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ABSTRACT

Tolerance to pyrethroid insecticides was shown in third instar

larvae of the green lacewing, Chrysopa carnea Stephens. Range*-finding

studies revealed that the larvae could tolerate a wide range of doses 
Rof Pydrin (cyano (3-phenoxyphenyl) methyl 4-chloro-alpha-(1-methylathy1)

' R ■' .benzeneacetate)3 Pounce (permethrin, 40:60 cis/trans; (S-pbenoxyphenyl) 

methyl (+ cis,trans-3-(2,2-dichloroethenyi)-2,2-dimethylcyclopropane- 

carboxylate)3 cis-Pounce (95% + cis-isomer of permethrin)5 trans-Pounce 

(95% + trans-isomer of permethrin)3 and Ambush (permethrin in 45:55 cis/ 

trans ratio). Larvae -exhibited marked tolerance to all pyrethroids over 

a 72 hr period when dosed topically with 250 yg insecticide/insect.
i

Results of survivorship and fecundity comparisons (observing 

larval survivorship and adult emergence, fecundity, and longevity) 

showed that C . carnea was tolerant to Pounce but not Pydrin at the 1000 

yg/g level through one generation (larva to larva). ED^q value (paral

ysis, failure to pupate, knockdown, and mortality) for Pydrin was 1000 

yg/g whereas the for the other compounds was greater than 25,000

vg/g.
Metabolism of Pounce in vivo showed that C. carnea larvae 

degraded 63% of the cis-isomer and 56% of the trans-isomer within 48 

hrs. Analyses were performed using electron-capture gas-liquid chroma

tography. Metabolism and/or excretion may explain the tolerance to the 

pyrethroids exhibited by these insects.

x



INTRODUCTION

Green Lacewing Literature 

Although many members of the order Neuroptera are predacious 9 

perhaps the most important of these beneficial insects belong to the 

genus Chrysopa, family Chrysopidae. The predominant green lacewing 

associated with alfalfa and cotton during the summer months in Arizona 

is Chrysopa carnea Stephens (Werner, Moore, and Watson, 1979).

Taxonomic Clarification

For several years, there was some confusion existing in the 

literature as to the correct name for the common western green lacewing- 

Toschi (1965) stated that carnea is the proper specific epithet for this 

insect, antedating the synonyms Q. californica Coquillet, C. plorabunda 

Fitch, and Q. plorabunda var. californica.

Geographical Distribution

C. carnea is a holarctic species. This insect occurs throughout 

southern Canada and in every state in the United States. The lacewing 

has been collected in field and forage crops and grasslands of North 

American, in deciduous forests of the eastern and midwestern U.S., and 

in broadleaf-evergreen forests and oak woodlands of California (Tauber, 

1974).
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Description and Life History

The eggs of this species are approximately 0.9 mm in length, 

oblong in shape, and are borne at the end of a slender, filamentous 

pedicel approximately 3.5 mm long. When the eggs are freshly laid, they 

are a yellowish-green color. But as they mature, they change to a 

bluish^green and finally to gray just prior to hatching. The eggs are 

deposited by the female on the foliage of alfalfa and cotton in,the 

upper one-third of the plant and/or where most host activity occurs.

At 25°C, - the egg stage is four days (Butler, 1971).

Chrysopids are generally predacious during their larval stage, 

with only a few instances where the adult is also a predator. There are 

three larval instars which differ primarily in body size and weight.

Butler (1971) measured the first instar as 1.0 mm Tong whereas ful1- 

grown larvae were 6.0 to 10.0 ram. The larva has a flat, elongate body 

that tapers at both ends and has smooth, straight setae laterally on 

each of its nine abdominal segments. As described by Clausen (1962, p . 598) 

"The head is flat and bears a pair of enormous sickle-like jaws and the 

maxillae extend directly forward. The mandible and maxilla on each side 

are held together by a flange which fits into a groove, and thus form a 

sucking tube through which the body fluids of the host are drawn. The 

true mouth is said to be completely closed."

Tauber (1974) described the color of the second and third instar 

larva as yellowish to cream-colored on the head, reddish-brown on the 

thorax, and pale yellow medially on the abdomen with reddish-brown 

patches dorsolaterally. The author also stated that C. carnea is not a
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trash-bearing species (many chrysopid larvae carry a pile of trash 

dorsally for protection). Butler (1971) stated that the larval stages 

are completed in ten to eleven days at 25°C on a diet of grain moth eggs.

A full-grown larva spins a silken cocoon in which it pupates.

This oval chamber is formed from silken strands produced by modified 

Malpighian tubules, given off through the anal opening (Clausen, 1962). 

Early in the pupal stage, the cocoon is yellow but changes to a green 

color as the adult prepares to emerge. At 25 G, the pupal stage lasts 

nine days (Butler, 1971).

Metcalf and Flint (1962, p. 243) described the adult green lacewing
,  ̂ - ' as 11 . . . graceful, weak, slender-bodied insects generally saturate leaf-

green in color::. . ."with long antennae and delicate, equally sized wings.

The adults are approximately 15.0 to 20.0 mm long and females must go

through a preoviposition period of four to six days (Butler, 1971).

Clausen (1962) reported that adults usually live from four to six weeks.

He also stated that at least six generations of C. carnea per year occur

under Arizona conditions.

Feeding Requirements

C. carnea is a good example of a holometabolous insect, the food

type .of the larval and adult stages being entirely different. The larvae

are predators and feed on eggs, small larvae, and soft-bodied adult 

insects. Wildermuth (1916) stated the host range of the larvae to be 

clover mites, spider mites, leafhoppers, aphids, and scale insects.

Ehler and Van den Bosch (1974) added thrips, whiteflies, noctuid eggs,



bollwormSj beet armyworms, and cabbage loopers to this list, referring 

to the larvae as very general predators.

Adults, however, utilize pollen and honeydew as their main food 

source as reported by Sheldon and MacLeod (1971). The authors analyzed 

the honeydew and discovered that it consisted of many foreign particles 

besides plant sap, including several species of pollen and several col

onies of sooty-molds• The seasonal availability of these two diets 

governed which was taken as food. .

Searching Capacity

Under several different conditions in the laboratory, FLeschner 

(1950) found that C. carnea larvae were the most efficient predators 

in locating and capturing prey. Greater speed, manueverability, area 

perception, body flexibility, and larger mandibles were the proposed 

characteristics giving these insects the advantage over the other pred

ators tested (Stethorus picipes Casey and Conwentzia hageni Banks),

The large area covered in a given time was also observed to be an impor

tant facet of this insect's searching capacity.

Butler and May (1971) shed further light on the searching 

behavior of chrysopid larvae. When placed on artificial cotton plants,

Co carnea concentrated its searching in the top one-half of the plant, 

where eggs and larvae of Heliothis spp. are generally found in the field. 

The authors also studied the speed of the larvae of simple glass arenas. 

