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Abstract Cyclic populations of western tent caterpillars
fluctuate with a periodicity of 6–11 years in southwestern
British Columbia, Canada. Typically, larval survival is high
in early stages of the population increase, begins to decline
midway through the increase phase, and is low through
several generations of the population decline. Fecundity is
generally high in increasing and in peak populations but is
also reduced during the population decline. Poor survival
and low fecundity for several generations cause the lag in
recovery of populations that is necessary for cyclic dy-
namics. The dynamics of tent caterpillar populations vary
among sites, which suggests a metapopulation structure;
island populations in the rainshadow of Vancouver Island
have more consistent cyclic dynamics than mainland popu-
lations in British Columbia. Sudden outbreaks of popula-
tions that last a single year suggest that dispersal from
source to sink populations may occur late in the phase of
population increase. Wellington earlier discussed qualita-
tive variation among tent caterpillar individuals as an aspect
of population fluctuations. The variation in caterpillar activ-
ity he observed was largely statistically nonsignificant. Re-
cent observations show that the frequency of elongate tents
as described by Wellington to characterize active caterpil-
lars varies among populations but does not change in a
consistent pattern with population density. The level of in-
fection from nucleopolyhedrovirus (NPV) was high in some
populations at peak density but was not associated with all
population declines. Sublethal infection can reduce the
fecundity of surviving moths, and there is a weak associa-
tion between viral infection and egg mass size in field popu-
lations. The impact of weather in synchronizing or
desynchronizing populations is a factor to be investigated
further.
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Introduction

In Canada and northern United States, two species of tent
caterpillars display regular population fluctuations that are
typical of forest Lepidoptera in northern regions of
the Northern Hemisphere. The forest tent caterpillar,
Malacosoma disstria Hbn., defoliates areas of deciduous
woodland, particularly of trembling aspen (Populus
tremuloides Michx.) every 6–16 years (Daniel and Myers
1995; Kukan and Myers 1997; Myers 1998). The western
tent caterpillar, M. californicum pluviale (Dyar), is more
patchy in its distribution across Canada and down the coast
of Oregon and Washington. It occurs on a variety of species
of host trees including red alders (Alnus rubra Bong.), crab
apples (Malus diversifolia (Bong.)), and wild rose (Rosa
nutka Presl.), often in open areas. Populations of this spe-
cies have fluctuated with a period of 6–11 years in south-
western British Columbia (Myers 1993) (Fig. 1). Western
tent caterpillars are more of a nuisance than a serious forest
pest when occurring at high density.

Tent caterpillars have one generation a year, and larvae
hatch from eggs in the early spring just as the leaves of their
deciduous hosts are breaking from the buds. Each female
lays only one egg mass. The gregarious caterpillars form
conspicuous silken tents (western tent caterpillars) or mats
(forest tent caterpillars) on which they congregate between
bouts of feeding. The western tent caterpillars preferen-
tially lay their eggs on the southwestern sides of trees, on
small host trees on south-facing slopes, and on isolated host
trees in fields (Moore et al. 1988). However, when popula-
tion densities are high, many moths fly to large trees in more
dense stands to oviposit. This habit contrasts to the forest
tent caterpillar for which outbreaks are more likely in large
forest stands than in small patches even though populations
are more persistent in smaller patches (Roland 1993). The
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attraction of the southwestern sides of trees may be related
to reduced transmission of virus there (Roland and Kaupp
1995; Rothman and Roland 1998), as well as warmer tem-
peratures for developing larvae.

In British Columbia, Canada, the population dynamics
of western tent caterpillars were initially studied from the
mid-1950s to the mid-1960s by Wellington and colleagues.
Since the mid-1970s, my students and I have continued
investigations. The work of Wellington focused on variation
in “quality” and activity of individuals as population densi-
ties changed. More recently, we have investigated variation
in food plant quality, and the dynamics of infection by
nucleopolyhedrovirus (NPV). In this article, I review the
early studies on tent caterpillar dynamics and individual
quality and interpret these in light of more recent findings.
We have, through observations and experiments, attempted
to discover the characteristics of the cyclic population dy-
namics of western tent caterpillars, and we seek general
patterns and explanations of population cycles.

