992) and
Powell and Brander (1977) reported that porcupines alter their foraging patterns in response to
predation risk.

My results indicate no support for hypothesis 1, as despite the open habitat created by the
thinning treatments, porcupines did not show any statistically significant change in foraging
range locations to avoid treatment areas. This lack of response may be directly related to low
sample size, as power analysis indicated a low probability of detecting foraging range changes;
however, the majority of porcupines in the 1200 stems/ha area and 400 stems/ha areas prior to
treatments (when stem density was at 2000 stems/ha) remained in the same location after the
thinning treatments.

Although intuitively a reduction in tree cover within a stand should be perceived by a
porcupine as an increase in predation risk, this may not be the case. The rate of encounter
between a por;upine and a predator is based on the density of p;edators in the stand, and the

rate of detection between predator and prey. Based on the predator track transects from the
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study area there was no increase in predator use of the thinned stands compared to control
areas. The ability of a porcupine to detect its predator or for a predator to detect the porcupine
is also likely to be unchanged. Porcupines are most exposed to predation at night when they
leave their dens. As a result, it would be expected that the porcupine and its predators are using
sound and scent to detect one another, not sight. If this is the case, the removal of stems from a
stand is not likely to influence rates of detection between predator and porcupine.

The probability of escape once an encounter occurs between a porcupine and its predator is
another aspect a porcupine must assess. Again, given the predator pfesence in my study area,
this component of predation risk may be unchanged in the thinned stands compared with
control stands. Numerous tracks of marten were observed; however, there was no evidence of
marten interacting with porcupines at any time and work by Slough et al. (1989), Douglas et al.
(1983) and Lensink et al. (1955) all indicate that marten concentrate on microtine rodents as a
prey source. Wolverines weré the only predator noted in the study area and, given that
wolverines can climb trees, the only location for a porcupine to escape from a wolverine is
likely to be a den. As the thinning treatment did not alter density of dens the probability of
escaping a wolverine encounter should be unchanged.

The last component of predation risk which a porcupine would have to assess is the time
spent vulnerable to encounter. This component would be impacted by thinning if the porcupine
were to travel farther between forage trees (assuming risk of encounter is higher on the ground
versus in a tree); however, my results indicate that porcupines travel the same distance between
forage trees in the thinned stands and the control. The one additional component which may
add to the time vulnerable to encounter is the distance travelled from the den site to the first
forage tree in a foraging bout and distance travelled from the last forage tree to the den site after

a foraging bout. My results indicate that the maximum distance from den site to forage trees
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did increase in the 400 stems/ha stands, but this increased travel did not cause porcupines to
leave the thinned treatment areas.

Hypothesis Al indicated that porcupines remaining in the thinned areas would suffer higher
rates of mortality owing to predation, compared to porcupines in the control areas. This
hypothesis was not supported from my data. Over four winters of radio-tracking only three
predation events on porcupines were recorded, none of which occurred in a treatment area. In
addition, during two winters of predator transects only one set of predator tracks (a wolverine)
was recorded. Low mortality rates owing to predation were also reported by Griesemer et al.
(1994) and Hale and Fuller (1996).

The third hypothesis I examined was that pqrcupines in the thinned treatment areas would
forage in a greater radius around their den sites and would change den sites more often
compared to porcupines in control stands. Griesemer et al. (1994) experimentally prevented
porcupines from using forage trees close to den sites, and found that porcupines responded by
increasing the radius around the den from which they foraged and moved to new dens sooner.
My results showed a similar response with porcupines in the 400 stems/ha treatments travelling
farther from den sites to forage trees than porcupines in the control and 1200 stems/ha area.
However, I found no difference in distance travelled from den to forage trees between
porcupines in the 1200 stems/ha area and those in the control areas. When the distance between
forage trees was compared to the density of stems in each stand I found that on average,
porcupines in the 1200 stem/ha areas and control areas pass by the same number of trees during
foraging, which may be related to the similarity in distance travelled to forage trees.

Based on the assumption that porcupines are rate maximizing foragers (Charnov 1976;
Stephens and Krebs 1986), I predicted that porcupines in the treatment areas would shift den
locations more often throughout the winter compared to control porcupines; however, this was

not the case. Although I did not monitor the number of days each den was in use, porcupines in
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the control and treatment areas used, on average, a similar number of dens throughout the
winter. This indicates that the lower number of trees around dens in the treatment areas did not
translate directly into increased den switching.

Despite the lack of den switching occurring in a shorter number of days, based on the
models developed by Charnov (1976) and Cowie (1977), porcupines may still be rate
maximizing foragers if in response to travelling farther to reach a forage tree more vascular
tissue 1s removed per tree. This possibility is examined in more detail in Chapter 4.

I found only partial support fbr hypothesis A2. While porcupines in the treatment areas did
not change den sites in a shorter period of time compared to control; porcupines in the 400
stems/ha areas did increase their foraging range.

Porcupines fed upon smaller trees in the control and 1200 stems/ha area compared with the
400 stems/ha area. Feeding on larger trees in the 400 stems/ha area is a direct result of thinning
having removed a large proportion of the smaller diameter trees. The resulting shift in the size-
class distribution of stems available to the porcupines results in a higher proportion of large
diameter stems being used as forage trees. In Chapter 1 of this thesis, I showed that porcupines
in untreated stands select hemlock trees over 9.9 cm dbh and avoid smaller diameter trees.

Overall, I found no discernable difference in the foraging patterns of porcupines in the
control versus the 1200 stems/ha treatments. As 1200 stems/ha is a common thinning density
in the Prince Rupert Forest Region, this result provides evidence that current thinning practices
in British Columbia are likely to exacerbate the porcupine damage problem. Through a
thinning treatment, the percentage of trees damaged by porcupines immediately increases;
owing to a reduction in the total number of trees/ha, but the number of trees being damaged
remains the same. In addition, thinning treatments generally remove the sup;;ressed stems

which porcupines tend to avoid in control stands (see Chapter 1). As a result, although thinning
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reduces the number of trees/ha, it does not reduce the number of forage trees/ha, from the point
of view of the porcupine.

Based on my results, pre-commercial thinning to 1200 stems/ha or even to the low value of
400 stems/ha 1s not likely to reduce porcupine feeding damage in second-growth stands.
Although some shifts in foraging behaviour were seen by the porcupines in the 400 stems/ha
areas, the changes were not such that a reduction in porcupine feeding damage could be
expected. Despite the lack of reduction in porcupine numbers in the first two years post-
treatment, increased energetic requirements of porcupines in thinned stands may reduce
numbers in some years (Chapter 4). Also, where predators are more abundant and porcupines
perceive greater predation risk, porcupines may show more avoidance of thinned stands. In
general, however, it may be prudent for forest managers to pre-commercially thin stands to
higher densities (1200 stems/ha and above). In untreated stands porcupines will include small
diameter trees as some proportion of their diet (Chapter 1), thereby providing a natural thinning
mechanism. Pre-commercial thinning to higher densities and maintaining some component of
smaller diameter trees within the stand may provide some level of buffer for the dominant trees.
Further research into the benefits of increased growth rates from pre-commercial thinning
versus the potential losses caused by porcupines (Chapter 5) is required to better determine
optimal thinning densities from a silvicultural point of view.

SUMMARY

In this chapter I examined the irnpact of pre-commercial thinning to 400 stems/ha and 1200
stems/ha on porcupine foraging behaviour. I found that predators were at low densities within
the study site and porcupines did not perceive an increased risk of predation owing to the
habitat alteration caused by the thinning treatments.

No differences in foraging behaviour were observed between control porcupines and

porcupines in the 1200 stems/ha treatment area. There were differences observed between the
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control porcupines and those that continued to forage within the 400 stems/ha treatments. As
predicted by hypothesis 2, porcupines in the 400 stems/ha area increased the radius of foraging
area aroupd their dens. Despite the increase in foraging radius, there was no difference in the
number of dens used throughout the winter between porcupines in the 400 stems/ha area and
the control. As well, there was no difference in the distance between forage trees in either of
the treatments or control.

This study has found no benefit of commercial thinning in reducing porcupine feeding
damage in second-growth stands. Instead there is evidence that thinning will increase the rate

of feeding damage.
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Table 3.1: Mean percentage (£ 1 s.d.) of trees damaged by porcupines within each tree

assessment plot.

PRE-TREATMENT

POST-TREATMENT

UNIT A B C A-control  B-1200 sph  C-400 sph
2000sph

Stand 1 0.25 (0.36) 0 0 3.1(8.7) 0. 0.50 (1.90)

Stand2  0.56 (0.58) 7.96(1.93) 0.09 (0.55) | 0.20(0.89) 1.85(6.11) 16.87 (5.65)

Stand 3 1.50 (1.80) 0 0 0.69 (2.08) 1.54(5.43) 1.65(5.43)

Note: A, B, C refer to one third of each study stand and are the same areas in both pre-treatment
and post-treatment years. Each area was untreated (2000 stems/ha) in pre-treatment years.
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Table 3.2: Maximum distance (+ 1 s.d.) from den site to forage trees (n = number of

porcupines) during winters of 1998/99 and 1999/00.

