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ABSTRACT

Dosage-mortality studies of permethrin ( [3-phenoxyphenyl3 methyl- 

3-C2,2-dichioroethenyl3 -2 ,2-dimethylcyclopropanecarboxylate) against 

male pink bollworm moths, Pectinophora gossypiella (Saunders) indicated  

that percent m orta lity  occurring 96 hours a fte r  dosing was more stable  

and re lia b le  as a dosage-dependent response than that which occurred at 

48 hours. Further tests measuring percent m o rta lity , percent prostra

tio n , and uncoordinated behaviors fo r 12 days a fte r  dosing showed that 

regardless of dosage, ca. 90% of the to ta l m orta lity  occurred in the 

f i r s t  96 hours. Also, while prostrate and uncoordinated behavior was 

high in the f i r s t  96 hours, i t  was neg lig ib le  fo r the remaining time.

Male survivors from 96-hour LD,-q and LDgg dosages of permethrin 

were reduced by 1/2 to l/2 0 th , compared with controls, in th e ir  

activation  (wing-fanning) response to gossyplure concentrations of 0.01 

to 1.00 yg. The e ffe c t was the same in treated moths tested 1 week 

la te r .

Mating experiments showed that 96-hour LD^q and LDgg male 

survivors mated equally w e ll, compared with control males, when confined 

to small mating cages with 3 v irg in  females fo r a 7-day period. Mean 

male mating frequencies, percent males mated, and percent males 

multiple-mated were the same among a ll  treatments.



INTRODUCTION

Sublethal Effects of Insecticides  

on Reproductive Performance 

Differences in various parameters associated with reproduction
i

between untreated insects and insects treated with insectic ide dosages 

below levels causing death, or sublethal dosages, can be valuable 

measures of the disruptive e ffe c t insecticides have on the physiology 

of insects. Moriarty (1969) reviews sublethal effects  of insecticides  

on physiological functions in insects, and Hayes (1976) reviews 

sublethal effects  of pesticides on reproduction in vertebrates and 

invertebrates. A broad category of reproductive c r ite r ia  often measured 

fo r insects is  known as reproductive performance. This includes mating 

frequency, mating duration, f e r t i l i t y ,  fecundity, egg v ia b i l i t y ,  and 

longevity of offspring.

Synthetic pyrethroids and pyrethrum have shown th e ir  sublethal 

effects on reproductive performance as well as sublethal behavioral 

e ffec ts . Kwan and Gatehouse (1978) gave permethrin (CS-phenoxyphenylH 

m ethyl-3-C2,2-dichioroethenyl3 -2 ,2-dimethylcyclopropanecarboxylate) in  

LD^ and LD^q dosages to a tsetse f l y ,  Glossina morsitans morsitans 

Westw., whose male survivors showed increased a c tiv ity  and no 

differences in mating success, but females had s lig h tly  reduced 

fecundity. Permethrin has also been shown to act as a motor stimulant 

to v irg in  and gravid female spruce budworm moths, Ghoristoneura

1
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fumiferana (Clem.) (Volney and McDougall 1979). NRDC-161 (CSJ-Ccyano 

(3-phenoxyphenyl) methyl] cis.-C+]-2-C2,2-dibromoethenyl3 -2 ,2 -  

dimethy1cyclopropanecarboxylate) acted as a repellent to oviposition in 

exposed female boll weevils, Anthonomus grandis grandis Boheman, and 

also reduced th e ir  fecundity (Moore 1980). Tenhet (1947) observed 

suppressed oviposition rates in the c igarette  beetle , Lasioderma 

serricorne (F .)  a fte r  exposure to pyrethrum. The repe llen t action of . 

b io a lle th rin  (dV2-allyl-4-hydroxy-3-m ethyl-2-cyclopentene-l-one of 

d -trans chrysanthemic monocarboxylic acid) has also been observed in  

mosquitos (Chadwick 1975) and cockroaches (Chadwick 1976).

Some investigators have noted the e ffe c t o f DDT (1 ,1 ,1 -tr ic h lo ro -  

2,2-bis-C£-chlorophenyl3 ethane) on the reproductive performance of 

adult pink bollworms. Rectinophora gossypiella (Saunders). Robertson 

(1948) observed that a fte r  being introduced to f ie ld  cages containing 

DDT residues, P_. gossypiella reduced its  rate  of oviposition. Williams, 

Brazzel, and Martin (1958) tested several compounds fo r m orta lity  and 

oviposition reduction and found that DDT, while producing 53-75% 

m o rta lity , reduced oviposition in fie ld -cage test moths by 81-94%. 

Adkisson and Wesso (1962) repeated s im ilar experiments in the 

laboratory and reported comparable resu lts . They a ttrib u ted  the 

observed reduction in oviposition by female £ . gossypiella to a 

s ig n ifican t reduction in mating. Treatment of males and females with 

LD-|q and L ^ q dosages of DDT caused less frequent mating in females 

when compared with untreated moths.



Other moth species have shown disruptive effects  on mating and 

oviposition as a resu lt of subiethal contact with conventional insecti 

cides. H elioth is zea (Boddie) adults surviving spray with a Niran® 

mixture of parathion (0 ,0 -d ie thy l-0 -j)-n itroph en y1 phosphorothioate), 

methyl parathion (0,0^-dimethyl-0-£-nijfcrophenyl phosphorothioate), and 

toxaphene (chlorinated camphene) did not mate or oviposit (Young, 

H a rre ll, and Hare 1972). Malathion (0^,0-dimethyl S-Cl ,2-dicarbethoxy- 

e th y l] phosphorodithioate) res istant males of the indian-meal moth, 

Plodia in terpunctella  (Hubner), mated more rapidly than males of a 

susceptible s tra in , and, in addition , the females they mated showed 

greater fecundity (Ramsey and Farley 1978).s Soderstrom and Lo vitt 

(1970) demonstrated that IP .  in terpunctella  females in contact with 

malathion showed a dose-dependent decrease in the number of eggs they 

la id  and th e ir  time fo r oviposition was e a r lie r  than fo r unexposed 

females.

Insecticides in sublethal concentrations have altered the 

reproductive performance of arthropods other than lepidopterous pests. 

Female western corn rootworm adults, D iabrotica v irg ife ra  LeConte, 

given topical applications of carbary1 (1-naphthyl N-methylcarbamate) 

and carbofuran (2 ,2-dihydro-2,2-dim ethyl-7-benzofuranyl methyl- 

carbamate) in concentrations below th e ir  LDgy, s ig n ific a n tly  increased 

oviposition rates and longevity (Ball and Su 1979). However, 

oviposition in Boophilus ticks was in h ib ited  by low dosages of lindane 

(y - 1,2,3,4,5,6-hexachlorocyclohexane) and isobenzane (82% isobornyl 

thiocyanoacetate + active terpenes) (Graham and Drummond 1964).



And sublethal dosages of parathion inh ib ited  c a llin g , th rea t, and 

courtship songs in male crickets , Acheta domesticus L. (Young and 

Stephan 1970).

The chemosterilant, tepa ( t r is  C l-a z ir id in y l]  phosphine oxide) 

was fed to cabbage loopers, Trichoplusia ni (Hubner), as adults and 

resulted in a s ig n ifican t reduction in the male's response to female 

sex pheromone and increased the incidence of abnormal matings between 

treated males and untreated females (Henneberry, Shorey, and Kishaba 

1966). Young, Snow, and Sparks (1968) showed that although 

tepa-treated male f a l l  armyworms, Spodoptera frugiperda (S m ith .), were 

less competitive with normal males fo r  egg fe r t i l iz a t io n ,  other 

reproductive parameters were unaltered. These included mating 

frequency and percent females mated. Likewise, busulfan (1 ,4-butadiol 

dimethanesulfonate) s te r iliz e d  boll weevils showed normal mating 

behavior and the production of pheromone by males was not reduced 

(Klassen and Earle 1970). Campion and Outram (1968) reported that red 

bollworm males, Diparopsis castanea (Hmps.) ,  treated with tepa were 

not reduced in th e ir  a ttrac tio n  to v irg in  females in traps when compared 

with controls.

Dtflubenzuron (1-[4-chloropheny11 3-E2,6 difluorobenzoyl] urea), 

an insect growth regulator, affected populations of cotton leafworm, 

Spodoptera l i t to r a l  is (Boisd.) ,  by decreasing egg production and 

v ia b i l i ty ,  and also by increasing the preovipositional period fo r  

females (Radwan, Abo-Elghar, and Ammar 1978). Dipping boll weevil 

adults into solutions o f diflubenzuron in most cases caused a fa ilu re



of males to e ffe c tiv e ly  execute copulatory behavior and resulted in 

th e ir  fa ilu re  to mate. In cases where mating did occur, males took 

s ig n ific a n tly  longer to in i t ia te  copulation (E arle , Nilakhe, and 

Simmons 1979). These investigators a ttribu ted  the male's in a b ility  to 

mate to a weakening of the aedeagal apodemes.