The role of individual differences in
population dynamics

In addition to changes in the numbers of individuals,
Wellington (1957) suggested that the quality of individuals
could also change with density and environmental condi-
tions. He categorized tent caterpillar activity on the basis of
the ability of early-instar larvae to move to a light source, the
shapes of tents in field populations (compact or elongate),
the number of tents made by family groups, and the amount
of scale loss and wing wear of adult moths enclosed in jars.
Wellington (1960) related these characteristics to the popu-
lation dynamics of tent caterpillars observed between 1956
and 1959, even though most of the observed variation in the
characteristics among the years of population decline were
not statistically significant. The trends in characteristics he
reported are shown in Fig. 2. The proportion of “type I”

active caterpillars was almost constant over the population
decline, and the proportion of elongate tents, another indi-
cator of activity, tended to increase. Wing wear of female
moths was classified for populations with different infesta-
tion histories. Means of the scores for those populations that
had high caterpillar densities in 1955 showed a nonsigni-
ficant increasing trend from 1956 to 1959 whereas moths
from areas not infested by tent caterpillars in 1955 showed a

Fig. 1. Outbreaks of island and mainland western
tent caterpillar populations in southwestern British
Columbia, Canada. Records of outbreaks before
1975 are from Canadian Forest Service and trends
after 1975 are counts of tents on Mandarte Island.
The outbreak on the mainland in 1997 was limited to
coastal areas

Fig. 2. Population trends and changes in the percent of elongate tents
and active larvae (top) and of mean eggs per egg mass (bottom). (Data
from Wellington 1960, 1964, 1965)
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nonsignificant declining trend over the same time period.
The trend toward greater activity of new populations in 1956
may indicate invasion of these areas by active moths.

Wellington (1960) also considered the potential interac-
tions between the quality of caterpillar colonies, weather,
and infection by NPV. He reported a greater effect of NPV
on “sluggish” caterpillar groups, but the loss of all sluggish
colonies in 1958, which he attributed to undefined bad
weather conditions, he claims resulted in viral infection only
persisting in surviving active colonies. Earlier, Wellington
(1957, p. 312) attributed the spread of virus in the 1956 tent
caterpillar populations to a 5-day “heat wave” that caused
larvae to remain clustered on tents, “trapped by their photic
response.” Wellington claimed that this stress from reduced
feeding and increased interaction among larvae caused an
increase in viral infection and parasitization by the fly
Tachinomyia similis (Will.). This latter is not documented in
any quantitatave way.

Wellington’s findings are difficult to interpret in terms of
which interactions are in fact important to population dy-
namics of caterpillars. The observations seem to show the
following with declining population density: egg mass size
declining, behavioral activity of caterpillars remaining con-
stant, the percentage of elongate tents (a characteristic of
active caterpillars) increasing, and adult moth activity show-
ing no consistent change. Virus may or may not be associ-
ated with more sluggish colonies, and both too cold and too
hot spring weather are suggested to have detrimental effects
on populations.

Although there are few statistically significant data for its
basis, the scenario proposed by Wellington is approximately
described by the following: tent caterpillars in areas of fa-
vorable climate persist and increase when weather condi-
tions are good (Wellington 1964). Families are composed of
more and less active larvae, and this variation is partly
dependent on the amount of yolk provided to the eggs.
Increasing populations are associated with a high propor-
tion of active larvae that form elongate tents. Active moths
fly from increasing populations and establish new popula-
tions in less suitable environments. Remaining sluggish
moths have fewer active offspring, and the quality and
growth rate of the offspring deteriorate as viral infection
and parasitization increase. Poor spring weather eventally
causes a regional decline in the population, and populations
only persist in areas of particularly good microclimate. It is
possible to use more recent data to test various aspects of
this scenario.

