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Aspects of larval development, intershrub movement, and nut infestation by the 

hazelnut weevil (Curculio obtusus) utilizing discrete shrubs of beaked 

hazelnut (Corylus cornuta). 

By Lucinda W. Treadwell 

Thesis Advisor: Dr. Richard H. Storch 

An Abstract of the Thesis Presented in Partial Fulfillment of the Requirement for the 
Degree of Master of Science (in Entomology), May, 1996. 

Little is known about the biology of the hazelnut weevil Curculio obtusus 

(Blanchard), though closely-related species are widespread and well-studied. Its niche as 

a specialist-feeder and breeder in nuts of wild and beaked hazelnut makes it well-suited to 

an ecological investigation of movement among host patches and possible factors in host 

choice. 

One objective of this study was to document details of larval development, 

including mortality factors, assessment of the infrequent phenomenon of multiple 

infestation of nuts, and confirmation of 4 larval instars. The study also sought to 

determine if a relationship exists between timing of movement by adults among shrubs and 

proportion of nuts infested by ovipositing females. A third primary objectve was to 

identifi physical characteristics of the hazelnut shrubs that correlate with utilization by 

adult weevils. 

Samples of beaked hazel nuts taken every 4 days over the course of the summer, 

1995, revealed the development of lavae through 4 instars, beginning with eggs in early 

June and progessing through 4th-stage grubs exiting nuts in late August. Decay and non- 

formation of nut kernels accounted for an estimated 10% mortality among the larvae. 



Multiple infestation (the occurrence of >l lamahut) was found in 8% of nuts and 

accounted for an additional 8-1 5% mortality. 

Movement of adult weevils among beaked hazelnut shrubs was determined by 

marking and recapturing individuals as they were found about every 2 days in a field of 

>30 discrete shrubs. Fifteen percent of 164 marked individuals were recaptured 2 1 time. 

Recaptured weevils had travelled an average of 9 .5  m, with an average rate of 4 . 8  d d a y  

among 16 individuals which travelled to other shrubs. Two weevils were found >70 m 

from their original shrubs. Twelve of the 25 recaptured individuals were found in their 

original shrub after an average 3.8  days, and 67% of these had been released prior to 24 

June. This may indicate an influence of infestation level on movement by adults to other 

shrubs. Other factors, such as competition for mates and the quality of the host plants, 

most likely also play a part. 

On 3 August all nuts from the 33 study shrubs were collected and dissected. 

Percent infestation, which averaged 38.5% of nuts/shrub, was compared to physical 

characteristics of the shrubs, as were numbers and densities of weevils observed. Percent 

infestation and percent multiple infestation had no significant relationship to any measured 

shrub characteristic, to nearest non-hazelnut plant distance, to weevil numbers, or to 

weevil density. The numbers of weevils observed correlated most highly with numbers of 

nutslshrub and nutslstem. It is speculated that the density of infestation is regulated by a 

mechanism such as release of oviposition-deterring pheromone that results in a uniform 

distribution of eggs among the nuts. 
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INTRODUCTION AND OBJECTIVES 

I .  Brief life history of nut-infesting weevils, with particular reference to the 
hazelnut weevil Curculio obtusus (Blanchard). 

The genus Curculio (Curculionidae, Curculioninae) is comprised of 27 species of 

nut- and acorn-infesting weevils in North America. Most (23 species; Table 1) inhabit oak 

trees (Quercus spp.); only C. obtusus, the hazelnut weevil (Fig. l), is known to specialize 

in hazelnuts (Corylus spp.) in the eastern half of the United States (Hamilton, 1890; 

Brooks, 1910; Gibson, 1969, 1985a; 1985b)(Table 1). This weevil exploits the nuts of 

wild (C. americana Walt.) and beaked (C. cornuta Marsh.) hazelnut not only for food at 

all stages but also for oviposition sites. On the west coast, the more generalist C. 

occidentis preys on the very similar Corylus califomica 0 .C. )  and three other genera of 

nut trees as well (Gibson, 1969) (Table 1). 

Table 1. Host plants and ranges of North American species of Curculio (adapted fiom Gibson, 
1969; Ring et al., 1991). 

Curculio species Host genus common names Curculio range 

caryae 

caryatrVpm 
sayi 

obtusus 

occidentis 

22 species 

Carya pecan, hickory eastern U.S., NY to Midwest, Mexico 
Juglans walnut Ontario 

Castanea chestnut 

Cory lus hazelnut 

Corylus hazelnut 
Castanopsis chinquapin 
Lithocarpus tan oak 
Quercus oak (9 spp.) 

Quercus oak (47 spp.) 

eastern U.S. to Tennessee, Georgia 
eastern U.S. to Arkansas, Louisiana 

eastern U.S., southeastern Canada 

west coast, Arizona, New Mexico 

mostly local populations, some widespread 

1



Figure 1. The hazelnut weevil 
C. obtusus on a nut of beaked 
hazelnut C, comuta. I 

Adult Curculios emerge fiom the soil in early summer and fly to the nearest host 

tree or shrub, where they feed on immature nuts or acorns and mate (Gibson, 1969; Raney 

and Eikenbary, 1968). The species are dimorphic; the females' rostra are somewhat to 

much longer than those of males, depending on species, and are used to excavate egg 

chambers in the nuts as well as to feed (Brooks, 1910; Gibson, 1969). Legless Curculio 

grubs are reported to pass through 4 instars feeding inside their host nuts, destroying the 

nut kernel in the process. At maturity in the fall, they chew an exit hole in the nutshell and 

drop to the ground, where they immediately burrow almost straight down, to depths from 

9 to 28 cm among pecan weevils (C. caryae worn]) (Gibson, 1969; Harris, 1975; Harp 



and Van Cleave, 1976a; Harrison et al., 1993), and enter a state of diapause. 

Curculios pass the majority of their lives as subterranean diapausing larvae. The 

length of diapause varies within species: Menu and Debouzie (1993) found, for example, 

that up to 4 years could be spent underground by a small proportion of chestnut weevil 

(C. elepkas Gyll.) grubs in France; 3246% emerged after 2-3 years. 

The few literature references to the hazelnut weevil C. obtusus consist mainly of 

early naturalist descriptions (e.g. Hamilton, 1 890; Brooks, 19 10; Hutchings, 1927). Few 

details have been reported about its biology, though its host species range fiom Quebec to 

Georgia and westward into the midwestern U. S. (Fernald, 1950; Gibson, 1969) (Fig. 2). 

Furthermore, its host species have at times been considered to have commercial potential, 

particularly in Canada (e.g. Hutchings, 1927; St. Pierre, 1992). 

C. obtusus larvae develop singly in a nut, unlike many of their congeners. Vrabl et 

al. (1979, p. 363) assert, of the European hazelnut weevil C. nucum L., that s4 eggs can 

be found in the shell of cultivated hazelnuts ( C o ~ l u s  avellana L.) in Slovenia, "but into 

Figure 2. Range of hazelnuts 
C. cornuta and C. americana (solid 
line) and ranges reported for the 
hazelnut weevil C. obtusus (shaded 
areas) (adapted from Gibson, 1969). 
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the fruit itself there creeps only 1 larva." Multiple infestation, which occurs at a low level 

among C. obtusus (Gibson, 1969), is maladaptive; as with C. nucum, only 1 larva will 

succeed in nuts containing >1 larva (pers. obs.). 

