
SEMIOCHEMICAL-MEDIATED LOCATION OF HOST-HABITAT BY 

Apanteles carpatus (SAY), A PARASITOID OF TINEID LARVAE 

Stephen J. Takhcs 

B.Sc., Simon Fraser University, 1994 

THESIS SUBMITTED IN PARTIAL, FULFILLMENT OF 

THE REQUIREMENTS FOR THE DEGREE OF 

MASTER OF PEST MANAGEMENT 

in the Department 

of 

Biological Sciences 

@Stephen J. Takhcs 1996 

Simon Fraser University 

August 1996 

All rights reserved. This work may not be 

reproduced in whole or in part, by photocopy 

or other means , without permission of the author. 



Frontispiece: Female Apanteles carparus (Say) (Hymenoptera: Braconidae) ovipositing 

in a larva of the casemaking clothes moth, Tinea pellionella L. (Lepidoptera: Tineidae). 





APPROVAL 

Name: STEPHEN J. TAKACS 

Degree: Master of Pest Management 

Title of Thesis: 

SEMIOCHEMICAL-MEDIATED LOCATION OF HOST-HABITAT BY 
APANTELES CARPATUS (SAY), A PARASITOID OF TINEID LARVAE. 

Examining Co~nmittee: 

Chair: Dr. M. Mackauer, Professor 

Prof$ or, Senior Supervisor 
Scie W ces, SFU 

Dr. 1J. Borden, ~rofessor 
Department of Biological Sciences, SFU 

Dr. B. Roitberg, Professor 
Department of Biological Sciences, SFU 
Public Examiner 

Date Approved: aWd I ,  194 

ll 



PARTIAL COPYRIGHT LICENSE 

I hereby grant to Simon Fraser University the right to lend my thesis, project 
or extended essay (the title of which is shown below) to users of the Simon Fraser 
University Library, and to make partial or single copies only for such users or in 
response to a request from the library of any other university, or other 
educational institution, on its own behalf or for one of its users. I further agree 
that permission for multiple copying of this work for scholarly purposes may be 
granted by me or the Dean of Graduate Studies. It is understood that copying or 
publication of this work for financial gain shall not be allowed without my 
written permission. 

Title of ThesidProjecVExtended Essay 

Author:- 
(signature) 



ABSTRACT 

In Y-tube olfactometer bioassays, adult Apanteles carpatus (Say), were attracted 

to beaver or rabbit pelts infested with larvae of the casemaking clothes moth (CCM), 

Tinea pellionella L. Porapak Q-captured volatiles from a CCM-infested beaver pelt were 

also very attractive, whereas isolated CCM larvae or larval faeces were not. Coupled gas 

chromatographic-electroantennographic detection (GC-EAD) analysis of the Porapak Q 

volatile extract revealed two compounds that elicited responses by A. carpatus antennae. 

Coupled GC- mass spectrometry (MS) in electron impact and chemical ionization modes 

of these compounds indicated, and GC-MS and GC-EAD of authentic standards 

confirmed, that they were nonanal and geranylacetone. While each compound singly did 

not attract A. carpatus, a 1 : 1 blend of both compounds was as attractive as the volatile 

extract. Because these compounds are host-habitat derived, A. carpatus is a habitat- 

rather than host-specialist responding to kairomonal indicators of localized and specific 

habitats such as animal hair or feather. The tritrophic interaction between A. carpatus, its 

clothes moth hosts and their animal-derived habitats is similar to the well-studied 

relationship between parasitoids of insect herbivores and their host-plant habitats. 
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1.0. INTRODUCTION 

Apanteles carpatus (Say) (Fallis, 1942; Rutz and Scoles, 1989) is a 

parthenogenetic parasitoid of larval clothes moths, such as the webbing clothes moth 

(WCM), Tineola bisselliella (Hum.), casemaking clothes moth (CCM), Tinea pellionella 

L., tapestry moth, Trichoplzaga tapetzela L., Tinea fuscipunctella (Haw.), Phercoeca 

utrella (Wlsm.), Tinea despecta Meyr., and Tinea columbariella (Wocke) (Krombein et 

al. 1979). Emergent A. carpatus adults are highly phototropic, resulting in emigration 

from the habitat and reduced likelihood of superparasitism. Foraging activities of 

parasitoids peak at an "optimal" temperature rather than light intensity (Key and 

Common, 1959). The parasitoids oviposit 1-100 eggs in a single host larva (Fig. 1). All 

eggs hatch but only one larva survives to the pupal stage (Fallis, 1942). Development of 

the endoparasitic larvae at constant 24•‹C and optimal 30% R. H. takes 20-154 days 

(Fallis, 1942). To pupate, a larva emerges from its host and spins a white silken cocoon 

within the larval casing. After 15 days at 24OC the parasitoid imago emerges from her 

cocoon by cutting a symmetrical opening, pushing the cap out of the way and finally 

cutting a hole through the side of the host larval casing. 