Study populations

We have monitored tent caterpillar populations at two sites
since 1976 (Myers 1990, 1993) (Fig. 3). One site, Westham,
is on the western edge of the Fraser River delta in the lower,
coastal mainland of British Columbia (B.C.). The host
plants here are primarily crab apple trees, which line
approximately 2 km of sloughs draining an open field. The
other long-term site is Mandarte Island, in Haro Strait, off

the eastern coast of Vancouver Island. The primary host
plant on this 7-ha island is wild rose. Following the outbreak
of tent caterpillars in 1986, populations have been moni-
tored at two other sites. On the mainland, we have moni-
tored populations on the south slope of Black Mountain in
Cypress Provincial Park primarily on three patches of red
alder ranging in size from 0.5 to 1ha and at elevations
ranging from approximately 300 to 600m. We have also
monitored populations in patches of red alder trees on
Galiano Island in the southern Gulf Islands. The primary
study population here is on red alder trees lining 1km of a
road. The characteristics of these sites are described in more
detail in Myers (1990).

Populations are monitored by counting the tents formed
by late-instar caterpillars in consistent areas or, for
Mandarte Island, over the whole island. Each year we mea-
sure the length and width of tents that can be reached using
extendable pruners and count the number of eggs in egg
masses collected after larvae have hatched. Often an egg
mass can be associated with a specific tent. The size of the
tent is correlated to the number of fourth-instar caterpillars
remaining in the family group (Myers and Williams 1987).
To estimate larval survival to the late instars, we divide the
size of the tent by the number of eggs in the associated egg
mass.

Population trends, fecundity, and survival

The trends of the two island populations, Mandarte and
Galiano, are cyclic with peak densities from 1986 to 1987
and 1995 to 1997, and lowest densities in 1979 and 1989
(Mandarte) and 1989 (Galiano) (Figs. 4, 5). Egg masses

Fig. 3. Map of the study area. Sites are designated as Cyp (Cypress),
Wes (Westham), Gal (Galiano), and Man (Mandarte)
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were relatively large when densities were high and smaller
during periods of population decline. The size of egg masses
peaked on Mandarte in 1986 and 1996, during the popula-
tion peak. Survival of larvae declined from midway through
the population increases until late in the population de-
clines in all cases. Larval survival was significantly corre-
lated to the change in population density (log(Nt 1 1) 2
log(Nt)) for the Mandarte population (r 5 0.78, df 5 16, P
, 0.05) but not for any other populations. Egg mass size was
not significantly correlated to the change in density for any
of the populations. This finding is not surprising because at
low density, when sample sizes are small, mean egg mass
sizes vary considerably.

The trends of the two mainland populations showed dif-
ferent patterns (Figs. 4, 5). Again populations in both these
areas were high from 1985 to 1986 and declined through
1988 (Westham) or 1990 (Cypress). Both populations began
to increase until 1992 and then declined again for several
years. The Cypress population showed a modest increase
between 1994 and 1995 and also between 1996 and 1997 but
then declined by 1998 in synchrony with the island popula-
tions. The Westham population increased from 3 tents to 42
tents between 1993 and 1995, stabilized until 1996, and then

increased from 37 to 938 tents between 1996 and 1997. This
population also declined in synchrony with the other popu-
lations between 1997 and 1998. Sizes of egg masses declined
with the population declines between 1986 and 1988 in
these populations but were relatively small, fewer than 200
eggs per egg mass, in most years at Westham (large mean in
1994, based on two egg masses). At Cypress, egg masses
tended to be larger with 200 or more eggs per egg mass in
most years. Survival tended to be low at both Cypress and
Westham and was particularly low in 1992. The high sur-
vival estimate at Cypress in 1994 was based on 3 measured
tents that could be reached for measurement of the 7 that
were counted in this area that year, and therefore may not
be a good estimate. Survival was high in 1994 at Mandarte,
Galiano, and Cypress but not at Westham, where high
larval survival did not occur until 1997, a year of high
abundance.

