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Abundance and survival of a seed-infesting weevil, Pseudanthonomus
hamamelidis (Coleoptera: Curculionidae), on its variable-fruiting
host plant, witch-hazel (Hamamelis virginiana)

DIANE DE STEVEN Division of Biological Sciences, University of Michigan,
Ann Arbor, Michigan

ABSTRACT. 1. The relative importance of seed abundance and of mortality
factors in the population biology of Pseudanthonomus hamamelidis, a host-
specific predispersal seed predator on Hamamelis virginiana, is evaluated by
analysis of weevil life tables and abundance estimates in three years with
markedly different magnitudes of fruit production.

2. Fruit production of marked Hamamelis individuals averaged 3.36 m™ in
1978, increased three- to four-fold in 1979, and declined again in 1980. More
individuals fruited in 1979 than in the other two years.

3. The early larval stage of P.hamamelidis incurred the greatest mortality,
with 42-58% dying from often undeterminable causes. Losses in the egg stage
ranged from 22% to 31%. Three parasitoid species each accounted for minor
mortality. Generation survival was similar in all three years, ranging from 21%
to 28%.

4. The percentage of Hamamelis fruit crops infested by P.hamamelidis was
high in 1978, averaging 76%, but was much lower in 1979, the year of abundant
fruit. In 1980, when fruit were less abundant again, infestation was nearly com-
plete. Egg densities on fruits were lower in 1979 than in the other two years.

5. The fluctuating fruit crops of Hamamelis are responsible for limitation of
P.hamamelidis numbers during poor fruiting years. The occasional highly pro-
ductive fruiting year results in satiation of weevil populations and concomitant
seed escape by Hamamelis. Mortality factors appear less important in influencing
weevil population dynamics.

Introduction

Many temperate forest tree populations
exhibit dramatic yearly fluctuations in seed
production (e.g. Formosof, 1933; Christisen,
1955, Fowells, 1965), which in turn may in-
fluence the abundances of seed consumers
(Lauckhart, 1957; Svardson, 1957; Smith,
1970; Mattson, 1971). Populations of rela-
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tively specialized insects are frequently a
major source of seed loss in these trees (e.g.
Graber, 1964) and, as specialists, are parti-
cularly likely to be affected by variations in
seed abundance. High infestation rates in poor
seed crop years (e.g. Christisen, 1955, Kraft,
1968; Gibson, 1972; Miller, 1973; Gardner,
1977) appear to limit seed insect populations,
and the occasional good seed crop year
‘satiates’ these limited populations to result in
lower infestation levels and greater successful
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seed production (Janzen, 1971). Predators
and parasitoids appear to be less important for
seed insect population dynamics compared
with the effects of variable seed crops, but
few studies have examined the potential of
natural enemies in any detail (Kraft, 1968;
Harbo & Kraft, 1969).

While fruiting periodicity is well docu-
mented for forest trees, little is known about
patterns of fruiting and fruit loss in other seg-
ments of the forest community. A common
understory shrub of eastern deciduous forests
in the United States, witch-hazel (Hamamelis
virginiana 1.), has been reported to have
highly irregular annual fruit production
(Wood, 1974), although quantitative data
have previously been lacking. This shrub has
one major seed predator, a host-specific weevil
(Pseudanthonomus hamamelidis Pierce, Cur-
culionidae). I collected life table information
for P.hamamelidis in order to evaluate the
roles of seed abundance and of natural
enemies in its population biology. Here I com-
pare the dynamics of P.hamamelidis in three
years with markedly different magnitudes of
witch-hazel fruit production to illustrate
relationships among fruit abundance, weevil
abundance, and consequent fruit damage.
Although these data are not sufficient to
identify ‘key factors’ (Morris, 1959) in the
population dynamics of the weevil, they pro-
vide a preliminary indication of the relative
importance of seed crop sizes and of mortality
in influencing weevil abundances.