Juvenile hormone and its  analogues have been known to a ffec t  

chemoreception of pheromones and disrupt mating behavior in German 

cockroaches, B la tte lla  germanica (L . ) .  Female cockroaches treated  

with juven ile  hormone as nymphs released less sex pheromone la te r  as 

adults than untreated females and also showed a decrease in e lectro - 

antennogram (EAG) response to th e ir  own pheromone (Ramaswam andvGupta 

1978). The authors a ttribu ted  the observed effects to an obvious 

increase in melanization of the antennae a fte r  application. Adult 

female eastern spruce budworms, C. fum lferana, displayed an increase 

in EAG response to th e ir  own pheromone when treated to p ic a lly  with 

methoprene (isopropyl E2E-4E3-11-methoxy-3,7,11-tr im e th y l-2 ,4 -  

dodecadienoate), a juven ile  hormone analogue (Palaniswamy, 

Sivasubramanian, and Seabrook 1979).

To date, no study has demonstrated a sublethal dosage of 

conventional insectic ide to have a d isruptive e ffec t on pheromone 

perception in insects. Brady and Finley (1968) did tes t fo r the 

sublethal effects  of dicrotophos (dimethyl c is -2-dimethyl-carbamoyl-1-1  

methyl vinyl phosphate) on £ . in terpunctella  adults, but found that 

males surviving the LD^q concentration responded normally to female 

sex pheromone.
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Pi nk Bol1worm Sex Pheromone 

and Associated Behavior

Iso la tion  and Id e n tific a tio n

The possible presence of a sex a ttrac tan t fo r the pink bo11worm 

was f i r s t  reported by Flashentrager, Amin, and Jarczyk (1957). Ouye 

and Butt (1962) f i r s t  described the premating dance of the male and 

also obtained, from the tips of female abdomens, extracts that were 

la te r  found to be a ttra c tiv e  to males. L a ter, Berger e t al_. (1964) 

performed more thorough extraction and p u rifica tio n  procedures on 

female abdominal t ip  extracts and found the crude extracts to be highly 

e ffec tive  in a ttrac tin g  males from the f ie ld  to sticky traps.

Two compounds, thought to be constituents of the female sex 

pheromone, were isolated from extracts and characterized as "propylure" 

(10-propyl-trans 5 ,9-tridecadienyl acetate) by Jones, Jacobson, and 

Martin (1966) and "deet" (N^N;diethyl-m-toluami.de) by Jones and 

Jacobson (1968). Although s lig h tly  a ttra c tiv e  in the f ie ld ,  these 

compounds were la te r  found not to be components of the na tura l. female 

sex pheromone (Hummel e t a L  1973). "Hexalure" ( c is , 7-hexadecenyl 

acetate) (K e lle r et_ aj_. 1969) was a compound discovered through 

empirical screening to be highly a ttra c tiv e  to males (Green, Jacobson, 

and K eller 1969). In the following several years many studies 

attempted to tes t the e fficacy of these compounds alone and in 

combinations fo r a ttra c tio n , confusion, and in h ib itio n  of male pink 

bollworm moths in the f ie ld  (Beroza, Staten, and BierT 1971; Jacobson 

1969; McLaughlin e t a l .  1972; Shorey, Kaae, and Gaston 1974).
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The true female sex pheromone of the pink bollworm moth was 

id en tifie d  from female pheromone gland extracts by Hummel e t al_. (1973) 

as “gossyplure" ( c is -7, tran s -11 ( ZE) and c is -7, c is -11 ( ZZ) isomers of 

hexadecadienyl a ce ta te ). The two structures were la te r  confirmed by 

Bier! e t a L  (1974) and the synthesized compounds showed a high degree 

of attractiveness in f ie ld  tests .

Isomer Ratios

Bierl e t a L  (1974) isolated a 66:34 ra tio  of ZZ:ZE in extracts  

of the female sex pheromone gland. They also found a broad range of 

ratios  to be e ffec tive  in a ttrac tin g  males to sticky traps in the 

f ie ld ,  but a 50:50 ra tio  was the most a ttra c tiv e . Later, F l in t  e t a l .

(1977) found that males were most responsive to f ie ld  traps baited with 

a 60:40 ra tio  early  in the growing season, while la te  season responses 

were highest to traps baited with a 50:50 ra tio . A survey by F lin t  

e t al_. (1979) indicated that e ith e r isomer ra tio  is more a ttra c tiv e  

depending on the population; therefore, over its  worldwide d is trib u tio n , 

pink bollworm males showed d iffe re n t preferences in d iffe re n t cotton 

growing regions.

Calling Behavior of the Female

The sex pheromone gland of the female pink bollworm is  

described as an eversible sac located on the dorsal portion of the 

intersegmental membrane between the 8th and 9th abdominal segments 

(Jefferson, Sower, and Rubin 1971). Leppla (1972) described the 

stereotyped ca lling  postures of females releasing pheromone. The most



pronounced posture consists of an elevation of the abdomen by the legs 

and an extension, e levation , and separation of the wings while the 

ovipositor is  directed po sterio rly . With the gland on the ovipositor 

everted and exposed, i t  is rotated rhythmically or curled downward to 

touch the substrate. Colwell, Shorey, Baumer, and van Vorhis Key (1978) 

observed females leaving scent marks of sex pheromone on Cotton leaves 

in the laboratory and males responding to the marks.

. Male Responses to Female Sex Pheromone

Electroantennogram. The f i r s t  electrophysiological recordings 

of male pink bollworm antennae in response to female sex pheromone were 

made by B ierl e ta l_ . (1974). This fu rther confirmed gossyplure as the 

true pheromone. E a r lie r , Staten e t al_. (1973) had made EAG recordings 

a fte r  exposing antennae to hexalure and an in h ib ito r . F in a lly , Cook, 

Shelton, and Staten (1978) characterized the EAG recordings obtained 

from both male and female antennae in response to gossyplure. Scanning 

electron micrographs by Cook, Smith, and F lin t  (1980) described the 

morphology of the antennae of both sexes, including the location and 

frequency of occurrence of f iv e  types of sensory s e n s illa .

A ctivatio n . The in i t ia l  response of male pink bollworm moths 

to female abdominal t ip  extracts was described by Guerra (1968). 

Delivering a stream of a ir  containing pheromone-laden extracts caused 

males to bring th e ir  antennae forward in flic k in g  movements, clean 

th e ir  antennae frequently with the fron t t a r s i , perform e rra tic  and 

rapid locomotory movements with short f l ig h ts , and ex h ib it characteris tic  

rapid vibrations o f the wings (wing-fanning) while walking. Depending



on the pheromone concentration, clasper extension and movement toward 

the pheromone source were e lic ite d  in closed olfactometers. Such 

behaviors are termed ac tiva tio n , and presumably are stereotyped 

behaviors that would be important in  raising the temperature of f l ig h t  

muscles before take -o ff (B arte l! 1977).

O rien tation . The a c tiv ity  of females in the f ie ld  early  in the 

dark period of the die! cycle consists p rin c ip a lly  of feeding and

oviposition, while ca llin g  and mating are observed during the las t

th ird  of the cycle (van Steenwyk, Balmer, and Reynolds 1978). Mating 

is usually preceded by the random, crosswind f l ig h t  of males in search 

of airborne sex pheromone being released in plumes from upwind, ca lling  

females (Lingren et̂  al_. 1978). This communication in cotton fie ld s  

takes place prim arily  in the upper canopy on calm nights (Kaae and 

Shorey 1973).

I t  is widely accepted that when a fly in g  insect comes in 

contact with the appropriate a ttrac tan t odor emanating from a distant 

upwind source, i t  is stimulated to turn toward the source and is guided 

in a behavior pattern known as anemotaxis (Kennedy 1977). The reaction  

involves in f l ig h t  steering into the wind as long as the insect 

continues to sense odor molecules. The same behavior pattern is 

important fo r moths fly in g  in pheromone plumes. When pink bollworm 

males lose the sex pheromone plume, c ro s s -flig h t casting (zigzagging) 

increases the like lihood that the plume w ill again be encountered so

that upwind f l ig h t  can resume (Shorey 1973).



Farkas and Shorey (1972) indicated that adult males of the pink 

bollworm orient anemotactically in the filamentous odor plumes created 

by releasing female abdominal t ip  extracts into one end of a low 

velocity  wind tunnel. However, under conditions of a pher.omone plume 

in s t i l l  a i r ,  males were s t i l l  able to successfully o rien t to the 

source, im plicating the use of some additional mechanism of o rien ta tio n . 

The investigators speculated that the fly in g  moths were able to sense 

some physical characteris tic  of the plume. Farkas and Shorey (1974) 

suggested that anemotaxis may act only to maintain an in f l ig h t  moth's 

forward progress toward the source of pheromone, while some chemotactic 

mechanism may act to keep i t  w ithin the boundaries of the plume and an 

optomotor response may be used fo r regulating ground speed. Kennedy

(1977) argues against the Shorey (1973) theory that chemotaxis is 

exhibited by fly in g  insects orienting in odor plumes. He believes 

instead that only anemotaxis, orthokinesis and optomotor responses can 

be demonstrated.

Several factors have been shown to a ffe c t upwind orientation to 

distant pheromone sources fo r the pink bollworm male. Activation and 

in it ia t io n  of f l ig h t  during exposure to pheromone takes place within a 

wide range of l ig h t  in ten s ities  and successful upwind orientation  occurs 

within a narrower range. As the concentration of pheromone increases, 

wing-beat frequency, airspeed, and angle-of-turning decrease while the 

frequency of turning increases (as the fly in g  moth approaches the 

source). The accompanying increase in concentration causes the moth 

to change its  f l ig h t  characteristics so that i t  can land near the
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source. Thus, the presence of low pheromone concentrations around an 

in f l ig h t  moth does not e l ic i t  as much landing on nearby objects as high 

concentrations (Farkas, Shorey, and Gaston 1974).