Interior galls and other deformities in the nutshell are caused by this species in wild 

and beaked hazelnuts, and also by the European hazelnut weevil in cultivated hazelnuts 

(Rabaud, 1913; Gibson, 1969; Meyer, 1987). C. obtusus, unlike the other Curculios, has 

been reported to pass 2 instars feeding in the soft shell and shell lining before passing into 

the kernel (Gibson, 1969). 

The.first objective of the current study was to investigate and document details of 

lai-val development of the hazelnut weevil, including an assessment of the phenomenon of 

multiple infestation, determination of mortality factors, and confbmation of the number of 

larval stages. 

II. Aspects of intershrub movement by adult Curculio obtusus 

It has been reported that other Curculios and similar weevils disperse very little 

from their original host plants (Eikenbary and Raney, 1973; Harman, 1975; Ulmer et al., 

1983; Corneil and Wilson, 1984; Rieske and Raffa, 1990; Debouzie et al., 1993). Among 

chestnut weevils in France, for example, <5% of marked adults were found to disperse 

from a tree (Castanea sativa Mill.) or small stand of trees over the course of a 5-year 

study. Even within a tree a consistent gradient, from west to east, was observed in weevil 

densities fiom 1 year to the next. It was estimated that >95% of adult weevils remain in 

the same small stand during >I00 generations. The authors emphatically declared that 

4



"the relationships between the chestnut weevil and its host plant must be studied at the 

scale of 1 tree" (Debouzie & Pallen, 1987). 

Likewise, only 8 of 1000 marked pecan weevils were found in adjoining trees ca. 

18 m away 6 days after release; 13% were recaptured in the tree of origin (Raney et al., 

1969). Similarly, Eikenbary and Raney (1 973) recaptured only 0.1 % of marked pecan 

weevils in adjoining trees, whereas 17% were found in their original tree after 5 days. 

These last 2 studies were short-term, with within-tree dispersal their primary focus. 

4#fithmfm W h f t f i e w e e v i ~ e a b u v e ~ i e I s  m t g l v m  f i ~ h a t t e n t i o ~ e x c e p t  

for speculation that they were victims of predation. Raney and Eikenbary (1968) did 

observe the pecan weevil travelling 18-27 m in 1 minute of flight after emerging fiom the 

soil. Eiienbary and Raney (1973) found an individual of this same species in a tree ca. 0.4 

km fiom its release site after 5 days. 

As an ultraspecialist depending on an ephemeral resource, the hazelnut weevil 

must coordinate its reproductive and phenological processes with its host's availability. As 

nuts are infested by ovipositing females, it is presumed that they are essentially removed 

fiom the pool of available resource. Adults are assumed to emerge fiom the soil over a 

range of days or possibly weeks in early summer. How might the dwindling availability of 

oviposition sites, combined 'with a hypothetical steady increase in weevil numbers, affect 
------------------- 

the mobility of weevils? 

The second objective of this study was to determine if there is a relationship 

between intershrub movement by weevils and proportion of nuts infested. It was 

hypothesized that weevils will remain in their original shrubs until some proportion of nuts 

are infested, then seek a new host plant. 



III. Host plant qualities affecting utilization by Curculio obtusus 

How might movement to new host plants and the level of nut infestation by 

ovipositing weevils be affected by physical qualities of the hazelnut shrubs and nuts 

themselves? The resource concentration hypothesis, first formally advanced by Root 
\ 

(1973), predicts, for example, that weevil abundance as well as tenure time will increase 

with increasing size of shrubs and with increasing density of hazelnuts. Lawrence (1988) 

reported the number of milkweed beetles (Tetraopes tetraophthalmus [Foster]) in 

common milkweed (Asclepim syriaca L.) patches increases with increasing area of the 

patch and with increasing numbers of plants in a patch. Other researchers, in agricultural 

settings, have, however, reported a decline in herbivore abundance (no./plant) as the 

density of the host (no./m2) increases (reviewed by Kareiva, 1983). Will small isolated 

shrubs with few nuts incur proportionately less infestation than large dense thickets? On a 

smaller scale, nuts of beaked hazelnut grow in clusters of 1 to 9 (Hsiung, 195 1). 

Clustered nuts could be perceived as a dense concentration of resource. If the resource 

concentration hypothesis is to be substantiated, they will have a higher percentage of 

infestation by weevil larvae than solitary nuts. 

Other host plant variables besides size and resource density have been found to 

influence herbivore abundance as well as choice of oviposition sites, particularly in non- 

agricultural settings. Bach (1984), for example, reports differentials in numbers of 

Acalymma innubum (Fab.), a tropical beetle that specializes in cucurbits, on shaded vs 

open host plants. Strauss and Morrow (1988) cite percent nitrogen and phosphorus in 

host leaves, tree height, and distance to nearest neighbor as variables important in 

6



explaining abundances of an Australian chrysomelid on 2 species of Eucalptus. 

A third objective of the present study, then, was to determine some characteristics 

of beaked hazelnut shrubs and nuts that have a correlation with utilization by hazelnut 

weevils. It was predicted that large shrubs will have a higher proportion of nut infestation 

and of weevil numbers than small isolated ones. 

7



METHODS AND MATERLALS 

I .  Study site and host plant descriptions 

The study was conducted in a secondary succession of woodland in T32 MD, 

Hancock County, Maine (44"58N, 68'27'W) (Fig. 3), at an elevation of ca. 82 m, on land 

owned by Champion International Corporation and minimally maintained for primitive 

camping. The plant community consisted of a grey birch (Betulapopulifolza Marsh.)- 

beaked hazelnut-blueberry (Vaccinzum angustifolium Ait.) sere on sandy soil. The site 

was chosen because of a profbsion of "brush-stage" (Hsiung, 195 1) hazelnut thickets, the 

presence of numerous discrete hazelnut shrubs, and observations of a high degree of 

hazelnut weevil activity in the area the previous summer. 

Beaked hazelnut, so-called for the projecting involucre of united bracts which 

enclose its nut (Fig. 4), is a monoecious shrub distributed throughout woodlands and 

forests of central North America (Fig. 4). It is one of only 3 species of Corylus native to 

North America and is gro;ped by some in the hazel family, Corylaceae, along with 

Figure 3. Location of study 
site at T32 MD, Hancock 
County, Maine. 
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Figure 4. Nuts of beaked bmehut in the f ~ l d .  

Ostrya Scop. and Carpinus L. (ironwood), Betula L. (birch), and Alnus B. Ehrh. (alder) 

(Fernald, 1 950). Others place Corylus in the family Betulaceae (Hsiung, 1 95 1). It 

sprouts vigorously from underground modified stems and, in New England and the 
\ 

Adirondacks, is one of six most common shrub-stratum species in successional 

progressions from overgrown pastures to climax forests of hemlock (Tsuga canadensis 

[L.] Carr.), beech ( F a p s  grandvolza Ehrh.), and sugar maple (Acer saccharurn Marsh.) 

(Hsiung, 195 1). In situations of high light intensity, found by Hsiung (1 95 1) to be the 

critical factor in density of Corylus cornuta, the shrub attains maximum vegetative 

reproduction and can appear as dense thickets. 

9



II. Larval development of the hazelnut weevil 

A preliminary study was conducted at this site in 1994 to gain familiarity with the 

larval development process and to identify possible interactions between weevil infestation 

and nut morphology. More than 100 hazelnuts with obvious punctures or other damage 

to the husk were collected randomly on 2 August. In the laboratory, before dissection, 

husk and shell height and diameter were measured, number of punctures in the shell 

counted, and nuts categorized as clustered or solitary. In this sample, dissected nuts were 

categorized as (a) intact (no damage to nut meat), (b) no kernel (shell hlly formed but 

containing only a cottony lining), (c) decayed, or (d) infested (containing weevil eggs or 

larvae). 