Third instar larvae were observed to travel 1348 cm/hr, approximately 

one-fifth the speed recorded by Fleschner (1950). No comment was made 

in regard to this discrepancy. Butler and May (1971) reported further



that the rate of successful search was not affected by the time the 

larvae spent handling each prey.

More recently3 Lewis et al. (1977) and Norlund et al» (1977) 

reported that kairomones produced by Hellothis zea (Boddie) had a strong 

influence on the searching behavior of C. carnea larvae. The authors 

proposed that kairomones present on moth scales stimulate the larvae to 

begin searching an area whereas different kairomones secreted from the 

accessory gland during egg deposition function as a prey-acceptance 

chemical.

Larval Efficacy ■ /

Of the diverse population of beneficial insects supported by 

alfalfa and cotton fields9 the green lacewing larvae are very important 

predators of several pest species. Lingren, Ridgway, and Jones (1968) 

reported that second instar larvae of £. carnea were very efficient egg 

predators, reducing field populations of the tobacco budworm* Heliothis 

virescens (F.)9 by 78%. Ridgway and Jones (1969) reported that two field 

releases, totalling 292,000 <3. carnea larvae per acre, reduced popula

tions of Ho zea and H. virescens as much as 96% and the cotton yield was 

increased three fold. Lopez, Ridgway, and Pinnell (1976) reported that 

the green lacewing was a very efficient predator of Heliothis eggs and 

first instar larvae on cotton when compared to three other predators.

The lacewing efficacy was attributed to their highly specialized mouth- 

parts and their inherent ability to search extensively for prey.

As stated by Wene, Carruth, and Telford (1965), C* carnea larvae 

are commonly called aphis lions because they are also voracious feeders



6
of aphids and mites. Tulisalo, Tuovinen, and Kiirpa (1977) evaluated 

the success of green lacewings controlling aphids on parsley and green 

peppers in the greenhouse. They observed that aphids were successfully 

checked when'the predator/prey ratio was 1:27 for parsley or 1:3 for 

green peppers. Under field conditions, Hagen and Van den Bosch (1968) 

stated that chrysopid larvae are rarely found as commonly iti aphid 

colonies as are coccinellid larvae„ The authors attributed this to the 

poor sensitivity of Chrysopa adults to low aphid populations; only when 

high densities are present will lacewings be attracted to the area and 

begin ovipositing. In cotton, Chrysopa larvae were previously believed 

to be important in controlling various Lygus species. Leigh and Gonzales 

(1976), however, reported that X. carnea was not effective in checking 

L. hesperus Knight populations in field-cage tests.

Natural Enemies

Clancy (1946) studied the insect parasites of £. carnea and C. 

majuscula Banks in California under laboratory and field conditions. A 

total of 15 species belonging to eight families of Hymenoptera and one 

family of Coleoptera was observed, one-fourth of the total number of 

chrysopid parasites recorded. The egg stage of C. carnea was parasitized 

soley by Trichogramma embryophagum (Htg.); the active larval stages by 

Isodromus iceryae How., Perilampus chrysopae Crawford, and Tetrastichus 

chrysopae Crawford; and the pupal stage by Chrysopoctonus patruelis 

Cushman, Gelis spp., and the clerid beetles Hydnooera scabra Lee. and 

H. affiliata Fall. The hyperparasites listed were Chrysopophagus 

compressicornis Ashm. , Pachyneuron californicum Gir., Dibrachys cavus



Wlko 5 Arachnophaga picea (How.) and Hemiteles tenellus (Say). The 

author commented that although the rate of parasitism was occasionally 

very high, it seemed to have little effect upon the average density of 

Chrysopa populations.

Muma (1959) investigated the hymenopterous parasites of several 

species of Chrysopa occurring in Florida citrus groves. JL. iceryae was 

the most frequently observed primary parasite; Qtacustes crassus 

chrysopae Ashmead and Brachycyrtus pretiosus Cushman were the other pri

mary parasites encountered. Hyperparas it ism was very low and involved 

Go compressicornis and Horismenus spp. Muma commented that a certain 

degree of host specificity was exhibited by the primary parasities.

The adult stage of Chrysopa spp. also has a parasitic enemy, as 

reported by Swan (1964) V  Apparently, the bitihg midge Forcipomyia eques 

(Johannsen) (Diptera: Chironomidae) sucks the haemolymph from the wing

veins of the lacewing adult while riding on its back. .

Insecticide Tolerance

The tolerance of several species of Chrysopa to various pesti

cides is an interesting development emerging from the literature. The 

first indication of this was shown by Ahmed et a!. (1954). All stages 

of C. oculata Say and C 0 rufilabris Burmeister larvae were practically 

immune to Systox (Mixture of 0,0-diethyl 0-{2-(ethylthio) ethyl}phos- 

phorothioate and 0,0-diethyl S-{2-(ethylthio) ethyl}phosphorothioate) 

when applied to aphids and subsequently fed to the predators. The tol

erance of C. carnea to this organophosphorus insecticide was demonstrated 

by Van den Bosch, Reynolds, and Dietrick (1956), Lingren and Ridgway



(1967) 5 and Summers 5 Coviello«, and Cothran (1975). Bartlett (1964) 

performed an extensive study of the toxicity of several insecticides to 

eggs3 larvae, and adults of the green lacewing. The eggs were notably 

tolerant to all materials except those formulated with oil. Of 60 chem

icals tested, only 21 were moderately toxic to the larvae; toxaphene 

(67-69% chlorinated camphene), malthion (0,0-dimethyl S-(l,2-dicarbeth- 

oxyethyl) phosphorodithioate), and parathion (0,0-diethyl O-p-nitrophenyl 

phdsphorothioate) were the most toxic substances. Adults were found to 

be highly susceptible to all of the insecticides. This lack of tolerance 

in the adult stage has also been reported by Lingren and Ridgway (1967), 

Brattsten and Metcalf (1970), Helgesen and Tauber (1974), and Wilkinson, 

Biever, and Ignoffo (1975). V'

Fir imicaf b ( 5,6-dime thy 1 - 2-d imet hy 1 amino -4^pyr imid iny 1 dimethyl 

carbamate), an aphicide, had no significant impact on laboratory or field 

populations of Co carnea, as reported by Helgesen and Tauber (1974) and 

Summers et al. (1975), respectively. Methomyl (S-methyl-N-((methyl- 

carbamoyl) oxy) thioacetimidate) and oxamyl (methyl N', N'-dimethyl-N- 

{(methylcarbamoyl) oxy}-l-thiooxamimidate), also carbamates, were not 

disruptive to field populations of Chrysopa larvae; Summers et al. (1975) 

referred to the insects as being relatively tolerant to the compounds. 

Herne and Putman (1966) and Wilkinson et al. (1975), however, observed 

that the green lacewing was notably susceptible to a different carbamate, 

carbaryl (1-napthyl-N-methylcarbamate).

