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ABSTRACT

Defoliation by the western spruce budworm, Choristoneura occidentalis, causes a range
of damage to its Douglas-fir host, from tree mortality to reduction in growth rates,
depending upon duration, severity and frequency of defoliation.  The structure,
composition and density of stands influence both the dynamics of the insect as well as the
resultant stand damage.  Stands within the Interior Douglas-fir biogeoclimatic zone (IDF)
are most susceptible and suffer the greatest losses due to chronic budworm activity.
Within the IDF the two understory layers of multi-story and selectively harvested stands
are most severely affected by the budworm, often with associated tree mortality.  The
budworm occurs in other biogeoclimatic zones such as the ICH but outbreaks here
usually cause little damage and are of shorter duration.

Information on the outbreak dynamics of western spruce budworm is critical in the long-
term management of interior Douglas-fir forests.  There have been eight major outbreaks
since aerial mapping and detection began 100 years ago, with each outbreak lasting
between 5-8 years.  Each outbreak did not have the same range, and the periodicity
between outbreaks varied.  Within the IDF, outbreaks in the IDF xh (very dry, hot) were
the most sustained followed closely by stands in the IDF dk (dry, cool).  Over 2,000
Douglas-fir and non-host cores were collected and analysed and the results show periods
of defoliation throughout the ring chronologies.  Some periods are sustained in duration,
between 6 to 9 years, and synchronous across most geographic areas.  Other outbreaks
are very eruptive in nature, building rapidly and lasting only a few years; yet they are
severe in intensity.  The number of years between outbreak periods ranged from 10 to 48
years.

In the North Thompson region, the outbreaks are very distinct and are of longer duration
with fairly long time intervals between outbreaks.  In contrast, the region around
Princeton has less distinct outbreak periods, which are of shorter duration.  Outbreaks in
the Okanagan are somewhat intermediate and have outbreak periods that vary both
spatially and temporally.  Overall, the frequency of defoliation events seems to be
increasing in all sites with the period between defoliation periods decreasing in the past
50 years.

INTRODUCTION

The western spruce budworm, Choristoneura occidentalis, periodically reaches outbreak
proportions in British Columbia’s interior Douglas-fir forests. Budworm larvae prefer the
buds and new growth of Douglas-fir, but will feed on other species such as spruce and
larch.  The consequence of budworm defoliation ranges from negligible growth loss to
mortality depending on the duration and severity of the outbreak. Within the Interior
Douglas-fir biogeoclimatic zone (IDF), the two understory layers of multi-story and
selectively harvested stands are most severely affected by the budworm, often with
associated tree mortality.  The budworm occurs in other biogeoclimatic zones such as the
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ICH; outbreaks in these zones usually cause little damage and are of shorter duration.
Several hundred thousand hectares within the IDF are at risk to western spruce budworm.
Using aerial overview data collected by the Canadian Forest Service, F.I.D.S., and MOF,
an historic overlay analysis was conducted to study the extent, frequency and duration of
past budworm defoliation events. The overlay analysis generated data files that gave, by
unique forest cover polygon and BEC, the maximum consecutive years of defoliation and
the total number of years that defoliation was recorded on that site (not necessarily
consecutive). The records are from 1916 to present. The historic overlay was then used to
delineate areas of chronic budworm activity, periodic activity and areas that had no
record of budworm, yet contained susceptible forest types. This provided the framework
by which sites were selected for core collection. Core collection was stratified by BEC
and known defoliation history.

The gaps in tree ring coverage were determined by plotting previous collection sites on
historic defoliation maps from the overlay analysis. Cores from 22 sites in the Merritt
area and west of Kamloops through Lillooet were collected in 2003, thereby completing
coverage of the southern interior (old Kamloops Region). Using these remaining cores, a
comprehensive picture of past western spruce budworm outbreak history in southern BC
will be completed. Outbreak frequency, duration and periodicity, as well as the
geographic location of defoliation events will be identified.  Tree ring chronologies will
reveal periods of reduced growths in areas where there are no historic records of
budworm outbreaks.  All summarized tree ring data will be placed on the MOF website.
It will link with the new Southern Interior Region Forest Health website that has been
established (www.for.gov.bc.ca/rsi/ForestHealth/Index.html).