Mating Behavior. Colwell, Shorey, Gaston, and van Vorhis Key

(1978) described in d e ta il the close-range precopulatory behavior of 

pink bollworm males in the presence of ca lling  females. Wing-fanning 

and hairpencil extension occur a fte r  the male lands near the ca llin g  

female and walks toward her. A nonspecific ta c t i le  stimulus, usually 

the male antenna, to the ventral surface of the female abdomen is 

required to cause a receptive female to cease ca lling  and assume a 

resting position. The male then positions his body next to , and 

para lle l to the female, and curves the t ip  of his abdomen with claspers 

extended toward that of the female, attempting to engage her g e n ita lia . 

No male sex pheromone fo r  courtship has been demonstrated.

Observations by Colwell, Shorey, Gaston, and van Vorhis Key

(1978) of the behavior of courting males in the presence of female 

models adjacent to high concentrations of gossyplure indicated the 

re la tiv e  importance of visual cues versus pheromone concentration 

gradients fo r males attempting to locate females fo r copulation.

Results demonstrated that orientation in the presence of an a irflow  was 

most often directed at the pheromone source of both high and low 

concentrations, while copulatory attempts were most often directed  

toward female models rather than sources of pheromone. Enclosed 

container mating experiments by Smith, F l in t ,  and Forey (1978) 

indicated that males could locate receptive females fo r mating e ither
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in the absence of plumes or pheromone gradients or in the absence of 

l ig h t. Antenna1 ablation tests indicated that males required the 

perception of pheromone in order to mate. The researchers concluded 

that sexes might be brought together in the f ie ld  more often by random ■ 

encounters in high densities than by mechanisms involving orientation  

in pheromone gradients.

Reproductive Performance

The nocturnal mating of pink bollworm moths was f i r s t  observed 

by Squire (1937) in cotton fie ld s  of the West Indies. Under most 

conditions, mating ty p ic a lly  ensues 7 hours a fte r  the onset of darkness 

and requires a lig h t in ten sity  of less than 32.0 lux with 0.2 lux being 

optimum (Lukefahr and G r if f in  1957). However, under conditions of low 

level lig h t in te n s itie s , Ouye e t al_. (1964) determined that the m ajority  

of mating took place between midnight and 0600 hours.

Ouye e t a L  (1965) observed tha t pairs in copula fo r more than 

30 minutes resulted in the deposition of a spermatophore by the male 

into the female. In the m ajority of cases, copulation lasted between 

1 and 2 hours. A spermatophore represented one mating; thus, by 

dissection of the female's bursa copu la trix , one could determine mating 

frequency accurately.

Many factors are known to influence mating frequency. Under 

normal conditions w ithin a pink bollworm adult lifespan , males mate an 

average of 4 .2 times and females 2.3 times (Ouye e t a l . 1965). As 

expected, sex ra tio  has a s ig n ific an t e ffe c t on mating frequency. Leppla 

(1974) demonstrated that as the male to female ra tio  increased, the



mating frequency of females increased while that of males decreased. 

Varying densities in mating cages had no e ffe c t on mating frequencies 

of e ith e r sex. Leppla and Nutting (1974) found that photoperiod also 

influenced mating frequency. As the number of hours of darkness in the 

l ig h t (L:D) cycle increased, so did the mating frequency; however, 

percent females mated stayed the same. Studies by Henneberry, F l in t ,  

and Bariola (1977) indicated that larvae exposed to high temperatures 

had reduced mating frequencies as adults and lowered sperm transfer and 

fecundity. Henneberry and Leal (1979) showed that mating was not 

reduced in adults exposed to temperatures up to 32° C and that mating 

frequency had no e ffe c t on fecundity. Raina and Bel 1 (1978) 

demonstrated that feeding adults 10% sucrose solutions s ig n ific a n tly  

increased mating and fecundity in pink bollworm a d u lts ..

Summary and Statement of Problem

References to changes in the reproductive performance of 

insects caused by sublethal exposure of a variety  of insecticides occur 

throughout the li te ra tu re . Of these, some re fe r to pyrethroids as 

having sublethal behavioral effects  and a suppressive e ffe c t on 

oviposition and fecundity in a few insect species. There is  good 

evidence that DDT has a suppressive e ffe c t on mating and oviposition  

in adult pink bollworm moths.

No researchers have reported insecticides to have disruptive  

effects  on the pheromone mediated behaviors of insects. On the subject 

of sex pheromones and th e ir  associated behavioral responses, a great 

deal is already known fo r the pink bollworm. With such information
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a va ilab le , bioassays fo r detecting abnormalities in pheromone responses 

of moths could be good indicators of disruptions caused by insectic ides.

In insect pest management, several viable strategies employ 

both pheromones and insecticides fo r insect control. The use of 

pheromones in mass-trapping and confusion techniques can be used to 

supplement control achieved by insectic ides. Information on population 

levels and adult a c t iv ity , indicated by pheromone trap catches, can 

prove useful in the timing of insectic ide applications. And, there is  

new in teres t in using pheromones to a ttra c t insects to le th a l concen

trations of insectic ides. The consequences of combining these two 

control tactics should be investigated.

The purpose of th is  study is to determine whether sublethal 

dosages of permethrin (Pounce®) have an e ffe c t bn the pheromone 

mediated behaviors of male pink bollworm moths. The use of this  

insectic ide and pest combination is appropriate fo r study because 

permethrin is widely used against pink bollworm adults, and control 

techniques using the synthetic pheromone, gossyplure, are presently 

being directed against the pink bollworm on a lim ited commercial basis.

To detect possible permethrin-induced disruptions, I have 

compared males surviving low and high dosage levels of permethrin with 

normal males in th e ir  execution of three phases of mating. Under 

normal conditions, an impinging airborne sex pheromone a t a certain  

threshold concentration w i l l  activate  a resting male and cause him to 

f ly  upwind, orientating toward the source. With the encounter of 

increasing pheromone concentrations closer to the source, the male uses



15

visual cues to land near the female and attempt copulation. The three 

phases of this sequence, namely ac tiv a tio n , o rien ta tio n , and mating, 

were investigated to determine possible disruptions of the sequence 

that would inev itab ly  reduce mating success.



METHODS AND MATERIALS

Origin and Maintenance of Insects 

Pupae of IP .  gossypiella were obtained from the USDA-SEA Western 

Cotton Research Laboratory in Phoenix, AZ. The s tra in  has been 

maintained there since 1974. Pupae were sexed immediately and sexes 

placed in separate buildings to insure that males were not pre-exposed 

to female sex pheromone. Adults and pupae were kept in light-tem perature  

cabinets a t 30° C and 40-50% re la tiv e  humidity. The photoperiod was an 

adjusted 14:10, L:D cycle. This adjustment allowed the la s t 3 hours of 

scotophase (the time of maximum male pheromone responsiveness) to occur 

at a more convenient time fo r testing (1900-2200 hours rather than 0300- 

0600 hours). Adults were allowed to emerge in 3.8 l i t e r  cy lin drica l 

paper containers with screened lids  each provided with 50 ml feeder 

via ls  containing 10% sucrose solutions. A ll handling of adults was 

achieved by an in i t ia l  anesthetization with carbon dioxide. This was 

immediately followed by a transfer to a porcelain pan immersed in an ice  

bath.

1 Dosing Methods 

In a l l  cases only males were treated with insectic ide. Those 

adults emerging over a 24-hour period were treated as a te s t group to 

insure that comparisons were made with males of equal age. At the end 

of th a t period, dosing was performed.

16
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Technical grade permethrin (Pounce®, F. M. C. Corp., 91% pure) 

was the insectic ide used and a ll  d ilu tions were made in re d is t il le d  

acetone. Topical applications were made with a motor-driven micro

applicator (Instrumentation Specialties Co., model M) mounted with a 

0.25 cc syringe f i t te d  with a 27-gauge needle. The general dosing 

methods of Hopkins, T a ft , and James (1975) were used. A volume of 1 .0  

fil was delivered to the dorsal portion of the thorax behind the head of 

each moth. A fter dosing, moths were held in groups of 25 in 200 ml 

paper cups with screened lid s  each provided with a 1 dram v ia l of 10% 

sucrose, solu tion , and returned to light-tem perature cabinets u n til 

m orta lity  assessment.

A prelim inary range-finding tes t was performed with 10 moths 

fo r each o f 5 dosage concentrations. A fter the dose-sensitive range 

was narrowed, a standard dosage-mortality tes t of 48-hour m orta lity  

assessments was performed with 5 concentrations, each with 4 

replications of 25 moths. However, because of v a r ia b ili ty  in 48-hour 

m orta lity  values, fu rther testing was necessary to include 96-hour 

m orta lity  counts. Dosage-mortality curves were obtained a t 96 hours 

with a to ta l of 15 concentrations and sample sizes of 100 moths fo r  

each concentration with an additional 3 concentrations used in 48-hour 

tests . A to ta l of 200 control moths were treated with 1.0 yl of 

acetone and 200 moths were weighed to obtain average moth weight.

In addition , a long-range m o rta lity  tes t was conducted to 

determine percentages of m orta lity  occurring over time. Three 

d iffe re n t concentrations and a contro l, each with 100 moths, were used



18

and m orta lity  counts taken every 24 hours. Death was recorded when no 

v is ib le  movement was e lic ite d  by probing with a teasing needle. 