The natural environment of the CCM includes well-sheltered nests (Woodroffe, 

1953), dry corpses (Bornemissza, 1957) or animal lairs (Mallis, 1969; Hill, 1990) that are 

not exposed to direct light. CCM larvae feed on and digest animal-derived fabric, feather, 

hide, horn, hair and fur, causing substantial damage in textile and fur warehouses, 

museums, and households (Mallis, 1969; Hill, 1990). 



FIG. 1. Life cycle of the casemaking clothes moth, Tinea pellionella and its larval 

parasitoid, Apanteles carpatus. 
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Wild CCM populations in northern and southern North American have one and 

two generations per year, respectively, but may have up to four generations in protected 

environments like households (Mallis, 1969). Males and females are photophobic and 

males are the strongest fliers (Key and Common, 1959; Mallis, 1969). Adults eclose in 

May through July, can mate within a few hours (Mallis, 1969), and live up to 30 days. 

Within a day of eclosion (or mating) females begin to oviposit 30 -160 eggs singly or in 

small groups on suitable host material (Fig. 1). Larvae hatch in 4 -10 days (24"C), begin 

feeding immediately, and construct a portable case of silk, food fibers, and other detritus 

which protects against moisture loss (Chauvin et al. 1979). Depending on food 

availability, larvae undergo 25 instars over 68-87 days of development, and then search 

for a pupation site, close both ends of the casing with silk, and pupate within the larval 

casing (Mallis, 1969). Following a 10-54 day pupal stage, the pupa partially emerges 

from the case before the imago ecloses. 

Host location by hymenopterous parasitoids is commonly mediated by 

semiochemical stimuli (Vinson, 1984). These are often produced by the insect host itself 

or its products, e. g. larval frass or silk (Lewis and Jones, 1971; Wesoloh, 1976). In well- 

studied tritrophic communication systems, host-finding by parasitoids is mediated by 

kairomones emitted by the host-habitat (Dicke et al. 1990; Turlings et al. 1990; Steinberg 

et al. 1992), such as host plants (Takabayashi et. al. 1991; Turlings et al. 1991) or fungi 

(Vet, 1983; Vet and Van Opzeeland, 1985) and yeasts (Dicke et al., 1984) growing on 

(dead) plants. 



My objectives were to: 1) determine if host location by A. carpatus is 

semiochemical-mediated; 2) identify the source of the semiochemicals; 3) identify the 

bioactive semiochemicals; and 4) to characterize the attractiveness of these 

semiochemicals. 



2.0. METHODS AND MATERIALS 

2.1. Insect Cultures 

Adult A. carpatus (identified by M. Sharkey; voucher deposited at the Simon 

Fraser University Natural History Collection) emerged from CCM larvae infesting a 20 

month-old, untanned beaver pelt originally from the British Columbia interior in a 

museum storage area. The pelt was kept at 20-25OC, 40-70% R. H. and a 10L: 14D 

photoperiod in a 40 L glass container with mesh lid. Second and third generation 

parasitoids were reared on larvae of WCM (Insect Control and Research, Baltimore MD 

21228) and larvae of CCM, respectively, feeding on discarded wool clothing (WCM) and 

beaver pelt (CCM), both supplemented with brewer's yeast. When beaver pelts became 

unavailable they were replaced by alum-tanned rabbit pelts (Pacific Leather & Fur 

Dressers, Vancouver B. C). 

For two experiments (Table 1 ; Exps. 2,3), adult A. carpatus eclosed from 

cocoons removed from CCM casings and placed individually in 35 mm Petri dishes. 