Lingren and Ridgway (1967) reported that second and third instar 

larvae of C. carnea were highly tolerant to trichlorfon (dimethyl (2,2,2-



trichloro-l-hydroxyethyl) phosphonate), an organophosphate. Bull and 

Ridgway (1969) attributed this tolerance to dichlorvos primarily to 

poor penetration through the cuticle and the failure of the toxicant to 

accumulate, i.e. rapid excretion. In greenhouse tests, Ridgway et al. 

(1967) observed that chrysopid larvae were very tolerant to soil appli

cations of aldicarb (2-methyl-2-(methylthio) propionaIdehyde 0-(methyl- 

carbamoyl) oxime) and stem applications of monocrotophos (dimethyl 

phosphate of 3-hydroxy-N-methy1-cis-crotonamide). In addition, there 

was only 2% mortality to Chrysopa larvae when fed aphids poisoned with 

monocrotophos. Cotton field populations of £, carnea were least affected 

by increased organophosphate usage, as observed by Van Steenwyk et al„

(1975). Two other organophosphorus insecticides, parathion and methyl 

parathion (0,O-dimethyl 0-p-nitrophenyl phosphorothioate), have been 

shown to be very toxic to the lacewing larvae (Herne and Putman, 1966; 

Hamilton and Kieckhefer, 1969; Wilkinson et al., 1975).

Wilkinson et al. (1975) tested the surface-contact toxicity of 

several pesticides to various insect predators and parasites, observing 

that G. carnea was the most tolerant species. Besides showing no mor

tality when coming in contact with pyrethrins, Bacillus thuringiensis 

Berliner, and Heliothis nuclear polyhedrosis virus, the lacewings were 

even tolerant to toxaphene, which Bartlett (1964) reported to have high 

toxicity and growth-disruptive effects to the larval stage. Another 

interesting development coming out of the Wilkinson et al. (1975) study 

was the noted tolerance of the larvae to malathion (0% mortality). 

Hamilton and Kieckhefer (1969) reported that this insecticide was
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extremely toxic to C. carnea; the (concentration of a substance in

liquid lethal to 50% of the test organisms) values were not significant

ly different from the aphids tested* Wilkinson et al» (1975) did not 

comment on this newly obtained "tolerance" to both insecticides. The 

contact-toxicity of C. carnea to several classes of pesticides has also 

been reported by Plapp and Bull (1978). With the exception of trichlor-i
fon, all the organophosphates were very toxic to the predator as was the 

carbamate methomyl. Chrysopid larvae showed marked tolerance to DDT 

(1,1,l-trichloro-2,2-bis-(p-chlorophenyl) ethane), toxaphene, dieldrin 

(hexachloroepoxy-octahydro-endo,exo^dimenthanonapthalene), carbaryl,

chlordimeform (N1-(4-chloro-o-toly1)-N,N-dimethy1 formamidine), natural
[ - a Rpyrethrins, and the synthetic pyrethroids fenvalerate (Pydrin ; SD 43775)

(cyano (3-phenoxyphenyl) methyl 4-ehldro-alpha-(1-methylethyl) benzene-
Racetate), permethrin (Pounce ; 40:60 cis/trans ratio; EMC 33297) ((3- 

phenoxypheny1) methyl ( + cis, trans-3-(2,2-dichloroethenyl)-2,2- 

dichloroethenyD^Z <, 2-dimethylcyclopropaneCarboxylate) ) , and NEDC 161 

(crystalline component of alpha-dl-cyano-3-phenoxybenzyl-cis-(lR33R)

2,2-dimethyl-3-(2,2-dibromovinyl) cyclopropane). That the lacewing 

larvae were tolerant to carbaryl is not in agreement with the results of 

Herne and Putman (1966) and Wilkinson et al. (1975). Plapp and Bull 

(1978) also determined that the pyrethroids were selective against a 

prey of CL carnea, the tobacco budworm, whereas the phosphorothionate 

(P—S) insecticides were selective against the predator.

There afe conflicting reports as to the toxicity of a recently 

developed insect growth regulator, diflubenzuron^ (N-{{(4-chlorophenyl)
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amino} carbonyl}°-2?6-difluorobenzamide) to Chrysopa larvae. Abies,

Jones 3 and Bee (1977) observed that this chemical was very detrimental to 

£. carnea, reducing egg viability, larval survival, percentage of larvae 

pupating, and adult emergence. On the other hand, Keever, Bradley, and 

Ganyard (1977) staged that lacewing populations were not significantly 

affected by diflubenzuron. Both investigations were conducted in the 

field.

Putman (1956) reported that there existed a difference in sus

ceptibility of two species of Chrysopa to DDT; C. carnea was very tol

erant to applications of DDT, whereas C. rufilabris was quite susceptible 

to this substanceb This study is totally supported by the investigation 

of Herne and Putman (1966). Lawrence (1973) asserted that C. rufilabris 

larvae had developed some degree of tolerance to the insecticides and 

miticides tested, in that large dosages were required to obtain LD^^ 

(lethal dose for 50% of the test organisms) values. Pesticides were 

applied ventrally.

Sublethal dosages of DDT produced an unusual, effect on adult C. 

carnea. Lacewings laid more eggs on trees either growing in soil treat

ed with DDT or on trees which had been sprayed directly with the sub

stance than did insects caged on control trees, as observed by Fleschner 

and Scriven (1957). The authors also noted a difference in oviposition 

on trees grown in two different soil types.

Metcalf (1967) stated that the level of detoxifying activity in 

a given species may often determine the susceptibility, tolerance, or 

resistance to a given insecticide. He stated further that the
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genetically-acquired resistance of insects to a variety of pesticides is 

associated with enhanced multifunction oxidase (MFO) activity. Thus far, 

the only study which has determined the MFO activity in £. carnea was \ 

done by Brattsten and Metcalf (1970). They reported that the synergistic 

ratio for lacewing larvae was 7.5 when tested with carbary1 and piperonyl 

butoxide (butyl carbitol G-propylpiperpnyl ether)„ This ratio was 

average in comparison to the other 53 insect species tested and might 

account for the susceptibility of £. carnea to carbary1, as previously 

cited.

Pyrethroid Literature

Pyrethroids are synthetic analogues of pyrethrum, a botanical 

insecticide occurring in the flowers of Chrysanthemum spp., family 

Compositae. Besides being cheaper to produce and use, the synthetics 

are more stable in light, moisture, and air than are the natural com

pounds (Matsumura, 1975). Permethrin and fenvalerate, among the newest 

pyrethroids, were synthesized* by Elliott et al. (1973) and Elliott et 

al. (1975), respectively. The 1973 study by Elliott and his co-workers 

formed the foundation for future investigations because they synthesized 

compounds that were stable under field conditions.