Behavioral responses were also measured every 24 hours, including 

"prostrate" behavior, taken as a small amount of leg or antenna! 

movement in response to probing, but no righting a b il i ty .

"Uncoordinated" a c t iv ity  was recorded when a moth displayed frequent 

and rapid righting a c t iv ity  when the container was tapped gently.

A probit computer program based on Finney (1952) accounting fo r  

control m orta lity  by Abbott's formula (Abbott 1925) was used to analyze 

48-hour and 96-hour dosage-mortality data. Regression lines and 95% 

fid u c ia l lim its  were plotted on 1ogarithm ic-probit graph paper. The

re la tiv e  v a r ia b ili ty  of each regression lin e  was assessed by comapring
2r  , fid u c ia l l im its , and regression deviation values obtained from the 

computer p rin t-o u t (Kuehl 1980, personal communication).

For the 3 bioassays that fo llow , LD^q and LDgg values were 

obtained from the 96-hour regression lin e . The same dosing and handling 

procedures as above were employed in a ll the tests that fo llow , except 

that only the survivors of LD^q and LDgg dosages not showing prostrate  

or uncoordinated behavior were used in tes ts . Again, a l l  comparisons 

made between acetone-dosed control moths and permethrin-dosed moths 

were between individuals of the same age.

Activation

The bioassay devices (F ig . 1) used in the activation  experiments 

are a fte r  those used by B arte l! and Shorey (1969) and were obtained 

from the USDA-APHIS-PPQ Pink Bollworm Rearing Methods and Development
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Figure 1 Diagram of glass bioassay device used fo r testing  
activation response of P. gossypiella male moths to 
gossyplure—a) a ir  intake; b) cup lined with gossyplure; 
c) applicator stopper; d) screen cage with moths; 
e) a ir-exhaust. Approximately 1/2 actual size (see text 
fo r detailed explanation).
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Laboratory in Phoenix, AZ. The top h a lf of the glass device houses a 

cy lin d rica l copper screen cage (6 .5  cm diam. x 9 cm) fo r moths. The 

bottom h a lf bears a glass stopper f i t t in g  that can carry e ith er a blank 

stopper or a pheromone applicator stopper. The pheromone was contained 

on the inner surface of a cy lin drica l copper cup (1 .0  cm diam. x 0.6 cm

deep) attached to the end of the applicator stopper.

Ten such bioassay devices were mounted on a wood frame which was

placed in a fume-hood to exhaust the pheromone. Before rubber surgical

tubing entered the bottom h a lf of the glass cylinder, there was a 

manifold with a valve fo r each device to equalize a irflo w  among a ll the 

devices. The volume of a ir  entering each cylinder was measured with 

Gilmont® #12 Compact Flowmeters connected via surgical tubing to a 

compressed a ir  source bearing a valve fo r controlling to ta l volume to 

a ll cy linders .

Survivors of 96-hour LD^q and LDgg dosages and control moths 

were placed in separate screen cages before the onset of the dark cycle 

and held in Tight-temperature cabinets under low lig h t in ten s ity  (0 .4  

lux) u n til the time of maximum male responsiveness 7 hours la te r  

(van Steenwyk, Ballmer, and Reynolds 1978). The ambient temperature 

in the laboratory was 24.0 ±. 3 .0° C and the tests were conducted with 

the laboratory darkened. An incandescent lig h t source a t an in tensity  

of ca. 0 .4  lux (Farkas, Shorey, and Gaston 1974) was used to simulate 

fu l l  moonlight in ten s ity . The lig h t  illum inated a sheet of translucent 

paper mounted behind the bioassay devices. This provided diffuse lig h t



that fa c il i ta te d  observations while s t i l l  maintaining the required low 

l ig h t leve ls .

Gossyplure (Farchan Chemical Co., Willoughby, OH) was used in 

both activation  and orientation experiments. The 1978 m aterial used 

was 98% pure (Huber 1979, personal communication) consisting of a 1:1 

mixture of ZZ:ZE isomers of 7,11-hexadecadienyl acetate. The desired 

amount of gossyplure in 0.5 ml of acetone was pipetted in to  the copper 

cups to be used on the applicator stopper. The acetone was allowed to 

evaporate, leaving gossyplure lin in g  the inside of the cup. Cups were 

immediately placed, in a freezer (-20° C) to prevent evaporation of the 

pheromone. Upon removal, they reached room temperature w ith in  1 

minute.

A positive activation  response was taken as wing-fanning 

accompanied by locomotory movements (Guerra 1968). Eight moths per 

cage in 6 or more cages fo r  each pheromone concentration and treatment 

gave sample sizes ca. 48-100 moths in most cases. Control, LDgy, and 

LDgQ survivors were tested ca. 96 hours a fte r  emergence fo r  responses 

to various concentrations of gossyplure (0 .0 1 , 0 .05, 0 .10 , and 1.00 

yg levels from each cup). Cages containing moths were placed in 

bioassay devices and allowed to acclim atize fo r 5 min to a 1.0 l i t e r /  

min a irflo w  in the absence of gossyplure. The applicator stopper was 

inserted into the opening in the bottom h a lf of the device in place of 

the blank stopper. During the next 3 minutes, with the pheromone over 

the a irflo w , the activated moths in a cage, were counted. Moth 

activation  levels from each cage were to ta lle d  fo r percent response.
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The e ffe c t of age on activation  response was determined by 

performing the same procedures on the same moths 168 hours (7 days) 

la te r . Activation was only tested a t the activation  threshold; that 

is ,  the minimum pheromone concentration required to e l ic i t  ca. 80% 

activation  in control moths. This concentration was determined in a 

prelim inary experiment by exposing 2-3 groups of 8 control moths to 

known pheromone concentrations beginning with low leve ls . Data were 

compiled into percent response and compared only with the activation  

threshold responses from the t r ia ls  168 hours e a r l ie r .

One-way analysis of variance was used to detect s ig n ifican t  

differences between treatments, and the Student-Newman-Keul's m ultiple  

comparison procedure was used to tes t fo r differences between 

treatments and concentrations (0.05 level of s ign ificance).

Orientation

These experiments attempted to measure the a b il i ty  of 

sublethally  dosed male moths to f ly  and o rien t to an upwind pheromone 

source. This was accomplished by simulating nocturnal conditions in a 

low-velocity wind tunnel modified from the designs of Farkas and Shorey 

(1972) and M ille r  and Roelofs (1978). The chamber (F ig . 2) was 

constructed of 0.5 cm thick plexiglass with the dimensions of 60 x 60 

x 214 cm. A 54 cm variable-speed, e le c tr ic  window fan provided the 

a irflo w  and a variab le-voltage rheostat allowed adjustments of the 

a irflo w  ve lo c ity . Five thicknesses of cheesecloth (9 meshes/cm) 

separated by 3 cm were placed w ithin 30 cm downwind of the fan and 

functioned as damping-screens to reduce turbulence and provide a



airflow
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Figure 2. Diagram of plexiglass wind tunnel used for testing orientation response of
P. gossypiella male moths to gossyplure--a) gossyplure source; b) release cage; 
c) fume-hood for exhaust of pheromone; d) bank of 15-watt lig h t bulbs; 
e) translucent paper; f ) damping screens; g) e le c tric  fan and a ir-in take  (see 
text for detailed explanation).

row
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laminar flow. The downwind end of the tunnel was placed in a fume-hood 

to evacuate the pheromone from the laboratory. Galvanized wire screen 

(6 meshes/cm) on each end contained the moths. The hood was sealed 

around the tunnel with plywood and duct tape to prevent any intake 

other than from the upwind end of the tunnel. Access to the inside of 

the chamber was provided by upwind and downwind hinged, plexiglass doors.

A low level l ig h t source consisted of 6 equally spaced, 15-watt 

incandescent lig h t bulbs suspended 75 cm above the top of the chamber.

The in ten s ity  was controlled by another variable-voltage rheostat and 

measured with a Glessen Luna-Pro® lig h t meter. Translucent paper on 

the top and back of the tunnel diffused the lig h t and fa c il i ta te d  

observation. Light in ten sity  in the center of the wind tunnel was

maintained at 0 .4  lux (Parkas, Shorey, and Gaston 1974) to duplicate
%

the in ten s ity  of fu l l  moonlight.

Uniformity of the a irflo w  was observed by releasing smoke from 

an upwind source of titanium  tetrach loride (T iC l^ ). The a irflow  

velocity  was measured with an A!nor® hot-w ire anemometer and calib ration  

of the rheostat controlling fan speed was made from these measurements. 

The velocity  was adjusted to 50 cm/sec (Parkas, Shorey, and Gaston 1974).

Males were maintained in low lig h t  levels in light-tem perature  

cabinets since the beginning of scotophase prio r to tes tin g . They were 

e ith e r held in release cages or transferred to release cages a t the 

time of testing . Temperatures in the laboratory varied between 22°- 

25° C and the re la tiv e  humidity was Variable between 10-20%..
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Release cages were of two basic types. The f i r s t  version 

consisted of a cy lin d rica l paper cup with a screen bottom and removable 

screen l id  as in Figure 2b. The l id  was attached to the cup in one 

place by a piece of masking tape acting as a hinge. The cage was 

placed horizonta lly  in the center of the downwind end of the tunnel and 

held in place by a triangu lar wire frame. The cage was opened from the 

outside of the tunnel by pulling a string attached to the l id .  Moths 

could be released singly or in groups.