METHODS

The expected outcomes of this research proposal, as stated in the original project
proposal, are:

1. Comprehensive B.C. database of tree ring data for WSB
2. Spatial (Arc Info coverage) database with all core collection sites linked to forest

cover, BEC and other data attributes
3. CFS/MOF web page containing tree ring data and reports
4. Two (draft) manuscripts
5. Information report containing management recommendations and hazard rating

information

The Natural Resources Canada collaborator was unable to participate in this project as
planned, so the methods and results will reflect only objectives relevant to the MOF (2-5
above).  This project was the third year of a 3-year project and as such, involved some
field collections but was largely comprised of data analysis, summarizing results and
drafting manuscripts.  Other deliverables that will not be mentioned in the methods or
results section: the creation of the web page and, sections of the Defoliator Management
Strategy, which is a government document due for release later this year.
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Objective 2: Determine gaps in tree ring coverage and collect host and non-host cores
from newly identified sites.

The gaps in tree ring coverage were determined by plotting previous collection sites on
historic defoliation maps (from overlay analysis) and maps themed by susceptible forest
types.  The overlay analysis was broken down by years of consecutive defoliation and
years of cumulative defoliation.  Biogeoclimatic zone and subzone designation were also
considered - IDF (xh, dk, dm, mw), ICH (mw), PP (xh) and others.  From this map
exercise, a total of 26 sites were identified and cores were collected from 23 that were
deemed suitable in the field.  The coverage of the study area (former Kamloops Forest
Region) is now complete.

Cores were collected using increment borers, and stored frozen in core collection
containers until prepared and measured.  The procedure for analysing core data is as
follows:

1. Cores were mounted and sanded with successively finer sandpaper (up to 600 grit).
Cores were then measured using the DIGIMIC sliding stage micrometer (Alfaro et al.
1984) and the J2X program.

2. After measurement, cores within a site were cross-dated to assign the correct date to
each growth ring.  This was accomplished using skeleton plots and the accuracy of
cross dating was evaluated using the COFECHA program (Holmes 1983).  The
COFECHA program breaks an individual trees ring series into 50-year periods (with
an overlap of 25 years between periods), and fits a cubic smoothing spline curve to
model the tree’s growth trend over that 50-year period.  These overlapping curves are
then joined to produce an average expected growth curve for the entire series.  The
ring width for a given year is divided by the predicted value given by the spline to
produce an index of tree growth.  This index represents a measure of tree growth that
is independent of tree age, allowing for direct comparison of growth in any given year
between trees of any age.  The program then attempts to match the pattern of peaks
and troughs in the 50-year segments of an individual tree to that of the mean of all
trees within the data set.

3. The program output compares the individual segments within a tree to the overall
pattern of the data set, indicating when a given segment would have a higher
correlation when shifted +/- 1 to 10 years, which would indicate missing rings, false
rings or measurement errors.  When detected, missing rings will be inserted and given
a value of zero.

4. After cross dating, the tree series are standardized by removing the growth trend from
the raw data set.  To remove growth trends within the ring series, two detrending
curves are applied to the cross-dated tree series using the ARSTAN program
(Grissino-Mayer et al. 1993).  To produce a standardized value, the ring width value
is divided by the expected value given by the curve to produce the ring width index
series (Fritts and Swetnam 1989).  Tree ring series are then averaged within a site to
produce a site chronology.  Outbreaks are defined as periods were there was at least 4
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consecutive years showing greater than 20% reduction in ring width relative to the
past 10 year average.

5. The presence of WSB outbreaks is then determined from tree rings based on the
pattern of the radial growth response to field-observed defoliation (Maclauchlan
2001) and by comparisons with the growth response of non-host species in the same
period.

6. The duration, intensity, extent periodicity of past WSB outbreaks will then be
determined (Alfaro et al. 1982).

The other components of the project involve collating data from past studies and
comparing them to the 2003 data.  Impact plots that were established at the time of core
collections in 2001 and 2002 will be summarized.

Manuscripts will be prepared based on the findings of the various studies and analyses.
Two manuscripts are in draft form and one is in preparation.  Management strategies
developed from this new knowledge will be incorporated into the Provincial Forest
Health Strategy and Defoliator Management Strategy.