Control (2000 1200 stems/ha 400 stems/ha
stems/ha) n=6 n=4
n=3 .
Mean Maximum 40.5 (25.1) 57.1(21.3) 100.1 (12.4)*
Distance to Forage
Trees (m)
Mean Distance to  36.8 (25.2) 49.6 (25.7) 88.2 (7.2)
95% of Forage
Trees (m)
* Significantly farther than control and 1200 stems/ha (ANOVA p=0.019,df=2,15F =
5.498).
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Figure 3.1: Size class distribution of hemlock forage trees chosen by porcupines in the control,

1200 stems/ha and 400 stems/ha treatment areas (Shames Valley).
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CHAPTER 4: IMPACT OF PRE-COMMERCIAL THINNING ON

PORCUPINE WINTER ENERGY EXPENDITURES.

INTRODUCTION

Two important energetic costs for mammals that remain active during the winter are the cost
of maintaining body temperature, and the cost of travel during foraging. The cost of
maintaining body temperature is directly related to the differential between body surface
temperature and ambient temperature (Irving et al. 1955; Clarke and Brander 1973; Bradley and
Deavers 1980). As ambient temperature decreases mammals must expend more metabolic
energy to maintain body temperature.

The cost of travel during foraging can account for a large amount of winter energy
expenditure for mammals (Bunnell and Harestad 1989). This cost is most influenced by the
distance travelled during foraging, but can also be increased as a result of snow depth (Pruitt
1959; Jenkins and Wright 1987; Halfpenny and Ozanne 1989).

For porcupines (Erethizon dorsatum), with a lower critical temperature close to -4°C (Clarke
1969; Chapter 2), and short legs making movement through deep snow difficult (Roze 1989), a
decrease in average ambient temperature within a stand of trees, or an increase in average snow
cover on the forest floor has the potential to have a signiﬁcant impact on winter energy |
expenditure. Although pre-commercial thinning treatments have not been shown to cause an
immediate reduction in porcupine numbers within thinned stands (Chapter 3), the use of pre-
commercial thinning treatments to low densities (400 stems/ha) has the potential to negatively
impact winter energy budgets of porcupines. The reduction in forest canopy as a result of pre-
commercial thinning should result in lower ambient temperatures within a stand, as heat energy
will more easily radiate to the sky rather than being trapped and re-radiated back to the ground

by conifer branches (Clarke and Brander 1973). A reduction in forest canopy will also result in
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a reduction in snow interception by the canopy and therefore a higher average snowfall
reaching the forest floor. Both of these changes resulting from pre-commercial thinning should
translate into an increase in winter energy expenditure for porcupines using the area. An

. increase in winter energy expenditure has the potential to cause a long-term reduction in
porcupine populations owing\to an increased rate of starvation (Roze 1989; Hale and Fuller
1996) and a decrease in reproductive output (Bunnell and Harestad 1989).

In this chapter I examine the potential benefits to forest management of using low density
pre-commercial thinning treatments (400 stems/ha) to increase porcupine winter energetic
expenditures. I compare the influence of the low density thinning to a more standard 1200
stem/ha pre-commercial thinning treatment and control areas (2000 stems/ha) and tested six

hypotheses:

H;: The lower density of trees in thinned areas, will reduce the thermal cover afforded by
tree canopy. As a result, the thinned treatment areas will be, on average, colder than the
control areas.

Clarke and Brander (1973) showed that overhead cover in the form of hemlock branches
(Tsuga canadensis) significantly increased thermal cover for porcupines, relative to an open
field. The increased thermal cover was explained as being a combination of re-radiation of
energy stored in the tree during the day being released at night, and the reflection of long-wave
radiation from the snow surface back from the hemlock branches down to the snow surface. A
reduction in stem density in the treatment areas will also result in increased convective heat loss

from wind.
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Hay: Alternatively the thinned treatment areas will maintain the same temperature, on
average, as the control areas.

There 1s a threshold of canopy removal that is required before there is a measurable impact
on the level of thermal cover provided within a second-growth conifer stand. Thinned areas
will maintain enough of the original tree canopy that there will be no measurable impact on
average stand temperatures at ground level (where porcupines travel) or at tree top level (where

porcupines feed).

H;: Porcupines in the thinned stands will travel in the open (away from conifer branch
cover) mbre often, and move through deep snow more often than porcupines in control
areas.

Speer and Dilworth (1978) and Roze (1989) report that porcupines tend to travel on the firm
snow under conifer branches whenever possible. With a reduction in the density of conifers in

the treatment stands porcupines will be restricted in their ability to travel in this manner.

Haz: Alternatively, porcupines in treatment areas will restrict their travel routes to areas
under the remaining conifers and will travel in the open in the same frequency as
porcupines in the control areas.

Rather than travel in the open ﬁore often and move through deep snow, porcupines in the
treatment areas will reduce the area they cover during foraging events and will be limited to

travel routes that are under conifer branch cover.
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Hj: Increased energetic cost of travel between trees in the thinned stands increases the
amount of vascular tissue removed per feeding event (before leaving the tree) by
porcupines feeding in thinned areas.

In relation to this hypothesis, the optimal foraging models developed by Charnov (1976) and
Cowie (1977) indicate that, if a porcupine is foraging optimally, it should jncrease the amount
of vtime spent foraging on a single tree (and therefore increase the amount of vascular tissue
removed) in relation to the energetic cost of travel to reach the tree. Energy spent travelling to
a patch (or forage-tree in the case of this hypothesis) can be thought of as an energetic
investment on the part of the foraging animal. In order to make up for the increased energetic

investment an animal must spend more time in a patch feeding.

Has: Alternatively, porcupines that forage in thinned stands do not remove a larger
amount of vascular tissue per feeding event and suffer a higher rate of mass loss than
porcupines foraging in the control areas.

Based on the work of Charnov (1976) and Cowie (1977), I predict that porcupines
expending more energy to reach a tree should remove more vascular tissue from the tree;
however, the total amount of vascular tissue consumed may be constrained by gut capacity.
Numerous authors have indicated that gut capacity or time to satiation can play an important
role in determining the optimal foraging strategy of an animal (Pulliam 1975; Belovsky 1978;
Pyke 1984; Stephens and Krebs 1986). Given that porcupines are nutritionally stressed
throughout most of the winter (Roze 1989; Sweitzer and Berger 1993) it is expected that upon
reaching a forage-tree, porcupines in control areas should feed until satiated. In this case,
porcupines in thinned areas, although they have to expend more energy to reach a forage tree,
will not be capable of ingesting more vascular tissue, as these animals will be constrained by

gut capacity.
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The hypotheses tested in this chapter are based on a number of basic assumptions. Based on
the work of Clarke (1969) and the results of Chapter 2 of this thesis, I assume that the lower
critical temperature of porcupines in this study area is -4°C. In addition, I assume the energetic
cost of winter travel is directly related to the snow sinking depth of the animal and the energetic
benefit of foraging is directly related to the amount of vascular tissue removed. These
assumptions allow for an index of energetic costs and benefits to be examined to compare
energy expenditures between animals in different treatment areas.

STUDY AREA

Please see Chapter 1 for a full description of the study area.
METHODS

In the fall of 1996 12 porcupines were located, captured and fitted with radio transmitters as
per the methods described in Chapter 1. An additional 21 animals were captured and fitted with
radio transmitters during the winter of 1996 and 1997. Owing to sorﬁe anirﬁals shifting their
activity outside of the study area at various times during the study, not all animals could be
used for all analyses that were undertaken. Throughout the winter months each collared animal
was located 3 times per week, using handheld telemetry, to identify the animal’s den locations
and to track its movements.

In January and March each animal was re-capfured to determine its weight and footpad
measurements for calculating foot loading. All four feet were measured on all animals. To
standardize between animals, measurements were made across the widest part of the footpad,
and from the heel of the footpad to the insertion of the toes into the footpad. As a result, the
surface area calculations for this study assumes a rectangular foot surface, and includes only the
area of the footpad and not any additional surface area that is provided by the toes. I assumed
that the proportion of surface area provided by the toes would be similar for all footpad sizes

and, as a result, this bias would be equal across all animals.

67



In the spring of 1998 each of the three study stands was pre-commercially thinned, as
described in Chapter 3. For twd winters after the pre-commercial thinning treatments the
pbrcupine monitoring continued. In the winter of 1998/99 and 1999/00 (winters after
treatment), measurements were made of the proportion of travel by porcupines in the different
treatment areas under cover versus in the open. Cover was defined as any object that
intercepted snowfall (e.g. tree branch or fallen log). Upon encountering a fresh porcupine
track, a random 25 m section of the trail was selected. Within that 25 m section, the
proportions of the trail under cover and in the open were estimated.