Parasitoids for all other experiments (Exps. 1,4-14) emerged naturally from CCM larvae 

on rabbit (Exps. 4,5,7) or beaver pelts (Exps. 3,6,8-14). Groups of about 20 A. 

carpatus adults were maintained in wooden cages (15 X 15 X 12 cm) with mesh backs 

and PlexiglasTM fronts, and were provided daily with fresh sliced apple, sucrose, and a 

10% honey-water solution. 

2.2. Capture and Extraction of Volatiles 

A CCM-infested beaver pelt (900 cm2) was aerated for one week in a cylindrical 

Pyrex@ glass chamber. A water-aspirator drew charcoal-filtered, humidified air at 2 



Llmin through the chamber and a glass column (14 cm X 13 mm 0. D.) filled with 

Porapak Q (50-80 mesh, Waters Associates, Inc. Milford, Mass. 01757). Volatiles were 

eluted from the Porapak Q with 5 rnl of redistilled pentane and the eluent concentrated to 

2 ml by distillation in a 30 cm Dufton column. The concentration of volatiles was 

adjusted so that 2 pl equaled 5 pelt-min of volatile collection. Uninfested, salted, air- 

dried deer pelt (500 cm2), and 25 pieces (2.3 cm2 each) of unifested 'cut' and 'intact' 

rabbit pelt were also aerated, and volatiles eluted and concentrated as above. Fur of 'cut' 

rabbit pelt was shortened to 5 mm with blunt scissors and the cut hairs were included in 

the aerated material. Separated casings and larvae from 150 CCM third to fifth instars 

and 150 WCM fourth and fifth instars were extracted for 5 rnin in hexane. The extracts 

were concentrated by a gentle nitrogen stream so that 1 p1 equaled 10 larval equivalents. 

2.3. Volatile Analyses 

Aliquots of 2.5 pelt-min equivalents of Porapak Q-captured volatiles or 10 larvae 

equivalents of hexane extracts were subjected to analysis by coupled gas 

chromatographic-electroantennographic detection (GC-EAD) (Am et al., 1975), 

employing a Hewlett Packard (HP) 5890A gas chromatograph equipped with a fused 

silica column (30 m X 0.25 or 0.32 mm ID) coated with DB-5, DB-210 or DB-23 (J & W 

Scientific, Folsom, CA 95630). Full scan electron impact (EI) and chemical ionization 

(isobutane) (CI) mass spectra of EAD-active compounds were obtained by coupled GC- 

mass spectrometry (MS), using a Varian Saturn I1 Ion Trap GC-MS and a HP 5985B, 

respectively, each fitted with the DB-210 or DB-5 column, respectively, referred to 

above. 



2.4. Laboratory Bioassay 

2.4.1. Y-tube Olfactometer Bioassay 

Anemotactic responses of 20-50 walking A. carpatus to odour sources were 

assessed per experiment in a Y-shaped Pyrex@ glass olfactometer (ID 23 mm; stem 25 

cm; arms 20 cm) at 22-27OC and 40-70% R. H. Air drawn through the apparatus at 5 

Llrnin with a water aspirator carried volatiles from odour sources inside arms toward 

parasitoids released individually into the stem of the Y-tube. A parasitoid that penetrated 

2 10 cm into a side arm within 15 min was classified as a responder. All others were 

classified non-responders and were not included in statistical analysis. For each replicate, 

odour sources were randomly assigned to, and placed near the orifice of side arms. 

During bioassays, a spot light at the Y-junction served as a light source, and filter paper 

barriers placed in each arm downwind of test stimuli standardized visual cues. Y-tubes 

were washed between replicates with SparkleenTM and dried at 125OC >15 min. 

2.4.2. Windtunnel Bioassay 

Upwind flight by A. carpatus in response to volatile stimuli was assessed in a 

PlexiglasTM windtunnel (0.5 X 0.5 X 1.0 m) illuminated with a diffused, broadspectrum 

40 W fluorescent light, through which air was drawn at 8 c d s e c  in a laminar flow 

(McDonald, 1995). Upwind, paired glass tubings (1 1 cm 0. D.; 25 cm apart; 3 cm above 

windtunnel floor) were baited with WhatmanB #1 filter paper impregnated with volatile 

stimuli. Five parasitoids per each of 12 replicates were introduced 1 m downwind of the 

volatile sources and their flight behaviour was observed for up to 30 minutes. 

