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ABSTRACT Suitability of feeding hosts of the two-banded Japanese weevil, CaLLirhopalus biJasciatus
(Roelofs), was evaluated by comparing fecundity of adults fed different foliar diets in the laboratory.
Host plants, arranged in order of increasing suitability (i.e., mean fecundity of weevils), were Kalmia
latiJolia L., Rhododendron maximum L., Ligustrum vulgare L., Comus florida L., and Rosa multiflora
Thunb. Fecundity was negatively correlated with preoviposition period (i.e., period of ovarian devel-
opment between adult emergence and initial oviposition) and leaf toughness and was positively corre-
lated with frequency of feeding, reproductive rate, water content of fresh leaves, and N content of dry
leaves. Egg laying by weevils on each foliar diet was greater during the first half than the second half
of the oviposition period. Decrease in the second half corresponded closely to a reduction in foliar N.
Fecundity increased significantly when adult diet was switched from K. latiJolia. R. maximum, or L.
vulgare to R. multiflora during consecutive 6-day periods and decreased significantly when it was
changed from R. multiflora to K. latiJolia or R. maximum. Measurement of the preoviposition period
may be a practical technique for evaluating the suitability of adult feeding hosts.

The parthenogenetic two-banded Japanese weevil,
Callirhopalus bifasciatus (Roelofs), can complete its
univoltine life cycle on many species of cultivated and
wild plants. Adult weevils feed upon leaves, and larvae
feed upon roots. Occasionally, feeding by adults is so
extensive that plants are defoliated (e.g., Allen 1957,
Smith 1955). Although weevils display a broad host
range, they are scarce or absent on most of their known
hosts. Differential abundance on contiguous wild hosts
representing several species suggests that host suitability
for feeding, egg development, and egg laying may vary
substantially. Nutritional quality of feeding hosts is one
factor that may exert a strong influence on weevil re-
production, because nourishment for ovarian develop-
ment is apparently derived from foliage eaten by adults.

In Connecticut, populations of C. bifasciatus are con-
centrated on plants that receive little or no human care.
By contrast, populations of the sympatric black vine
weevil, Otiorhynchus sulcatus (F.), are found primarily
in well-maintained beds of ornamental plants. Success
of O. sulcatus in ornamental beds is apparently related
to the development of insecticide resistance (e.g., Niel-
sen et a!. 1975) and the presence of many excellent
feeding hosts such as Taxus spp. (Maier 1981, Nielsen
and Dunlap 1981). Dominance of C. bifasciatus on wild
plants is enigmatic, because both of these parthenoge-
netic curculionids attack many of the same plants (Mar-
rone and Zepp 1979, Smith 1932, 1955, Warner and
Negley 1976) and have similar, although not identical,
univoltine life cycles.

This investigation was undertaken to evaluate the suit-
ability of five feeding hosts of C. bifasciatus by com-
paring fecundity in the laboratory during the normal
activity period of adults. Parameters related to the re-
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productive success of C. bifasciatus and to the quality
of hosts are analyzed for their potential use in predicting
fecundity on hosts of unknown suitability.

Materials and Methods

Fecundity of C. bifasciatus adults fed Kalmia latifolia
L. (mountain laurel), Rhododendron maximum L. (great
rhododendron), Ligustrum vulgare L. (European privet),
Comus florida L. (flowering dogwood), or Rosa mul-
tiflora Thunb. (multiflora rose) foliage was measured in
the laboratory for 72 days. In Connecticut, weevils fccd
upon these plants in abandoned farm fields, at borders
of crop fields, or in ornamental plantings. On 16 May
1980, adults that emerged during the previous 24 h were
removed from emergence traps (Maier 1982) located
underC.florida trees in New Haven, Conn. Weevils of
similar weight were subdivided into five lots of 14 and
were then placed individually into wax-coated cardboard
cups (473 cm') fitted with clear plastic lids. Additional
weevils were confined in other cups and were later used
as replacements for those that died or escaped before
laying eggs. Each container was supplied with two disks
of moist filter paper and a sprig of foliage from one of
the hosts. The basal portion of each leaf-bearing stem
was inserted through the rubber cap of an Aquapic vial
(Syndicate Sales, Kokomo, Ind.) filled with water. The
vial projected horizontally through a hole in the side of
the cup. Foliage was pruned from plants growing at
West Rock Park (K. latifolia, R. maximum, C.florida),
at a nearby cemetery (L. vulgare), and at Lockwood
Farm (R. multiflora) in New Haven County, Conn. Plants
were not exposed to pesticides or fertilizers during this
investigation.