In 1995, samples of 75->I00 nuts (E = 103*18 nuts, n = 22 samples) were 

collected haphazardly from thickets every 4 days from 12 June to 4 September for 

dissection, to monitor larval development as well as progression of nut damage. To avoid 

an influence of nut removal on weevil activity, samples were collected from thickets >75 

m north and east of the study shrubs used for both observations of weevil movements and 

correlations with infestation. Nuts were transported on ice and immediately stored in a 

freezer until dissection under a microscope within 3 days. Dissected nuts were 

categorized as (a) intact, (b) no kernel, (c) decayed, (d) weevil-infested, and (e) damaged 

but not infested (i.e., outwardly punctured and/or deformed). Weevil eggs and larvae 

obtained from dissected nuts were preserved in 70% ethanol. Twenty-four individuals of 

each of the 4 assumed larval stages were selected randomly and the width of their head 

capsules measured with an ocular micrometer in a dissecting microscope. 



III. Adult weevil intershrub movement 

An area approximately 25 x 25 m encompassing >30 discrete beaked hazelnut 

shrubs and several small thickets of beaked hazelnut was chosen for a mark-recapture 

study of adult movement among discrete shrubs and for determining correlations between 

shrub characteristics and levels of weevil infestation (Fig. 6). Each shrub and thicket (n = 

33) was individually labelled. Distances between the centers of shrubs were measured and 

compass bearings were taken between shrubs (Appendix A: distances between shrubs). 

Sixty-nine conical emergence traps, 45.7 cm dia x 5 1 cm high, were placed 

beneath 10 of the shrubs on 26 May in anticipation of emergence of adult weevils from the 

soil (Fig. 5). Trap area reflected an estimated 16-60% @= 45.4*15.7%) of canopy area 

under each of the 10 shrubs. Shrubs for trapping were chosen on the basis of evidence of 

weevil Infestation the previous year (old nuts with exit holes present), a general healthy 

-- - 

Figure 5. Emergence traps under beaked hazelnut shrub in the field. 

11



Figure 6. Beaked hazelnut / hazelnut weevil study site at T32 MD, Hancock County, Maine. 
Solid lines, uppercase boldface letters: beaked hazelnut shrub canopies; 
dotted lines, lowercase labels: overstory canopies of non-beaked hazelnut trees and shrubs. 
gb = grey birch, am = Amelanchier sp., wp = white pine, vi = Viburnum sp., rm = red maple. 

12



Figure 7. Emergence trap 
containing a spider. 

and robust appearance, and central location. Traps, made from 118-inch hardware cloth 

topped by a 1 -pound plastic container, were a modification of a design published by West 

and Shepard (1974) for pecan weevils (Fig. 7) (Appendix B: trap design). 

Traps were examined every other day until the first adult weevil appeared on 4 

June, then at every field visit for the next 3 weeks. Meanwhile, all 33 shrubs were also 

checked for adult weevils by direct observation and/or by beating, every 1 to 3 days (F = 

1.9-day intervals, n = 28 field visits) until 30 July. Weevils found in traps and in shrubs 

were anaesthetized for about 15 minutes on an ice pack and then marked with dots of 

~estors@ model paint to code for individual, date, and shrub of release (Appendix C: 

13
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coding system). Most weevils were released from the shrub at which they were obtained, 

though a few (n = 8) in the first few days of the study were imported from shrubs at the 

edges of the study area and released from 2 central ones. Marking and releasing continued 

until 22 July, when observations of weevils had become infrequent. When encountered, 

marked weevils were recorded, usually without being disturbed, and their shrub noted. 

Recaptured weevils were grouped by the 4-day interval in which they had been 

released, and distance, duration and rate of movement (rnlday) averaged within groups. 

These means were compared to 4-day levels of infestation, documented as described in the 

previous section, 24, 28, and 32 days later by Spearman's rank correlation coefficient (r,). 

Climatological data were obtained fiom weather station records of the University of Maine 

Rogers Farm in Stillwater, 9.8 km west of the site. 

The recaptured weevils' direction of movement was categorized by compass 

quadrant: 

NNE = 0-45 O SSW = >180-225" 
ENE = >45-90" WSW = >225-270" 
ESE = >90-135" WNW = >27O-3 15 
SSE = >135-180" NNW = >315-360" 

Additionally, the study site itself was divided into the four quadrants NW, NE, SE, and 

SW. An effect of site quadrant on direction of movement of recaptured individuals was 

tested by chi-square. 



IV. Correlations of shrub characteristics with weevil activity 

All 33 study shrubs were measured for number of stems, height, distance to 

bottom of canopy from ground, north-south and east-west canopy diameters, and distance 

to nearest other hazelnut shrub. Each shrub was also classified as "central" ( ~ 5 . 5  m from 

the site center) or "edge" (>5.5 m from the center). Canopy area was calculated by 

averaging the 2 cardinal dimensions as follows: 

area = [n;(N-S dia/2)2 + n(E-W ~Iia/2)~]/2 

Canopy volume of each shrub was calculated by multiplying its area by its height less the 

distance to-the ground from the bottom branch. This was only a crude approximation of 

canopy volume, but served as a relative measure. (Appendix D: measured and calculated 

characteristics, 33 study shrubs). Canopies of non-hazelnut shrubs and trees were also 

measured in the two cardinal directions, heights estimated, stems of trees in clumps were 

counted, and circumferences of clumps were measured. 

On 3 August, when no weevils had been observed for >1 week, all nuts from each 

of the 33 study shrubs were collected into separate small plastic bags. These were 

transported from the field in a cooler and immediately placed in a freezer. After being 

counted, they were dissected under a microscope and classified as (a) intact, (b) no kernel, 

(c) decayed, (d) weevil-infested, (e) damaged but not infested, and (f) unformed (i.e., 

empty husks). In cases where decayed or no-kernel nuts contained weevil larvae they 

were counted as "infested" in order to obtain the most precise measure of infestation level. 

This decreased counts of decayed and no-kernel nuts to some extent. 

All measured, counted, and calculated variables of hazelnut shrubs and distance to 

15
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nearest non-hazelnut tree or shrub were tested for correlation with each other as well as 

with total number of weevils observed on each of the study shrubs, percent of each nut 

condition per shrub, and tenure time of weevils that had remained on a shrub 224 hours 

(PROC CORK SAS). Spearman rank correlation coefficients (r,) were calculated for 

evaluation of regressions because of a preponderance of ordinal counts. An effect of 

"inner" or "edge" location of shrubs on 4 levels of infestation and 3 levels of weevil 

observations was tested by chi-square. 

To test for an effect of adjoining non-hazelnut species on weevil activity and 

infestation; a "non-beaked hazelnut (NBH) index" was devised. Each.of the 33 hazelnut 

shrubs was scored for the following 3 characters: 

distance to nearest NBH: 1 1.5 m = 2 
canopies mixed? yes = 2 
shaded by NBH? yes = 2 

Scores were multiplied; calculated indices had 4 possible values: 1 (little or no iniluence 

of NBH), 2, 4, or 8 (maximum influence). These were compared to 4 levels of infestation 

and 3 levels of weevil activity (ie, numbers of weevils observed) by chi-square. Non- 

hazelnut trees and shrubs were also grouped by species and a possible effect on infestation 

and activity tested by chi-square. 