The second version was b u ilt  of plexiglass and allowed up to 

5 moths to be released in d iv id u a lly  without changing cages. I t  was 

desirable to have individual releases because of easier observation.

This was accomplished by moths being housed in individual horizontal 

plexiglass tubes that were mounted together on a disc th a t could be 

rotated. The upwind surface of the disc rotated against another piece 

o f plexiglass that had one open hole and one screened hole; therefore, 

as i t  ro tated , one moth a t  a time was exposed to pheromone and then 

released as i t  rotated again. Rotation was accomplished by the use of 

a pulley that was operated from outside the tunnel, so as not to 

disturb the a irflo w .

The most satis factory  release cage was the f i r s t  version 

because i t  appeared to d e flec t TiCl^ smoke plumes less than the second 

version that had a rather solid face. The position fo r  pheromone 

placement in the wind tunnel was checked before each t r ia l  by observing 

TiCl^ smoke plumes in a position that would best pass through an empty
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release cage. The pheromone source would then be placed a t the 

appropriate time in the same position as the TiCl^ source.

Moths were allowed to acclim atize to the wind tunnel a irflow  

fo r 10 minutes, then the pheromone was placed. A fter activation  was 

observed in the release cage, i t  was opened, and moths were released 

in d iv id u a lly  or in groups depending on the release cage used. For 

15 minutes, the number of moths fly in g  to w ithin 25 cm of the pheromone 

source and the time required fo r each were recorded. When moths were 

released in groups, a ll individuals were of the same treatment. A ll 

releases were made w ithin the 3-hour period o f maximum male responsive

ness. Equal numbers of contro l, LD^q , and LDgg survivors of the same 

age were used fo r comparisons on any given tes t night.

Mati ng

To determine the re la tiv e  a b il i ty  of dosed males to execute the 

necessary courtship behavior fo r copulation and successful deposition 

of a spermatophore, males of d iffe re n t treatments were placed individu

a lly  in 30 ml p las tic  cups with 3 v irg in  females of equal age to males. 

Cups were f i t te d  with a cardboard l id  bearing a 1 cm screened hole and 

a 1 dram feeder v ia l of 10% sucrose solution. For each treatment, 125 

such cups were placed in light-tem perature cabinets (30° C, 40-50% R.H., 

14:10 L:D cycle ). Every 2 days, dead females were removed and replaced 

with liv e  v irg in  females. Males that died during the te s t were not 

counted. At the end of 7 days, females were dissected and spermato- 

phores counted. . The to ta l number of spermatophores from both liv ing



females and females that died during the tes t in a male's mating 

container was taken as the mating frequency fo r that male.

Data were taken as percent males mated, percent males multi pi 

mated, and average mating frequency/male. T-tests  (0.05 level of 

significance) compared these values among contro l, LDgy, and LDgg 

treatments fo r s ig n ifican t differences. Frequency histograms were 

constructed showing percent males mating a t the various frequencies 

and chi-square tests were conducted to determine i f  the d istributions  

were s ig n ific a n tly  d iffe re n t (0.05 level of s ig n ifican c e ).



RESULTS

D o s in g

Log-probit plots o f dosage-mortality data taken a t 48 and 96 

hours a fte r  topical applications Of permethn'n are found in Figures 3 

and 4, respectively. Regression lines f i t t in g  48-hour and 96-hour 

m orta lity  data showed the same slopes while 96-hour m o rta lity  rates 

occurred a t s lig h tly  lower concentrations than did 48-hour rates.

The most obvious feature when comparing the two plots was the 

greater deviation of data points in the 48-hour regression lin e . Three 

s ta tis t ic a l measures presented in the figures ve rify  th is difference in 

v a r ia b ili ty . The 48-hour 95% fid u c ia l band, indicating the lim its  of 

confidence where the true response range lie s , is wider and its  upper 

and lower ends are a t greater angles to the regression lin e , but the 

96-hour fid u c ia l lim its  f a l l  closer and are almost p a ra lle l to the 

regression Tine. The re la tiv e  deviation of points from the lin e  in 

each p lo t is given by regression deviation values and while the 48-hour

p lo t had a regression deviation value of 26.0 , the 96-hour p lo t had a
2much Tower value of 1.98. A th ird  measure of v a r ia b il i ty ,  the r

value, gave a good indication of what percentage of the m orta lity
2response was due to increasing concentration. An r value of 0.38 fo r

the 48-hour regression shows that much morfe of the response was due to
2other factors than the 96-hour response whose r  value was 0.86.

2Therefore, the fid u c ia l l im its , regression deviation, and r  values a ll

28
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demonstrate that the 96-hour dosage-mortality response was much more 

re lia b le  than the 48-hour response.

Data obtained by observing dosage-mortal.ity responses over a 

period of 288 hours (12 days) are found in Figure 5 and re fle c t  the 

s ta b il i ty  of the 96-hour response shown above. Categories of 

behavioral response are shown in histogram form as a cumulative 

percentage over time with measurements taken every 24 hours. In each 

case, regardless of the dosage, m orta lity  began to level o f f  to a 

stable percentage a fte r  72 hours. The level a t which the m orta lity  

response s tab ilized  was dose-dependent. The 96-hour regression line  

confirms th is  s ta b il i ty .  The re la tiv e  percentages of prostrate and 

uncoordinated behaviors were extremely variable in the f i r s t  96 hours 

a fte r  which they decreased and s tab ilized  a t a low level fo r  the 

remaining time. There is a suggestion of recovery from uncoordinated 

and prostrate behavior, especially between 72 and 120 hours in the 

lowest and highest dosages tested.

About 90% of the m orta lity  due to contact with permethrin took 

place w ithin the f i r s t  96 hours a fte r  dosing. A fter th is time, 

apparently normally behaving survivors of the dosages remained a live  

fo r the duration of the te s t. Compared with control moths, m ortality  

levels of dosed moths a f te r  96 hours increased at a lower ra te , with 

control m o rta lity  increasing almost lin e a rly  from the time of dosing on.

Because of neg lig ib le  m orta lity  a fte r  96 hours and because of 

the s ta b ili ty  of th is response, the LD5q and LDgg dosages to be used in 

the bioassay experiments were derived from the 96-hour regression lin e .
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In terpolations from the lin e  (F ig . 4.) gave an LDgg value of 1.25 yg/g 

and an LDgg value of 2.40 itg/g.

A ctivation

Presented in Figure 6 are the percent of LD^q, LDgg, and 

surviving control moths displaying activation  response, or wing-fanning, 

over a range of increasing gossyplure concentrations. Actual values, 

standard e rro rs , and sample sizes are found in Appendix A. Least 

Standard Range (LSR) values of the Student-Newman-Keuls tes t showed a ll  

control responses to be s ig n ific a n tly  d iffe re n t (0.05 level of 

significance) from both LDgg and LDgg survivor responses. O verall, 

then, approximately 2-20 times more control moths responded over a 

range of pheromone concentrations compared with, the responses of dosed 

moths. There was no s ig n ifican t d ifference between LDgg and LDgg 

survivor responses except a t the 0.1 ug and 1.0 yg levels of gossyplure.

The control moths' response increase from ca. 50% to ca. 80% 

over the 0.01 to 0.05 yg concentration increase was s ig n ific a n t (0.05  

le v e l) . Thus, the 0.05 yg level of gossyplure was designated as the 

"activation threshold" since i t  was the lowest pheromone concentration 

to which a t least 80% of the moths responded. This increase to the 

activation  threshold was followed by a steady percent response of ca.

80% through the 1.0 yg concentration of gossyplure. A s ig n ifica n t in 

crease (8% to 35%) in the response of LDgg moths occurred from 0.01 to 

0.1 yg, but a ll  other LDgg data points were the same. An increase in 

LDgg response (4% to 19%) that occurred from gossyplure concentrations 

between 0.05 and 0.1 yg was also s ig n ific a n t (0.05 le v e l) ,  as determined
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6. Percentage (±standard e rro r) of male IP. gossypiella  
moths showing activation  (wing-fanning) in  response to 
various concentrations of gossyplure—Males of control 
and those surviving 96-hour LD^q and LDgg dosages of 
permethrin were exposed to gossyplure fo r  3 minutes in 
bioassay devices (see Appendix A fo r sample sizes and 
s ta t is t ic s ) .
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by LSR values. A ll other LDgg points were the same, remaining at 

response levels of less than 20%.

I t  is then evident that with a 100-fold increase in pheromone 

concentration, control moths respond by wing-fanning at leas t twice to 

twenty times as much as permethrin-dosed moths. The dose-dependent 

relationship  of percent response with permethrin dosage that is 

suggested in Figure 6 was not s ig n ific an t (0.05 le v e l) , except at the 

high pheromone concentrations of 0.1 and 1.0 ug. In nearly a ll  cases, 

LDgQ and LDgy moth responses are a t s ta t is t ic a l ly  the same low level 

over a range of gossyplure concentrations, with only s lig h t increases 

in response.

While a ll  the above tests were taken with moths 96 hours a fte r  

dosing, fu rther tests 288 hours a fte r  dosing revealed that the reduced 

activation  response shown by dosed moths was not overcome with age.

Table 1 shows that a t the activation  threshold, when compared with the 

96-hour responses a t activation  threshold, the only s ig n ific a n t change 

in response was an increase in LDgg survivor response from 4% to 14%.