Adult P.hamamelidis emerge from hiber-
nation in mid-May, when witch-hazel fruits
are initiated, and lay eggs on the developing
fruits from mid-June to early July. The larvae
burrow into the fruits upon hatching and
develop through three larval instars in con-
suming the fruit contents. Pupation takes
place within the fruits. New adults emerge
from mid-August to early September, then go
into hibernation until the following spring.
Further details of the biology of P.hamame-
lidis and its associated parasites can be found
in De Steven (1980).

Methods

The study was conducted on the E. S. George
Reserve, Livingston Co., Michigan, a 464 ha
preserve containing a mixture of oak—hickory

forest, open field, and swampland. A recent
description of the area is given in McCullough
(1979). As part of a larger study (De Steven,
1980), four distinct and widely separated
stands of witch-hazel had been selected for
intensive work. Two of these (L1 and L2)
were extensive (> 0.2 ha), while the other two
(S1 and S2) were small stands extending over
an area of only 400—500 m? (0.04-0.05 ha).

The development of P.hamamelidis from
egg to adult takes place entirely within the
infested witch-hazel fruit; thus life table data
for this period can be obtained by dissecting
fruits collected periodically through the
summer. Fruits occur on the plant in infruc-
tescences of one to three fruit, and these fruit
clusters are a convenient unit for sampling,
although the actual number of fruits per
cluster and the number of these that are in-
fested are both somewhat variable. For the
purposes of this study, in each site on each
sampling date, ten clusters with at least one
infested fruit per cluster were collected at
random from each of five plants, yielding fifty
clusters with fifty to 100 infested fruits to be
pooled as a single sample. More extensive
sampling was undesirable due to the relatively
limited size of the witch-hazel stands and the
low levels of fruit production by the plants in
most years.

Sampling was timed to coincide with the
completion of four stages in the weevil’s life
history: (1) egg hatch, (2) early larval period,
(3) late larval and pre-pupal periods, and (4)
adult emergence. In 1978, samples were col-
lected in mid-June, early July, the end of July
and early September. The June sample was
subsequently found to be inadequate for esti-
mation purposes, and in subsequent years this
sampling date was omitted and another added
in mid-August to provide better information
on the pre-pupal stage. In 1980 the September
sample could not be obtained, but since the
timing of the weevil’s life cycle was earlier
than in the two previous years, the other three
samples proved sufficient for estimation.

All fruits in each sample were dissected
under a low-power, binocular microscope, and
the numbers and stages of the weevils in each
were recorded along with the causes of
mortality where these could be determined.
Percentage mortalities for the various stages in
each sample were calculated based on the



total number of eggs laid in the sample and
followed the methods of Varley et al (1973)
as applied to data for the knapweed gallfly
Urophora jacaena (Hering) (Varley, 1947).
This approach is particularly appropriate,
since the gall and fruit are analogous feeding
cells for their associated insects.

The most stable unit upon which to base
the life table is the single infested witch-hazel
fruit. Total fruit production and the percent-
age of fruits infested by the weevil can be
determined for a sample plot of fixed area by
counting the fruits on all shrubs in that plot
and recording the number of damaged and un-
damaged fruits (oviposition marks are easily
seen on the fruit surface). Such a count is
feasible for moderatesized plots because of
the relatively low level of fruit production by
witch-hazel plants. The life table data can
then be converted by multiplication to
absolute estimates per unit area for the plot
area sampled. This yields a more reliable esti-
mate than could be calculated on a per plant

~ basis, since fruit production varies consider-
ably among plants within a site as a result of a
multi-aged population structure. Estimates for
specific stages of the life table were derived as
follows:

Egg mortality. The number of eggs laid per
infested fruit was counted directly and
averaged for the two July samples. Percentage
egg mortality is also averaged from the two
July samples. The August and September
samples proved inadequate for estimation be-
cause continued growth of damaged fruits
sometimes obliterated evidence of unhatched
eggs.