In addition to the proportion of travel under cover, estimates were made of the energetic cost
of travel to porcupines. At three locations under cover along the trail and three locations in the
open along the trail a 300 g weight, with a circular bottom with a 3.75 cm radius, was dropped
from 10 cm above the snow surface. The sinking depth of the weight was recorded as an index
of the cost of travel for porcupines in different treatment areas.

To estimate the average temperature at snow level, where porcupines travel, and at tree
canopy level, where porcupines feed, three monitoring sites were established within each
treatment and control area of each study stand. Each monitoring station had one max/min
thermometer (Taylor indoor/outdoor maximum/minimum mercﬁry thermometer) at snow level
attached to the north side of a tree, and a second max/min thermometer located 5 m above snow
level attached to the north side of the same tree. These locations were visited once per week
throughout the winters of 1998/99 and 1999/00, and the wéekly max/min temperatures were
recorded.

STATISTICAL ANALYSIS -
Analysis of variance and t-tests were used to compare between means. Where percentage data

were collected, data were transformed using arcsine transformation. Where significant results
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were recorded using analysis of variance a Tukey test was used to determine which means were
different.

RESULTS

Temperature

Weekly maximum and minimum temperature readings from the three study blocks were
similar across treatments. Analysis of variance showed no difference between the blocks, with
respect to temperatures within each treatment area (p = 0.71; d.f. = 2, 24; F = 0.35,) and, as a
result, the blocks were combined for further analysis between treatment areas.

The mean minimum temperatures recorded at snow level (where porcupines are travelling)
were similar between the control and two treatment areas (Table 4.1) and analysis of variance
found no significant difference (p = 0.80; d.f. =2, 84; F = 0.22). Within the control area,
minimum temperatures at snow level ranged from -3.5 °C to —18.8 °C.

The maximum temperatures recorded at snow level showed a similar trend as the minimums,
with no significant difference between the treatments and control (ANOVA p =0.84; d.f. = 2,
84; F=0.18; Table 4.1). Maximum temperatures at snow level ranged from a mean of —0.5 °C
in the control to +0.1 °C in the 400 stems/ha area. The temperature variation between weekly
minimum and maximum temperatures was 10.8 °C for control, 11.7 °C for 1200 stems/ha and
11.3 °C for 400 stems/ha.

At 5 m above snow level (where porcupines feed) maximum and minimum femperatures
were also similar between the treatments and control (Table 4.1). Analysis of variance found
no significant difference in the minimum temperatures recorded (control = -12.4 °C, 1200
stems/ha = -11.6 °C, 400 stems/ha = -12.0 °C; p = 0.84; d.f. = 2, 84; F = 0.17). As well, with
maximum mean weekly temperatures (control = +1.9 °C; 1200 stems/ha = +2.7 °C, 400

stems/ha = +2.7 °C) no significant difference was found (p = 0.78, d.f. =2, 84; F = 0.24). At5

m above the snow surface the temperature variation between weekly minimum and maximums
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was slightly greater than at snow level, with the control having a mean difference of 14.2 °C,
1200 stems/ha having a mean difference of 14.2 °C and 400 stems/ha having a mean difference
of 14.7 °C.

Porcupine movements

Mean foot loading did not differ between sexes, but juveniles (mean of 64.1 g/cm?) had
significantly lower foot loading than both adult males (mean of 102.0 g/cm?) and adult females
(mean of 89.4 g/cm®) (Table 4.1; ANOVA p=2.77x 107; d.f. = 2, 30; F = 26.04 with Tukey
test).

The index of sinking depths in the open was 8.7 cm (s.d. = 6.4; n = 36 trails), which is
significantly deeper than the mean of 2.7 cm (s.d. = 2.9; n = 36) under cover (t-test, one-tailed,
p=2.18x 10%; d.f. =49; t=5.16). This indicates that travelling in open areas results in an
approximate 3 fold increase in sinking depth, relative to travel under cover.

There was considerable variation in the snow sinking depth index throughout the winter
months. In open areas sinking depth varied from 33 ¢cm to 0.6 cm. In contrast, the variation
under cover was only 13.33 cm to 0 cm. Sinking depths under cover were recorded as less than
1 ¢cm on 12 of 36 occasions, whereas in the open, sinking depth was less than 1 cm on only one
occasion.

The mean proportion of travel by porcupines under cover in the control area was 0.41 (s.d.
0.25, n = 16 trails), which was significantly greater than animals in the 1200 stems/ha (mean =
0.19; s.d. 0.21; n = 14 trails), and for animals in the 400 stems/ha (mean = 0.19; s.d. 0.08, n =
14 trails). The two treatment areas did not differ (ANOVA on Arcsine transformed data p =
0.02; d.f. =2, 41; F = 4.39; with Tukey test).

Foraging

Porcupines foraging within the 400 stems/ha treatment area removed approximately five

times the amount of vascular tissue per forage tree (mean = 6985 cm®) compared to 1434 cm?
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and 1289 cm” by porcupines in the 1200 stems/ha and controi respectively. Although
porcupines in both treatment areas removed more tissue per tree than porcupines in the control,
only the 400 stems/ha treatment was significantly different (ANOVA p=0.64 x 107; d.f. =2,
15; F = 34.40; with Tukey test; Table 4.2).

The percentage of girdled forage trees (vascular tissue removed from the entire
circumference of the stem) differed little between the two treatments or control (47.5% -
A 64.2%) (ANOVA p=10.20; d.f. =2, 15; F = 1.78; Table 4.2).
Mass Loss

Mid-winter mass (January mass) of porcupines captured in this study range from 2.1 kg to
12.3 kg. Adult males averaged 9.0 kg and were significantly heavier than adult females (mean
6.4 kg) and juveniles (mean = 3.4 kg) (ANOVA p=9.5x 10"""; d.f. =2, 30; F = 54.87; with
Tukey test)(Table 4.3). The heavier adult males had the largest average total foot surface area,
and the lighter juveniles had the smallest total foot surface area (Table 4.3). Mid-winter mass
was closely correlated with total foot surface area (r = 0.91; Figure 4.1), indicating that
porcupine mass is closely related to skeletal size (assuming foot size is related to skeletal size).

Mass loss by porcupines was calculated based on mid-winter mass, measured in January,
and late winter mass, measured in March. This period included the coldest months of the
winter (Chapter 2). ANOVA on arcsine transformed data revealed no significant difference in
the percentage of mass loss between porcupines in the three areas (p = 0.88; d.f. =2, 16; F =
0.128), these being 10.5%, 13.3% and 12.5% respectively in the control, 1200 stems/ha and 400
stems/ha areas. A correlation analysis between mid-winter mass (January) and percent mass
loss (between January and March) revealed a positive, but weak relationship (r = 0.43; Figure
4.2).

Over the four winters of radio-tracking four animals in this study appear to have died from

starvation. All four died in March or April and showed no obvious signs of any disease,
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although autopsies were not performed. Three of the animals were juveniles with post-death
weights of 2.1 kg, 2.3 kg and 2.6 kg. The fourth porcupine was an adult female that weighed
7.6 kg in February and had declined to 6.0 kg by April 9 (time of death). The adult female was
the only animal to die of starvation after the thinning treatments occurred, and her foraging
range was in the control area.

DISCUSSION

In this chapter I have examined the influence of pre-commercial thinning to 400 stems/ha
and 1200 stems/ha on winter energy expenditures of porcupines. The impetus for this study
was to determine if low density thinning (400 stems/ha) had the potential to reduce porcupine
populations over the long-term by increasing energetic costs of porcupines that continued to use
thinned stands during winter.

The energy expenditure required to deal with 06]d temperatures can have a dramatic impact
on mammals, including increased rate of mass loss and a higher probability of mortality (Moore
and Kennedy 1985; Saether and Graven 1988; Sweitzer and Berger 1993). I predicted that the
reduction in tree density in the thinned treatments would reduce average temperatﬁres, owing to
increased radiative heat loss from the ground, and increased convective heat loss from wind
(H;). This hypothesis was rejected, as no significant difference was measured in the
temperature regimes of thinned areas compared to control areas. Instead hypothesis Al is
supported, as the amount of forest canopy remaining within the thinned stands is still enough to
provide the same level of thermal cover afforded porcupines in control areas. As a result,
porcupines have no increased energetic cost for maintaining body temperature in thinned stands
compared to control stands.

The question remains as to why a porcupine would forage during the night rather than

during the day. Porcupines spend most winter days in their dens and emerge at night to feed in
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the canopy of trees (Clarke and Brander 1973; Roze 1989), when temperatures are generally
coldest. In my study the mean minimum temperature at snow level for the control area was
—11.3 °C as compared to the mean maximum of —0.5 °C (Table 4.1). The minimum
temperature (which generally occurs at night) is well below the assumed lower critical
temperature for porcupines in this area of —4 °C (Clarke 1969; Chapter 2).