A ll other responses remained the same a fte r  the 7-day period. Before 

the te s t, i t  was necessary to increase the gossyplure concentration to 

0.25 ug to induce a t least 80% of the control moths to show activation . 

Thus, i t  is of in te res t that the activation  threshold had increased from 

0.05 to 0.25 ug over the 7 -day period.

Orientation

An in s u ffic ie n t amount of upwind anemotactic f l ig h t  response by 

control moths made i t  impossible to c o lle c t comparative data with dosed
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Table 1. E ffect of age on activation  response shown by male P. gOssypi- 
e lla  to the activation  threshold concentration of gossyplure— 
(ac tivation  threshold defined as the minimum pheromone con
centration to e l ic i t  ca. 80% activation  in control moths). 
Males of control and those surviving 96-hour LD^q and LDgQ 
doses of permethrin were tested fo r % activation  in bioassay 
devices 96 and 288 days a fte r  dosing (30° € , 40-50% R.H.,
14:10 L:D cycle, h e ld ).

Time
A fter Activation Percent Response (±S.D .)

Dosing Threshold
(h rs .) {tig gossyplure) Control 10^^ Survivors LDgQ Survivors

96 0.05 81.4 (±3 .8) 17.8 (±3.6) *4 .0  (±2 .0)

288 0.25 79.1 (±8 .3) 20.3 (±5.0) *14.1 (±4.4)

*Determined to be s ig n ific a n tly  d iffe re n t (0.05 lev e l) by the Student 
Newman-Keul's tes t (see Appendix A fo r  sample s ize s ). '
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moths. However, i t  can be stated th a t while probably 5% of the control 

moths tested were induced to f ly  and o rien t in a pheromone plume, no 

dosed moths were observed to exh ib it such behavior. A great deal of 

random f l ig h t  in the wind tunnel, o f both control and dosed moths, was 

observed.

Mating

The frequencies with which males mated when in d iv id u a lly  

confined in small cages with 3 v irg in  females determined by spermato- 

phore transfer are given in Figure 7. Control, LDgg, and LDgg survivor 

frequency d istributions were not s ig n ific a n tly  d iffe re n t from each 

other as determined by chi-square analysis (0.05 level of significance, 

df = 10). From the histogram i t  appears that more control males mated 

0 and 1 time, while more dosed males mated 2 and 3 times, but these 

differences were not s ig n ific a n t.

Values derived from the frequency data were average mating 

frequency per male, percent males mated, and percent males m ultip le - 

mated, and are found in Table 2. The average mating frequencies per 

male over a 7-day period were quite variab le as evidenced by standard 

deviations, but not d iffe re n t as determined by t-te s ts  (0.05 level o f 

sign ificance). The same was true of percent males mated and percent 

males multiple-mated analyzed in chi-square tests . Males surviving 

dosages of permethrin mated equally well as control males.
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Table 2. Mating data of P. gossypiella males surviving treatment with 
permethrin--Control and surviving males of 96-hour LDgQ and 
LDgQ dosages were placed in 30 ml p las tic  cups with 3 v irg in  
females and to ta l number of spermatophores found in a ll  
females from a male's cup was used to obtain mean mating 
frequency, percent males mating, and percent males m u ltip le - 
mating (moths held over a 7 -day period under 30° C, 40-50% 
R.H., and on a 14:10 L:D cycle; S.D.-standard deviation; S.E.= 
standard e r ro r ) .

Treatment N

Mean Mating 
Frequency 

(±S.D. ) *

Percent 
Males Mated 

(± S .E .)f

Percent Males 
M ult. Mated 

(± S .E .)f

Control 107 2.29 (± 3 .8 )a 81.3 (± 3 .8 )a 59.8 (± 4 .7 )a

LOgg Survivors 103 2.44 (± 3 .1 )a 86.5 (± 1 .1 )a 70.0 (± 4 .5 )a

LDgQ Survivors 113 2.11 (±2.5)a 81.4 (±3.6)a 61.9 (± 4 .5)a

*Values followed by the same le t te r  in the same column were determined 
not to be d iffe re n t by t-te s ts  (0.05 level of s ig n ifican ce ).

fValues followed by the same le t te r  in the same column were determined 
not to be d iffe re n t by chi-square tests (0.05 level of s ign ificance).



DISCUSSION

Dosing

Dosage-mortality tests indicated that the percent m orta lity  

occurring 96 hours a f te r  dosing with permethrin was much more re lia b le  

as a dose-dependent response than that occurring a fte r  48 hours. The 

reason is that permethrin did not exert its  fu l l  e ffe c t on the dosed 

population u n til 96 hours, as shown by the long-term m o rta lity  tests. 

Clements and May (1977) also observed that i t  took 3-5 days fo r f in a l 

m orta lity  levels to be observed in Schistocerca gregaria Forskal 

to p ic a lly  dosed with permethrin. Watson (1980, personal communication) 

recorded a 72-hour s ta b iliza tio n  in m orta lity  o f f i r s t  in s ta r Heliothis  

virescens (F .) larvae on permethrin-inoculated fo liage;

The s ta b ili ty  of response and r e l ia b i l i t y  of values obtained 

from the regression lines was important because LD^q and LDgg concentra

tions were to be used fo r dosing in a ll the bioassays tha t followed. 

Also, since bioassays were to be conducted immediately following the 

time of m o rta lity  assessment and since some bioassays were to be 7 days 

in length, 48-hour m orta lity  assessment could not be used; additional 

m orta lity  that occurs would have in terfered  with resu lts . I t  was on 

th is basis that the 96-hour regression was used fo r in terpo lation  of 

LDgg and-LDgg values fo r use in succeeding tests .

The greater v a r ia b il i ty  of the 48-hour m orta lity  response was 

based on s ta tis t ic a l measures of confidences that the f i t  of the

40
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regression line  reflected a true response. Homogeneity of the responses, 

measured by slope, and the actual LD5Q and LDg0 values, were not that 

d iffe ren t between 48-hour and 96-hour p lots. This indicates that the 

responses at 48 and 96 hours were nearly the same, but the 96-hour 

response was more stable and re l ia b le ,  being closer to the true response.

Long-range m ortality  tests were conducted to measure any 

additional m ortality  that may have occurred during the 7 -day bioassays. 

Prostrate and uncoordinated responses were also measured for detection 

of la tent behavioral effects due to dosing that may have occurred over 

time. Regardless of dosage, permethrin produced a l l  i ts  e f fe c ts --  

m orta lity , prostration, and uncoordination— before 96 hours. During the 

next 192 hours (between 96 and 288 hours a f te r  dosing) dosed moths 

displayed apparently normal behavior. The high degree of v a r ia b i l i ty  

in prostrate and uncoordinated responses in the f i r s t  96 hours 

reflected the v a r ia b i l i ty  found previously in 48-hour dosage-mortality 

studies. I t  appeared that most moths showing prostrate and uncoordinated 

responses died by 96 hours; however, there may be a small amount of 

recovery by that time, indicating that for a small percentage of moths, 

the early neuromotor effects of permethrin did not lead to death.

Permethrin, while slow in exerting i ts  fu l l  e f fe c t  of m ortality  

on an adult pink bollworm population, had l i t t l e  or no obvious 

behavioral e f fe c t  on survivors fo r  the following 192 hours. I t  is 

l ik e ly  that the permethrin in moths that survived dosing had been 

deactivated or metabolized. However, Kwan and Gatehouse (1978) showed 

a large increase in m ortality  of (5. morsitans between 30 and 50 days
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a fte r  dosing in survivors of 48-hour LD^g and LD30 dosages of permethrin. 

This suggests that additional m ortality  beyond the time measured in. this  

experiment, could have occurred.

In screening insecticides, such as organophosphates that exert 

th e ir  e f fe c t  in a short time, standard 48-hour m ortality  counts are 

adequate. Dosage-mortality counts taken before a toxicant's  f in a l  

resu lt could be misleading. When making comparisons with permethrin, 

m ortality  assessments should include counts taken la te r  than 48 hours. 

Dosage m ortality  studies with insecticides have nearly always taken 

48-hour m ortality  assessments, but recent studies with permethrin have 

used 72-hour and 96-hour assessments (Plapp and Visnon 1977; Plapp 1979; 

Crowder, Tollefson, and Watson 1979; Javadi and Knutson 1979).

Activation

Activation t r ia ls  showed a drastic  reduction in the a b i l i ty  

of dosed moths to respond to d if fe re n t concentrations of gossyplure.

Dosed males appeared otherwise normal in th e ir  behavior but only 

between ca. 4% and 35% could respond to pheromone by wing-fanning, 

compared with 80% of the control moths, a 1/2 to l/20 th  reduction. The 

only change in the responses of LD^q and LDqq moths across pheromone 

concentration were s lig h t increases, in percent response. Therefore, 

dosed moths did not overcome th e ir  reduced a b i l i ty  to respond at higher 

pheromone concentrations. The strong suggestion of a dose-dependency 

of response, because of v a r ia b i l i ty ,  was not en tire ly  borne out by 

s ta t is t ic a l  analysis. In contrast with these resu lts , Brady and 

Finley (1968) observed no reduction in P. interpunctella male moths'
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a b i l i t y  to respond to sex pheromone a fte r  surviving LDgQ dosages of 

di crotophos.