To summarize, in the cyclic populations of tent cater-
pillars, survival deteriorated beginning in the phase
of population increase and decreased or remained low
through the population decline. Egg masses have been rela-
tively large in peak populations and decreased during the
population decline. Mainland populations did not demon-

Fig. 4. Population trends (number of tents in specified areas) (solid circles) and mean number of eggs per egg mass (6SE) (open triangles) for
four populations of western tent caterpillars in southwestern British Columbia (B.C.)
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strate typical cyclic dynamics in the past 10 years, although
the Westham population increased suddenly to peak den-
sity in 1997, synchronously with peak densities of the island
populations. All populations declined between 1997 and
1998 regardless of their population history. Unlike the
population outbreak in 1985–1987 in which island and
mainland populations were synchronous (Myers 1990) (see
Fig. 1), population dynamics varied between island and
mainland sites during the mid-1990s.

Tent shape

Wellington (1957) proposed that family groups with higher
proportions of active larvae, type I larvae as indicated by
the light orientation test, produced elongate tents at the tips
of branches. Although he suggested that increasing popula-
tions would be characterized by more active individuals, in
his study the proportion of elongate tents appeared to in-
crease with the population decline (see Fig. 2). To test if the
proportion of elongate tents changed over a population
cycle, we determined the proportion of tents for which the
length was three times the width. Data are shown in Fig. 6

for three populations. The proportions of elongate tents
tended to differ among populations with the population on
Mandarte Island having the lowest proportion (0.0 to 0.26),
Westham being intermediate (0.24 to 0.40) and Galiano
Island being highest (0.27 to 0.50). However, there was no
apparent consistent association between the stage of the
population fluctuation and the proportion of elongate tents.
Tent size does vary from year to year (data not shown), and
this is reflected in the survival estimates. Both tent size and
larval survival estimates are low in declining populations. In
high-density populations, larvae often move to the tops of
trees and aggregate to form very large tents.

Changes in infection by nuclear polyhedro virus (NPV)

As described earlier, Wellington (1960, 1965) considered
how infection by NPV might be related to population den-
sity and the occurrence of sluggish or active colonies in
populations. We have monitored infection by NPV in tent
caterpillar populations over the last population cycle by
determining the proportion of larvae infected (Fig. 7) and
the proportion of tents contaminated with virus (Kukan and

Fig. 5. Population trends (solid circles) and early-instar larval survival (estimated from the sizes of late instar tents and mean number of eggs per
egg mass) (open triangles) for four populations of western tent caterpillars in southwestern B.C.
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Myers 1999). The two island populations showed increasing
levels of infection with increasing host density, but the mea-
sured level of infection declined in the Mandarte population
before the population decline. Viral infection was not
closely related to density in the mainland populations, al-
though in 1992 it was relatively high in populations at both
Westham and Cypress before they declined. At Cypress,
both population density and level of infection remained
low, and in both Cypress and Westham we found no in-
fected caterpillars in 1997 or 1998 even though the density
was high at Westham in 1997.

Small-scale field experiments in which densities of larvae
on trees were varied have shown that feeding and develop-
ment rate of larvae at high densities are greater than at low
densities, but fecundity can be reduced by high density
(Rothman 1997). The introduction of NPV increased mor-
tality and reduced fecundity of moths, particularly at high
density. High density and exposure to virus in the parental
generation carried over to reduced pupal weight of off-
spring reared in the lab in the next year (Rothman 1997).

This situation mimics what happens during the population
decline.

In other field experiments, the transmission of NPV
among larvae was more efficient (higher transmission
coefficient) among small groups of larvae. However, the
development rate was higher in larger groups of larvae and
these larvae then moved around the tree, spreading the
virus to other colonies (Beisner and Myers 1999). In the
field, an epizootic may occur when the density of tent cater-
pillars reaches a threshold at which movement of larvae
around the trees is sufficiently high to spread NPV among
family groups.