Leaves in containers were inspected daily until the
first group of eggs was recorded. Each group of eggs
was enclosed in a pod consisting of a folded leaf or a
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Table 1. Comparison of feeding, weight gain, preoviposition period, reproductive rate, and fecundity of C. bifasciaJus adults fed different
foliar diets in the laboratory for 72 days"; correlation coefficients for the relationship between each weevil parameter and fecundity are
given·

Plant species

Kalmia latifolia
Rhododendron maximum
Ligllstrum vulgare
Comus florida
Rosa multiflora

Correlalion with fecundity

No. of
Eggs laid!observation Preoviposition

periods (n = 36) wt gain
Preoviposition day during
period (daysY oviposition

during which (% of initial wt)
periodfeeding occurred

33.6 ± 0.3ab 29.8 ± 3.8a 45.0 ± 5.9a 0.3 ± O.la
33.1 ± 0.4a 35.9 ± 3.6a 39.4 ± 3.9a 0.5 ± O.la
34.5 ± 0.3b 34.2 ± 3.4a 21.4 ± I.3b J.5 ± 0.2b
34.6 ± 0.3b 32.2 ± 3.la 12.2 ± O.4b 2.9 ± 0.2c
35.9 ± O.lc 38.1 ± 4.2a 11.1 ± O.4b 5.8 ± O.4d

0.61** 0.10 NS -0.63** 0.99**

Fecundity

7.1 ± 2.3a
15.6 ± 3.0a
75.6 ± 8.2b

]72.1 ± ]\.2c
355.1 ± 24.Od

'Means ± SE are reported. Except for weight gain and daily reproductive rate on K. latifolia (II ~ 9) and R. m(<rimllm (II = 13), each mean is
based on 14 values. Means followed by Ihe same leller in a column are nol significantly different at Ihe P = 0.01 level, by Newman-Keuls multiple
range lest.

bIn correlation analyses involving feeding, preoviposition period, and daily reproductive rate, a fecundity value of I was used for weevils lhal
did nol oviposit. Significance of correlation coefficients (r): **, P < 0.001; NS, not significant (P::> 0.05).

'In calculating means and correlation with fecundity, a value of 72 days was used for the five nonreproductive adults on K. lalifolia and the one
on R. maximllm. Mean prcoviposition period of the reproductive adults was 30.0 ± 3.2 days on K. latifolia (n = 9) and 36.9 ± 3.2 days on R.
maximum (n = 13). Equation for lhe regression line of the linear relationship between preoviposition period (X) and fecundity (Y) is Y = 247.8]
- 4.74X. After fecundity is logarilhmically transformed, the correlation coefficient is -0.86 and the equation is In Y = 6.02 - 0.08X.

portion of it (Zepp 1978). On alternate days throughout
the experiment, presence of feeding scars was noted,
eggs were counted, and fresh foliar cuttings were sup-
plied in midafternoon. Although recording the presence
or absence of feeding notches lacked precision, it did
indicate whether or not adults were feeding during the
experimental period. If necessary, water was added to
the filter paper and vials during each inspection period.
Filter paper, vials, and containers were replaced every
12 days. Length of the preoviposition period (i.e., the
period of ovarian development between adult emergence
from the soil and initial oviposition) and weight gain
during it were also recorded for each weevil. Days after
the onset of oviposition were considered as part of the
oviposition period, which was used in calculating egg-
laying rate. Experiments were conducted in a growth
chamber adjusted to 24 ± 1°C with a photoperiod of
LD 16:8.

Forty-two adults from the 72-day experiment were
used to determine the reproductive response to a dietary
change. Fecundity was compared during consecutive 6-
day periods, one preceding the diet change and one fol-
lowing it. Adults originally fed K. latifolia (n = 12),
R. maximum (n = 10), or L. vulgare (n = 10) were
switched to R. multiflora. A second group originally fed
R. multiflora (n = 10) was subdivided into two cohorts
and given K. latifolia or R. maximum. Counting of eggs
and maintenance were done as mentioned previously.