Mode of Action

The primary target of the pyrethroids is considered to be the 

nerve, but the exact site of action along the nerve is unknown. There 

are two theories as to where the site of action rests: the nerve synapse 

and the nerve axon membrane. Burt and Goodchild (1971) suggested that
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the neurotoxic action of pyrethrin in the American cockroach, Periplaneta 

americana (L.), was associated with synaptic transmission, manifesting 

itself through increased post-synaptic activity. Narahashi (1971, 1976), 

however, suggested that the site of action of allethrin (dl-2-ally1-4— 

hydroxy-3-methy1-2-cyc1openten-1-one of the racemic dl-chrysanthemum 

monocarboxylic acids) was the nerve membrane.

Van den Bercken, Akkermans, and Van der Zalm (1973) studied the 

effects of allethrin on the lateral line organ in the clawed toad. The 

results showed that allethrin induced repetitive activity in the nervous 

system but it was confined to sensory fibers. Moreover, these effects 

were post-synaptic in origin and were proposed to be induced by an
i

affect of the sodium conductance on the membrane;

Using the toxic isomer of bioresmethrin- ((5-benzyl-3-furyl) 

methyl-2,2-dimethy1-3-(2-methyIpropeny1) cyclopropanecarboxylate), Evans 

(1976) demonstrated that the muscle fiber membrane and the neuromuscular 

junction were not sites of actions for pyrethroids in vertebrates. He 

stated further that this compound does not affect the acetylcholine 

release from the motor nerve terminals, nor does it affect the kinetics 

of the acetylcholine interaction with the end-plate receptors. It was 

strongly suggested that the motor axons of the frog are affected by the 

pyrethroid.

Burt and Goodchild (1977) reported that the giant fiber axons of 

cockroaches were probably not the critical sites of action of the pyre

throids. They also found that fenvalerate, unlike permethrin, did ex

hibit a nerve-recovery phase but it occurs late in the poisoning process.
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WouterSj Van den B ere ken, and Van Ginneken' (1977) studied the 

action of allethrin on the frog motor end-plate. Their results showed 

substantial repetitive activity of the pre-synaptic nerve membrane, but 

only when the insecticide was applied on the nerve in the vicinity.of 

the muscleo No other genuine synaptic effects from allethrin, pre- or 

post- synaptic, were observed nor were there any significant effects on 

the muscle fiber membrane, From this literature then, the site of action 

is considered to be the axonal nerve membrane and not the nerve synapse *

The mechanism of action of the pyrethroids is believed to be 

related to changes in nerve permeabilities to sodium and potassium ions 

(Narahashi 1971, 1976). Wouters et al. (1977), in agreement with this 

viewpoint, commented that allethrin-induced repetitive nerve activity 

was directly related to the prolongation of the transient increase in 

sodium permeability.

The increase of toxicity of pyrethroids as the temperature is 

lowered has been known for years (Narahashi, 1971). This negative tem

perature coefficient has been demonstrated in the newer pyrethroids by 

Harris and Kinoshita (1977). Other general characteristics of these 

compounds, as shown by Narahashi (1962a,-b), are increase in negative 

after-potential, repetitive after-discharge, and conduction block.

These three actions are assumed to account for the hyperexcitation and 

paralysis of the poisoned insect.

Camougis (1973) reported that the pyrethroids have been shown to 

be highly lipid soluble and are not electrically charged. From this and



other studies examined9 he concluded (p. 211):
the pyrethroid molecules are bound or dissolved in the lipid - 
layer ..of the nerve cell membrane and thus exert their blocking 
effects. The dissolution in the lipid portion of the nerve 
membrane may account for poor reversibility after washing. If 
the number of molecules in the nerve membrane is sufficiently 
large, interference with cationic conductances finally leads 
to nerve block.

The author stated further that the typical symptoms of pyrethroid 

intoxication of insects, knockdown and paralysis, may be caused by 

excitation and nerve block at the systemic level.

A more recent study suggests that the mode of action for knock

down and paralysis is different from that of death. Takeno et al. (1977) 

demonstrated that allethrin and tetramethrin (l-cyclohexene^l,2^dicarb- 

oximido-me thy1 2,2-dimethy1-3-(2-methyIpropenyl)-cyclopropanecarboxylate) 

which are good knockdown agents, had a marked nerve stimulatory action 

and poor killing ability. Permethrin, on the other hand, exhibited poor 

knockdown and nerve stimulatory action but was shown to have had the 

highest killing power. Working with a crayfish nerve cord, Nishimura and 

Narahashi (1978) observed that nerve potency and insecticidal potency did 

not run parallel with each other for many pyrethroids. The best example 

cited was permethrin; the ( + ) cis, (+■) cis, trans, and (-) trans forms 

were very effective on the nerve, whereas (•+) trans^permethrin had very 

little nerve potency but had very high insecticidal power.

Murphy (1975) reported on the symptomology of the pyrethroids in 

man. He stated that contact dermatitis was the most common symptom ob

served. With massive doses ingested orally, however, nervous excitation, 

convulsions and diarrhea have been noted. Death is caused by respiratory 

failure.



Insect Metabolism

Metabolism of pyrethroid insecticides in insects has been con

ducted by only a few investigators. Yamamoto, Kimrnel, and Casida (1969) 

studied the metabolic fate of pyrethrin I (ester of pyrethrolone and 

chrysanthemic acid and pyrethroic acid), d-trans-allethrin, d-trans- 

tetramethrin, and d-trans-ditriethrin (2,4-dimethylbenzyl-2,2^dimethy 1-3- 

(2-methyl-propenyl) cyclopropanecarboxylate) in houseflies in vitro.

The authors observed that all the compunds were oxidized primarily at the 

trans-methyl group in the isobutenyl side chain of the chrysanthemumic 

acid moiety without cleavage at the ester linkage. ' This oxidative degrad

ation pathway was used subsequently to explain resistance of allethrin 

ĴLn res is tant-Baygon flies (Plapp and Casida, 1969). Miyamoto and Suzuki 

(1973) c^ser^exi trhat oxidative brodegrad:ati:On playad a minor role of im

portance in the metabolism of tetramethrin in houseflies Jn vivo, whereas 

cleavage of the ester bond was one of the principal metabolic pathways* 

The authors did, however, have difficulty in relating the cleavage mech

anism entirely to hydrolytic processes, In a follow-up study, Suzuki and 

Miyamoto (1974) observed that tetramethrin was metabolized in vitro pri

marily by hydrolytic pathways, employing either a carboxyesterase or a 

hydrolase, and that oxidation was again of minor importance to the meta

bolic processes in various strains of houseflies. They concluded that , 

just as in mammals, pyrethroids are degraded by two pathways; oxidative, 

as seen with allethrin in the Yamamoto et al. (1969) study; and hydro

lytic, as seen with tetramethrin.
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In the first of two studies, Jao and Casida (1974a) investigated 

the importance of esterases and oxidases in the metabolism of chrysanthe- 

mate insecticidal chemicals in several insect species. The milkweed bug, 

Oncopeltus fasciatus Dallas, employed esterases to metabolize tfans- 

resmethrin and tetramethrin whereas oxidases were important degrading 

cis-isomers. In the cockroach Blattella germanica L., both esterases 

and oxidases metabolized (+) cis—tetramethrin. Adult female Musca 

domestica L. oxidized the pyrethroids whereas fifth instar larvae of the 

cabbage looper Trichoplusia ni (Hubner) employed both esterases and 

oxidases to limit the toxicity of these substances. In their second 

study, Jao and Casida (1974b) observed that the milkweed bug and cabbage 

looper esterases cleaved the trans-isomers much more rapidly than the 

cis-isomers of resmethrin and tetramethrin. Also, when comparing insect 

and mammalian esterases, insect preparations were much less active than 

those from mammalian systems.