As the most common porcupine predators such as cougar (Felis concolor), fisher (Martes
pennanti), wolverine (Gulo gulo), and coyote (Canis latrans) (Robinette et al. 1959; Powell and
Brander 1977; Powell 1982; Stricklan 1986; Roze 1989; Sweitzer and Berger 1992; Krebs
1994) are not considered to be diurnal, there does not appear to be any obvious predator
avoidance benefit to foraging at night. This is particularly true in the Shames Valley study area
where predator indices indicate low densities of predators (Chapter 3).

In hypothesis 2, I predicted that the pre-commercial thinning treatments would cause
porcupines in the treatment areas to travel in open areas more often, and that this would be
much more energetically costly owing to movement through increased snow depths. I found
that this was in fact the case. Porcupines in both thinned treatments travelled in the open more
often than porcupines in control areas. Based on the snow sinking index, travelling in the open
was substantially more energetically costly compared to under cover. Assuming that snow
sinking depth is proﬁortional to cost of travel, porcupines in the thinned areas must have
exerted more energy during travel corripared to porcupines in the control area.

There was no support found for hypothesis A2. On the contrary, despite the significantly

“deeper snow sinking depths found in the open, and the potential energetic saving resulting from
travelling under cover, porcupines in the control area travelled in opven areas the majority of the
time. Although control animals travelled under cover significantly more than animals in the
two treatment areas, there was no significant difference found in the proportion of travel under

cover by porcupines in the 1200 stems/ha and 400 stems/ha. Clearly there are more stems/ha in _
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one of the treatment areas, and porcupines in this treatment, should, in_theory, have three times
more area under tree cover, although they do not appear to have taken advantage of this
increased cover.

It 1s possible that travel in the open is not as energetically costly for porcupines compared to
travel under cover as I had assumed. Travelling in open areas may not increase energy use
substantially, compared to travelling under cover, if an animal has low foot loading. Species
such as snowshoe hares (Lepus americanus) and lynx (Lynx canadensis) are highly adapted for
northern winter conditions and have foot loading values of approximately 12 g/cm” and 33
g/em’ respectively (Halfpenny and Ozanne, 1989). The porcupine on the other hand has high
foot loading and does not appear well adapted to travelling on snow. Halfpenny and Ozanne
(1989) present a figure showing a linear relationship between mammal weight (kg) and foot
load (g/cm?). The best fit line indicates that a mammal with a weight of 9 kg (average weight
of adult male porcupines in this study) should have a foot load of approximately 48 g/cm?.
Adult male porcupines captured within this study area had a mean foot load of 101 g/cm®. This
foot load was calculated only on footpad size and did not include surface area of toes in the
calculation. As a result, the 101 g/cm2 is likely higher than the actual foot load; however, the
addition of toe surface area would have to double the total foot surface area in order for the
porcupine foot load to fit the line presented by Halfpenny and Ozanne (1989). Even with toe
surface area included, it would appear that porcupines have a poorer than average foot load as
compared to other mammals, which should in turn mean that travel in open areas presents more
of an energetic expense for them. |

One factor that I did not consider in calculating foot load for porcupines was the influence of
the tail. When porcupines travel their tail often drags; however, it is not known how much
weight is supported by the tail. A porcupine’s tail is muscular, and is used to support the body

during climbing (Roze 1989). If the tail were also used to support body weight during travel
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across snow, the foot load for porcupines would be dramatically reduced, making travel in open
areas that much less energetically costly.

I hypothesized that the increased energetic cost of travel for porcupines in the thinned stands
would result in an increase in the amount of vascular tissue removed per forage tree (H;). This
hypothesis was supported as porcupines in the treatment areas did remove more vascular tissue
per forage tree, as predicted by the optimal foraging models (Charnov 1976; Cowie 1977). As
a result, although porcupines in the thinned areas were expending more energy to reach forage
trees, they were compensating by gaining more energy from each tree.

Hypothesis A3 predicted that porcupines in thinned areas would be limited by gut capacity
in the amount of vascular tissue that could be consumed per tree. As a result, porcupines in the
treatment areas would lose mass at a higher rate compared to porcupines in the control area. I
found no evidence to support this hypothesis. Porcupines in the treatment areas did remove
more vascular tissue per tree as discussed above, and despite the increased tendency to travel in
open conditions, in both treatment sites relative to controls, there were no significant
differences in porcupine mass loss observed across treatments. In other studies mass loss by
porcupines over winter (October to March) ranged from 17% in the northeast New York (Roze
1985) to 31% in Nevada (Sweitzer and Bergef 1993). Sweitzer and Berger (1993) suggest that
most mass loss occurs from October to January, and found negligible mass loss in porcupines
from February to April. In my study, mass loss from January to March ranged from 10.5% to
13.3%.

Porcupines feed on a poor quality diet in winter (0.5% - 8% crude protein or nitrogen;

- Stricklan 1986; Roze 1989), and can suffer considerable weight loss throughout the winter
months. As with previous studies (Roze 1989; Hale and Fuller 1996), starvation was a major
cause of winter mortality in my study. In four winters of porcupine monitoring three

porcupines were killed by predators (Chapter 3); however, four animals died from what was
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believed to be starvation. Three of the four animals were juveniles, and all suspected
starvations occurred in March or April, near the end of the winter, after porcupines had been
feeding on conifer cambial tissue for four to five months.. Mass loss in porcupines throughout
the winter is related to the use of fat deposits to compensate for a poor quality diet (Roze 1989;
Stricklan 1986). Oveson (1983) measured fat reserves in the rump of porcupines and found
them to be depleted by late winter, the time at which most starvations occur.

Despite the potential impacts of the pre-commercial thinning on porcupine energetics, the
thinning treatments had no measurable impact on porcupine starvation. An adult female was
the only animal to die of starvation post-treatment, and her foraging range was located within
the control area. Given the similarity in mass loss between porcupines in the treatment and
control areas it is unlikely that the thinning treatments will have any long-term impacts on
porcupine survival or reproductive rates.

SUMMARY

In this chapter I examined the impact of pre-commercial thinning to 400 stems/ha and 1200
stems/ha on porcupine winter energetics. I found that even in stands thinned to 400 stems/ha
there was no measurable difference in maximum and minimum temperatures compared to
control areas (2000 stems/ha). As predicted by hypothesis A1 thinning treatments still maintain
enough forest canopy to provide equivalent thermal cover to porcupines compare to control
areas.

Porcupines in the treatment areas were found to travel in open areas more often and through
deep snow more often compared to control areas, which Supported hypothesis 2. However,
porcupines compensated for the increased energetic cost of travel in thinned éreas by removing

more vascular tissue per forage tree, which supported hypothesis 3.
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Owing to the increased vascular tissue removed per forage tree by porcupines in the
treatment areas comparéd to porcupines in the control areas, there was no difference in the rate
of mass loss between the three groups of porcupines.

I found no evidence that pre-commercial thinning to low densities can negatively impact
porcupine energy expenditures to the extent required to reduce porcupine numbers within
second-growth stands. I conclude the;t if pre-commercial thinning is to occur in areas where
porcupine feeding damage is a concern, thinning should be conducted at a higher density (>
1200 stems/ha). Higher stem densities should reduce the size of feediﬁg scars on trees, thereby
increasing the probability of stem survival. As well, thinning to higher densities will allow for

a larger number of stems to be damaged before a stand becomes non-commercially viable.
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Table 4.2: Vascular tissue removal and tree girdling rates (+ 1 s.d.).

Control (2000 stems/ha) 1200 stems/ha 400 stems/ha

n = 4 male, 4 female n =4 male, 2 female n =3 male, | female
Mean of 1289 (859) 1435 (706) 6985 (1566)*
Vascular Tissue
Removed/Forage
tree (cm?)
Percentage of 64.2 (18.1) 52.9 (21.8) 47.5 (4.8)
Girdled Forage
treesb

® Significantly greater than control and 1200 stems/ha (ANOVA p = 0.64 x 107; d.f. = 2, 15;
F = 34.40; with Tukey test).

®No significant difference between groups (ANOVA p = 0.20; d.f. =2, 15; F = 1.78).
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Table 4.3: Mid-winter mass (+ 1 s.d.) and total foot surface area for porcupines in the

Shames Valley study area.