RESULTS 

I .  Larval phenology and development: 

A total 2269 nuts were collected and dissected between 12 June and 4 September 

1995 at 4-day intervals. Of these, 873, or 38.5%, were infested with weevil eggs or 

larvae, with a peak 70.6% infestation occurring on 7 August (Fig. 8a) (Appendix E: 

status of sequential samples of nuts). Decayed nuts peaked at 30.4% on 18 July (Fig. 8b). 

Eggs were first found in the layers of nutshells (Fig. 9) on 20 June (Fig. lo), 17 

days afler the first adults were observed, and 2 days after adults were first observed 

mating (Fig. 8a, 10). First instars were found feeding in nut shell layers or interior galls 

beginning on 6 July, about 2 weeks after the onset of oviposition. Fourth instars were 

found beginning on 7 August, when percentage of total nuts infested with this stage 

suddenly increased from 0 to > 17%. Exit holes were first observed in the 1 1 August 

sample. Complete larval development, from egg to exit, thus takes about 36 days. 

Weevils had emerged from 71.4% of the infested nuts in the 4 September sample. 

Sampling was discontinued at this date because predation on nuts, presumably by the 

many red squirrels (Tamiasciarus hudssonicus gvmnicus [Bangs]) and chipmunks (Tamias 

striatus L.)(Hsiung, 195 1) in the area, had become noticeably heavy beginning on about 

27 August. Empty shells were more and more frequently found strewn under the shrubs 

and thickets, and natural nut drop had also begun by this date; thus nuts for sampling were 

difficult to find. Additionally, the proportion of nuts with no kernel suddenly rose from 

ca. 20% on 27 August to almost 40% on 4 September (Fig. 8b). 

Multiple infestation occurred in 70 nuts, or 8% of the total 873 infested, and 



Figure 8. Hazelnut weevil activity, beaked hazel nut conditions, and climatic conditions at T32 MD, 
Hancock County, Maine, 28 May-4 Sept. 1995. (a) Weevils observed, including mating pairs and 
recaptures, and % of nuts infested, in samples collected at 4-day intervals; (b) % punctured/damaged, 
decayed, and no-kernel nuts in samples collected at 4-day intervals; (c) rainfall, solar radiation, and 
average air temperatures. 
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Figure 9. Weevil egg just prior to eclosion in layers of nutshell (45x). 

Figure 10. Percent of larval weevil instars among sequential samples of beaked hazelnuts, 20 June 
to 4 Sept. 1995, T32 MD, Hancock County, Maine. 

.-r - +  -- . 



peaked on 30 July, when 22.6% of infested nuts contained >1 larva (Fig. 8a). The 

majority of multiply-inhabited nuts contained 2 larvae, though 10.4% contained 3 and a 

single nut contained 4 larvae (Fig. 1 I). In only 2 cases was a 4th-stage larva found in 

association with another larva. In one of these, surprisingly, a 4th instar was found 

partially consumed by a much smaller 2nd instar. 

Eggs appeared most often in the top 113 or 114 of the shell. First instars were 

4 

observed first to feed within the shell layers, sometimes within the exaggerated thickness 
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of a gall, until breaking through to the shell lining. They then fed in the lining in a fairly 

El wI4 larvae n~ 
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e w13 larvae 3 I -  ~w121arvae 
k 
2 1 0 -  
C z. 6 -  Figure 1 1. Proportions of 

0 8  I 
infested nuts containing 

Q 
c 

% . > m J c n m J o ,  g $ : : z < z < z  2,3, or 4 larvae. 
3 
7 7 o c 0 * 2 M 8 ~ ? 8 Z  
N N 

distinctive round hole chewed through the thin skin, and ecdysis to the 2nd stage occurred 

soon after this. There was no evidence for feeding in the shell lining by 2nd instars. 

In the early stages, multiple larvae could easily be found by looking fo'r multiple 

entry holes into the kernel. Sometimes, however, one larva could be tracked between 

holes connected by longitudinal ruts in the lining; some would apparently sample the nut 

kernel before settling down to feeding. 
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Figure 12. Kernel of nut removed, 
revealing 1st-stage larva 

feeding in shell lining (25x). 

Mean head capsule widths among the 4 stages appeared to vary only dtgktky &om 

the predictions of Dyar's Law (Dyar, 1890); i.e., a constant ratio (ih thb ea. 0.60) 

between the head capsule widths of each successive stage (Fig. 13). Westhgly, widths 

of 3rd instar head capsules displayed a bimodal distribution when arrayed by 0.05 mm 

intervals (Fig. 14). 
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11. Mark-recapture movement study 

Between 4 June, when the first adult weevils appeared in emergence traps, and 23 

Figure 14. Frequency distribution of 
larval head capsule widths. 
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July, 195 weevils were observed in the 33 study shrubs (Appendix D: variables of study 

shrubs). The number of weevils observed, which serves as a relative measure of weevil 

activity from one observation period to the next and between shrubs, includes all marked- 

and-released, recaptured, and escaped weevils; thus multiply-counted individuals are 

included. Additionally, 1 weevil was imported from a nearby thicket and released in the 

site, 17 were marked and released from surrounding thickets (164 total marked and 

released), and 4 individuals were recaptured in thickets outside of the study site (total 25 

individuals recaptured, 34 recapture incidents). 

A preliminary peak of weevil observations occurred between 16 and 24 June, 

during which mating activity was first noted. The major peak occurred during the 4-day 

period 3-6 July, when 50 adults, including 5 mating pairs, were noted. These 2 peaks in 

adult weevil abundance were mirrored in peaks of infestation in the random nut samples 

from nearby thickets 32 days later (rs=0.53; P=0.04)(Fig. 8a). Only 6 adults emerged into 
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traps, (3 on 4 June), with the last appearing on 27 June, >3 weeks after the first adult had 

emerged. 

Mating activity was noted beginning on 18 June. There is a significant correlation 

between levels of multiply-infested nuts and levels 28 days earlier of observed mating 

activity (r,=0.82; PC0.001) as well as numbers of weevils (rs=0.77; P<O.OOl)(Fig. 8a). 

Percent recaptures were variable in the first 2 weeks of the study, when totals 

released were low, then slowly declined as total releases increased at a rapid rate while 

recaptures became more infiequent (Fig. 15). A peak of recaptures occurred in the 4-day 

period ending 20 June, when 6 were recorded (Fig. 8a). By 23 July, 25 of 164 marked 

individuals had been recaptured, some up to 4 times, for a final recapture rate of 15.2%. 

This is compatible with recapture rates of 13 to 17% reported for pecan weevils (Raney et 

al., 1969; Eikenbary and Raney, 1973). 

Distances travelled by recaptured weevils varied from 0 to 73 m (T = 9.5*18.4 m) 

(Appendix F: duration, distance, and direction of travel of recaptured weevils). Tenure 

time of individuals recaptured in their same shrub ranged fiom 1 to 10 days (n = 12 

individuals; ;jt = 3.75k2.70 days). The great majority of weevils recaptured at their shrub 

of origin occurred among those released before 24 June (Appendix F). There was no 

significant effect of the quadrant of origin on the direction of movement (x2>1 5, P=0.23). 