Nitrogen and water content of foliage was determined
for samples taken on 16 May, 23 June, and 27 July
1980. On each sampling date, terminal leaf clusters were
detached from branches of five different plants of each
species and were immediately placed on dry ice. Wet
weight of fresh foliage was measured within 2 h, and
then all samples were freeze-dried for 24 h and re-
weighed. Dry leaves were pulverized and analyzed for
percent (dry weight) of total N by using the modified

Kjeldahl method (Glowa 1974). Except for R. maximum
foliage collected on 16 May and 23 June, only leaves
that flushed in 1980 were used. The first sample of R.
maximum was foliage from the previous year, because
new leaves had not yet unfurled. New (1980) and old
(1979) leaves were included in the second sample be-
cause adults ate leaves of both ages in mid-June. Data
on foliage of both ages were combined for statistical
analyses.

Leaf toughness was estimated by using a punch sim-
ilar to that described by Feeny (1970). Toughness was
recorded as the weight required to cause a metal rod to
punch an 8-mm circular disk out of a tightly stretched
leaf. Twenty leaves of each species were measured on
15 July 1980.

Changes in leaf water over 48 h were monitored in
the laboratory by weighing leaf clusters at 24-h intervals
and expressing water loss or gain as percent change from
initial weight. In trials conducted on 23 June and 15
July 1980, five leaf clusters of 1980 leaves were pruned
from each species and were immediately inserted into
water-filled vials. Within 30 min, cuttings were weighed
and placed in weevil-free cups. Sprigs were treated as
in the 72-day experiment except when they were re-
weighed after 24 and 48 h.

Significance of interspecific differences in each pa-
rameter measured was ascertained by performing an
analysis of variance and then a Newman-Kculs test on
means. Correlation analyses were done on the relation-
ship between fecundity and each of thc following: fre-
quency of feeding, weight gain, preoviposition period,
rate of egg laying, leaf toughness, water content of fresh
leaves, and N contcnt of dry leaves. Mean values for
leaf characteristics were used in these correlation anal-
yses. In the experiment to test the effect of a dietary
change on fecundity, data were analyzed with a paired
t test.
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Fecundity during the experimental period was signif-
icantly correlated with toughness, water content, and N
content of leaves (Table 2). Correlation coefficients for
the positive relationship between fecundity and percent
water or percent N increased from the first to last sam-
ple. Despite the significant correlation between fecund-
ity and each leaf characteristic, ranking of mean values
for each parameter did not give the same relative host
suitability indicated by a ranking of mean fecundity (Ta-
ble I).

Temporal Variation in Host Quality: Pattern of Egg
Laying and Its Relation to Changes in Leaf N

Daily fecundity of most of the weevil cohorts rose
initially and then declined during the latter part of the
oviposition period (Fig. I). Dietary groups reached their
highest reproductive output within 26 days of the onset

of oviposition. As a result of higher fecundity in the first
than in the second half of the oviposition period, graphs
of cumulative percent fecundity on some diets resembled
logistic curves (Fig. la-d). The cohort on R. multiflora
laid the most eggs in 30 (90.9%) of 33 two-day periods
during which weevils oviposited (Fig. la-e). This high
rate of reproduction throughout most of the trial pro-
duced a nearly straight-line plot of cumulative percent
fecundity (Fig. Ie). Mean fecundity (Table I) was not
clearly related to the day by which cohorts had laid 50
or 90% of their eggs, although the time period between
these points increased with overall fecundity (Fig. la-e).
For all cohorts combined, egg-laying rate peaked on day
28 of the experiment and generally declined thereafter
(Fig. If). Mean cumulative percent fecundity reached
50 between days 32 and 34, i.e., 26 to 28 days after
oviposition had commenced.
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DAY OF EXPERIMENT DAY OF EXPERIMENT