Changes in the number of eggs per egg mass

Our data are consistent with those of Wellington (1960) and
show a decline in the fecundity of moths during population
declines. We have considered two hypotheses of how fecun-
dity might be related to infection by NPV: sublethal infec-
tion could reduce the fecundity of moths – sublethal disease
hypothesis, or selection for moths resistant to viral infection
could be associated with reduced fecundity – disease resis-
tance hypothesis (Myers 1990; Myers and Rothman 1995;
Myers and Kukan 1995). Data are more consistent with the
sublethal disease hypothesis. Although NPV infection is
usually lethal, a number of studies have shown that caterpil-
lars can survive infection, particularly if they are infected
late in larval development (Rothman and Myers 1994,
1996a). A consequence of sublethal infection is reduced
pupal weight and moth fecundity. In field observations of
viral contamination of tents (Kukan and Myers 1999), egg
masses associated with tents contaminated by virus tended
to be smaller than egg masses associated with virus-free
tents. Similarly, for egg masses experimentally introduced
to red alder trees, viral infection tended to be more com-
mon in tent caterpillar families from small egg masses than
in those from large egg masses (Rothman and Myers
1996b). Although these associations are weak, they indicate
a relationship between small egg masses and viral infection
of the sort that might occur if sublethal infection and verti-
cal transmission of virus were associated. However, there is
not a close association between the level of viral infection of
larvae and the sizes of egg masses in the field. For example,
on Mandarte Island only a small proportion of late-instar
caterpillars were infected with NPV in 1997, but the egg
masses laid by moths that year (those that hatched in 1998)
were small. Egg masses on Galiano Island in 1996 remained
large even though a high proportion of late-instar larvae
were infected in 1995.

In conclusion, egg masses tend to become smaller as
populations decline following peak densities. Four factors
associated with this observation support the sublethal dis-
ease hypothesis: (1) high levels of infection by NPV in peak
populations, (2) slightly more common viral infection of
larvae hatching from small egg masses, (3) numerous obser-
vations that sublethal infection can reduce fecundity, and
(4) reduced fecundity of first- and second-generation moths

Fig. 6. Population trends (solid circles) and proportion of elongate
tents (length three times the width) (open triangles) for three popula-
tions of western tent caterpillars in southwestern B.C.
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after exposure to virus in field experiments (Rothman
1997). However, whether sublethal infection explains the
smaller egg masses remains questionable. The lack of a
close association between levels of late larval infection of
field populations and the average size of egg masses pro-
duced by surviving individuals (see Figs. 4, 7) makes a
simple interpretation difficult, although there could possi-
bly be carryover effects that last several generations. Debili-
tating diseases such as cytoplasmic polyhedrovirus and
small RNA viruses could reduce the fecundity of moths,
although we have not seen the former and have not looked
for the latter. The explanation for the reduced fecundity of
moths during the decline is still not clear.

Weather and tent caterpillar fluctuations

As mentioned earlier, Wellington considered weather to be
important to the dynamics of tent caterpillar populations. In
his interpretations, both warm and cool weather could be
detrimental to populations. It is unlikely that poor spring

weather initiates cyclic declines because population de-
clines begin following a summer of high larval density and
are characterized by high loss between late-instar larvae
and the laying of eggs for the next generation. Early larval
survival shows a declining trend from the middle of the
increase phase through the decline and is not characterized
by a sudden deterioration as might be expected if weather
were closely related to the population decline. The island
populations we have studied are in the rainshadow of
Vancouver Island and therefore tend to be drier (average
May rainfall: Vancouver, 60mm; Victoria, 40 mm) and
sunnier (average hours of sun in May: Vancouver, 166;
Victoria, 231) in the spring than mainland sites. However,
average temperatures vary little between the locations, per-
haps because increased cloud causes night temperatures to
be warmer on the mainland where sunny hours are fewer. A
previous analysis of the historical records of tent caterpillar
outbreaks in British Columbia and rainfall records showed
that rainfall in April, when larvae were in the early instars,
tended to be less in years of population decline (Myers
1981). This association was not apparent following the 1986
decline, and 1984 was a particularly wet and cloudy year