Rates of travel among weevils which had travelled to other shrubs (n = 16 

individuals, 18 recapture incidents) ranged from 0.6 to 20.5 rntday (Z = 4.8*5.9). Three 

individuals were found at different shrubs within the same day of their release; 1 was 18 m 

fiom its shrub of origin only about 2 hours later. When grouped by 4-day intervals for 



Figure 15. Mean rates of travel, mean days between release and recapture, and percent of marked 
weevils recaptured, 4 June-22 July 1995. 

comparison with infestation data (Fig. 8a), the data tended toward longer duration and 

distance of travel as the season progressed (Fig. 15). When weevil observations in the 33 

study shrubs diminished to 1 or 2 for the day, at about 16 July, thickets to the north and 

east were randomly searched for marked weevils. Two were found in a thicket >70 m 

from their release shrubs. 
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III. Correlations of weevil activity with nut and shrub characteristics 

In 1995, a total 1246 hazelnuts were collected in the absolute sample (i.e., all nuts 

taken) from the 33 study shrubs on 3 August. Infestation ranged from 0-100% of 

nuts/shrub (Z = 3 8.5 * 2 1.3%) and multiple infestation ranged from 0-67% of infested 

nutslshrub (T= 18.6 * 17.2%) (Appendix C). Percent infestation and percent multiple 

infestation had no significant relationship to any measured shrub characteristic, to nearest 

non-hazelnut distance, to weevil numbers, or to weevil density (Table 2) (Fig. 16a-f). 

Proportions of decayed nuts had a significant correlation with measures of nut density 

(rs=.56). The numbers of weevils observed correlated most highly with number of nuts 

per shrub (rs=0.72) and nuts per stem (r,=0.72). Weevil numbers also had a moderate 

correlation with canopy volume (rs=O. 53) and nut density (nuts/m3) (rs=O. 53) (Fig. 16g-i). 

Weevil density (weevils/m3) had approximately this same relationship with nut density 

(rs= .57), but weevils per nut had no significant correlation with any of the shrub variables 

(Fig. 17a-c). 

Sixteen of the shrubs (50%) scored a maximum NBH index of 8. Only 3 (9.4%) 

were uninfluenced by a non-beaked hazelnut, with an NBH index of 1. Proximity to, 

shading by, and mixing with non-beaked hazelnuts apparently does not have a relationship 

to level of infestation (x2>6.2, D0.72) or to level of weevils observed (x2>3.8, PO.70). 

Five species of non-hazelnut plants were identified as being nearest to each of the 

study shrubs. These were predominantly grey birch, nearest to 18 of the shrubs. Red 

maple (Acer rubrum L.) saplings, Amelanchier sp. trees, white pine (Pinus strobus L.) 

trees, and Yiburmm sp. shrubs were also nearest non-hazelnut neighbors. Particular non- 
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Figure 16. Regressions of selected variables of 33 beaked hazelnut shrubs with (a-c) % of nuts 
infested, (d-f) % of Infested nuts with >1 larva, and (g-i) weevils observedlshrub. r, = Spearman 
rank correlation coefficient. 
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Figure 17. Regressions of selected variables of (a-c) 33 beaked hazelnut shrubs with number of 
weevils observed/nut and (d-f) 7 shrubs with tenure time of recaptured weevils. r, = Spearman rank 
correlation coefficient. 
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hazelnut species had no significant relationship to infestation (x2>9.8, D0.63) or to levels 

of weevil observations (x2>8. 1, D0.42). 

A one-time sample of 11 1 hazelnuts on 2 August 1994 included 52.2% infested 

with weevil larvae, 13.5% decayed, 8.1% with no kernel, and 26.1% intact. Though 

outwardly damaged nuts had been consciously selected in 1994, >96% of nuts bore 

outward damage by this date in 1995 (Appendix D); thus an effect of this bias is probably 

minimal. 

Nut condition had a significant effect (P<0.01) on all measured variables except 

shell height;diameter ratio (Table 3). The effect was particularly significant (P<0.001) for 

husk diameter, shell height, and shell diameter. Among these variables, comparis 

means by t-tests showed the means of infested nuts to be significantly larger (Pc0.05) than 

the overall means. Means of rotten and no-kernel nuts were significantly smaller than 

those of intact and infested nuts in husk and shell diameter (Pc0.05). Rotten nuts had 

approximately one-half the number of punctures of weevil-infested nuts, a sigmficant 

difference (P<0.05). 

Two-thirds of the nuts were growing in clusters of 2 to 4 nuts. Clustering had no 

relationship to weevil infestation or other nut conditions (intact, decayed, or lacking a 

kernel)(x2, Ps0.01). This finding is consistent with a report that nut cluster size has no 

effect on oviposition preferences of pecan weevils (Hall et al., 1979). Solitary nuts were 

significantly larger in both husk and shell height and diameter, and had a significantly 

smaller shell height:diarneter ratio than those in clusters (Duncan's MRT, P<0.05). 

Interestingly, both solitary and clustered nuts had ikntical numbers oE punctures (Table 
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4). Final-instar larvae accounted for 43% of weevil-infested nuts in the 1994 sample. 

'Among this group, means of all nut variables except shell height:diameter ratio were 

significantly greater than the overall means (i-tests, P < 0.002) (Table 5). 



Table 3. Means*s.d. of some beaked hazelnut variables by condition of nut. 
Sample collected 2 August 1994, T32 MD, Hancock County, Maine. 

nut husk husk shell shell shell no. of 
condition n ht, mm dia, mm ht, mm dia, mm ht:dia punctures - 

intact 29 13.4S.5ab 13.1e.4a 11.2*1.3ab 10.6* 1.7a 1.07M.1 la 9.4*7.0ab 
unformed 9 10.8*1.6ab* 11.5k1.8b 10.1*1.4ab 9.lk1.5b l . lM.07a  9.U4.5ab 

rotten 15 12.2f2.9bc 10.9f2.5b* 9 . W . 2 ~  8 .M.9b  1.13f0.14a 6.8*4.8b* 
infested 58 14.M1.7a 14.lf1.8a* 11.%1.3a* ll .Ml.la* 1.08M.lOa 13.lk7.4a 

overall 11 1 13.3e.2 13.3A2.4 11.21.9 10.4rt1.9 1.08j=o.10 11.1*7.1 

Means of each variable followed by the same letter are not significantly different from each other 
(P < 0.05) (Duncan's MRT). Means followed by * are significantly different from the overall mean 
(P < 0.0 1) (1- tests). 

~ab le .4 .  Means*s.d. of some beaked hazelnut variables by clustered vs. solitary nuts, 
Sample collected 2 August 1994, T32 MD, Hancock County, Maine. 

growth husk husk shell shell shell no. of 

we n ht, mm dia, mm ht, mm dia, mm ht:dia punctures 

clustered 74 12.6e.la 12.6*2.4a 10.W2. la 9.8S.Oa 1.1 139.1 la  10.W7.0a 
solitary 37 14.7*2.1b 14.4*1.7b 11.9*1.4b 11.434. lb  1.04M.09b 11.4*7.4a 

Means of each variable followed by the same letter are not significantly different from each other 
(P < 0. 05)(Duncants MRT) . 

Table 5. Meansfs.d. of some variables of weevil-infested hazelnuts by larval stage. 
Sample collected 2 August 1994 at T32 MD, Hancock County, Maine. 

larval 
stage 

first 
second 

third 
fourth 

post-exit 

overall 

husk 
n ht, mm 

9 13.4*1.9ab 
10 13.Ml.lb 

4 12.6M.6b 
25 14.W1.9a* 

9 14.oM.9ab 

111 13.3*2.2 

husk 
dia, mm 

shell 
ht, mm 

shell 
dia, mm 

shell 
ht: dia 

1.1 lM.04a 
1.05M. 10a 

1.13a.07a 
1 .09s .  1 la 
1.06M.09a 

1.08M.10 

no. of 
punctures 

Means of each variable followed by the same letter are not significantly different from each other 
(P < 0.05)(Duncan1s MRT). Means followed by * are signif&ntly different Erom the overall mean 
(P < 0.01)(1- tests). 
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DISCUSSION 

Ia. Larval development: why the abundance of 1st instars? 