A parasitoid entering a glass tubing was recorded as a responder and was immediately 



removed. All others were classed as non-responders and were not included in statistical 

analyses. 

2.4.3. Bioassay Experiments 

Fourteen binary choice experiments were conducted (Table 1). The first 

experiment tested the response of host-experienced parasitoids to odours of CCM- 

infested beaver pelt and a blank control. The second and third experiment tested the 

response of host-naive (Exp. 2) and host-experienced (Exp. 3) parasitoids to uninfested 

and CCM-infested rabbit pelt. To locate the source of semiochemicals, Exps. 4-7 tested 

the response of experienced parasitoids (first generation) to various odour sources, as 

follows: CCM larval faeces versus blank (Exp. 4); rabbit pelt with CCM larvae versus 

CCM larvae (Exp. 5); beaver pelt with or without CCM larvae (Exp. 6); and intact versus 

scissors-cut rabbit pelt (Exp. 7). 

Experiments 8-13 tested the response of parasitoids (third generation) to volatile 

extracts and to EAD-active, synthetic volatiles, as follows: volatiles from CCM-infested 

beaver pelt versus control (Exp. 8); geranylacetone (Exp. 9) and nonanal (Exp. 10) (both 

Aldrich Chem. Company, Inc., Milwaukee, Wisconsin 53233) versus control; volatiles 

from CCM-infested beaver pelt versus geranylacetone (Exp. 1 I), and versus geranyl- 

acetone plus nonanal (Exp. 12); geranylacetone versus geranylacetone plus nonanal (Exp. 

13). A final experiment (Exp. 14) tested upwind flight of host-experienced A. carpatus 

(third generation) in response to geranylacetone plus nonanal or to a solvent control. 



Table 1. Numbers of host-naive or host-experienced Apanteles carpatus and summary of 

natural or synthetic stimuli in Y-tube olfactometer or windtunnel bioassay 

experiments. 



Experimental Treatment 

Y-tube Olfactometer 
Exp. No. Disposition 
No. Parasitoids of Arm 1 Arm 2 

Tested Parasitoids* 

Experienced 

Naive 

Experienced 

Experienced 

Experienced 

Experienced 

Experienced 

Experienced 

2.3 ~ m ~ ~ i e c e  of beaver pelt 
infested 25 days with 5 
CCM larvae (4th instar) 

2.3 cm2 piece of rabbit pelt 
infested 23 days with 5 
CCM larvae (4th instar) 

2.3 cm2 piece of rabbit pelt 
infested 23 days with 5 
CCM larvae (4th instar) 

Larval faeces (10 mg) 
collected within 24 hr of 
production by 200 CCM 
larvae (3-4th instar) 
feeding on rabbit pelt; 
stored at -2OC until 1 hr 
before testing 

5 CCM free-moving larvae 
(4th instar) with casing 

2.3 cm2 piece of beaver pelt 
infested 25 days with 5 
CCM larvae (4th instar) 

2.3 cm2 piece of rabbit pelt 
with scissors-cut hair 

Porapak Q-captured 
volatiles from beaver pelt 
infested 25 days with CCM 
larvae (5 pelt-min in 2 p1 
of pentane on WhatmanB 
#1 filter paper) 

Blank 

2.3 ~ m ~ ~ i e c e  of uninfested rabbit 
pelt 

2.3 ~ m ~ ~ i e c e  of uninfested rabbit 
pelt 

Blank 

2.3 cm2 piece of rabbit pelt infested 
5 days with 5 CCM larvae (4th 
instar) 

2.3 ~ m ~ ~ i e c e  of beaver pelt infested 
25 days with 5 CCM larvae (4th 
instar) which were removed 
immediately prior to bioassay 

2.3 cm2 piece of rabbit pelt with 
intact hair 

Pentane ( 2 p1) control on 
WhatmanB #1 filter paper 



Table 1 cont. 