Shono, Unai, and Casida (1978) studied the metabolism of 

permethrin in the American cockroach, housefly adults, and cabbage 

looper larvae in vivo and reported that degradative pathways were ini

tiated either by ester hydrolysis or hydroxylation. The preferred site 

for hydroxy1ation for all insects was the 4 1-position of the phenoxybenzyl 

group. The authors commented that metabolic detoxification was a major 

limiting factor of the insecticidal activity of permethrin. Any synergist 

employed would have to inhibit both the esterases and oxidases present 

because when one pathway is blocked, the other increase's its degrading 

activity. Thus, from these studies it is apparent that various insect 

species respond differently to pyrethroid insecticides and that
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stereoisomerism is also important in which metabolic scheme is activated 

within a given insect.

Mammalian Metabolism

The biodegradation of pyrethroids in mammals occurs by hydrolytic 

and oxidative processes mediated by liver microsomal.esterases and NADPH-

dependent MFO (Suzuki and Miyamoto, 1974; Abernathy and Casida, 1973).
, \

Geometric isomerism has an important role in metabolism. Primary alcohol 

esters of trans-substituted eyelopropane-carboxylie acids are metabolized 

principally by esterases within the mouse liver microsomes, whereas pri

mary alcohols of cis-substituted cyclopropane-carboxylates are degraded 

xtfithin the MFO, as stated by Soderlund and Casida (1977). Elliott et al.

(1976) found that (1R, trans)-perme thr in was more rapidly and completely 

metabolized than was (1R, cis)-permethrin. This difference was attri

buted to the stability of the ester linkage in the cis-isomer.

Detoxification of c is-permethr in results from hydroxylation at 

the 2 1-phenoxy, 4 1-phenoxy, or 2-trans-methyl position previous to 

esteratic cleavage and is followed by further oxidation. Three- 

phenoxybenzoic acid (free and glucuronide and glycine conjugates), the 

sulfate conjugate of 4*-hydroxy-3-benzoic acid, and the sulfate conjugate 

of 2*-hydroxy-3-phenoxybenzoic acid (cis-permethrin only) are other major 

permethrin metabolities from rats (Gaughan, Unai, and Casida, 1977).

Permethrin metabolites have been shown to be rapidly excreted.

In a preliminary metabolism study, Elliott et al. (1976) showed that 76- 

95% of the radiocarbon from (1R, cis, trans)-permethr in was recovered in 

the excreta of rats after 4 days, the majority being eliminated within



24 hrs. The follow-up study by Gaughan et al. (1977) showed that 97- 

100% of the radiocarbon was recovered 12 days after oral administration 

of the pyrethroido Very little radiocarbon persisted in the tissues of 

goats and rats, the fragments from cis^-p er me t hr in tended to last longer 

and in greater quantities than those from the corresponding trans- 

compound (Hunt and Gilbert, 1977; Gaughan et al., 1977). Although this 

excretion pattern seems fairly rapid, Miyamoto (1976) stated that the 

pyrethroids are excreted somewhat slower than the organophosphorus and 

carbamate insecticides. The most striking result from the experiments 

of Elliott et al. (1976), Gaughan et al. (1977), and Hunt and Gilbert

(1977) was that the trans-isomer metabolites of permethrin were excreted 

mainly via the urine, whereas the cis-isomer metabolites were excreted 

principally in the feces.

The metabolism of permethrin in lactating Jersey cows was invest

igated by Gaughan et al. (1978). They discovered that: (1) permethrin

isomers are degraded through oxidative and hydrolytic pathways, as seen 

in other mammals; (2) the trans-isomer and its metabolites were excreted 

more rapidly than the cis-isomer and its metabolites; (.3) the degradative 

products of trans- and not c_is-permethrin were eliminated primarily 

through the urinary tract; (4) cis-permethrin levels were highest in fat 

and liver tissues; and (5) extremely small quantities of the pyrethroids 

were detected in the milk. The trans-methyl group of both isomers was 

the preferred site of hydroxylation.

In a recent investigation by Suzuki and Miyamoto (1978), pyreth- 

roid carboxyesterases were isolated, purified, and studied from rat liver
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microsomes. The authors concluded that this esterase was most likely

. 'identical in nature to malathion carboxyesterase and that it greatly 

contributes to the detoxication of trans-isomers of pyrethroids in 

mammals,, as well as some organophosphates such as malathion and phenthoate 

(0,0-dimethyl S-(a-ethoxycarbonylbenzyl)-phosphorodithioate).

Other Metabolism

The degradation of permethrin in soil and microbial cultures has 

been determined by Kaufman et al. (1977). .The pyrethroid was rapidly 

decomposed in soil, the trans-isomer breaking down faster than the cis 

and microbial action was of major importance. Hydrolysis was the major 

mechanism cited and €0^ was the ultimate metabolic product, Fenvalerate 

degradation in soil has been observed by Qhkawa et al, (1978), The half- 

life of this pyrethroid was 15 days to three months and9 like permethrin, 

decomposition was attributed mainly to microbial action with CO^, evolu

tion as the final metabolic step, *

Gaughan and Gasida (1978) investigated the metabolism of trans- 

and cis-permethrin on cotton and bean plants. They observed that ester 

cleavage was the principal degradative process, the trans-isomers more 

susceptible to attack than were the cisyisomers. Except for the nature 

of the conjugating moieties, the authors stated that the produces iso

lated were identical to permethrin metabolites from mammalian studies. 

Photodecomposition experiments by Holmstead et al. (1978) and Holmstead, 

Fullmer, and Ruzo (1978) demonstrated that both permethrin and 

fenvalerate were degraded mainly by ester cleavage.



Nontarget Toxicity

The effects of the pyrethroids permethrin and fenvalerate on 

nontarget organisms have been observed by several researchers. Miura 

and Takahashi (1976) reported that Pydrin was quite toxic to two-day old 

mosquito fish, Gambusia affinis (Baird and Girard). There were also 

initial detrimental effects to populations of plankton and mayfly nymphs, 

but recovery occurred after three weeks. Jolly et al. (1978) reported 

that permethrin was quite toxic to crawfish and channel catfish, the LC^q 

values being 0.62 and 1.10 parts per billion (ppb), respectively..