Early larval mortality. The August sample
provided the earliest direct estimate, since
most larvae had reached the late-larval period
by then, but was not obtained in 1978. An in-
direct estimate was derived by subtraction
from the number of live larvae in the Septem-
ber sample and the number of eggs hatched
per fruit. This yielded the sole estimate in
1978, and was averaged with the August esti-
mate in 1979. The August estimate was used
in 1980.

Late larval mortality. All observed deaths
during this period were attributable to the
parasite Bracon sp. (Hymenoptera: Bracon-
idae), the larva of which feed solitarily and
externally on the third-instar weevil larva.
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Estimates of braconid parasitism from the late
July and September samples were averaged in
1978, from the August and September
samples in 1979, and from the late July and
August samples in 1980.

Pre-pupal mortality. Just as the weevil larva
is preparing a pupation cell, it may be
attacked by one of two chalcid parasites,
Tetrastichus sp. and Entedon sp. (both
Hymenoptera: Eulophidae), the larvae of
which feed solitarily and internally. In 1978 a
single estimate was derived from the Septem-
ber sample, while the August and September
estimates were averaged in 1979. The August
estimate was used in 1980.

Pupal mortality and adult emergence. The
September sample provided a single estimate
in 1978 and 1979, and the August sample in
1980. Pupal mortality was quite low and
samples were too small for site-specific esti-
mates, so a pooled mortality rate was used
over all sites in a given year. Sex ratios of
emerging adults were obtained from dis-
section of sixty-three newly-eclosed adults
collected in 1979. It was not possible to
obtain absolute estimates of spring adults
emerging from hibernation due to their low
densities.

Life tables were constructed separately for
each of the four sites, and the composite life
tables for each year represent the average of
these four. The format follows Harcourt
(1969) where x = age interval, Ix = number
alive at the beginning of age interval x, dx =
number dying within x, dxF = factor(s) re-
sponsible for deaths, dx, gx = mortality rate
within x = (dx/Ix), and Sx =survival rate
within x = (I—gx). Absolute estimates of
weevil densities (eggs and new adults) in each
site were based on 400 m? (20 x 20 m) plots
(500 m? in the case of plot S2) for which total
fruit production and weevil infestation rates
had been recorded in the three years; total
fruit abundances used here are the numbers of
fruit of sufficient size for weevil oviposition,
counted after early fruit abortion (De Steven,
1980). In the case of the two small stands S1
and S2, the fixed-area plots encompassed the
entire area of the stand. Thus it was necessary
to sample fruits directly from the plots under
study in the small stands, while fruits could be
collected from plants near to, but outside, the
plots in the larger stands L1 and L2.
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TABLE 1. Hamamelis virginiana fruit production in
four plots of fixed area.

Year n Mean number Mean number
of plants of fruit
with fruit per m® £SD
* SD
1978 4 26t 5 3.36 £ 0.87
1979 4 577 10.76 £ 5.04
1980 4 339 5.52 £1.67
Results
Fruit availability

The number of witch-hazel fruits available
to P.hamamelidis varied markedly over the
period 1978—80 (Table 1). In the study plots
about twice as many plants fruited in 1979
than in either 1978 or 1980. In addition, total
fruit abundance increased three-fold from
1978 to 1979; the high variance in 1979 is
partly due to one plot (S2) that did not in-
crease its fruit production as much as the
other three plots (cf. Table 5). From 1979 to
1980 there was a two-fold decrease in fruit
production. Partial data from 1977 indicated
fruit abundances similar to 1978 levels, thus
overall fruit production was relatively poor in
three of four years.

The variation in fruit crop size is directly
related to variation in flower production for
each year’s crop, but is also influenced by
pollination success (De Steven, in prep.). For
example, the larger fruit crops of 1979 were
the result of both a much higher flower pro-
duction and also a higher percentage fruit set
than for the 1978 crops. The 1980 fruit crops
came from the lowest flower production in
three years, but from the highest percentage
fruit set, so that the decrease from 1979 to
1980 was not as great as expected. Specific
factors controlling annual variations in flower
production and pollination success are not
known in this species.