The s ign ificant increase in control moths' response from the 

lowest concentration to the 0.05 pg level of gossyplure re flects  the 

transition of response to the activation threshold; the minimum 

pheromone concentration that e l ic i ts  wing-fanning in the majority of 

moths. A fter this point, control moths did not respond with greater 

in tensity to increased pheromone concentrations. Comparable data do 

not ex ist fo r  the pink bollworm, but Guerra (1968) using a s im ilar  

bioassay, tested male P_. gossypiella wing-fanning response to female 

abdominal extracts measured in concentration units known as female 

equivalents (FE). He recorded an increase from 0 to 75% response over 

a IC f5 to 10-  ̂ FE increase in pheromone concentration; leveling o ff  of
— o

response occurred above 10" FE. However, a t much higher concentrations 

of 1.0 and 5.0 FE, the response had increased to 90% and 95% 

respectively. Using EAG recordings from in tac t antennae of IP. 

gossypiella. Cook, Shelton, and Staten (1978) showed an increase in 

potential magnitude that occurred with increasing pheromone concentra

tion and a leveling o ff  of response in tensity  that did not occur until  

a concentration of 10.0 pg was reached. F l in t  et al_. (1978) calculated 

emission rates of gossyplure from baits in moth traps and found that  

trap counts reached a constant level o f catch a fte r  a certain gossyplure 

emission rate was reached. The units of concentration in studies by 

Guerra (1968), Cook, Shelton, and Staten (1978), and F l in t  et a l .

(1978) are d if fe re n t from those used in this study, and techniques and
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evaporation rates also d i f fe r ,  but the same phenomenon of percent 

response reaching a stable level at certain minimum pheromone 

concentrations was observed in a l l .

Age apparently had no e ffec t on recovery of dosed moths' 

a b i l i t y  to respond to the activation threshold level of pheromone. 

Percent responses a f te r  7 days were the same as previous responses, with 

the exception of a s lig h t increase in the response of.LDgQ moths. 

However, there was high m ortality  recorded in both control and dosed 

moths at the end of day 7, which lends some doubt to these data.

Moths in the age tes t were assayed a t the activation threshold 

because i t  was f e l t  that this level of response would be most sensitive  

to changes or differences in percent responsiveness. The results showed 

that the activation threshold had increased a fte r  7 days, indicating  

moths had a decreased s e n s it iv ity  to low levels of pheromone. This 

could be a real increase in activation threshold, or i t  could be due 

to stress on moths as indicated from high m ortality  rates. Shorey, 

Morin, and Gaston (1968) measured the activation responses of 6 moth 

species at the same pheromone concentrations every day a f te r  emergence. 

Their results showed that percent response increased to a peak within  

ca. 2 days a f te r  emergence depending on the species, and then either  

leveled o ff  or decreased with age. This same phenomenon may account 

for the decreased s en s it iv ity  fo r  F\ gossypiella.

, Orientation . .

While activation experiments demonstrated that dosed moths were 

reduced in th e ir  a b i l i t y  to respond to various concentrations of
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gossyplure, results from orientation experiments would have provided 

information about the next step in mate-finding— the male's a b i l i ty  to 

f l y  upwind and orient in a pheromone plume. With such a small 

percentage of dosed moths showing activation re la t ive  to control moths, 

a s im ila r ly  large percentage of control moths would have had to show 

an orientation response for adequate comparisons to be made. This was 

the major d i f f ic u l ty  in obtaining wind tunnel data. At best, wind 

tunnel t r ia ls  e l ic i te d  only 5% orientation of control moths to an 

upwind pheromone source.

With information available from the l i te ra tu re ,  a l l  the known 

conditions fo r  e l ic i t in g  maximum orientation responses were met. Males 

were isolated from females and pheromone before emergence to prevent 

adaptation. Testing was performed only during the las t 3 hours of 

scotophase, the period of maximum male responsiveness to pheromone 

(van Steenwyk, Ballmer, and Reynolds 1978). Males were tested 96 hours 

a f te r  emergence since pheromone response levels are greatest a fte r  72 

hours (Guerra 1968).

Light in tensity and a irflow  velocity  were variables that were 

not appreciably altered throughout wind tunnel t r ia ls  because Farkas 

and Shorey (1972) and Farkas, Shorey, and Gaston (1974) had obtained 

good results with levels which were duplicated in these experiments.

Temperature and humidity in the laboratory were d i f f i c u l t  to 

control, but i t  is thought that transferring moths to a lower tempera

ture before orientation t r ia ls  e l ic i te d  a higher degree of upwind f l ig h t  

(M il le r  1980, personal communication). The transfer from a 30° C
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accomplished th is . Occasionally, a bath of warm water was placed in 

front of the a ir - in ta ke  end of the tunnel with the expectation that 

warm, moisture-laden a i r  in the presence of pheromone would e l i c i t  more 

upwind f l i g h t ,  but there was no noticeable e ffec t . A1so, pheromone 

placement was assessed before each t r ia l  with smoke emanating from a 

small source of TiCl^. This was to insure the impingement of the 

pheromone plume on the release cage, assuming airborne pheromone behaved 

the same as smoke. The diameter of the smoke plume was ca. 15 cm a t  

the release cage, s u ff ic ie n t ly  small to be well defined in the wind 

tunnel and there was also good laminar flow.

I t  was thought the major d i f f ic u l ty  in e l ic i t in g  orientation  

responses lay e ith e r  in the release cage construction or in the 

pheromone concentration. While a variety  of release cage types were 

tested, none seemed to increase the quantity of moths taking f l ig h t  from 

them into an upwind orientation. The vast majority of moths flew out 

of the cages, but e ither  landed on the f lo o r  or sides of the wind 

tunnel, or found th e ir  way to the downwind containment screen behind 

the release cage. This suggested that the plume was not wel1 enough 

defined at the release cage, possibly that the cage i t s e l f  was causing 

turbulence in the a ir f lo w , or a backwash of pheromone was occurring due 

to an in e f f ic ie n t  fume-hood. But the fUme-hood seemed satisfactory and 

modifications of release cages to minimize turbulence did not change 

the behavior of moths.
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I t  was my in i t i a l  impression that increasing pheromone concen

trations would e l i c i t  a higher percentage of upwind f l ig h t  in activated 

moths; however, i t  became apparent that this was not the case. Many 

t r ia ls  were carried out with gossyplure concentrations greater than 

the activation threshold level of 0.05 yg, but la te r  t r ia ls  with this 

concentration were more e ffec tive  in e l ic i t in g  a greater percentage of 

orientation than any other concentration. Coffe lt  e t  aJL (1979) 

demonstrated that orientation thresholds in moving a ir  were lower than 

activation thresholds fo r  navel orangeworm moths, Amyelois t ra n s ite l la  

(Fernald). Although the level of f l ig h t  by control moths was s t i l l  too 

low to make comparisons with dosed moths, i t  seemed to demonstrate- that  

the high pheromone concentrations used may have been causing arrestment 

of f l ig h t  before orientation occurred. A high concentration might have 

given the same stimulus as being close to a female and f l ig h t  would not 

have been an appropriate response. Farkas, Shorey, and Gaston (1974) 

demonstrated that the frequency of landing of in f l ig h t  P_. gossypiella 

moths on nearby objects increased with increasing pheromone concentra

tions. This.could have explained the immediate landing of moths in the 

wind tunnel a f te r  takeoff.

An improvement of the wind tunnel design that was not included 

and a possible prerequisite to a greater f l ig h t  response, is the 

provision of optomotor s tim uli. Kennedy and Marsh (1974) demonstrated 

that moths fly ing  anemotactically in a pheromone plume use the apparent 

movement of ground patterns as a guidance mechanism. Some functional 

wind tunnels (M il le r  and Roelofs 1978) provide such stimuli with
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alternating l ig h t  and dark stripes on a motor-driven be lt  on the wind 

tunnel f lo o r . The movement of the be lt  at various speeds in a downwind 

direction provides the visual cue to the moth of apparent progress 

toward the pherombne source. Some moths can be enticed to f ly  in this 

manner for hours.

I t  is possible that too much was expected of the wind tunnel 

experiments. Communication With other researchers indicated that mine 

were not the only d i f f ic u l t ie s  experienced in enticing moths to f ly  in  

wind tunnels. Most researchers only report data from successful f l ig h ts  

whereas the type of comparative data sought in this study required a 

p articu lar ly  high response by control moths for the measurement o f

unsuccessful f l ig h ts  by.dosed moths.

In the few t r ia ls  made with dosed moths, the majority of both 

LDgg and LDqq moths l e f t  the release cage, but not as many as controls, 

which nearly always l e f t  the cage empty. Of the dosed moths that l e f t  

the cage, random f l ig h t  was observed, indicating that fly ing  a b i l i ty  

was not impaired, but the reduced activation response indicated that 

actual orientation responses by dosed moths would probably have been 

minimal.

Mating

Mating frequency experiments revealed that sublethal dosages of 

permethrin had no e ffec t  on the mating a b i l i t y  of males in small 

containers over a 7-day period beginning 96 hours a fte r  dosing. Mating 

frequencies, percent males mated, and percent males multiple-mated were

not s ta t is t ic a l ly  d if fe re n t among control and dosed males. I t  appeared
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but these differences were not s ig n if ica n t. Adkisson and Wesso (1962) 

reported that sublethal dosages of DDT reduced mating in P_. goss.ypiella 

LaChance, Richard, and Proshold (1975) reported no differences in male 

P_. gossypiella mating frequency on sperm transfer in gamma-irradiated 

moths when compared with untreated moths. Kwan and Gatehouse (1978) 

found that LD-jg treatments of permethrin on e ither males or females of 

G. morsltans had no e ffec t  on mating. The average male mating 

frequencies of 2 .2 -2 .3  shown by Henneberry, F l in t ,  and Bariola (1977) 

fo r  P. gossypiella reared at s im ilar temperatures and for a 6-8 day 

period are the same as the frequencies reported herein. . Ouye et a l . 