However, bass, mosquito fish, and bullfrog tadpoles were more tolerant, 

the tadpoles exhibiting the greatest tolerance with an value of

7033 ppb. In a mosquitocide screening study by Mulla, Nawab-Gojrati, 

and Darwazeh (1978):, fenvalerate was the most, toxic pyrethroid tested, 

eliminating natural populations of mayfly naiads at application levels 

effective for mosquito control. Permethrin was less toxic than 

fenvalerate, the naiads recovering from the initial treatment within one 

to three weeks.

Plapp and Vinson (1977) studied the toxicity of permethrin and 

fenvalerate on the tobacco budworm and its ichneumonid parasite, 

Campoletis sonorensis (Carlson), and observed that the insecticides were 

equally toxic to the host and the parasite. Also, natural pyrethrins 

were found to be 100 times more toxic to £. sonorensis than to H. 

virescens. Roush and Hoy (1978) studied the effects of Ambush®' 

(permethrin; 45:55 cis/trans ratio; ICI PP 557) (m-phenoxybenzyl (+) cis, 

trans-3-(2,2-dichlorovinyl)-2,2-dimenthylcyclopropanecarboxylate) on the
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mite predator Metaseiulus occidentalis (Nesbitt) and its prey,

Tetranychus urticae Koch. They observed that the two spotted mite, T. 

urticae, was 20 to 40 times more tolerant to Ambush than was its predator. 

Press, Flaherty, and MacDonald (1978) reported that permethrin was the 

most toxic insecticide of five tested on the predacious hemipteran 

Xylocoris flayipes (Reuter) at the-LD^q level. The bug, however, showed 

a greater tolerance to all of the compunds used than did three of its 

prey species. Of four pyrethroids and the carbamate methomyl tested on 

five parasite species, fenvalerate was generally the least toxic, as 

observed by Waddil (1978). The toxicity of permethrin was moderate to 

high, varying with the different species involved, Methomyl was detri

mental to all insects tested.

Summary and Statement of Problem

These studies have shown that the common green lacewing, £. 

carnea, is an important member of the ecological food web in field 

crops. Larvae are valuable components of the natural enemy complex 

existing within a given field because they are thorough, efficient, 

general predators. The immature lacewings also have exhibited noted 

tolerance to a variety of agricultural insecticides, including organo- 

chlorines, cyclodienes, organophosphates, and carbamates. Tolerance to 

the pyrethroids permethrin and fenvalerate has been shown in a prelimi

nary investigation. No researchers have reported the effects of any 

insecticides on the complete life cycle of this insect.

Pyrethroid insecticides are recent additions to the agricultural 

chemicals available for pest control. These compounds are potent



23

neurotoxins causing knockdown, paralysis, and death in poisoned insects. 

The complete mode of action has not been elucidated. The metabolism of

permethrin in insects and mammals, follows both oxidative and hydrolytic
' . . pathways. New developments of susceptibility in nontarget organisms to

these chemicals has been noted.

The purpose of this study is to investigate the effects of five

pyrethroids on third instar larvae of £. carnea. A range^finding study

was performed initially to determine the response of the larvae to

several concentrations of these chemicals. More intensive studies

followed comparing the effects of a single concentration, as determined

by the range-finding study, of the five compounds on larvae over a three-

day period. A survivorship and fecundity comparison investigated the

effedts of permethrin and fenvalerate over one generation of the lace-

wings (larva to larva). A metabolic study using permethrin attempted
/

to explain any exhibited tolerance or susceptibility of the larvae.
r

The results obtained might have given insight into how the pyrethroids 

are affecting this predator under field conditions. Information might 

have been generated on the symptomology of pyrethroid-poisotted insects.



METHODS AND MATERIALS

Insect Rearing

Two cultures of carnea were maintained for this investigation. 

Destalked lacewing eggs., purchased from Rincon-Vitova Insectaries, Inc. 

(Oakview, CA), were used to initiate the California (C) culture. Adults 

were collected in May, 1978, from fields west of Blythe, CA, where they 

had been subjected to heavy pressure of organochlorine, organophosphate 

and carbamate insecticides. For the second culture, adult C. carnea 

were collected in alfalfa fields at the University of Arizona Agricul- - 

tural Experiment Station, Tucson, in early June, 1978. Sweep nets, a 

fabricated light trap, and a suction sampling device (D-Vac ), designed
I '■ .

by Dietrick (1961)., were used to capture adults. These insects were 

immediately brought back to the laboratory, identified, separated into 

groups of 50, and placed in breeding chambers. The eggs obtained were 

used to initiate the Arizona (A) culture. These lacewings had experi

enced- little or no insecticide pressure.

Larval stages of each culture were reared following the method

of Morrison, House, and Ridgway (1975). The rearing unit consisted of
Rthree 40 x 60 cm sheets of 0.32 cm thick ornamental Masonite , obtained 

on loan from Rincon-Vitova Insectaries, Inc. (Riverside, CA). As de

scribed by Morrison et al. (1975, p. 821) , -the Masonite was "ready-made with 

0.64 cm pieces (cells) removed from solid material in a regular pattern 

that left a 0.32 cm border between cells. When the three (boards) were

,4
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stacked together 3 the cells were in vertical alignment»n The effective 

rearing area of this unit was reduced from 2100 cells to 720 central 

cells, so that it would be necessary to handle fewer larvae at one time.
r • ' -

Pieces of nylon organdy ca. 50 x 70 cm were laid on either side of the 

middle panel and eight 32 mm paper binder clips were used to hold the 

rearing unit together (Figure 1)»

For tray inoculation,. two sheets of Masonite separated by one 

piece of organdy were placed together and temporarily clamped on each 

side. A paper template was placed on the top sheet of Masonite so that 

only the 720 cells were visible. Then ca. 420 C. carnea eggs (0.4 g), 

as measured and reported by Morrison et al. (1975), one to ten days old 

were placed in a salt shaker and distributed evenly over the effective 

rearing area. Those eggs which did not fall into cells were manipulated 

to do so with a camel hair brush. Then ca. 52,000 eggs (1.0 g) of the 

Angoumois grain moth, Sitotroga cerealella Oliver, purchased from Rincon^ 

Vitova Insectaries, were placed in the salt shaker and sprinkled over the 

cells. Again, the camel hair brush was used to position any stray eggs. 