Weevil survivorship

Composite life tables for the 1978-80
generations of P.hamamelidis, based on the
mean number of eggs laid per attacked witch-
hazel fruit, are presented in Table 2. Although
in most instances eggs occur singly on
attacked fruits, a variable proportion of the

fruits examined had two or more eggs
(Table 3). Analysis of variance showed signi-
ficant variation in the mean number of eggs
per fruit among the three years (F=12.03;
df=29; P<0.01), due to the much lower
mean in 1979, the year of abundant fruit. The
maximum number of eggs per fruit was also
lower in 1979 than in the other two years
(Table 3).

The percentage of eggs failing to hatch
ranged from 22% to 31%, making this the
second highest source of mortality after early
larval mortality (Table 2). The proportion of
total egg mortality attributable to specific
causes could not be estimated with the
material available, and in some cases the pre-
cise cause of death could not be determined.
Occasionally, only empty egg shells were
found, as if the contents had been eaten or
sucked away, but no predators were observed
actually feeding on eggs, nor were egg para-
sites found in the fruit samples examined.

The exact causes of early larval mortality
were also uncertain, although this stage in-
curred the highest mortality, exceeding 40%
(Table 2). Many of these dead larvae were
covered with fungal hyphae, but fungal attack
may have been secondary following death
from some other factor. Some may have
starved in attempting to burrow into the fruit
centre, if the fruit pericarp is less suitable
nutritionally than the seeds. In multiply-
infested fruits in which more than one egg
hatched, larger larvae probably cannibalized
smaller larvae, since a single fruit can only
support the complete development of one
weevil in most cases. All late larval and pre-
pupal mortality was attributable to parasites,
first the braconid wasp Bracon sp., and subse-
quently the chalcids Tetrastichus sp. and
Entedon sp. Over the three-year period, para-
sitism by the braconid appeared to decrease in
severity, while chalcid parasitism increased.
Attack by the two chalcids occurs con-
temporaneously, so the effects of the two
species could not be examined separately.

Pupal mortality was very low and probably
due to failures in development and emergence
in most instances (Table 2). Occasionally,
pupae were preyed upon by the larvae of a
clerid beetle that gained access to fruits that
had split open as a result of weevil feeding
damage. New weevil adults hibernate during
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TABLE 2. Life tables for the 197880 generations of Pseudanthonomus hamamelidis.

x Ix dxF dx 100gx 100Sx
1978
Egg 1.26 Infertility, fungus, developmental 0.28 22 78
failure
Early larval 0.98 Fungus, cannibalism, unknown 0.57 58 42
Larval, third instar 0.41 Bracon sp. 0.11 27 73
Pre-pupal 0.30 Chalcids (Entedon sp., 0.03 11 89
Tetrastichus sp.)
Pupal 0.27 Predation, developmental failure 0.01 2 98
Adult 0.26
Generation 1.00 79 21
1979
Egg 1.08 Infertility, fungus, developmental 0.28 2€ 74
failure .
Early larval 0.80 Fungus, cannibalism, unknown 0.46 58 42
Larval, third instar 0.34 Bracon sp. 0.02 7 93
Pre-pupal 0.32 Chalcids (Entedon sp., 0.04 14 86
Tetrastichus sp.)
Pupal 0.28 Predation, developmental failure 0.01 s 95
Adult 0.27
Generation 0.81 76 24
1980
Egg 1.27 Infertility, fungus, developmental 0.39 31 69
failure
Early larval 0.88 Fungus, cannibalismn, unknown 0.37 42 58
Larval, third instar 0.51 Bracon sp. 0.02 4 96
Pre-pupal 0.49 Chalcids (Entedon sp., 0.11 22 78
Tetrastichus sp.)
Pupal 0.38 Predation, developmental failure 0.03 7 93
Adult 0.35
Generation 0.92 72 28

ix and dx are numbers alive and dying, respectively, per infested Hamamelis fruit.

the winter and re-emerge in the spring to mate
and oviposit; adult dispersal and overwintering
mortality could not be assessed in the present
study.