(1965) showed that over the lifespan of a male, the mean mating 

frequency was 4.2 and 95% of the males mated. The 7-day mating tests 

showed between 81-86% males mating in a l l  cases.

Significance of Results

Activation, orientation, and mating experiments were designed 

to isolate  segments of a sequence leading up to and including the 

successful transfer of a spermatophore from the male to the female.

The objective was to tes t fo r  permethrin-induced disruptions that may 

have interrupted the sequence. The mating experiment was designed to 

eliminate the orientation component and tes t for aberrations in mating 

performance of a dosed male. The resu lt that a reduction in pheromone 

response had no influence on mating was unexpected.

Several explanations are possible. The f i r s t  is that males do 

not need to perceive female sex pheromone in order to mate; possibly a
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However, antenna! ablation experiments of male P. gossypiella 

demonstrated that males required olfactory reception in order to mate 

(Smith, F l in t ,  and Forey 1978). Also, detailed observations of

courtship behavior of male F\ gossypiella in the presence of separate

pheromone sources and female models indicated that the pheromone source 

was. an important directional stimulus for males making copulatory 

attempts (Colwell, Shorey, Baumer, and van Vorhis Key 1978). The

second po ss ib il i ty  is that dosed males s t i l l  sense the pheromone, but

do not execute the wing-fanning (activation) component of courtship and 

are s t i l l  able to copulate. This explanation does not seem l ik e ly  

since copulatory attempts by a male would be d i f f i c u l t  with the wings 

down. In detailed analysis of male courtship behavior in the oriental 

f r u i t  moth, Grapholitha molesta (Busek), Baker and Carde (1979) 

described successful courtship sequences that always began with 

wing-fanning. The most plausible explanation is that the concentration 

of pheromone in the closed container near a calling female (or 3 calling  

females, as may have been the case) was great enough to overcome the 

reduction in pheromone response experienced by dosed moths at lower 

concentrations. The combination of one or more calling females in a 

closed container might have created higher pheromone concentrations than 

the highest concentration measured in the activation experiment (1.0  

yg). The visual presence of.females may have enhanced the e l ic i ta t io n  

of pheromone-induced activation in dosed males. Therefore, i t  must be 

concluded that permethrin-dosed males are unable to respond by
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wing-fanning to lower pheromone concentrations, but concentrations near 

a calling  female, and possibly in combination with the visual cues, are 

great enough to e l i c i t  courtship that results in successful mating.

I t  is probable that additional control by permethrin f ie ld  

applications may be afforded by a disruption in the dosed male's a b i l i ty  

to respond, to a distant calling female's signal of sexual readiness, 

thus preventing mating by that male. Permethrin would therefore reduce 

reproduction by survivors, in addition to k i l l in g  moths outright.

Unlike most lepidopterous pest species, control of the pink 

bollworm is largely directed at the adult stage because larvae la te r  

than f i r s t  instars are protected inside bo lls . In Arizona, Ruscoe 

(1977) found that low volume a ir  applications of permethrin against 

the pink bollworm gave excellent control. He concluded that m ortality  

was due primarily to contact of adults with permethrin in the upper 

canopy. This is also where pheromone communication between sexes takes 

place (Kaae and Shorey 1973). M orta lity  may be very high in moths 

sprayed d irec tly  or in those active enough on foliage surfaces 

following spraying. Sublethal contact would depend on the a c t iv ity  of 

the moth and strength of residues. Such contact would be incurred by 

moths from refugia, immigrants, or by adults that emerged a f te r  

applications when residues are too weak to k i l l .  Watson (1980, 

personal communication) recorded ca. 35% m ortality  occurring in f i r s t  

instar ji. virescens larvae in contact with 96-hour old residues of 

permethrin. Free (1979) reported oriental f r u i t  moth adult mortality  

to be quite low compared with larvae a f te r  exposure to f o l ia r  permethrin
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residues. I t  would appear that contact with a sublethal dosage is more 

l ik e ly  in adults than in larvae fo r  most species because of the greatly  

reduced adult over larval contact with sprayed substrate.

The only data re lating pyrethroid applications to pheromone 

responses in the f ie ld  are pheromone trap data following applications. 

Meister (1980, personal communication) reported drastic reductions in 

trap-catch following fenvalerate (cyano O-phenoxyphenyl3 methyl-4 -  

chloro-alpha-Cl-methylethyl] benzeneacetate) applications for 4 days, 

while Tollefson (1980, personal communication) reported reductions from 

5-7 days following pyrethroid applications. This may be due only to 

continued adult m ortality  during the period following application, but 

may also be due to reduced responses of sublethally dosed males unable 

to perceive pheromone.

Recently there has been in terest in attracting insects to 

pheromone baits containing insectic ide. The results of this study might 

help explain some puzzling data obtained from such tests performed by 

Haworth (1980, personal communication). Male confusion tests were 

carried out in Arizona cotton f ie ld s  by Conrel Co. (Albany In te r 

national, Buckeye, AZ) with hollow time-release fibers containing 

gossyplure combined with low rates of permethrin (Ambush®) and Biotac®, 

the adhesive that fa c i l i ta te s  sticking the fibers on the cotton plant. 

Males in the f ie ld  had been observed attempting copulation with fibers  

and i t  was thought that a male could be k i l le d  and removed from the 

population i f  i t  contacted a lethal dosage of permethrin combined with 

the Biotac® adhesive. In highly infested ratooned cotton f ie ld s  in



June 1980, the researchers recorded infestation data, trap catch, and 

male responses to mating tables from 3 treatments: a) plots with Biotac®

and fibers containing pheromone; b) plots with pheromone f ib e rs , Biotac®, 

and low rates of permethrin; and c) check plots. The f i r s t  treatment 

(a) had infestation leve ls , trap catch, and mating table responses that 

were at levels ca. 50% of the control plot (c ) ,  and the permethrin-in- 

Biotac® treatment (b) had levels reduced to ca, 25% of the control data. 

The permethrin treatment is most interesting because insecticide rates 

were approximately 1/10th the concentrations that were lethal in 

contact to x ic ity  tests of moths with Biotac® and permethrin. The 

reduced trap catches and mating table responses may indicate that a 

sign ificant proportion of the male population contacted a sublethal 

dosage of permethrin and thus were reduced in th e ir  a b i l i t y  to respond 

to pheromone. I t  further implies that the reduction was great enough 

to prevent males from finding mates beyond that provided by the 

confusion technique, as evidenced by reduced in festation data.



CONCLUSIONS

While permethrin was slow to produce i ts  fu l l  m orta lity  e ffec t  

on adult male P. gossypiella, moths surviving the contact appeared 

otherwise normal in th e ir  behavior 96 hours a fte r  dosing. However, 

pheromone bioassays with LD^q and LDgg survivors determined that 2-20 

times fewer such males could be activated by d if fe re n t gossyplure 

concentrations. The same e ffec t was observed in moths 1 week older. 

Dosed survivors could mate in small containers with the same success as 

undosed moths. I t  is thought that while males may not be able to 

respond to a distant calling  female, the high concentrations of 

pheromone accompanying the visual presence of a calling female may be 

enough to e l i c i t  courtship and copulation in dosed males. The reduced 

a b i l i t y  of dosed males to respond to lower pheromone concentrations may 

prevent them from responding to a distant calling female and thus 

prevent mating e n t ire ly .  Such a phenomenon may give the benefit of 

further control of pink bollworm f ie ld  populations beyond m ortality  by 

preventing reproduction by survivors of permethrin applications.
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APPENDIX A

ACTIVATION BIOASSAY PERCENT RESPONSE

, I
Percentage (±standard error) of male P. gossypiel.la moths showing 
activation (wing-fanning) in response to various concentrations of 
gossyplure. Males of control and those surviving 96-hour LDgg and LDgg 
dosages of permethrin were exposed to pheromone for 3 minutes in 
bioassay devices. Effect of age was tested at activation threshold ( * )  
1 week a fte r  other tests (N=sample s ize ) .

Gossyplure
Concentration

(ug) N

Percent
Activation

Response

+
Standard

Error

Control

0.01 48 51.2 d 12.3
0.05* 102 81.4 e 3.8
0.10 48 82.2 e 5.5
1.00 45 77.1 e 6.2
0.25* 24 79.1 e 8.3

ld 50 Survivors

0.01 48 8.3 ac 4.0
0.05* 101 17.8 cd 3.6
0.10 48 35.4 d 6.9
1.00 48 29.1 d 6.5
0.25* 64 20.3 c 5.0

LD80 Survivors

0.01 46 8.3 ab 4.1
0.05* 100 4.0 ac 2.0
0.10 48 18.7 b 5.6
1.00 48 12.5 b 4.8
0.25* 63 14.1 b 4.3

i
Values followed by the same Tetter determined not to be s ig n if ica n tly  
d iffe re n t by the Student-Newman-Keul's tes t (0.05 level of s ig n i f i 
cance) .
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