Experimental Treatment 

Y-tube Olfactometer 
Exp. No. Disposition 
No. Parasitoids of Arm1 Arm 2 

Tested Parasitoids 

9 20 Experienced Nonanal (l6ng) in hexane (2p1) Hexane ( 2 p1) control on 
on WhatmanB #1 filter paper WhatmanB #1 filter paper 

10 20 Experienced Geranylacetone (16ng) in Hexane ( 2 p1) control on 
hexme (2~1) on Whatman@ #1 WhatmanB #I filter paper 
filter paper 

11 30 Experienced Geranylacetone (l6ng) in Porapak Q-captured volatiles 
pentane (2p1) on WhatmanB from beaver pelt infested 25 
#I filter paper days with CCM larvae (5 pelt- 

min in 2 p1 of pentane on 
WhatmanB #1 filter paper) 

12 30 Experienced Geranylacetone (l6ng) and Porapak Q-captured volatiles 
nonanal (l6ng) in pentane from beaver pelt infested 25 
(2p1) on WhatmanB #1 filter days with CCM larvae (5 pelt- 
Paper min in 2 p1 of pentane on 

WhatmanB #1 filter paper) 

13 30 Experienced Geranylacetone (8ng) and Geranylacetone (8ng) in 
nonanal(8ng) in hexane (2p1) hexane (2p1) on WhatmanB #1 
on WhatmanB #1 filter paper filter paper 

Windtunnel 

Tube 1 Tube 2 

14 60 Experienced Geranylacetone (8ng) and Hexane (2p1) control on 
nonanal(8ng) in hexane (2~1)  WhatmanB #1 filter paper 
on WhatmanB #1 filter paper 

* For Exps. 2-5,7, exposure (>24 hrs) of emergent A. carpatus to rabbit pelt (2.3 cm2) infested with two 
fourth instar CCM feeding >3 days produced host-experienced parasitoids. Host-naive parasitoids had 
no exposure to host infested pelt. Host-experienced A. carpatus for Exps. 1, 6, 8-14 were produced by 
exposing (>24 hrs) emergent adults to fourth instar CCM feeding >5 days on beaver pelt. 



2.5. Statistical Analysis 

The numbers of parasitoids responding to stimuli in various bioassays were 

compared with the x2 Goodness of Fit test, using Yate's correction for continuity 

(a = 0.05) (Zar, 1984). 



3.0. RESULTS 

Experienced A. carpatus were strongly attracted to CCM larvae feeding on beaver 

pelt (Fig. 2; Exp. 1). Similarly, both experienced and naive parasitoids were strongly 

attracted to CCM larvae feeding on rabbit pelt (Fig. 2; Exps. 2, 3). In various 

experiments designed to identify the source of the attraction of A. carpatus, faeces from 

CCM larvae did not elicit a response (Fig. 3; Exp. 4); rabbit pelt with feeding CCM 

larvae was preferred over isolated CCM larvae and casings (Fig. 3; Exp. 5); and pieces of 

infested beaver pelt with or without feeding larvae were equally attractive (x* test, 

P=0.36) (Fig. 3; Exp. 6). Scissors-cut rabbit pelt was more attractive than intact rabbit 

pelt (Fig. 3; Exp. 7). 

Extracts of Porapak Q-captured volatiles from infested beaver pelt were highly 

attractive (Fig. 4; Exp. 8). Analysis of these volatiles by GC-EAD revealed two 

antennally active compounds (Fig. 5) with both EI (Figs. 6,7) and CI (Figs. 8, 9) mass 

spectra very similar to those previously reported for nonanal and geranylacetone (Adams, 

1989). Identical retention and mass spectral characteristics, and comparable EAD- 

activity of authentic nonanal and geranylacetone and corresponding compounds in 

volatile extracts confirmed these assignments. GC-EAD analyses also confirmed the 

presence of these two compounds in volatiles emanating from deer and rabbit pelts, but 

failed to detect them in hexane extracts of CCM larvae, or their casings, or in WCM 

larvae. Geranylacetone, but not nonanal (X2 test, P = 0.17) attracted A. carpatus (Fig. 4; 

Exps. 9, 10). 



FIG. 2. Responses in Exp. 1-3 (Table 1) of walking host-experienced Apanteles 

carpatus in a Y-tube olfactometer to beaver pelt infested with instar casemaking 

clothes moth, Tinea pellionella or to a blank, and responses of host-naive and 

host-experienced A. carpatus to uninfested rabbit pelt or to pelt infested with 

third-fifth instar T. pellionella. Numbers of individuals responding to each 

stimulus are given in parentheses within bars. Bars with asterisks indicate a 

significant preference for a particular treatment (X2 test; * P < 0.05; ** P < 0.01; 