The survival of the three egg cohorts
through the immature stages is summarized in
Fig. 1. Generation survival equations (Har-
court, 1969) for each site indicate the inter-
plot variation in survival upon which the
composite life tables were based and also pro-
vide a compact comparison of stage-specific
survival rates (Table 4). The low survival of
early larvae (Sg) in comparison with other
stages is apparent (Table 4 and Fig. 1); both
this stage and the egg stage are critical age
intervals (not the °‘key factors’ of Morris
(1959)) most responsible for within-generation
changes in numbers. Braconid parasitism on
late-stage larvae was low in all years; the
lower S§;; value in 1978 was due to two

TABLE 3. Distribution of Pseudanthonomus hama-
melidis eggs on Hamamelis virginiana fruits from
1978 to 1980.

No. eggs No. of fruit (%)

per

attacked 1978 1979 1980
fruit

1 425 (76) 418(93) 437(77)
2 120 (22) 32 (1) 110 (19)
3 12(2) 1(0.2) 19 (3)
4 2 (0.4) - 3 (0.5)

plots with much lower survival than the other
two. Parasitism by the two chalcid species
appeared to increase over the three-year
period. Overall, generation survival did not
differ significantly among the three years of
the study.
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FIG. 1. Survival of three generations of Pseudanthonomus hamamelidis through immature stages from
egg to new adult. Starting with an initial proportion of 1.0 eggs laid, points are the mean proportion
surviving at each stage interval, averaged over four sites.

TABLE 4. Components of generation survival of the 1978—80 generations of Pseudanthonomus ham-

amelidis, by site.

Site Gs* = &, Sel Su Spp Spt
1978
L1 024 = 0.2 0.38 0.86 0.93 0.98
L2 0.14 = 0.78 0.35 0.60 0.86 0.98
St 027 = 0.1 0.64 0.90 0.79 0.98
S2 0.16 = 0.90 0.32 0.58 1.00 0.98
1979
L1 019 = 074 0.32 0.96 0.98 0.95
L2 023 = 0.74 0.42 0.90 0.85 0.95
S1 0.19 =  0.66 0.42 0.87 0.81 0.95
s2 0.34 = 0.1 0.51 0.98 0.88 0.95
1980
L1 023 = 073 0.48 0.94 0.76 0.93
L2 032 = 0.60 0.68 0.99 0.85 0.93
s1 028 = 0.69 0.62 0.94 0.76 0.93
$2 027 = 0.75 0.56 0.96 0.73 0.93

*Generation survival (GS)= SgSgS,,SppSp, where Se =egg survival, S| = early larval survival,
S, = third-instar larval survival, Spp = pre-pupal survival, and Sp = pupal survival.
{ Pupal survival assumed constant for all sites in a given year.

Fruit abundance and weevil dynamics

The relationship between fruit abundance
and weevil numbers is summarized in Table 5.
Total egg density is estimated by multiplying
the number of infested fruits by the mean
number of eggs per infested fruit. Density of
emerging adults is obtained from generation
survival estimates for each site. The sex ratio

of emerging adults is approximately 50:50
(De Steven, 1980).

As previously noted, witch-hazel fruits
were considerably more abundant in 1979
than in 1978; however, while the -increases
were substantial (three to four-fold) in three
of the sites, the increase was less than two-
fold in site S2, which had the lowest fruit
abundance of all sites in 1978 (Table 5). In-
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TABLE 5. Absolute estimates of Pseudanthonomus hamamelidis abundances for plots of fixed area, by site.