Adult Males Adult Females Juveniles

(n=18) (n=15) (n=10)
*Mean mid-winter mass (kg) 9.0 (1.6) 6.4 (1.4) 3.4(0.8)
Range of mid-winter mass (kg) 6.0-12.3 4.8-8.4 2.1-43
Mean total foot surface area (sz) 89.2 (13.0) 70.8 (6.0) 52.7 (6.6)

Range of total foot surface area (cm?) 63.5-109.2 64.9 — 80.8 41.5-61.9

**Mean foot loading (g/cm’) 102 (15) 89 (14) 64 (10)

Range of foot loading (g/cm?) 69 — 125 68 — 104 51-78

*Mid-winter mass was significantly different between all three groups (ANOVA p=9.5
x 10", F = 54.87, DF = 2, 30; with Tukey test).

**There was no significant difference between adult males and adult females in foot
loading; however, juveniles had significantly lower foot loading than both adult groups

(ANOVA p=2.77x 107, F = 26.04, DF = 2, 30; with Tukey test). -

&3




O Adult males O Adult females A Juveniles

o 120 -

EJ, 110 o e 5

s 100 O 5

S

S % 3

£ 80 o PH—0—2

Z o0 =

S 60 Bg ©

T 50 | afE

H 40 A I f I I T 1
2 4 6 8 10 12 14

Mid-winter mass (kg)

Figure 4.1: Relationship between mid-winter mass (kg) and total foot surface area (cm?) for

porcupines in the Shames Valley study area (1996 — 2000) (r = 0.91).
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Figure 4.2: Relationship between mid-winter mass and the percent body mass lost between

January and March for porcupines in the Shames Valley study area (1996 — 2000) (r = 0.43).

85




CHAPTER 5: PRE-COMMERCIAL THINNING AND THE MANAGEMENT

IMPLICATIONS OF PORCUPINE FEEDING DAMAGE

INTRODUCTION

The North American porcupine (Erethizon dorsatum) ranges from the tree line in the Arctic,
south to northwestern Mexico (Dodge 1982) and from the northeast coast of the United States
and eastern Canada (Speer and Dilworth 1978; Hale and Fuller 1996) to the western rain forests
of British Columbia and Alaska (Eglitis and Hennon 1986; Sullivan and Cheng 1989). Across
this large range, the porcupine’s winter forage includes a wide variety of conifer tree species,
including: lodgepole pine, (Pinus contorta; Daniel and Barnes 1958); scots pine (Pinus
sylvestris; Rudolf 1949); ponderosa pine, (Pinus ponderosa; Storm and Halvorson 1967);
limber pine, (Pinus flexilis; Gill and Cordes 1972); white pine (Pinus strobus; Speer and
Dilworth 1978); pinion pine (Pinus edulis; Spencer 1964); sitka spruce (Picea sitchensis;
Eglitis and Hennon 1986); red spruce (Picea rubeﬁs; Speer and Dilworth 1978); western
hemlock (Tsuga heterophylla; Eglitis and Hennon 1986); eastern hemlock (Tsuga canadensis;,
Griesemer et al. 1994); amabilis fir (4bies amabilis; Krebs 1994); balsam fir (4bies balsamea;
Speer and Dilworth 1978); and Douglas fir (Pseudotsuga menziesii; Harder 1979). In most of
these cases, with respect to the forest industry, porcupine feeding is considered to be a serious
threat to conifer growth and survival.

In northwestern British Columbia porcupine winter feeding on the vascular tissue
(cambium and phloem) of western hemlock, sitka spruce, and to a lesser extent amabilis fir has
also been identified as a threat to timber production in localized areas (Sullivah and Cheng
1989; MacHutchon 1990; Krebs 1994). Winter feeding by porcupines causes the removal of
the outer bark and the exposure of the inner sapwood (Lawrence et al. 1961; Roze 1989), and

can result in a reduction in radial growth or mortality of the stem, directly due to the loss of
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vascular tissue, or indirectly through insect or disease penetration into the sapwood (Curtis
1941; Storm and Halvorson 1967; Sullivan et al. 1986; MaéHutchon 1990; Krebs 1994).

In conjunction with the recognized threat that porcupines pose to timber production, is an
increase in the number of second-growth stands in British Columbia. These stands are reaching
the age/size at which decisions on potential silviculture thinning treatments must be made.
Thinning treatments are employed under the assumption that the merchantable yield of a stand
can be maximized through timely reductions in stand density that cause the remaining trees to
rapidly increase their diameter growth (Assmann 1970; Kozlowski 1971; Carter et al. 1986;
Smith 1986; Jozsa and Middleton 1994). The shift in a stand from a large number of small
diameter trees to a smaller number of large diameter trees does not necessarily increase total

production; however, it is meant to increase the merchantable yield (volume actually harvested)

~of the site.

Based on the potential economic benefits of thinning, forest managers employ this
silviculture practice wherever feasible; however, the theoretical benefits of thinning can be
affected by damaging agents such as the porcupine. Porcupine feeding damage does not occur
randomly across the landscape, but is often concentrated in small patches of high intensity and
generally focuses on the dominant and codominant trees within the stand (Speer and Dilworth
1978; Roze 1984; Griesemer et al. 1994; Chapter 1 and Chapter 3 of this thesis). Porcupines
attack healthy trees, rather than the weaker, suppressed trees that many diseases or insects
attack. As aresult, although thinning makes sense on a landscape level, where damaging
agents and positive response of trees are averaged out; at a stand level where porcupine damage
is known to be a possibility, and where the 'response of trees (in terms of growth rate) may not
be exceptional (Smith 1986), thinning may not be beneficial in terms of merchantable yield.

To account for the potential losses owing to porcupine feeding damage in second-growth

stands, the British Columbia Ministry of Forests uses the criterion that any tree that has 1/3 or
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mére of the stem circumference damaged by porcupines should be considered non-
merchantable (Anonymous 2000). To date, however, ther'e is little information indicating what
level of porcupine feeding damage constitutes a serious threat to timber production. As a result,
forest managers are left with few guidelines as to when the potential losses to porcupine
damage may outweigh the potential benefits of thinning.

In this chapter I explore information on the short-term impacts of porcupine feeding damage
on conifer growth rates, and potential stand yield (measured in terms of basal area increment)
and compare these results to chénges in tree growth rates (measured in terms of diameter)
resulting from various levels of pre-commercial thinning. I use these data to develop a
conceptual model to aid forest managers in determining at what point porcupine feeding
damage will result in non-commercially viable stands at rotation age (80 years).

STUDY AREA

Please see Chapter 1 for a full description of the study area.
METHODS

In fall 1998, tree assessment plots were established within two study stands (Stand 1 and
Stand 2). The assessment plots were circular, 5.64-m radius (100-m?) plots, systematically
placed across the study area at a density of 2 per hectare. The centre of each plot was marked
with a stake and flagging. Within each assessment plot all trees with a diameter at breast height
(dbh = 1.3 m) of 5 cm or greater were permanently tagged with a coloured, plastic disc. The
species and dbh of each tagged tree were recorded, along with the presence of any porcupine
feeding damage from the winter of 1997/98. Damage was recorded as occurring in the bottom,
middle or‘ top third of the bole. As well, the total area of vascular tissue removed was estimated
by measuring the length and width of each feeding patch. The percentage of stem

circumference damaged was also measured at the point of damage.
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Each of the study stands was then divided into three equal sections and two of the sections
were pre-commercially thinned: one to a density of 400 trees/ha (low density thinning) and one
to a density of 1200 trees/ha (high density thinning). The control section retained
approximately 2000 trees/ha.

In fall 2000, after tree growth had ceased for the year, all tree assessment plots were re-
visited and the dbh of all trees was re-measured to determine growth rates over two full
growing seasons. As well, the mean basal area increment/tree was recorded by calculating
basal area at breast height in the fall of 2000 and subtracting the basal area at breast height in
the fall of 1998, for each tree assessed. To determine the short-term impact of the thinning
treatments on merchantable yield at the stand level the total basal area increment per
assessment plot (basal area increment of all trees in the plot added together) was averaged for
each treatment and control area and multiplied by 100 ‘to give a mean basal area increase/ha
(each plot in 100 m? x 100 = 10000 m?). To determine the impéct of thinning on tree growth
and basal area all trees damaged by porcupines were removed from the analysis. Since the vast
majority of trees damaged by porcupines were western hemlock, all analyses dealing with
damaged trees used only western hemlock.

STATISTICAL ANALYSIS

Damaged trees were analyzed based on the treatment they were located in (control, 1200
stems/ha or 400 stems/ha) and grouped into diameter size classes (5.0-9.9 cm, 10.0-14.9 cm,
15.0-19.9 cm, 20.0-24.9 cm and >24.9 cm dbh). Where sample size of damaged trees was
sufficient (= 10) they were compared to a similar grouping of undamaged western hemlock,
using general linear model ANOVA (GLM). All percentage data were arcsine-transformed.
Where ANOVA produced a significant result the Tukey test was used to perform a multiple

comparison (Zar 1974).
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RESULTS
Thinning

The shift in species composition after thinning varied between the two study stands. In
Stand 1, the liOO stems/ha treatment area was very similar to the control area. The biggest
change was a four-fold decline in the percentage of sitka spruce and a slight increase in the
percentage of western hemlock and amabilis fir (Table 5.1). In the 400 stems/ha treatment area
the change in species composition was much larger; western hemlock declining by
approximately 20% and amabilis fir increasing by a similar amount (Table 5.1). In contrast, the
two treatment areas in Stand 2 had very similar species compositions, both having

| approximately 40% western hemlock and 60% amabilis fir, compared to the control with 64%
western hemlock and 36% amabilis fir (Table 5.1).