Fig. 7. Population trends (solid circles) and percent late instar larvae infected by NPV (nucleopolyhedrovirus) as indicated by DNA probe
(Kukan and Myers 1999) or rearing field-collected samples in the laboratory (1997–1998) (open triangles)
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during the increase phase. Weather conditions vary consid-
erably from year to year, but no clear patterns of conditions
and population dynamics are apparent.

The outbreak of tent caterpillars in the mid-1980s was
synchronous in both mainland and island populations in
B.C. (see Fig. 1), and an outbreak was also recorded at this
time in a population in central Oregon (Mitchell 1990).
More recently, one mainland population, Westham, had
only 1 year of peak density and the other, Cypress, never
reached high density when island populations were at out-
break densities. Both mainland populations declined in
1992. Interestingly, rainfall in May of 1992 was 36mm below
average and hours of sunshine 43h above average, as mea-
sured at the Vancouver International Airport by Environ-
ment Canada. The winter moth (Operophthera brumata)
also declined on the mainland in 1992 (Horgan et al. 1999),
which may suggest that weather conditions were detrimen-
tal to survival of early spring Lepidopterans that spring.
However, a Bt aerial spray program was also carried out in
Vancouver that year and spray drift could have been a
factor in the declines.

The success of western tent caterpillars may depend on
their ability to increase their body temperature by basking
in the sun. Larvae in shaded areas are slow to develop and
often either move to sunny areas or die out (Wellington
1960, 1964; personal observation). Tent caterpillars are able
to increase their body temperature by basking in the sun to
20°C above ambient (personal observation), and this be-
havior increases their growth rate (Knapp and Casey 1986).
Wellington (1960) suggested that some geographic areas
are only suitable for larval growth and survival in years of
sunny conditions. However, the decline of mainland popu-
lations in 1992 during a particularly sunny May appears to
contradict this idea.

One way to examine the association between environ-
mental conditions and survival and the development of tent
caterpillars is to experimentally manipulate the time of egg
hatch by storing eggs in cold conditions in the spring and
deploying them at a later date (Myers 1992). In an experi-
ment of this sort, a delay in egg hatch of 3–6 weeks was
not apparently detrimental to tent caterpillar success as
indicated by tent size and time of pupation. We did not
experimentally achieve early egg hatch, which might be
detrimental, but these experiments indicated a resilience to
fluctuations in weather conditions.

A more thorough analysis of outbreaks of the closely
related forest tent caterpillar has been done for populations
in Ontario (Daniel and Myers 1995). Maximum feeding
degree-days and 4-year averages of feeding degree-days did
not differ between increasing populations and declining
populations. In addition, overwintering minimum tempera-
tures were not related to changes in defoliation, and defo-
liation actually increased between some years in sites where
minimum winter temperatures were below 240°C, cold
enough to freeze eggs. Overall, years of defoliation were
less for colder sites. Additional analysis of these same data
(Roland et al. 1998) showed that, in agreement with Daniels
and Myers (1995), the duration of outbreaks was shorter in
sites with colder temperatures. However, it is not clear from

this analysis if this association was caused by slower popula-
tion increases, earlier population declines, or lower levels of
defoliation at peak densities.

On a larger geographic scale, populations of cyclic forest
Lepidoptera in the Northern Hemisphere show a tendency
to be synchronized with more population peaks occurring
during cold years and troughs of sunspot activity (Myers
1998). In the mid-1980s, a number of populations of differ-
ent species were at outbreak densities, but no mechanisms
are known to explain this pattern. Although population
densities of individual species are influenced by a variety of
factors specific to that population, widespread environmen-
tal conditions may periodically synchronize the dynamics of
populations.