*** P < 0.001). 
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FIG. 3. Responses in Exp. 4-7 (Table 1) of walking host-experienced Apanteles 

carpatus in a Y-tube olfactometer to various stimuli from Tinea pellionella host- 

larvae or from host-habitat. Numbers of individuals responding to each stimulus 

are given in parentheses within bars. Bars with asterisks indicate a significant 

preference for a particular treatment (X2 test; * P < 0.05; ** P < 0.01). 
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FIG. 4. Responses in Exp. 8-13 (Table 1) of walking host-experienced Apanteles 

carpatus in a Y-tube olfactometer to volatiles from beaver pelt infested with 

Tinea pellionella larvae or to synthetic candidate serniochemicals; and responses 

in Exp. 14 of flying host-experienced parasitoids in a windtunnel to synthetic 

semiochemicals and to a solvent control . Numbers of individuals responding to 

each stimulus are given in parentheses within bars. Bars with asterisks indicate 

a significant preference for a particular treatment (X2 test; * P < 0.05; ** P < 

0.01). 
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FIG. 5. Flame ionization detector (FID) and electroantennographic detector (EAD: 

Apanteles carpatus antenna) responses to aliquots of 2.5 pelt-min equivalents of 

volatiles from beaver pelt infested with Tinea pellionella larvae. 

Chromatography: Hewlett Packard 5890A equipped with DB-5 coated column; 

linear flow velocity of carrier gas: 35cdsec; injector and FID detector 

temperature: 240 "C; temperature program: 1 min at 50•‹C, 10•‹C/min to 240•‹C. 
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FIG. 6. Electron impact (70 eV) mass spectra of the EAD-active compound 1 (Fig. 5) 

and of authentic nonanal. Chromatography: Varian Saturn I1 Ion Trap GC-MS 

equipped with a DB-210 coated column; linear flow velocity of carrier gas: 

35cmlsec; injector and FID detector temperature: 240•‹C; temperature program: 1 

min at 50•‹C, lS•‹C/rnin to 220•‹C. 
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FIG. 7. Electron impact (70 eV) mass spectra of the EAD-active compound 2 (Fig. 5) 

and of authentic geranylacetone. Chromatography: Varian Saturn I1 Ion Trap 

GC-MS equipped with a DB-210 coated column; linear flow velocity of carrier 

gas: 35cmlsec; injector and FID detector temperature: 240•‹C; temperature 

program: 1 min at 50•‹C, 15"CImin to 220•‹C. 
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FIG. 8. Chemical ionization (isobutane) mass spectra of EAD-active compound 1 

(Fig. 5) and of authentic nonanal. Chromatography: Hewlett Packard 5985B 

equipped with DB-5 coated column; linear flow velocity of carrier gas: 

35cmfsec; injector and FID detector temperature: 240•‹C; temperature program: 

1 min at 50•‹C 10•‹C/rnin to 240•‹C. 
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FIG. 9. Chemical ionization (isobutane) mass spectra of EAD-active compound 2 

(Fig. 5) and of authentic geranylacetone. Chromatography: Hewlett Packard 

5985B equipped with DB-5 coated column; linear flow velocity of carrier gas: 

35cmlsec; injector and FID detector temperature: 240•‹C; temperature program: 

1 min at 50•‹C, 10•‹C/min to 240•‹C.' 
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Volatiles from infested beaver pelt were more attractive than geranylacetone alone 

(Fig. 4; Exp. 11) and as attractive (X2 test, P = 0.09) as geranylacetone plus nonanal (Fig. 

4; Exp. 12). These two compounds combined were significantly more attractive than 

geranylacetone alone (Fig. 4; Exp. 13). In the windtunnel bioassay, attractiveness of 

these two compounds exceeded that of a solvent control (Fig. 4; Exp. 14). 



4.0. DISCUSSION 

Orientation of A. carpatus to CCM-infested beaver pelt (Fig. 2; Exp. 1) or to 

extracts of Porapak Q-captured volatiles from infested beaver pelt (Fig. 4; Exp. 8), and 

antenna1 responses to compounds in the captured volatiles (Fig. 5 )  indicate olfactory 

recognition of, and long range attraction to, the host andlor host-habitat. Similar 

attraction of host-naive and host-experienced parasitoids to CCM-infested rabbit pelt 

(Fig. 2; Exps. 2, 3) suggests that the foraging response is unconditioned. However, 

furthur experiments are required to thoroughly test this hypothesis (Steinberg et al, 1993). 