Site Fruits/ % No. No. Total Generation Total
m? infested infested eggs/ eggs/m? survival adults
fruits/m? fruit emerged/m?
1978
L1 3.89 926 3.73 1.26 4.70 0.24 1.13
L2 3.89 83 3.23 1.27 4.10 0.14 0.57
S1 3.58 60 2.15 1.24 2.66 0.27 0.72 (0.54)*
82 2.08 65 1.35 1.28 1.73 0.16 0.28 (0.25)*
1979
L1 15.03 45 6.76 1.05 7.10 0.19 1.35
L2 10.24 45 4.61 1.04 4.79 0.23 1.10
S1 13.92 25 3.48 1.03 3.58 0.19 0.68 (0.58)*
S2 -3.85 70 2.70 1.20 3.24 0.34 1.10 (0.94)”
1980
L1 4.71 99 4.66 1.37 6.38 0.23 1.47
L2 8.01 88 7.05 1.22 8.60 0.32 2.78
S1. 4.51 92 4.15 1.24 5.15 0.28 1.44 (1.30)*
S2 4.85 91 4.41 1.24 5.47 0.27 1.48 (1.39)*

*Numbers in parentheses are live adults remaining at the site after effects of removal sampling are dis-

counted.

festation by P.hamamelidis was generally high
in 1978, as it had been in 1977, another year
of low fruit availability. However, in 1979 in-
festation rates were considerably lower in all
the sites except S2, the site with the lowest
relative increase in fruit production. The same
pattern is found in egg densities on infested
fruits; while the mean number of eggs per
fruit was significantly lower overall in 1979,
this was true for all the sites individually
except S2, where egg densities were compar-
able in 1978 and 1979 (Table 5). In 1980
fruit production decreased in three of the four
sites, while increasing slightly in site S2.
Weevil infestation in that year was extremely
high in all sites, and egg densities were com-
parable to the higher 1978 ievels.

From 1978 to 1979 the population trend
index, I (total eggs in year n + 1/total eggs in
year n) (Harcourt, 1969) averaged 1.48 (range
1.17-1.87), thus weevil populations increased
in 1979 in the presence of abundant fruit.
From 1979 to 1980 the trend index averaged
1.46 (range 0.90—1.69). Population increase
was possible in 1980 even though fruit pro-
duction was lower than in 1979, because more
fruit were still available in 1980 than had been
infested in 1979. The only exception was site
L1, where in 1980 the number of fruits avail-
able for weevil oviposition was less than the

number of fruits that had been infested in the
previous year. This site showed the highest egg
densities and the only population decrease
(I=0.90) in 1980. The nearly complete infes-
tation of all fruits in 1980 indicates the
limitation of weevil numbers by available fruit
in all sites. .

Potential female fecundity may range from
sixty to 120 eggs per year (De Steven, 1980).
However, Dbecause overwintering adult
mortality could not be assessed, it was not
possible to relate the egg production in a given
year to the number of females emerging in the
spring and to their realized fecundity, which js .
probably lower. Ratios between the total egg
density in one year and the number of fall-
emerging adult females in the previous year
were similar (range 5-9) in all cases except
plot S2 in 1979. This latter plot had the
highest trend index (1.87) in that year despite
the fact that it produced the fewest number
of females of all sites in 1978.

Since it was necessary to sample weevil
populations directly from the fixed-area plots
in the small stands S1 and S2 (cf. Methods),
some potential females were probably re-
moved permanently from those populations
by the sampling process (Table 5). This was
not the case in sites L1 and L2, which were
larger and could sustain a limited amount of
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removal sampling. In site S1 in 1978 this
removal may have resulted in the very low
infestation in 1979, assuming that dispersal of
adults from other stands into S1 was minimal.
However, the trend index for site S2 in the
same year was high despite the removal of
some females from the population, and infes-
tation in 1979 was comparable to that in
1978. Nor did the removals in 1979 prevent
complete infestation of available fruit in 1980.
This could suggest that dispersal of adults into
these stands from other areas is occurring.