Food plant quality and induced defenses

Variation in host plant quality with levels of insect attack,
the induced defense hypothesis, has been suggested as an
explanation of fluctuations of populations of forest Lepi-
doptera (Haukioja 1980; Rhoades 1985). To test if foliage
from alder trees supporting tent caterpillars was reduced in
quality compared to foliage from trees in areas with few
tent caterpillars, we collected early-instar caterpillars in
April of 1982 through 1986 from a high-density population
and reared them in the laboratory on foliage of the two
types (Myers and Williams 1984; Myers 1988; Myers and
Williams 1987). During this time, the source population of
larvae increased to peak density in 1986 and began to de-
cline at the end of the larval period that year. Two charac-
teristics were measured: mass of female pupae and survival
to pupation. Pupae of larvae reared on foliage from trees
exposed to intense herbivory were significantly smaller in
1983–1985, and pupae decreased in size on both types of
foliage from 1983 to 1985 (Myers 1988). The level of nitro-
gen was also lower in leaves from the area of intense her-
bivory, and this difference may have caused the reduced
pupal size of larvae fed on foliage from this area. Levels of
tannins or other “defensive” chemicals were not measured.
The pattern of larval survival varied from year to year (Fig.
8), with survival being significantly better for larvae fed
foliage from areas of low caterpillar attack in 1983 and the
opposite in 1985. This low survival was likely caused by
bacterial or viral disease. The biggest change was the very
low survival of field-collected larvae on both types of foliage
in 1986. These experiments indicate a deterioration in sur-
vival of larvae and reduction in the size of pupae in the year
of peak density for insects brought in from the field and
reared in the laboratory.

Small-scale field experiments in which the density of tent
caterpillars was varied in one year and the quality of host
trees assayed the next showed no association between the
previous level of defoliation of trees and pupal weight of
tent caterpillars (Rothman 1997); this does not indicate de-
layed induced resistance of alder trees. Although the pat-
tern of reduced survival beginning midway through the
increase phase of field populations could be consistent with
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induced defenses of host trees, the relatively high fecundity
of peak populations in the field does not indicate reduced
foliage quality following high caterpillar density. The syn-
chronous declines of populations feeding on different host
tree species and with different levels of attack of host trees
also are not in agreement with the induced defense hypoth-
esis (Myers 1990).

Population manipulations

During the period of increase in tent caterpillar populations
in the mid-1980s, we introduced eggs to several sites in the
vicinity of the University of British Columbia to determine
if we could create out-of-phase populations (Myers 1990).
Populations increased in these areas but declined in either
1986 or 1987 regardless of the year of introduction. In 1986,
early larval survival and survival of fifth-instar larvae were
better for introduced populations than for source popula-
tions from which the eggs had been obtained. Even so, by
1988 population densities were very low at all locations.
Earlier attempts to keep a small island population in out-
break phase by cropping were not successful (Myers 1981).
During the more recent outbreak of tent caterpillars in the
mid-1990s, several hundred introduced egg masses did not
initiate new outbreaks at sites on the mainland. Thus far, it
has been impossible to experimentally create out-of-phase
populations of western tent caterpillars, although popula-
tions do sometimes become out of phase naturally.

A repeatable characteristic of fluctuations of tent cater-
pillars is that in the year of peak density tents occur in areas
of suitable food plant where they had not previously been
found (Myers 1990; Wellington 1957, 1960) (personal obser-
vation); these are often areas of large alder trees. These
“new” populations disappear in synchrony with declines of
other populations. It is probable that emigration of moths

from high-density areas initiates the population increases at
these new sites where caterpillars were either at very low
density or nonexistent previously. An example of this might
be the sudden eruption of the population at Westham in
1997 following several years of low density. This population
then declined by 1998. Therefore, the populations of tent
caterpillars in southwestern British Columbia may repre-
sent a metapopulation with populations on the southern
Vancouver Island and the Gulf Islands being source popu-
lations and areas on the mainland being sink populations.
Historical studies of western tent caterpillar populations
indicate that outbreaks on the mainland are not always
synchronized with those on the islands (see Fig. 1). Records
of outbreaks recorded by the Canadian Forest Service do
not always include the same locations, and therefore the
occurrence and periodicity of outbreaks can vary from site
to site.