RESULTS AND DISCUSSION

A total of 1,651 Douglas-fir (Fd) cores from 159 sites have been collected over the course
of this study (Fig. 1, Table 1).  A total of 601 non-host cores from 61 sites, which
included ponderosa pine (Py), lodgepole pine (Pl), spruce (Sx) and other minor species
have been collected 2001-2003 (Table 1).  In 2003, 268 Fd cores from 23 sites and 131
non-host cores from 131 sites were collected.  The majority of cores were collected from
sites within the IDFxh and IDFdk, corresponding to the majority of known budworm
defoliation as determined in the overlay analysis.

GPS co-ordinates were recorded at each core collection site.  A database (Excel and
ArcView format) has been created that contains the number and species of cores
collected by site, date collected and collector, geographic location, GPS co-ordinates,
BEC, forest inventory label, total defoliation, maximum consecutive defoliation and any
other comments that were recorded.  The majority of cores were collected from sites
within the IDFxh and IDFdk, corresponding to the majority of known budworm
defoliation as determined in the overview analysis (Hodge 2000).

For a view of the outbreak periodicity throughout the Kamloops Region, I grouped the
core sites according to geographic area.  The cores collected and measured in 2001 and
2002 came from the North Thompson and central Kamloops area; the north and south
Okanagan; and areas in the far south where according to the overlay analysis there was
no previous record of budworm outbreaks (Hodge 2000).  Cores collected in 2003
completed the coverage of the southern interior, by including sites in the Merritt area and
west of Kamloops through Lillooet.
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Figure 1. Map of the Kamloops Region showing the Interior Douglas-fir ecosystem (gold) and
historic defoliation (green).  The 2001-2002 cores collection sites are blue dots and the 2003 sites

are red dots (circled).

Table 1. List of the number of Douglas-fir and non-host cores collected by biogeoclimatic zone
and subzone.

Subzone Douglas-fir Nonhost
BGxw 0 10
PPxh 74 50

IDFxh 650 217
IDFxw 20 20
IDFdk 619 168
IDFdm 11 0
IDFmk 10 0
IDFmw 145 52
ICHmw 122 84

Total cores 1,651 601

Since 1916, over 57% of the mapped defoliation in the Kamloops Region has been within
the IDF, with 24% occurring in the Interior Cedar Hemlock (ICH) and very minor
amounts in other ecosystems (Fig. 2).  The ICH has a much moister climate and Douglas-
fir is managed in an even-aged, single canopy structure rather than multi-structure as
found in the IDF.  During outbreak years, the budworm seems to expand or “overflow”
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from surrounding IDF sites into adjacent stands that may be in the Ponderosa Pine or
Bunchgrass or ICH.  Outbreaks are typically of shorter duration in these sites.

Figure 2. Hectares of mapped defoliation (CFS data 1916-1994; MoF data 1995-2003) by
biogeoclimatic zone in the Kamloops Region (left) and hectares of defoliation in the IDF by

subzone (right).

Figure 3 is a summary graph showing all the Douglas-fir cores measured.  Highlighted
values include years in which there is at least a 20% reduction in ring width compared
with the past 10-year average.  In broad terms, this highlights periods where there was a
possible western spruce budworm defoliation event.

Douglas-fir chronologiesDouglas-fir chronologies

19901990

18901890
19101910
19301930

19701970

18401840

18601860

18001800

Figure 3. Douglas-fir chronologies from all sites.  Yellow cells indicate years having >20%
reduction in ring width compared to past 10 year average. Dashed green line represent time

periods when outbreaks occurred.
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This outbreak was recorded in the majority of the 39 sites sampled in 2001-2002.  Most
sites recorded the first year of significant growth loss in 1985; however at a few sites, the
growth reduction was delayed by 2 or more years.  Sites that did not show a defined
outbreak in this time period did experience years of significant ring reduction,
interspersed with a year or two of average or just below average growth.  This episode
dating 1985-1995 was the most widespread and synchronous outbreak recorded.

1965 – 1973
The 1965-1973 outbreak was not as widespread as the one occurring in the 1980’s with
less synchrony in the start and end years.  Several sites did not record ring reduction until
1969, and in these areas, growth reduction lasted until 1979.  The sites suffering from
later defoliation experienced longer periods of reduced growth.  Many of the sites that did
not record a defined outbreak, did experience periods of reduced ring width, in the range
of 10-15% reductions, with an occasional year of >20% reductions.