The template and the temporary clamps were carefully removed and the 

second piece of organdy cloth was placed over the seeded unit. The last 

sheet of Masonite was placed on top, making sure all the cells were in 

vertical alignment. The rearing unit was then clamped together with two 

clips per side (Figure 2). Additional Sitotroga eggs were distributed 

over the seeded area of the outside sheet of Masonite in the manner and 

at the rate described above.
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Figure 1. Disassembled larval C. carnea rearing unit showing the 
sandwiched nature of the nylon organdy pieces and the 
Masonite^ panels. —  Larvae were contained within cells 
of the middle panel by the two pieces of organdy and the 
two outer Masonite panels. Cells were aligned vertically 
for feeding. Insects were held at 27°C, 65% RH, and a 
22:2 light-dark cycle. (Unit is approximately %th 
original size)
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Figure 2. Assembled larval C. carnea rearing unit showing the position 
of the eight binder clips. —  Larvae were contained in 720 
central cells within the middle Masonite^ panel and were fed 
frozen £5. cerealella eggs every two days. Insects were held 
at 27°C, 65% RH, and a 22:2 light-dark cycle. (Unit is 
approximately 1/6th original size)
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Additional feeding was performed by first inverting the unit 

momentarily to discard spent eggs and then distributing fresh moth eggs 

over the rearing area by the methods outlined above. Larvae were fed 

six times following tray set-up at two-day intervals. The insects fed 

on the moth eggs outside their cell by reaching through the organdy cloth 

with their mandibles.

One gallon cylindrical ice cream containers, with a volume of
33970 cm (17 x 17.5 cm), were employed as adult breeding chambers fol

lowing the method of Finney (1948). The bottom of the container had a 

removable screened lid for access to water and the top had a smaller 

screened hole (ca. 6 x 6 cm) for illumination. The unit was placed on a 

petri dish containing water-soaked cotton and covered with a 15 x 15 cm 

piece of nylon organdy, so as to catch any loose eggs.

For ease and efficiency of harvesting eggs, the container was 

lined with two pieces of brown wrapping paper. One was cut to line the 

wall of the cylinder as was coated with a paste of sugar: Yeaco-20

(1:1, w/w) on one side so as to provide an essential food source. The 

principal advantage of using this yeast diet was high fecundity as re

ported by Hagen and Tassan (1970). The second piece of paper was cut to 

fit the inside top of the breeding chamber including a hole coinciding 

with the screened opening (Figure 3). Masking tape was used to secure 

the paper. Every third day, the adult chambers were removed from the 

temperature cabinet (EnvironatorR , Model E42) and manually shaken over 

sheets of white paper to recover any loose eggs.
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Figure 3. Adult C. carnea breeding chamber with removable screened 
bottom and two pieces of brown wrapping paper. —  The 
circular piece of paper fit the inside top of the chamber. 
The paper strip was coated with Yeaco-20^-: sugar diet
and lined the entire wall of the chamber. The unit was 
placed on a petri dish containing water-soaked cotton. 
Insects were held at 27°C, 65% RH, and a 16:8 light-dark 
cycle. (Chamber is approximately l/3rd original size)
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Adults were lightly anesthetized with CO^, transferred to fresh 

breeding chambers, and returned to the temperature cabinet. The two 

pieces of brown paper were carefully removed from the cylinders and the
Rstalked eggs were harvested by slowly scraping an X-Acto knife (blade 

# 11) across the surface ofc the paper, thus breaking the stalks. These 

eggs were placed in 29.6 ml (1 oz) clear plastic cups (Lily Ice Cream 

Co., Tucson) and stored in an unlighted refrigerator at 4°C.. A Masonite 

tray was inoculated when there were enough eggs.

Larvae from generations three to seven were used in this study.

A new generation was initiated every 45 days by permitting the larvae in 

one Masonite tray to pupate. The rearing unit was disassembled ca. 14 

to 16 days after tray set-up and the pupae were individually removed to 

29.6 ml clear plastic cups, 20 per cup. They were held in these con

tainers until emergence, at which time they were transferred into fresh 

breeding chambers.

All rearing, breeding, and dosing was done in temperature 

cabinets under the following conditions: 28 + 0.5GC, 65 + 5% RH, and a

22:2 light-dark cycle for the larvae and a 16:8 cycle for the adults.

Dosing

The general method of Hopkins, Taft, and James (1975) was 

followed during dosing. Larval trays were disassembled when larvae had 

achieved the third instar (ca. 10 to 12 days after tray set-up) and each

larva was placed in a 29.6 ml clear plastic cup. Insects were then
0 . . ; placed in a refrigerator at 4 C for 45 min to reduce their activity.

The cups were removed and placed on crushed ice (6°C inside the cup)
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immediately prior to dosing. Each insect was dosed with technical 

grades of one of five pyrethroid insecticides dissolved in acetone. The 

chemicals used were: Pydrin (92.3%) obtained from Shell Development Co.; 

Ambush (93.7%) obtained from ICI Americas Inc.; and Pounce (94.4%), cis- 

y Pounce (95% + cis-isomer of permethrin) (99.3%), and trans-Pounce (95%

■+ trans-isomer of permethrin) (99.3%) obtained from FMC Corporation 

(Figure 4). One microliter (pi) of these solutions was applied topically 

to the dorsal thoracic region. Applications were made-using a motor- 

driven microapplicator (Instrumentation Specialties Co.) mounted with 

a k cc syringe fitted with a 27-gauge needle. Four replications of 25 

larvae each were treated for each culture and each chemical. Ten larvae 

per each of the four replicates were employed as controls (one pi of 

acetone per ins ec t). Therefore, 140 larvae were used per culture for 

each chemical tested. To determine the average larval weight, 40 larvae 

(ten per each of four replicates) were selected without bias from 140. 

They were weighed ; using a Mettler analytical balance and returned to 

the larval pool. Then 40 larvae were chosen without bias to serve as 

controls.

During dosing, each insect was placed on a 2 x 2 cm sheet of 

viable pink bollworm, Pectihophora gossypiella (Saunders), eggs obtained 

from the Western Cotton Research Laboratory (USDA, Phoenix). Insects 

were returned individually to the plastic cups and placed in the tempera

ture cabinet.

Post-treatment effects were observed at 24, 48 and 72 hrs. The 

effects recorded were mortality, paralysis, failure to pupate
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successfully (FTP), and knockdown. FTP was defined as the larva being 

curled with only a partial, disorganized webbing around it, i.e., no 

cocoon was formed. Paralysis was defined as the larva being unable to 

walk and exhibiting jerky head and leg movements while lying on its * 

dorsum. Knockdown was differentiated from paralysis in terms of time; 

knockdown occurred within the first two hours after dosing whereas 

paralysis occurred 12 hrs or more after dosing.

Range-finding studies with approximately ten insects per dose 

were conducted with the A-culture. The majority of the large-scale 

dosing was performed with both cultures using only one concentration of 

the pyrethroid insecticides, 250 jig/pi. This dose was based on the 

results of the range-finding studies.