Two reasons might be given for the large proportion of 1 st instars found in the 

sequential samples of nuts (Fig. 10). First, because eggs were deposited in shell layers it is 

likely that an unknown number were overlooked in dissection. An effort was made to 

examine all punctures and wounds in the shell, but eggs were observed to rupture and spill 

extremely easily, so some "disappeared" in the dissection process; numbers of eggs are 

most likely under-reported. For these reasons, occurrence of > l  egg is no doubt also 

Secondly, some first instars lingered into the final sample, a fill 8 weeks after this 

stage had first appeared. An extended first larval stage would cause an exaggeration of 

their abundance proportionate to the other stages; members of the same cohort would be 

counted >1 time. Lowered quality or availability of nutrients has been shown to inhibit 

ecdysis in many insect species. Sehnal(1985) found, for example, that caterpillars of the 

greater wax moth Galleria mellonella (L.) molted after 15 hours on a normal diet but 

required 40 hours when the diet was mixed equally with sawdust. Release of prothoraci- 

cotropic neurohormone, which stimulates release of molt-inducing ecdysteroid, has been 

shown to be dependent on attainment of a certain "critical" body size increment (Sehnal, 

First instars in the last few samples were all found in decaying nuts or nuts with no 

kernel. Apparently the cottony parenchyma of no kernel nuts can sustain the life of a 

weevil larva but does not provide sufficient nutrients or appropriate cues for ecdysis. 
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Besides obviously decaying and unfilled nuts, many "normal-appearing" kernels might 

have been affected by some factor, such as the long period of no rain as nuts were forming 

(Fig. 8c), which lowered their quality enough to inhibit ecdysis. 

Ib. Larval development: mortality factors 

Conditions of unfilled nuts and decay appear to be major mortality factors among 

young weevil larvae. Females unwittingly deposit eggs into shells in which kernels do not 

form and/or into which hngi and mycetophilous flies enter, in many cases, ironically, 

through the oviposition puncture (Winston, 1956), and initiate a decay process. Larvae 

hatch into an environment unsuitable for growth and development but many subsist for 

weeks before dying of desiccation or starvation. . 

Ten percent of the nuts in sequential samples over the season showed evidence of 

rot or decay in one stage or another, with or without ubiquitous, unidentified microscopic 

maggots -- from 1 to 15 in any one nut. Winston (1956) reported Fusarium sp. and 

Penicillium sp. responsible for initiating decay in acorns of red oak (Quercus rubra L.) in 

Illinois. He also found maggots, identified as Mycodiplosis sp, and Rubsoamenia sp. 

(Cecidomyiidae), to be spreading spores of the h g i .  As in the case of maggots observed 

in hazelnuts, they created areas of decay around themselves; weevil larvae in maggot- 

infested nuts are certain not to survive (Fig. 18 and 19). 

An unconscious sampling bias might have been introduced against decayed nuts 

because of their often obvious appearance. A more accurate estimate of their effect on 

larval populations can be gained by analyzing the absolute sample of nuts collected from 
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Figure 18. 1st instar (top edge of photo) in nut id3kt.d by both lack of a 
kernel and decay appearing to spread fiom maggot (8x). 

Figure 19. 1st instar subsisting in interior gall of nut in advanced state of 
decay, with maggots (25x). 
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all 33 study shrubs on 3 August (n = 1246). Here 15.3% of the total were in a state of 

decay that rendered the nut kernel unfit for weevil sustenance. An accurate count of 

larvae in decaying nuts could not be kept because the cadavers were also broken down by 

invading hyphae and maggots. Decay and no-kernel conditions together claim ca. 25% of 

a hazelnut crop. If 40% of those nuts are weevil-infested, an estimated 10% of total 

larvae do not survive because of pathological nut conditions.. 

Since it appears that ca. 30 days are required to complete larval development after 

ecdysis into the 2nd instar, grubs that were still at 1 st instar on 15 August, 9-10% of the 

larval population, most likely did not survive. Quality of mature nuts can be assumed to 

be quite different from that of young developing kernels with which early instars normally 

coincide. Additionally, the fate of the hazelnut itself became more and more tenuous as the 

summer came to an end. 

As mentioned, red squirrels and chipmunks were observed at this site and were 

noted by Hsiung (1951) to consume or bury "the great proportion of the [beaked] 

hazelnut crop" at a Minnesota study site. It is not known whether these 2 rodents have 

any preference for uninfested nuts. Grey squirrels (Sciurus carolinensis Gmelin), 

however, have been observed to detach and sniff or taste European hazelnuts infested with 

C. nucum before discarding them (Lloyd, 1968). White-footed mice (Peromyscus 

leucopus Thomas) prey on detached acorns of white oak (Q. alba L.) with no preference 

for those infested or uninfested by larvae of the weevils Curculio pardidis (Chittenden) 

and Conotrachelus naso LeConte (Semel and Andersen, 1988). Additionally, detached 

nuts have been observed in the laboratory either to desiccate or to start decaying within a 

few days. 



Multiply-infested nuts account for another 8-15% of larval mortality. These 

represent larvae that were selected out by a critical interference competition between nut- 

mates. Since multiple larvae reached levels of >20% of infested nuts in the sequential 

random samples, and up to 67% of infested nuts on any one shrub at 3 August, a 

competitive "edge" inside the nutshell might seem a measure of fitness. 

In the similar case of the cowpea weevil Callosobruchus maculatus (Fab.), small 

beans can sustain only 1 larva to maturity. Among the larva of this species, in any bean 

regardless of size one larva will out-compete any others in survival. Mitchell (1983) 

speculates that interference competition, "activity which directly or indirectly limits a 

competitor's access to a resource" (Prokopy et al., 1984, p. 307), might have evolved to 

ensure the success of at least one larva, rather than a situation of exploitation competition 

in which both would die if consuming a small bean equally until it was depleted. For the 

hazelnut weevil there can be no doubt as to the optimum competition strategy; 1 larva can 

and usually does consume an entire kernel (Fig. 20). 

Mortality among subterranean larvae of Curculios does not appear well- 

documented. Swingle and Seal (193 1) did estimate ca. 95% mortality of underground 

pecan weevil larvae by disease. Harp and Van Cleave (1976a) reported almost 100% 

survival of larvae of pecan weevils in buried mesh cylinders, but 96% mortality of pupae 

and adults just prior to emergence (no cause given). It is known that white footed mice, 

mentioned earlier, as well as short-tailed shrews (Blarina brevzcauda Baird) prey on 

burrowed larvae and pupae of acorn weevils, to depths of 15 cm in the case of the shrew 

(Semel and Andersen, 1988). Additionally, fungi (Beauveria bassiana palsamo] 
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Figure 20. 4th instar in 
nearly-depleted nut ( 1  2x) 

Vuilleminn, Metarrhizium anisopliae [Metschnikoffl Sorokin, Synnematium sp.), 

nematodes (Heterorhabditis keliothidis m a n ,  Brooks, & Hirschmann], Neoaplectana 

dutkyi Jackson), and a tachinid fly (Myiophcrsia harpi Reinhard) have been found to 

suppress larval populations of the pecan weevil (Swingle and Seal, 1931; Tedders et al., 

1973; Harp and Van Cleave, 1976b; Nyczepir et d., 1988). The nematode Neoaplectana 

carpocapsae Weiser was reported by Schmidt and All (1978) to infest larvae of the 

chestnut weevil C. sayi (Gyll.). 
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TI. Hazelnut weevil intershrub movement 

A shortcoming of the mark-release-recapture experiment is that no pre-study was 

done to determine the effect of marking on weevil behavior or mortality. Since recorded 

distances traveled were at times considerable, it is hypothesized that the presence of paint 

did not affect the ability to fly. Also, marked individuals of both genders were later 

observed mating, so paint spots probably did not affect mate choice. However, no 

conclusions can be made about the effect of paint spots on ability to escape predation. 