The thinning treatments also altered the size class distribution of stems in the stands. The

| smallest diameter size class was most abundant in the control areas of both stands, with 46%
and 40% of stems being in the 5.0-9.9 cm dbh class in Stands 1 and 2 respectively (Table 5.2).
In the treatment areas the size class distribution shifted to larger sizes. In both stands and
across both treatments the shifts were similar, with the 15.0-19.9 cm dbh size class making up
the largest single percentage of stems pef class, and the 20.0-24.9 cm dbh and 24.9 ¢cm < dbh
classes making up two to three times more of the stems in the treatments as compared to the
control (Table 5.2).

After two full growing seasons there was a trend for the trees in the thinned areas to have
higher growth rates (based on percent increase in dbh) (Table 5.3); however, no statistical
differences were foﬁnd between the two treatment areas and the control in either of the study
stands (ANOVA on arcsine transformed, % dbh increase/tree: Stand 1 p =0.28; df =2, 80; F =

1.31 and Stand 2 p=0.22; df =2, 57; F = 1.54).
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A comparison of the mean basal area increment added/tree over the two growing seasons
revealed a significant differenc¢ of 1.5 — 2 times, between the control and both treatment areas
in Stand 1 (ANOVA p =0.0004; df =2, 80; F = 8.52) (Table 5.3). The same trend was
observed in Stand 2, with the mean basal area increase/tree in the 1200 stems/ha and ;100
stems/ha being 27.0 cm? and 28.5 cm? respectively, compared to 15.4 cm? in the control area
(Table 5.3). In Stand 2, however, the differences between the treatments and control were not
significant (ANOVA p =0.077; df =2, 80; F = 8.52).

To determine the short-term impact of thinning on merchantable yield at the stand level, the
mean basal area increase/ha was compared between the treatments and control area for each
stand. The result was the same in both Stand 1 and 2 with the increase for 400 stems/ha
treatment area being significantly less compared to the 1200 stems/ha and control areas
(ANOVA - Stand 1 p =0.0004; df =2, 80; F = 8.61; Stand 2.p =0.002; df =2, 57; F = 6.95).
Damaged Trees |

Throughout this study 78.1% of all trees damaged by porcupines were western hemlock,
15.5% were amabilis fir, and 6.4% were sitka spruce. Of the 1466 western hemlock that were
identified as damaged by porcupines, only 206 (14%) had signs of previous year feeding
damage, indicating the majority were newly damaged trees. Damage by porcupines was
concentrated on the top third of most stems (38%), however, 32% were damaged from the
middle third and up, and 30% were fed upon from the bottom third of the stem and upwards.

Of the 882 western hemlock trees for which the percentage of stem circumference damaged
by porcupines was recorded, 73% had 1/3 or more of the stem circumference vascular tissue
removed at some point along the stem. The majority of the damaged trees (58%) had vascular
tissue removed around the entire circumference of the stem (girdled). No trend in growth rates

(percent increase in dbh) in relation to the percentage of the stem circumference damaged by
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porcupine feeding was evident (Table 5.4; correlation coefficient = 0.06; t-test, 1-tailed, p >
0.50, df =150, t= 0.736).

When comparing growth rates (percent increase in dbh) in relation to total area of vascular
tissue rémoved from the tree, there was a trend for trees with more vascular tissue removed to
have smaller diameter growth rates at breast height (Table 5.5). Correlation analysis using all
damaged trees revealed a correlation coefficient of 0.28, which was significantly different from
zero (t-test, 1-tailed, p < 0.001, df =150, t = 3.57). -

Owing to small sample sizes of damaged stems, not all diameter size classes of trees could
be examined for the impact of porcupine feeding on growth rates. Within the control areas
(2000 stems/ha), western hemlock trees in 5.0-9.9 ¢m, 10.0-14.9 and 15.0-19.9 cm dbh classes
that were damaged by porcupines, had diameter growth rates similar to undamaged trees of the
same diameter classes (GLM ANOVA p=0.16;d.f. =2,312; F = 1.88) (Table 5.6). In the
1200 stems/ha area damaged trees were in the 10.0-14.9 cm and 20.0-24.9 ¢cm dbh classes;
whereas in the 400 stems/ha area sufficient trees were available in the 15.0-19.9 ¢m and 20.0-
24.9 cm dbh classes to allow for analysis. In both the 1200 stems/ha and 400 stems/ha
treatment areas porcupine feeding damage significantly reduced diameter growth rates
compared to those of undamaged tfees (GLM ANOVA p=0.02;d.f.=1,82;F=57%andp =
0.001; d.f. =1, 72; F = 13.46 respectively) (Table 5.6).

DISCUSSION
Thinning

The thinning treatments appear to be creating the desired response, for diameter growth rate,
with a trend towards higher growth rates in the thinned areas in both stands. The lack of
statistical difference between the controls and treatments is likely owing to the short time
period over which the data were collected (two growing seasons). Analysis of growth rates

from similar stands in the area have produced mixed results over the short-term. Zimmerling
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(1999a) reported that western hemlock trees in thinned stands (800 and 1250 stems/ha) within
the Little Cedar Valiey, showed no statistical difference in diameter growth rates, over the first
three growing seasons. It was not until the end of the fifth growing season that a significant
difference in diameter growth rates was observed. However, even at that time, only trees in the
800 stems/ha area were significantly different from control areas (trees in the 1250 stems/ha
showed no significant difference). In contrast, a similar study in the Kwinhak Creek Valley
reported that western hemlock trees in thinned stands (600 stems/ha and 1200 stems/ha) did
have a significantly higher diameter growth rate within the first three growing seasons after
thinning (Zimmerling 1999b). The variation in the diameter growth response, even over the
short term, is an indication of the potential influence of site conditions on the expected benefits
of thinning treatments. Smith (1986) points out that thinning on poor sites may not produce
sufficient growth response to increase merchantable yield.

Short-term impacts of porcupine damage

The majority of trees damaged by porcupines in this study were western hemlock (78%).
Chapter 1 showed that porcupines tended to select western hemlock trees in the larger diameter
classes (larger than 9.9 cm dbh) when foraging. Similar selection was noted by Krebs (1994),
MacHutchon (1990), and Sullivan et al. (1986), all of whom worked in western
hemlock/amabilis fir/sitka spruce forests in northwestern B.C., and found that porcupines
selected dominant and codominant western hemlock as a preferred forage species.

Krebs (1994) found that between 14% and 27% of porcupine damaged trees had been
damaged in previous years. Results from my study fall in this range, with 14% of damaged
trees having previous years’ feeding damage. When considering circumference of damage,
58% of damaged western hemlock trees in my study were girdled, and a total of 73% of

damaged stems in my study would not meet the British Columbia Ministry of Forests criteria

93




for merchantable yield, as 1/3 or more of the stem circumference was damaged (Anonymous
2000).

Within the thinned areas, porcupine damaged trees had significantly reduced diametér
growth rates when compared to undamaged stems in the same treatment. The reduced growth
rate was seen in both the 1200 stems/ha area and the 400 stems/ha area, but was not evident in
the control stands. The lack of a difference between damaged and undamaged stems in the
control area may be related to porcupines including smaller diameter stems within their diet
when feeding in control stands (Chapter 1). Damage to a tree that is already growing slowly
may not produce a significant reduction in radial growth.

Both Storm and Halvorson (1967) and Krebs (1994) reported significant reductions in tree
diameter growth rates aftér porcupine feeding damage. Krebs (1994) reported a significant
negative relationship between the circumference of stem damaged and growth rates. However,
Storm and Halvorson (1967) and my study, found no such relationship. Sullivan and Sullivan
(1986), studying snowshoe hare (Lepus americanus) damage to lodgepole pine and Cerezke
(1974) assessing weevil (Hylobius warreni Wood) damage to lodgepole pine, both reported
significant reductions in radial growth of stems as a result of vascular tissue feeding damage.
In the case of Cerezke (1974) a decline in radial growth was not noted until 60% or more of the
stem circumference was damaged. Beyond this level, an increase in the percentage of stem
circumference decreased radial growth (similar to the relationship noted by Krebs (1994)).