FIG. l. Mean fecundity during 2-day periods and cumulative percent total fecundity for C. bifasciatus adults fed: (a) K.
larifolia. (b) R. maximum, (c) L. vulgare, (d) C. florida, or (e) R. multiflora and for adults (0 on all five of these diets. The
total number of eggs laid by adults on each foliar diet (a-e) and by all adults in the experiment (0 is given in the upper left-
hand corner of each graph. Vertical bars indicate ± I SE of the mean for the 14 adults on the diet. Symbols denote the time by
which 50% (.) and 90% ('\7) of the total eggs were laid.
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Fluctuation in daily fecundity was an apparent re-
sponse to changes in host quality. Most of the cohorts
had a greater rate of egg laying when N concentration
of their foliar diet was relatively high (Table 2, Fig. I).
Concomitant variation in these parameters was even more
pronounced when an initial lag for ovarian development
was considered. Egg laying infrequently showed corre-
sponding changes with leaf water. Most changes in water
content (i .e., percentage of highest value recorded) were
relatively small in comparison to those in foliar N. The
largest decrease in N, a reduction of more than one-half,
was measured for K. latijolia from 16 May (2.9%) to
23 June (1.4%). Shortly after the low June reading, egg-
laying decreased abruptly (Fig. la), and only two wee-
vils oviposited in the final 32 days of the experiment.
Daily reproductive rate, and also apparently feeding, on
R. ma:rimum peaked soon after the highest N content
(1.3 ± 0.07% N in young leaves) and a reduction in
sticky exudates were observed. Among weevils fed de-
ciduous leaves, the cohort on C. florida showed the
greatest decrease in egg laying between the first and last
part of the oviposition period (Fig. Id). Notably, the C.
florida leaves underwent the greatest reduction in N con-
tent between the first and last sample (Table 2).

Effect of Dietary Chan}?e on Fecundity

A dietary change caused an immediate reproductive
response by C. bijasciallls adults. Weevils laid 0.0
(n = 12),1.6 ± 1.1 (n = 10), and 1.7 ± 1.3 (n =
10) eggs during the 6 days on K. latijolia, R. maximum.
and L. vul}?are, respectively; then, after a switch to R.
multiflora, they laid 18.0 ± 3.2,20.5 ± 3.3, and 21.2
± 3.8 eggs during the next 6 days. Fecundity in all
three tests increased significantly after the exchange
(P < 0.001). For the groups initially fed K. latijolia or
R. ma.ximum, the reproductive output after the switch
exceeded that during the previous 72 days (Table I).
Moreover, three weevils that did not lay eggs on the
initial diet of K. latijolia oviposited when they were
transferred to R. multiflora. When the foliar diet of two
cohorts was changed from R. multiflora to K. latiJolia
or R. maximum. fecundity decreased significantly
(P < 0.001) from 27.4 ± 4.7(n = 5) and 25.2 ± 4.1
(n = 5), respectively, to 0.0 and 2.0 ± 0.8 during
consecutive 6-day periods.

Chan}?es in Wei}?ht of Intact Leaves During 48 h

Plant cuttings supplemented with water gained weight
after pruning, indicating that desiccation in the labora-
tory was not a complicating factor in the interpretation
of the reproductive response to diet. In June, mean per-
cent weight gain (percent above initial weight) for each
plant species was 0.8 to 5.6 after 24 hand 1.2 to 5.0
after 48 h. Similarly, increases in July were 1.0 to 5.1%
after 24 hand 0.7 to 6.1 % after 48 h. Despite differences
in leaf age in June and July samples, weight gains by
24 and 48 h differed by only 1.1 to 1.8% for each
species. None of the weight increases of K. latijolia, R.
mlLrimwn, and C.florida differed significantly although
gains of these three plants were significantly less than

were those of L. vulgare in both months and of R. mul-
tiflora in July (P < 0.0 I). Water uptake, as measured
by weight gain, was significantly greater (by about two-
fold) in L. vulgare than in R. multiflora (P < 0.0 I).

Discussion
Host Suitability

Host suitability can differ markedly among the diverse
array of plants eaten by some polyphagous insects. My
experiments, in which fecundity is used to evaluate host
suitability, exemplify this trend in a parthenogenetic
weevil. Aspects of host suitability measured by fecun-
dity or its negative correlate, preoviposition period, in-
clude quality of foliage for nourishing ovarian
development and acceptability of foliage for feeding and
egg laying. Interspecific comparisons of fecundity in-
dicate that suitability of foliage for C. bijasciatus adults
is markedly higher among deciduous hosts than among
evergreen hosts. Adults are the most fecund on the de-
ciduous host R. multif70ra, which, like C. bijasciatus,
is introduced from Japan. This laboratory finding is sup-
ported by the field observation of higher abundance of
C. bijasciallls on R. multiflora than on other possible
hosts in the same area (Maier, unpublished data). Per-
haps other deciduous plants from Japan, or their con-
generic relatives in this country, are also highly suitable
hosts for this weevil.