Metallic paints were avoided because of their light-reflecting and hence eye-catching 

qualities. . 

Conclusions concerning intershrub movement among hazelnut weevils may be 

spurious on the basis of a small recaptured sample size. Overall movement was greater 

than expected. The results would have benefitted greatly by a larger area of sampling; the 

weevil's range was underestimated in the initial design of the study. The 4 individuals 

recaptured in thickets surrounding the study area toward the end of the season should not 

be included in the analysis of movement: thickets outside of the study area were not 

searched routinely, as mentioned, so it is not known if the weevils might have traveled 

such distances at the beginning of the season. 

Trapping at intervals from a central point out to 2 100 m would determine the true 

extent of hazelnut weevil movement among the shrubs and thickets of a site such as this 

one. Malaise traps have been used in the crowns of pecan trees for capturing pecan 

weevils (Dutcher et al., 1986) and smaller versions might be worthwhile for catching 

hazelnut weevils as they disperse among thickets. 



Price (1 984) points out that competition for an ephemeral resource is usually not 

evidenced; the competing organisms are just not numerous enough because the 

ephemerality of the resource acts as a limiting factor. Here the weevils seem more 

ephemeral than the resource. Movement from one shrub or thicket to another might be 

stimulated by competition for mates rather than oviposition sites. Indeed, interpretation of 

weevil behavior seems to bear this out. Many individuals, especially early in the season, 

were observed seeking out or remaining at the highest points on their shrubs. This 

behavior might indicate a tendency for anemotaxis, for sensing or emitting molecules of 

pheromone, It also might represent a type of "pre-movement" behavior; Curculzo flight is 

characterized by an initial "launching" &om a high or well-extended point -ey and 

Eikenbary, 1 968). 

Individual #4, who was among the earliest to emerge (Appendix F), was found 

time and again just "resting" and "sniffing the air", or antennating, at a high point on its 

shrub. Since Curculios' antennae are attached halfbay down their rostra, an illusion of 

''sniffing the air" could conceivably be created by extension of the antennae into the 

airstream. This behavior would be consistent with mate-seeking. After spending 10 days 

on the same shrub, this individual appeared for the 3rd time at the peak of weevil activity 

(20 June) and then reappeared 12 days later, at a shrub 7.5 m away, during the second and 

major peak of activity. 

Conclusions concerning the significance of mate-seeking in weevil movements 

would have been strengthened by co~~dction of data on captured weevils' genders. 

Statistics on gender would improve other aspects of the study as well; for example, 
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relationships between gender, tenure time, movement distance, and timing of first 

movement could be tested. No dependable method of sexing the weevils in the field could 

be determined. It is recommended that any future studies attempt to solve this dilemma as 

information on gender differences in numbers and behavior would greatly enhance the 

results. 

It has been theorized that a diversity of "background vegetation" hinders resource 

colonization by specialist herbivores, and substantiating studies have been numerous (e.g. 

Bach, 1984; Elmstrom et al., 1988; Andow, 1990). This concept has been advanced, with 

good reason, as a way to thwart specialist pests in agricultural monocultures. For C. 

obtusus, however, non-hazelnut species at this site seemed to be bridges or launch sites to 

mates and other hazelnut shrubs, or at the very least to have no influence on search or 

movement. Passage between hazelnut shrubs whose canopies were mixed with non- 

hazelnuts appeared to be aided by the presence of additional physical routes. Several 

weevils were found on non-hazelnut twigs within the hazelnut canopy, directly over it, or 

extending out of it as though preparing to launch elsewhere. 

On 16 June, 2 days prior to any observed mating activity, one individual (#9, 

Appendix F) was seen to make its way southeast from one branch to the next of shrub "DM 

(Fig. 5). At each branch it stopped and antennated before moving. It continued in this 

manner through the branches of an adjacent Amelanchier sp. until launching itself almost 

due east. Mysteriously, this same individual reappeared 12 days later at shrub "U" -- >15 

m directly west. 

Additionally, one individual was observed early in the season, on 16 June, 
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appearing to feed on a juneberry (Amelanchier sp.). As far as is known, no alternate hosts 

have been recorded for the hazelnut weevil C. obtusus, though Gibson (1969) notes that, 

as a genus, Curculios have been observed feeding on pears, apples, apricots, and peaches. 

This suggests an avenue of management; i.e., manipulation of alternate hosts, should the 

species ever emerge as a pest. 

m. Correlations of weevil activity with shrub characteristics. 

Factors influencing female weevils' timing of oviposition and choice of sites must 

be myriad. .A lack of significant correlation between any of the measured shrub variables 

and proportion of nuts mfested is not surprising. Genetic differences among shrubs, and 

their effect not only on nut.quality but also on the timing of nut development, must be a 

relevant but untested factor. Piskornik (1992), in a particularly relevant example, reported 

sugar content of endosperm tissue of cultivated hazelnuts C. avellana to have a very high 

correlation with susceptibility to infestation by Curculio nucum. Beaked hazelnut is a 

clonal plant; variation among clones has been shown to be a factor in differential feeding 

and oviposition by herbivores (e.g. Price, 1989; Fritz, 1990; Bingarnan and Hart, 1992). 

Interspecific relationships play a role as well. Birches (B. pendula Roth., B. 

pubescens Ehrh.), for example, which had been moderately browsed by moose (Alces 

alces L.) had generally more herbivores than unbrowsed controls (Dannell and Huss- 

Dannell, 1985). Microsite differences such as shade levels, water stress, air flow, edaphic 

factors, plant competition -- all of these affect plant development and resource allocation, 

hence nut quality and ultimately weevil oviposition preferences and larval survival (e.g. 
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Mitchell, 1983; Tisdale and Wagner, 1991 ; Bingaman and Hart, 1993). 

Infestation levels show no clear trend when compared to measures of nut density 

(e.g. Fig. 16b). Messina (1989) obtained similar results in a study of infestation by 

western cherry fruit fly (Rhagoletis idzflerens Curran) and reports a similar absence of 

relationship between density of fruit and percent infestation among hosts of the 

Mediterranean fruit fly Ceratitio capitata (Weidemann). The author argues that these 

"fruit-parasitic" species' responses to host density are like those of parasitoid insects: 

often density-independent or inversely density-dependent. 

Many mature as well as immature phytophagous insects release epideictic, 

"spacing"or "marking" pheromones which stimulate movement away from a host patch 

when an optimal population density has been reached. These can be perceived olfactorily, 

as in the case of the European cabbage white butterfly Pieris brassicae L. with antenna1 

sensilla, or via receptors on the tarsi as with the apple maggot fly Rhagoletispomonella 

Walsh. Such pheromones can deter landing, feeding, or oviposition (Haynes and Birch, 

1985; Prokopy, 1981). 