1917 – 1928
Approximately half the sites recorded this outbreak.  Of these sites, about half again did
not record ring reduction until 1922, which then lasted until 1928.  It appears that two
smaller infestations overlapped, one from 1917-1922, the next from 1922 – 1928.  There
is a lot of “noise” around this outbreak (i.e. many sites exist with discontinuous periods
of significant growth loss).  Several sites have only a 2-4 year gap between the end of the
previous outbreak and the start of this one.

1907 – 1911
A relatively confined outbreak well synchronized across 1/3 of sites.  The majority of
these sites also experienced the 1917 outbreak.

1883 – 1892
There were 19 years since the start of the last outbreak with the duration of ring reduction
being 8 years.

1864 – 1874
More widespread than 1883 infestation, most of the sites from the 1883 outbreak also
experienced this one.

1839 –1844
Years since start of last outbreak: 44
Duration of ring reduction: 5

1795 – 1801
Synchronized outbreak, trees experienced 6 years of relatively severe defoliation (growth
reductions of 50%).

In the North Thompson area, which contains Douglas-fir stands in primarily the IDFdk
and IDFxh, outbreaks seem to be very synchronized and fairly long in duration but with
considerable time between outbreaks (Fig. 4).
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The 1985-1991 outbreak was very severe in the North
Thompson area (Fig.4) and was the most synchronous
recorded in the host chronologies.  This outbreak was
very widespread among sites.  In 1967-75, growth
reductions were observed in some sites, but many sites
show no records of defoliation.  The event from 1925-
1930’s was widespread and fairly synchronous, being
quite long lasting in some sites (Fig.4).  The 1907-1911
event was short and synchronous.

Figure 4. Douglas-fir chronologies from the North Thompaon
drainage.  Years highlighted in yellow show years having
>20% reduction in ring width compared to past 10 year
average.

Studying these site chronologies there appears to be 8 outbreak periods identified over a
number of sites.  Outbreak duration was between 5 to 8 years on average and the number
of years between outbreak periods ranged from 10 to 48 years.  Not all sites experienced
each of these outbreaks therefore outbreak periodicity would vary from site to site.  Also,
due to the differences in site conditions and stand structure, the compensation time may
vary among sites as well.

The chronology shown in Figure 5 overlays the Ponderosa pine growth chronology with
Douglas-fir and shows the differences in growth patterns during defoliation events, which
is particularly evident in the late 1800’s outbreak.  Also evident from the host
chronologies is the impact of harvesting on growth patterns (Fig 5).  Selective harvesting
causes a marked recovery in growth of remaining trees a few years post-harvest.

Figure 5. Two chronologies from sites near Kamloops.  Graph on left shows Douglas-fir
chronology highlighting 6 possible defoliation events and selective harvesting at Scuito Lake.

Right graph shows 4 potential defoliation events in the Paxton Valley compared to a Ponderosa
pine chronology.
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The Princeton area in the south central portion of the region had no record of budworm
outbreaks in the overlay analysis.  Just recently, in the past 2 years the western spruce
budworm has built up in this area and significant defoliation is occurring.  Tree ring
chronologies collected from sites in this area that were initially categorized initially as a
susceptible type with no record of budworm, in fact shows periodic, short episodes of
significant growth reductions (Fig. 6).  There was a long period in these sites, from the
1930’s through 1960’s, where no major growth reductions were noticeable.  When
compared to other sites in the region such as the dry sites found in Lillooet (Fig. 6),
outbreaks in the Princeton area were less synchronized and not all sites showed the same
patterns.  Outbreaks were mid-length and severe (Fig. 6).  A possible reason for the lack
of synchrony and severity could be the mixed forest types that are found here.  Many of
the stands where defoliation occurred were fir, spruce, and pine mixes and thus could
sustain fairly high populations of budworm without being noticeable when mapping from
the air.

FdFd chronologies chronologies

19841984

Princeton areaPrinceton area
(no records of defoliation(no records of defoliation
from overview analysis)from overview analysis)

19201920

19691969

19301930

19071907

18701870

FdFd chronologies chronologies

19901990

19101910

19751975

19201920

18831883

18421842

Lillooet westLillooet west

20022002

18901890 18701870

Figure 6. Douglas-fir chronologies from sites in the Princeton (left) and Lillooet (right) area.
Sites in the Princeton area had no records of defoliation from aerial overview surveys.