Storm and Halvorson (1967) examined ponderosa pine for eight years after porcupine
feeding damage. They showed the largest reduction in annual diameter growth occurred in the
first two years after damage. The difference between damaged and undamaged stems steadily
decreased over time, until by year eight, there was no significant difference in annual growth

increment between damaged and undamaged stems. After ten years, the accumulated loss in

94




radial growth for damaged trees versus undamaged amounted to a mean of 8%. Whether or not
western hemlock will show the same level of resilience as lodgepole pihe remains to be seen.
Long-term Implications

It is well documented that porcupines demonstrate tree species selection when foraging
(Speer and Dilworth 1978; Roze 1984; Tenneson and Oring 1985; Hendricks and Allard 1988).
In the North Coast and Kalum Forest Districts of the Prince Rupert Forest Region, porcupines
select we;s,tem hemlock in mixed stands of western hemlock, amabilis fir and sitka spruce
(Chapter 1 of this thesis; Krebs 1994; MacHutchon 1990; Sullivan and Cheng 1989; Sullivan et
al. 1986). In such stands, between 78% (this study) and 89% (Sullivan and Cheng 1989) of
trees damaged by porcupines are western hemlock. Although thinning can be used to reduce
the percentage of western hemlock in the stand, thinning leads to an increase in the percentage
of stems in the diameter class preferred by porcupines (stems > 9.9 cm dbh) (Table 5.2; and see
Chapter 1). The stand composition after thinning is a direct result of the selection criteria used
by the thinning crews. In most places within the Prince Rupert Forest Region amabilis fir is
selected as a crop tree, over western hemlock, based on results from Krebs (1994), MacHutchon
(1990), and Sullivan et al. (1986) indicating that porcupines prefer western hemlock trees.

A number of scenarios can be examined to determine the potential long-term impacts of
porcupine feeding damage. If it is assumed that a porcupine will damage 0.18 to 1.33 new
trees/day during the winter months (Chapter 1), and that winters last 121 days (December 1 —
March 31), then in a single winter a porcupine will damage between 28 and 161 trees. Using
the percentage of western hemlock damaged in this study (78%) it can then be assumed that
between 22 and 126 of the damaged trees would be western hemlock, with the remainder
divided between amabilis fir and sitka spruce.

The winter range estimations for porcupines vary considerably from location to location and

from winter to winter depending on weather conditions (Roze 1989). Winter home range
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estimates range from 0.2 ha in northwestern Minnesota (Tennesc_)n and Oring 1985) to 83.5 ha
in western Washington (Dodge and Barnes 1975). Krebs (1994) found winter home ranges for
porcupines in northwestern British Columbia to average 8.6 ha; however, in my study winter
foraging range size varied from 0.14 ha to 5.80 ha, with a mean of 1.5 ha (Chapter 1). The
likely reason for this smaller foraging range estimate versus that of Krebs (1994) is that while
Krebs used locations of radio tagged animals, regardless of the animals’ activity, to determine
home range size, I used only foraging locations. As a result, my estimates provide a better
indication of the area over which the feeding damage will be disbursed (1.5 ha for the purposes
of this discussion).

Based on the results from my study and others from the area, [ have developed a predictive
model to aid forest managers in making decisions about thinning in the Prince Rupert Forest
Region of northwestern British Columbia. Using conservative numbers, assuming that 28 trees
are damaged/winter (78% western hemlock) by a single porcupine, over a 1.5 ha area, and 27%
of trees have been previously damaged (Krebs 1994), effectively 16 western hemlock trees will
be newly damaged/year. These same parameters result in 2 amabilis fir and 2 sitka spruce
stems having new damage in each year, within the 1.5 ha foraging range. Approximately one
quarter of the damaged stems would have less than 1/3 of the stem circumference damaged and
would therefore still be considered merchantable under the British Columbia Minjstry of Forest
guidelines (Anonymous 2000). As a result, every winter of feeding from a single porcupine
would produce 12 western hemlock, 2 amabilis fir and 2 sitka spruce that are non- |
merchantable. In northwestern British Columbia 350 — 400 stems/ha is generally considered
the minimum for a commercially harvestable stand (Sullivan and Cheng 1989; Krebs 1994).
Based on the conservative parameters presented, a stand thinned to 400 stems/ha would have

fewer than 350 merchantable stems after 5 years of porcupine feeding (Table 5.7).
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In the case of stands thinned to 1200 stems/ha it would not be until after 60 years of
cumulative porcupine feeding damage that the stand would begin to approach the 400 stems/ha
critical value (Table 5.7). By this time; however, the stand should be at rotation age (if it is
assumed that damage begins around age 20 and harvest can occur at age 80). For untreated
stands (around 2000 stems/ha),‘after 60 years of cumulative damage the stand would be
approaching 1800 stems/ha. This level of stocking is well above the 350 — 400 stems/ha
threshold for commercial harvesting and provides a large buffer for other potential damaging
agents to have an impact.

Using more liberal estimates and assuming that 161 trees are damaged/winter (78% western
hemlock) by a single porcupine, over a 1.5 ha area and 14% are previously damaged (this
study) 108 western hemlock trees will be newly damaged/year. These same parameters result
in 15 amabilis fir and 15 sitka spruce stems having new damage in each year, within the 1.5 ha
foraging range. Under this scenario not even the unmanaged stand that begins at 2000 stems/ha
will be considered commercially viable at rotation, as within 30 years 2081 stems/ha are non-
merchantable (Table 5.8).

Models developed by Sullivan and Cheng (1989) reached similar conclusions. With annual
porcupine damage levels greater than 1%, stands that begin at 900 stems/ha do not reach
rotation age before stem density is below minimum harvestable levels. Krebs (1994), reached
the same conclusion for thinned stands in his study.

Two important assumptions of my model are that 1) porcupine feeding damage occurs at the
same rates over long periods of time, and 2) porcupine damage is spread evenly throughout the
stand. Evidence from Spencer (1964) and Payette (1987) indicates that porcupine populations
may fluctuate, with 10-20 years of high numbers followed by a similar number of years of

reduced numbers. If the results of Spencer (1964) and Payette (1987) apply to all areas of the
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porcupine’s range, porcupine feeding damage may only be sustained at any given rate, for a
maximum of 20 years.

Whether or not porcupines are spread throughout a stand is likely to be stand specific. There
is wide variation in the size of winter home ranges reported in the literature (Dodge and Barnes
1975; Tenneson and Oring 1985; Roze 1987; Krebs 1994) and it is likely that this variation also
leads to wide variation in the density of porcupines in any given stand of trees.

The main question that forest managers must answer when deciding to pre-commercially
thin a stand is; will increased growth rates resulting from thinning allow the stand to reach a
merchantable size before cumulative porcupine feeding damage reduces the number of
merchantable trees below commercially viable levels. Based on the model I have developed,
forest managers should closely examine the likely level of porcupine feeding damage expected
to occur in a particular managed stand, beforé investing in pre-commercial thinning. If
porcupine damage levels are 1% or less, thinning to densities as low as 1000 stems/ha should
result in a commercially viable stand if rotation age is 80 years; however, if damage levels are |
above 1%, thinning should be avoided. If the rotation age of a stand can be reduced then the
level of porcupine feeding damage that can be incurred is increased.

SUMMARY

In this chapter I examined the changes in species composition and diameter growth rates
after pre-commercial thinning. Because thinning is done to favour amabilis fir in northwestern
British Columbia, tree species composition shifts; however, the thinning also increases the
percentage of western hemlock trees in a diameter class preferred for feeding by porcupines.
Thus, the percentage of porcupine feeding in thinned stands will be much higher than in control
areas.

Although my study was carried out for only two growing seasons, there was evidence that

thinning increased growth rates. It is unclear, however, if the increased growth rate will be
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enough to offset the losses resulting from porcupine feeding. In the short-term, over 50% of
trees damaged by porcupines were girdled, resulting in stem mortality above the damage
location. In addition, in thinned stands, damaged trees had significantly smaller diameter
growth rates than undamaged trees. This same result was not observed in the control stands.
Long-term porcupine feeding damage, assuming damage levels remain constant, is likely to
result in non-merchantable stands if the stand is thinned to levels below 1000 stems/ha and a
conservative level of porcupine feeding is assumed over a 60 year period. Using the maximum
estimates for porcupine feeding damage, even untreated stands (2000 stems/ha) are predicted to
have merchantable stem densities below harvestable levels by the age of rotation (80 years). If
porcupine feeding damage within a stand is greater than 1% of st;:ms, then forest managers

should avoid pre-commercial thinning.
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Table 5.1: Species composition after pre-commercial thinning (percentage of stems).

Tree Species Control (2000 Thinning to 1200 Thinning to 400
stems/ha) stems/ha stems/ha
Stand 1 Western hemlock 60.1 66.8 44.2
Aﬁabilis fir 21.2 28.8 47.8
Sitka spruce 18.7 4.0 8.0
Western red cedar 0.0 0.4 0.0
Stand 2 Western hemlock 63.6 38.6 42.0
Amabilis fir 359 60.9 58.0
Sitka spruce 0.5 0.5 0.0
Western red cedar 0.0 0.0 0.0
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Table 5.4: The relationship between percentage of stem circumference damaged by porcupine
feeding and percent diameter growth rates (measured over two growing seasons), for western

hemlock.