Physical and chemical features of foliage can influ-
ence feeding and N utilization by herbivorous chewing
insects (e.g., Feeny 1970, Scriber 1977). Foliar tough-
ness, water, and N are apparently related to suitability
of hosts for C. biJasciatus adults. These parameters are
correlated with fecundity, although no correlation coef-
ficient is extremely high. Interaction between leaf var-
iables surely modifies the influence of anyone leaf
characteristic on fecundity. For examplc, sticky exu-
dates on young R. maximum leaves deter feeding by C.
bijasciatus adults and thereby probably decrease the use-
fulness of leaf toughness. water, or N in forecasting host
suitability. Similarly, Doss (1980), Doss et al. (1980),
and others have shown that Rhododendron species differ
in physical or chemical properties that affect feeding by
the obscure root weevil, Sciopithes obscurus Horn.

Although many factors affect the quality of conspe-
cific feeding hosts, N is often the component of over-
riding importance for insects, especially in relation to
their fecundity, survival, and growth on plants without
major physical or chemical barriers to feeding or N uti-
lization (Mattson 11980], McClure 11980], and refer-
ences in both). Responses to N are positive among most
sucking insects (e.g., Dixon 1970, McClure 1980) but
are highly variable among chewing insects (e.g., Stark
[1965], and references therein). In the parthenogenetic
weevil O. sulcatus, fecundity is increased significantly
by N fertilization of its host (Cram 1965a, b). Adults
of C. bifasciatus also apparently respond positively to
foliar N because fecundity tends to be higher during
periods of high N than during those of low N. Decrease
in weevil reproduction during the latter part of the 72-
day experiment corresponds not only to a decline in
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foliar N but also to an increase in adult age. A solely
age-dependent reduction in fecundity is unlikely, be-
cause reproduction decreases disproportionately on dif-
ferent diets and changes considerably with a switch of
hosts. Reproduction tends to decrease with leaf water,
but highly variable reproductive responses on some fol-
iar diets indicate that additional experimentation is re-
quired to assess accurately the impact of varying water
content in foliage.

Temporal variation in plant quality may partly ac-
count for the differential success of C. bifasciatus and
O. sulcatus in colonizing wild plants. Host quality, based
primarily on N content and to a lesser extent on water
content, tends to decrease with age of foliage. Spring
emergence and feeding of C. bifasciatus coincides with
peak N levels in foliage of wild deciduous hosts. By
contrast, O. sulcatus adults, which arc relatively scarce
on wild plants, emerge 2 to 4 weeks later (Maier, un-
published data), when nutritional quality of plants tends
to be lower. Reproductive potential of adults feeding on
wild plants at this time may not be high enough to ensure
that some progeny will survive to adulthood. Surely,
relatively low abundance of good evergreen hosts and
seasonal changes in predator populations also reduce the
likelihood of O. sulcatus colonization as compared with
C. bifasciatus colonization of wild plants. Large popu-
lations of O. sulcatus do occur in some commercial
plantings in which fertilizer has buoyed the N level of
their hosts. Success of these populations is probably
enhanced even more by the development of insecticide
resistance (Nielsen et al. 1975) and by insecticide-in-
duced mortality of natural enemies. Rarity of C. bifas-
datus in most commerical plantings may be related to
its lack of insecticide resistance. the preponderance of
poor hosts, and the destruction of foliar egg pods by
cultivation.

Practical Implications

Relative suitability of known and potential hosts of
C. bifllsciarus adults can be evaluated by measuring the
preoviposition period, a negative correlate of fecundity.
Measurement of leaf toughness, water, or N can also
yield predictions of fecundity or relative host suitability,
but these variables may produce spurious results when-
ever weevils encounter strong physical or chemical bar-
riers to feeding or N utilization. Accuracy of the
preoviposition period in indicating suitability should be
less affected by such barriers because it, in essence, is
a combined measure of food intake and utilization. Util-
ity of the preoviposition period corroborates previous
findings with O. sulcatus (Cram and Daubeny 1982,
Maier 1981). Consistent results with two insects suggest
that this method of predicting host suitability might be
applied to other insects that develop their ovaries after
emergence. This technique could facilitate efforts to
identify unknown wild hosts of pest species and to rank
the suitability of known ones.
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