Moister sites in the IDF and sites in the ICH showed outbreak periods of shorter duration
in the aerial overview overlay analysis.  When all the Douglas-fir and non-host
chronologies from moist sites were grouped and compared, there were fewer growth
reduction periods and they were of shorter duration (Fig. 7).
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Site 4 - ICHmw3 Clearwater, Adams Lk.

0

0.5
1

1.5

2
2.5

3

183
1

184
1

185
1

186
1

187
1

188
1

189
1

190
1

191
1

192
1

193
1

194
1

195
1

196
1

197
1

198
1

199
1

200
1

Py
Fd

Figure 7. Moist site in the ICHmw3 near Adams lake comparing host and non-host chronologies.

CONCLUSIONS AND MANAGEMENT IMPLICATIONS

The 2003 core collection added the necessary tree ring chronologies to complete the
landscape level coverage of the Kamloops Region.  This coverage included a sampling of
all susceptible forest types within the region.  The tree ring chronologies, host and non-
host, compared to the overlay analysis give a comprehensive view of historic western
spruce budworm outbreak patterns in the southern interior of B.C.  It appears that there
have been defoliation periods throughout the ring chronologies from most sites visited.
The periodicity and duration of outbreak events varies both by geographic area and
moisture regime.  Yet many of the defoliation events were very synchronous across many
sites.  Some outbreak periods were sustained in duration, from 6-9 years, and
synchronous across most geographic areas, plus or minus a few years in terms of when
growth reductions were evident and recovery began.

Other outbreaks were very eruptive in nature, building rapidly and lasting only a few
years, yet severe in intensity.  An example of this is the outbreak that occurred between
1907-1911.  This was a relatively confined outbreak, well synchronized across one third
of the sites examined.  The majority of these sites also experienced the 1917 outbreak.
However, there were areas where budworm outbreaks appeared less synchronous with
other areas and were more eruptive (or sustained) in nature.  The growth patterns in these
sites showed intermittent periods of growth loss between major defoliation events,
suggesting that the budworm moves from stand to stand but remains fairly static in the
area.  When host quality is depleted from successive years of defoliation, budworm
populations appear to decrease or move to other locations.  After a recovery period for
the host in these sites, notably in the drier IDF ecosystems, the budworm increases again.

In the North Thompson region, the outbreaks were very distinct and were of longer
duration with fairly long time intervals between outbreaks.  In contrast, the region around
Princeton had less distinct outbreak periods of shorter duration and longer intervals
between outbreaks.  This can be explained, in part, to the differing forest types found in
these two regions.  The stands in Princeton tend to be of more mixed fir/spruce/pine types
whereas in the North Thompson, they are dominated by Douglas-fir.
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Outbreaks in the Okanagan are somewhat intermediate between the North Thompson and
Princeton areas and have outbreak periods that vary both spatially and temporally.

When sites are grouped by biogeoclimatic type, moist versus dry, again notable patterns
emerge.  Moister ecosystems have more distinct outbreak periods with little evidence of
defoliation periods between major outbreak events.  On average, there are longer time
periods between outbreak events in moister ecosystems (e.g. IDFmw, ICHmw).  In the
very dry IDFxh sites there are more sustained outbreak periods with shorter periods of
less intense defoliation between the longer duration events.

One of the most interesting findings in this study is that the frequency, intensity and
duration of defoliation events seem to be increasing in all sites. Over the past 50 years,
the period between defoliation events has decreased and the extent that outbreaks cover
has greatly increased.  For example the 1985-1995 outbreak was the largest outbreak ever
recorded.  It was very synchronous and extended into ecosystems that rarely experience
budworm defoliation.  This could be in part due to our changing climate regime and
exacerbated by our forest harvesting practices.

This study has immediate usefulness in terms of management.  The increased knowledge
of outbreak history has been incorporated into the Provincial Defoliator Strategy and will
be used as a planning tool for forest managers and decision-makers.  Access to maps, the
database and reports will assist managers in determining the risk to future defoliation
events.  The potential for sustained long defoliation events will be better understood by
the ecosystem references and the knowledge of periodicity will allow for more sustained
forest management decisions.
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