Percentage of stem circumference vascular tissue removed.

1 -20% 21-40%  41-60%  61-80%  81-100%
Mean percent diameter ) ¢ g 4 11.6(43)  103(53) 120(43)  12.0(4.4)
growth rate (s.d.) B T A T T
Number of trees 26 : 37 33 31 103
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Table 5.5: The relationship between amount of vascular tissue removed (surface area) by
porcupine feeding and tree diameter growth rates (measured over two growing seasons), for

western hemlock.

Surface area of vascular tissue removed.

1 — 1000 cm? 1001 —2000 cm?> 2001 - 3000 cm?® > 3000 cm?
Mean % diameter
growth rate (s.d.)  11.3 (5.0) 10.8 (3.5) 7.2 (4.2) 9.2 (1.5)
Number of trees 111 19 8 . 5
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Table 5.8: Predicted number of non-merchantable stems/ha based on liberal estimates of
porcupine feeding (108 western hemlock, 15 amabilis fir and 15 sitka spruce newly damaged

every year within a 1.5 ha foraging range area).

Cumulative years of porcupine damage

1 5 10 15 20 25 30

Western

hemlock 63 279 549 819 1089 1359 1629
Amabilisfir 9 39 76 114 151 189 226
Sitka spruce 9 39 76 114 151 189 226
Total non- 81 357 701 1047 1391 1737 2081
merchantable

trees
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CONCLUSION AND MANAGEMENT RECOMMENDATIONS

In this study I have found that porcupines (Erethizon dorsatum) use within stand variation in
the density of sitka spruce (Picea sitchensis) trees to select den site locations. Given that
porcupines tend to forage within 50 m of their den site within unmanaged stands (Speer and
Dilworth 1978; Roze 1984; Griesemer et al. 1994; Chapter 3), this selection allows forest
managers an opportunity to identify where, within a second-growth stand, porcupine feeding
damage is likely to be most severe. Two management options should be considered when an
area containing a potential porcupine den has been identified. The first is to leave a 50 m radius
around the den site unmanaged. This approach is likely only practical where a smaller number
of dens are located within a second-growth stand.

A second management option, which takes advantage of the avoidance of amabilis fir (4bies
amabilis) by porcupines (Chapter 1), is to selectively thin the area around the den site to
remove western hemlock (7suga heterophylla) and leave only amabilis fir. This management
option may also be successful in reducing porcupine feeding damage if applied to an entire
second-growth stand. In fact, many thinning treatments do selectively remove western hemlock
and leave amabilis fir, but in most cases amabilis fir only accounts for 30% - 40% of the trees
within a stand (Kevin Derow, personal communication). As a result, removing the majority of
western hemlock within 50 m of a porcupine den site may be the only practical way of using
the forage selection of porcupines to the advantage of the forest manager. Although intuitively
the removal of the preferred forage species should result in porcupines finding the habitat less
suitable, there has been some evidence to suggest that porcupines will switch their forage
selection when the preferred tree species is unavailable (Sullivan and Cheng 1989). Although I
found that, in general, porcupines avoided amabilis fir in my study area, I still documented

some cases where amabilis fir trees were used as forage (Chapter 1).
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The use of a winter den is an important adaptation, which porcupines employ to ensure their
survival during winter months (Roze 1989). Porcupines used both rock outcroppings and
stumps extensively for winter dens. Both of these den structﬁres were found to provide
adequate thermal protection, under most ambient conditions, to ensure that porcupines did not
have to increase their resting metabolic rate to maintain body temperature. From a management
perspective there is little that can be done to reduce the availability of rock outcroppings for den
sites. However, the stumps, which were being used by porcupines, were left from the initial
logging of the old-growth forests, and the density and location of these potential denning
structures can be manipulated. If] after logging, large stumps were to be removed from the site
through burning or mechanical means, the availability of suitable denning structures could be
dramatically reduced in many second-growth stands. The practicality of stump removal will
vary depending on individual cut block characteristics, but it should be possible in some
situations.

Although predators are more effective at killing porcupines in open areas (Robinette et al.
1959; Powell and Brander 1977; Powell 1982; Stricklan 1986; Sweitzer and Berger 1992,
Krebs 1994), I found no increase in predation rates in thinned areas versus controls. This result
is related to the low abundance of predators within the study area (Chapter 3). In areas where
predator abundance is higher, the open habitat may result in higher predation rates, and a
corresponding decline in porcupine numbers within the thinned stands. Attempts to increase
predator abundance through habitat manipulation, use of attractants (Clapperton et al. 1989;
Zimmerling and Sullivan 1994) and reducing trapping or hunting in specific areas, may aid in
increasing predation rates in thinned areas.

Despite previous studies indicating that porcupines may be attracted to thinned stands (Van
Deusen and Myers 1962; Dodge 1982; Eglitis and Hennon 1986; Sullivan et al. 1986), I have

found no evidence to suggest any such attraction (Chapter 3). Instead, as suggested by Krebs
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(1994), the number of trees damaged by porcupines in thinned stands does not differ from
control stands (Chapter 3). The perceived attraction is an influence of increased rates of
damage, owing to lower total tree density, rather than an increase in actual numbers of trees
damaged (Krebs 1994; Chapter 3). Thinning treatments generally remove the suppressed stems
which porcupines tend to avoid in control stands (Chapter 1). As a result, although thinning
reduces the number of trees/ha, it does not reduce the number of forage trees/ha, from the point
of view of the porcupine.

Although I found no attraction of porcupines to thinned stands, I also found no evidence that
porcupines will avoid thinned stands (Chapter 3). Porcupines did novt change their foraging
range location or increase the number of dens used per winter as a result of the thinning
treatments. I found no discernable difference in the foraging patterns of porcupines in the
control versus the 1200 stems/ha treatments. Porcupines in the 400 stems/ha areas did increase
their foraging range from the den site, but this increase did not result in a decline in porcupine
abundance or damage rates within the stand. As 1200 stems/ha is a common thinning density in
the Prince Rupert Forest Region, the results provide evidence that current thinning practices in
British Columbia are likely to exacerbate the porcupine damage problem, as rates of damage
are likely to increase, while porcupine numbers remain unchanged.

Based on the work of Charnov (1976) and Cowie (1977), I predicted that porcupines
expending more energy to reach a tree would remove more vascular tissue from the tree before
leaving. I found that porcupines that travelled farther to reach forage trees did indeed
compensate for the increased energy expenditure by increasing the amount of vascular tissue
removed per tree. As a result, damaged stems within the 400 stems/ha had a larger amount of
vascular tissue removed compared to trees in the control area.

Thinning also influenced porcupine winter energy expenditures by increasing the amount of

travel porcupines had to do in the open, through deep snow. Travelling under tree cover did
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provide for significantly lower snow sinking depths. Despite the apparent increased cost of
travel for porcupines in the thinned areas; there was no corresponding increase in mass loss or
starvation rates.

Porcupine feeding damage significantly reduced tree growth rates in the control and both
treatment areas. In addition, approximately 3/4 of all trees damaged were considered to be non-
merchantable based on the Prince Rupert Forest Region guideline of 1/3 of stem circumference
damaged (Anonymous 2000). Thinning treatments resulted in increased tree growth rates;
however, it is unclear as to whether the increased merchantable volume obtained will be greater
than the rate of volume lost owing to porcupine feeding damage.

Although the results of my study indicate that on an annual basis porcupine feeding damage
rates may be low in unmanaged stands (Chapter 3), there are numerous examples of the
cumulative impact of porcupines causing serious damage to second-growth conifer forests.
Porcupine feeding damage in pre-commercially thinned stands in Alaska have been
documented as high as 25% of western hemlock and 51% of sitka spruce trees (Eglitis and
Hennon 1986). In addition, Sullivan et al. (1986) reported cumulative porcupine feeding
damage to 52% of western hemlock trees in unmanaged second-growth stands of northwestern
British Columbia.

The key question that forest managers must examine when deciding to pre-commercially
thin a stand is; will increased growth rates allow the trees within the stand to reach
merchantable size before cumulative porcupine feeding damage reduces the number of
merchantable trees below commercially viable levels. The model I present along with those
developed by Sullvan and Cheng (1989) and Krebs (1994) all indicate that annual damage rates
above 1% will create non-commercially viable sfands before an 80 year rotation age is reached

if the stand is thinned to 1000 stems/ha or less. As a result, unless the thinning treatment is
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expected to reduce rotation age dramatically, stands that suffer annual porcupine damage rates

of greater than 1% should not be pre-commercially thinned.
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