Lack of parasitoid attraction to isolated host larvae plus casing (Fig. 3; Exp. 5),  or to 

larval faeces (Fig. 3; Exp. 4), and equal attraction to beaver pelt with or without host 

larvae (Fig. 3; Exp. 6) suggests that long range foraging behaviour is mediated by 

semiochemicals originating from the host-habitat but not the host larva. Because 

synthetic nonanal and geranylacetone at equivalent quantities were as attractive as 

volatiles from infested beaver pelt (Fig 4; Exp. 12), foraging response of parasitoids is 

obviously associated with these two compounds. In a synergistic manner, both 

compounds attract walking and flying (Fig. 4; Exps. 9, 12-14) parasitoids. 

While nonanal and geranylacetone mediate long-range attraction of A. carpatus to 

host-habitat, tactile and vibrational cues may facilitate detection of host larvae. In the 

presence of host larvae, A. carpatus probes any fibrous substrate such as cotton balls and 

wool fabric (personal observation). Although CCM faeces do not contribute to long- 

range attraction (Fig. 3; Exp. 4), their presence in or on larval tubes of WCM increase 

oviposition rates of the parasitoids (Fallis, 1942). 



Well-studied tritrophic communication systems involve plants, herbivores and 

their parasitoids (Stand and Vinson, 1982; Dicke et al. 1990; Turlings et al. 1990; 

Steinberg et al. 1992; McCall et al. 1993). Feeding by a herbivore changes the quantity 

and quality of the plant volatile blend (Turljngs et al. 1991; Steinberg et al. 1993), which 

in turn induces attraction of parasitoids or predators to the herbivore habitat. Because the 

keratinaceous food source of clothes moth larvae in the A. carpatus tritrophic system is 

no longer alive, it is questionable whether the communication between the first and third 

trophic level can be classed as semiochemical-based. Superior attractiveness of scissors- 

cut rather than intact rabbit pelt (Fig. 3; Exp. 7), however, suggests that mechanical 

damage to fur induced a foraging response analogous to that of a caterpillar feeding on a 

plant leaf (Mattiacci et. al. 1994). While scissors-cutting of fur resulted in only slight 

quantitative increase of released nonanal and geranylacetone, multiple hair cuttings by 

larval mouthparts may effectively enhance release of these compounds. If so, A. 

carpatus, like herbivore parasitoids, would respond to semiochemicals provided by the 

first but induced and/or enhanced by organisms in the second trophic leveI. 

Hosts of A. carpatus are invariably keratinophagous caterpillars. Natural host 

habitats, such as animal cadavers, animal lairs, or bird nests (Mallis, 1969; Hill, 1990), 

are highly specific and localized. Both olfactory recognition of (Fig. 5) ,  and orientation 

toward host habitat volatiles (Fig. 4; Exps. 8, 12-14) suggest that A. carpatus is a habitat- 

rather than host-specialist (Vet and Dicke, 1992). 



Because geranylacetone and nonanal are common in volatile blends from plants 

(Borg-Karlson, 1987; Chinta et al. 1994), animals (Chung and Cadwaller, 1993), and 

stored products (Pierce et al. 1990; Mushobozy et al. 1993), one might doubt whether 

they are specific enough to serve as reliable indicators of host-infested habitat. However, 

relative concentrations of geranylacetone in plant volatiles are low (Borg-Karlson, 1987) 

and although nonanal may be abundant (Borg-Karlson, 1987; Chinta et a). 1994) it alone 

is not attractive to foraging parasitoids (Fig. 4; Exp. 9). 

High concentrations both of nonanal and geranylacetone in volatile extracts of 

infested beaver pelt (Fig. 5), accounting for 15% of all compounds, may be sufficient to 

provide reliable host-habitat stimuli, analogous to herbivore-induced synomones that 

guide certain parasitoids to their herbivorous hosts. Because habitat- but not host- 

volatiles mediate foraging behaviour by A. carpatus (Fig. 3; Exps. 4-7), periodic 

departure of third to fifth instar CCM from their feeding-habitat (personal observation) 

may represent a strategy of parasitoid avoidance (Vet and Dicke, 1992) as reported for 

caterpillars of the cabbageworm, Pieris rapae (L.) (Mauricio and Bowers, 1990). 
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