The general picture

Weather in the early spring in coastal environments can
frequently be wet and cloudy. The ability of tent caterpillars
to increase their temperature by basking in the sun (Knapp
and Casey 1986) is undoubtedly important to the success of
this species. The size of the group of larvae on a tent influ-
ences the temperature reached during basking (personal
observation), and this effect may influence the faster devel-
opment of larvae in larger groups observed in small-scale
field experiments (Rothman 1997). Poor survival and small
egg masses in declining populations reduce the number of
larvae in family groups, and the negative impacts of this
lower number on the ability to increase body temperature
may prolong the decline. Experiments that show an influ-
ence of exposure to NPV and high density on the fecundity
of both parents and their offspring indicate a cause for the
continued population decline. NPV contamination is also
carried over from one generation to the next on trees
(Rothman 1997) and on egg masses (personal observation;
Rothman and Myers 1996b). Spread of virus among colo-
nies seems to be enhanced when larval densities on trees
reach levels at which greater movement around the trees
occurs (Beisner and Myers 1999; Rothman and Myers, un-
published data), and an epizootic could occur after this
density threshold is reached.

The possible dynamics of viral infection and host popula-
tion density have been modeled in a variety of more or less
realistic ways, and cycles are one of the dynamics to arise
from these models (Anderson and May 1980; Bonsall et al.
1999; Bowers et al. 1993; Dwyer 1995; Hochberg 1991).
Sublethal disease and vertical transmission have also been
shown to destabilize populations under certain conditions
in models (Beukema 1992; Briggs and Godfray 1996;
Regniere 1984). Berryman (1996) proposed that NPV infec-
tion can destablize populations by reducing densities below
levels at which insect parasitoids can be maintained. Main-
land and island populations may differ in the levels of
infection, and this variation could be associated with the

Fig. 8. Percent larval survival to adult stage of western tent caterpillars
collected as early instars and reared in the laboratory on foliage from
trees attacked by tent caterpillars (black bars) and trees with little or no
tent caterpillar attack (hatched bars) (Data from Myers 1988)
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variation in amplitudes of population fluctuations in the
most recent cyclic fluctuation. Without the impact of virus,
populations may not decline to very low levels. We do not
know all the factors that contribute to the decline in early
larval survival which begins in the increase phase of tent
caterpillars. Bird predation of larvae is not a factor because
tent caterpillars appear to be generally unpalatable to birds.
Parasitoid species vary among populations, but rates of
parasitism are likely to increase with population density.
The occurrence of sublethal infections or latent virus will be
the focus of future research.

Although populations of a number of species of forest
Lepidoptera fluctuate, some species have more regular
cycles than others and cyclic dynamics are more obvious for
populations north of the 50th parallel (Myers 1998). If NPV
infection is necessary for periodic fluctuations, those species
with regular cycles should also have viral epizootics. There
are reports of fluctuations of some forest Lepidopterans
without viral epizootics (Baltensweiler et al. 1977; Mitchell
1990). However, viral infection may be easy to overlook in
the field because larvae dying of virus deteriorate very
quickly. Our own studies show that, within a species,
populations can vary in their dynamics and level of viral
infection. Careful quantification of viral infection will be
required to determine if this is necessary and sufficient for
regular population cycles of forest lepidopterans, or if the
factors causing decreases in survival and fecundity vary for
different species and outbreaks. One certainty is that popu-
lation cycles result if there is a delay in population recovery
(Myers and Rothman 1995). We still do not know if there is
a common cause for this delay among cyclic species of forest
Lepidoptera.
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