Discussion

The annually variable fruit crops of witch-
hazel appear responsible for a pattern of fruit
damage and weevil population fluctuation that
is probably representative of the dynamics of
interactions between specialized insect seed
predators and host plants with fluctuating
fruit production (Mattson, 1971; Janzen,
1971). P.hamamelidis utilized a large propor-
tion of the available witch-hazel fruit in the
poor fruiting years 197778, reflected in the
high attack rates and high frequencies of
multiple ovipositions on single fruits. Follow-
ing several years of poor fruit crops, the
weevils are apparently unable to utilize all
available fruit in a productive fruiting year.
The three-fold increase in fruit crop sizes in
1979 was sufficient to result in lower attack
rates and lower frequencies of multiply-
infested fruits, even though the weevil popul-
ations increased in the presence of abundant
fruit in that year. In the one plot (§2) that did
not have substantially higher fruit crops in
1979, attack rates and egg densities were more
similar to those in 1978, the poor fruiting
year. In 1980, although fruit production
declined again, crops were larger than in 1978
and were of sufficient size to allow further
weevil population increases in all sites but one
(L1). However, these increases resulted in very
high attack rates on the smaller (relative to
1979) fruit crops, which effectively set the
upper limit on weevil egg production in 1980.
In site L1, where fewer fruit were available for
oviposition than had been utilized in 1979,
weevil numbers actually decreased in 1980.
Thus years of low fruit production limit
weevil population size; fruits may be limiting

even though 100% infestation is not achieved
because some small plants with very few fruit
have very low probabilities of location by
searching adult weevils and because spatially-
isolated plants may be located less frequently
than plants in dense stands (De Steven, 1980).
The actual causes of the fluctuations in witch-
hazel fruit crop size are not known, They may
be controlled in part by climatic variables
that affect the extent of flower primordia
initiation, but may also result from a reduc-
tion of photosynthetic allocation to floral
initiation due to the heavy energetic demands
of a large current-year seed crop (Wenger,
1957; Matthews, 1963; Kozlowski & Keller,
1966; Shoulders, 1968; Mattson, 1978). The
conflict between vegetative and reproductive
energetic demands may generate a cyclical
pattern in seed crop fluctuations such that
highly productive years seldom occur sequen-
tially. Thus seed predator populations are
strongly resource-limited in some years, and
plants in turn ‘satiate’ seed predators in the
occasional productive years (Janzen, 1971).
The inability of P.hamamelidis to respond
immediately to sudden increases in annual
fruit production is probably also a conse-
quence of two other factors in addition to the
general limitation of population size by low
fruit crops: adult overwintering mortality,
which reduces the number of ovipositing fe-
males, and the univoltine life history, which
delays the predator ‘numerical response’
(Holling, 1959) to increased fruit availability
until the next generation or year.

Mortality factors appear to be less impor-
tant in affecting weevil population fluctu-
ations, although more data would be needed
to show this conclusively. Generation survival
was similar in all years despite the varying
fruit abundances and weevil densities. The GS
of ¢. 20% is higher than the 8-12% reported
for a few other seed beetles, both Bruchidae
and Curculionidae (Dickason, 1960; Parnell,
1966; Mitchell, 1977) and is not sufficient to
prevent weevil population increases if fruit are
available, unless overwintering mortality is
quite severe. Rates of braconid parasitism
showed no consistent trends with varying
weevil densities; in contrast, combined para-
sitism by the chalcid species increased with
the annual increase in weevil densities. How-
ever, any density dependence in chalcid para-



sitism may be a minor effect on population
dynamics in comparison with the strong
effects of fluctuating food abundance. Possibly
parasitoids could play a role in depressing
weevil populations during a series of years in
which fruit production was relatively in-
variant (e.g. a series of poor fruiting years),
since this would temporarily stabilize weevil
numbers and provide a relatively constant
resource base for an increasing parasitoid
population.
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