Oviposition-deterring pheromone, or ODP, can be instrumental in mediating a 

uniform distribution of offspring, particularly among spatially restricted plant parts such as 

stems, fruits, and buds (Messina, 1989; Averill and Prokopy, 1987; Prokopy et al., 1984; 

Prokopy, 198 1). Thompson (1 983), in fact hypothesized that species that feed on small 

ephemeral plant parts such as fruits or flowers are more likely to evolve the ability to 

assess egg-loads on their host plants. 

Where ODP is effective, females searching for oviposition sites are influenced to 
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leave a patch earlier than if the pheromone were absent, and their emigration flight 

distance is affected as well (Messina, 1989; Roitberg et al., 1984; Roitberg et al., 1982). 

For example, apple maggot flies (R. pomonella) exposed to 23 consecutive ODP-marked 

hosts were influenced to fly > 1000 m, compared to <lo0 m flown by controls (Roitberg, 

et al., 1984). This phenomenon is similar to that of interference competition among 

parasitoid females (Vison, 1985; Messina, 1979; Price, 1970), and is cited as a strong 

influence in egg dispersal patterns of, for example, cowpea weevils C. maculatus 

(Mitchell, 1983), western cherry h i t  flies (Messina, 1989), and monarch butterflies, 

Danaus plexippus L. (Haynes and Birch, 1985). 

Utilization of ODP or some other means of discrimination between infested and 

uninfested nuts appears undocumented among hazelnut weevils, though Harris (1983) 

does mention that female pecan weevils avoid ovipositing in previously infested nuts. 

Tenure time of weevils on a particular shrub might be a test of the influence of 

interference. Indeed, as mentioned, most recaptures in the present study at shrub of 

origin occurred among weevils released earlier in the season. The effect of a progressive 

increase in marking pheromones is a plausible explanation for this phenomenon though 

certainly not the only one. 

Prokopy (1 98 1) points out that many variables influence the effect of ODP: age 
b 

and physiological state of the female, for example, and longevity of the ODP. It may be 

that the ODP need be effective only long enough for the first egg to incubate and thereby 

give the first larva the competitive edge. This might explain the increase in multiple 

infestation by larvae of different ages, in the present study, noted in the nut samples 
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collected after 18 July (Fig. 21). However, for this hypothesis to be confirmed there must 

be evidence that the oldest larva does indeed have the advantage and the later presence of 

1 or more additional larvae does not somehow detkact fiom this advantage. As 

mentioned, a 2nd instar was found cannibalizing a 4th. A further consideration is that 

multiple larvae may in fact be the same age but at different stages because of suppression 

by the most fit individual. 

McKibben et al. (1 982) reports that female boll weevils (Anthomonus grandis 

grandis Boheman) have the ability to discriminate against squares of cotton that already 

contain 2 1 .egg but discrimination breaks down after encounters with 3-6 infested squares. 

This response is attributed to an unknown behavioral or sensory adaptation and results in a 

random distribution of multiple ovipositions. A similar process among hazelnut weevils 

might be an alternative explanation for the pattern depicted in Figure 21 : as the season 

progressed and females encountered previously-infested nuts with more and more 

frequency, discrimination against them was simply overridden. This would be 

advantageous in a situation where being the first larva does not automatically confer 

competitive superiority. 

Figure 21. Proportions of multiply- 
infested hazelnuts containing 2 2 larvae * 2 3 $ f' f 9 3 3 9 9 9 ofdifferentinstars. 
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In conclusion, some evidence was found for an influence of infestation level on 

movement by adults to other shrubs. Other factors, such as competition for mates and the 

quality of the host plants, most likely also play a part. No relationship could be found 

between physical characteristics of the shrubs themselves and levels of infestation. It 

seems likely that the density of infestation is regulated by some mechanism that results in a 

uniform distribution of eggs among the nuts. Whether this mechanism is indeed the 

existence of ODP would make an interesting question for future study. 
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APPENDIX B 

Design of emergence traps. 

Hardware cloth (118-inch mesh) was cut into a semicircle of 36-inch diameter, 

rolled into a cone, and secured with a wire seam. At the tip, a 318-inch slit was made to 

enable the wire at ~e top of the cone to be bent open. 

A round plastic 1-pound deli container was attached to the top of each trap by 

means of a small interior plastic cone that fit over the hardware-cloth cone. A drain hole 

was made in each cup by cutting a hole - 112 x 1 inch at the edge of the bottom with a 

paring knife heated in a bunsen burner. Fiberglass mesh, cut to - 1 in2, was glued over the 

hole on the outside of the cup with silicone adhesive. 

Interior cones were made by rolling a - 1 %-inch radius semicircle of Mylara into a 

cone & inserting it through a 1 %-inch diameter hole cut in the bottom of the cup. Several 

318-inch slits were cut in the circumference of the cone, creating flaps which were secured 

to the bottom of the cup with duct tape. Cutting off the tip of the plastic cone allowed the 

tip of the hardware cloth cone to be bent down on it, holding it in place. 

Cages were anchored under the shrubs with 3 stakes, fashioned from 14-gauge 

steel wire cut to -9 inches long and bent into a hook - 1 inch from one end. 
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APPENDIX C 

System for coding of adult weevils with paint dots. 

Weevil elytra were divided into anterior and posterior regions (right and left halves 

could be used instead). Paint was applied with the tip of a straightened paper clip. Two 

dots of paint in the front half coded for date, and the 2 at the rear coded for the shrub of 

release. 

Seven paint co1,ors were selected that could be distinguished from each other 

easily. Color combinations were created for each date and each shrub by makkg a grid of 

paint dots; each in combination with the others. Ths gave a potential of s49 dates and 

s49 shrubs that could be coded for. The grid had space unde~ each 2-dot combination for 

writing the date and shrub to which it was assigned. Rather than pre-assigning codes, the 

grid was read from left to right and a new 2-dot combination assigned as a weevil was 

observed on a new shrub. . 

Individuals were coded by adding a single dot of color to the prothorax. Eight 

individuals from a single shrub on a single date could be identified by this system since one 

(the first) was coded by the absence of a paint dot. Since s7 weevils were captured and 

marked at any one shrub on any one date, this system was adequate for this study. Eight 

individuals x 49 shrubs x 49 sampling dates allow a potential >19,000 coded individuals. 

Use of 2 dots on the prothorax would allow identification of 149 individuals per shrub per 

date if necessary. 



APPENDIX D 

Measured and calculated variables of 33 beaked hazelnut shrubs. 

-- - - _  -- i 
"NBH = non-beaked hazelnut --- _ - - 



APPENDIX E 

Status of sequential samples of beaked hazel nuts, 12 June-4 Sept. 1995. 
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APPENDIX F 

Duration, distance, and direction of travel of recaptured hazelnut weevils. 
' -.? 

157 7/16) 7/19 3 2.8 0.93 NE /  HH I NE/  GG WSW 
164 71221 7/23 1 0 0 N W / J  

mean2s.d. = 4.024.1 9.2218.2 2.524.9 I 
-- - .  __ _ _ _  - - -- --. - . 

"Multiple recaptures denoted by superscript numbers; 25 individuals represented. 
bNNE=0-450; ENE=>45-90"; ESE=>90-135"; SSE=>I 35-1 80"; SSW=>I 80-225"; 
WSW=>225-270"; WNW=>270-315"; NNW=>315-360" from shrub of origin. 
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