Survivorship and Fecundity Comparison _

Experiments determining the effects of the pyrethroids Pounce 

and Pydrin through one generation (larva to larva) of Q* carnea were 

conducted. One hundred third instar larvae from the A-culture (four 

replications of 25 larvae each) were dosed topically with technical 

grades of either Pounce or Pydrin dissolved in acetone. Each insect 

received <a 10 yg dose following the procedure previously outlined. Four 

replications of 25 larvae each were employed as controls (one yl of 

acetone per insect). Average larval weight was determined.

Each larva was fed with a 2 x 2 cm sheet of viable pink bollworm 

eggs every third day until they pupated. The insects were kept separate 

until they emerged as adults. They were then counted, placed in breeding 

cylinders and reared as described above. The eggs obtained from each
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harvest were weighed and then placed in an unlighted refrigerator at 4°C 

for storage. Two Masonite trays for each investigation (one treated, 

one control) were inoculated with 475 mg of C. carnea eggs. Seven days 

later, the larvae in the trays were counted to determine the relative 

percentage of egg hatch (number of larvae per number of cells in the 

Masonite tray seeded).

Post-treatment effects (mortality, paralysis, and FTP) were 

observed through one generation. Percent adult emergence, relative 

fecundity, relative percentage of egg hatch, and length of egg-laying 

period were also recorded for each group.

Permethrin Metabolism

Metabolism studies were conducted in third instar larvae of the 

green lacewing, £. carnea. Destalked eggs, purchased from Rincon-Vitova 

In sectaries (Oakview, CA), were employed to initiate the culture used 

for this, experiment. Insects were maintained for one generation in the 

laboratory prior to testing by methods previously described. All rear

ing and breeding was done in temperature cabinets under the following 

conditions: 27 + 0.5°C, 65 + 5% RH, and a 22:2 light-dark cycle for the 

larvae and a 16:8 cycle for the adults. The method of Shono et al. 

(1978) was modified so that gas-liquid chromatography (GLC) could be 

used for analysis instead of thin-layer chromatography. Five treatments 

were used for the metabolic study (Table 1). Larvae in the first treat

ment were each dosed topically with 100 Pg Pounce and held for 48 hrs. 

The fortified control consisted of spiking the tissue of 25 larvae with



35
Table 1. Treatments used in metabolism studies of third instar larvae 

of the green lacewingj €. carnea.~~A modified method of Shono 
et al. (1978) was followed.

-
Number of Insects 

per Replicate
Methanol

(ml)
2.5 mg/ml Pounce 
in Methanol (ml)

Lacewings"*"

Dosed^  ̂
Fortified Control

25 5 . 0
25 4 1

Tissue Control 25 ' : 5 0
Recovery Standard 0 ' 4 1
Reagent Blank 0 ■ 5 0

Houseflies^
3Fortified Control 15 4 1

Tissue Control 15 5 0
Recovery Standard 0 4 1
Reagent Blank 0 5 0

^"Experiment was triplicated.

^Larvae were each dosed with 100 pg Pounce and held for 48 hrs at 27°C, 
65% RH and a 22:2 light-dark cycle.

3Pounce was added to tissue upon homogenization.

domestica L. The housefly study was done to prove the analytical 
method and it was duplicated.
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2 c5 mg/ml Pounce in methanol upon homogenization. The experiment was 

triplicated.

A recovery study was performed using adult houseflies, M. 

domestica, to prove the analytical method. Flies were obtained from 

the laboratory culture of the Department of Entomology at The University 

of Arizona, Tucson. Four treatments were used for this study (Table 1). 

The experiment was duplicated. j

Extraction consisted of mixing the components of each "group11 

using a Potter Elvehjem homogenizer mounted on a 1/50 HP motor. This 

was followed by counter-top centrifugation for 10 min at.2900 rpm to 

recover organosoluble metabolites. The precipitates were re-extracted 

twice, each in 5 ml of methanol. The combined supernatants were added 

to 15 ml of hexane in a separatory funnel and shaken for 1 min. Then 

90 ml of distilled water and 5 ml of saturated sodium chloride solution 

were added and the mixture was shaken for another minute. The hexane 

layer was separated, dried through sodium sulfate, and cleaned-up by 

passing through a standard 1" (2.54 cm) florisil column. The resulting, 

extract was then concentrated under nitrogen and brought up to volume 

with hexane.

Analyses of the hexane extracts were performed on a Tracor MT

220 GLC using an electron-capture N i ^  detector and a 2*4" pyrex column

(l.D. 4 mm) packed with 3% SP2330 on 100/120 mesh Chromosorb W (27% A.W.

70% H.P.). The following parameters were used: Inlet, column and

detector temperatures were 200, 195, and 2650C, respectively; carrier 
at 92 ml/min flow rate. Retention time of the cis-isomer was 12.8 min

and the trans-isomer was 16.1 min.
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Quantitation was by peak height. Injections of two to six yl 

analytical standards (0.8 ng/pl cis-isomer, 1.2 ng/pl trans-isomer 

Pounce in redistilled hexane) were, used to prepare a standard curve.

All samples were injected to determine the quantity of parent isomers. 

Micrograms recovered of dosed material was corrected for methodology 

recovery. Each replicate was sampled twice and averaged. There were
f

no interfering peaks in the tissue controls or reagent blanks.

Statistics

Statistical analyses of the data were performed through the 

services of the Agricultural Experimental Station, Quantitative Services 

Division. Analysis of Variance (ANOVA) was performed on data from the 

dosing studies. A mean separation procedure, Least Significant Dif

ference (LSD), was run after a factor was found to be significant from 

ANOVA. An arc-sin transformation was done to stabilize the variance 

and thus satisfy the assumption of ANOVA (Marx, 1979, personal 

communication).

V



RESULTS

Tolerance Studies 

The results of range-finding dosing revealed that U. carnea 

could tolerate a wide range of doses of all the pyrethroid insecticides 

tested. Pydrin concentrations from 0.11 to 800 ug/yl were applied to 

the larvae. Approximately ten percent mortality was observed at levels 

from 0.11 to 2.2 yg, whereas no effects were observed at doses between x 

3.0 and 100.0 yg per larva after 48 hrs (Table 2). The largest per

centage of effects was seen at levels of 300 yg and above.

The effects of Ambush at 31.3 and 62.5 yg per larva were

paralysis (17 and 33%, respectively); at 125 yg, 17% mortality was ob

served; and at 250 yg, 54% of the larvae were affected: 13% mortality;

8% paralysis; and 33% FTP (Table 3). For the pyrethroids cis-, trans-, 

and racemic Pounce (40% cis,60% trans), the concentration of 30 Wg/yi 

elicited an 11% FTP response at 48 hrs with cis-Pounce but the larvae 

were unaffected after 72 hrs by the other two compounds (Table 3). No* 

effects were observed at the 60 yg level after 72 hrs with cis-Pounce 

whereas a 27% FTP response was recorded at 72 hrs with Pounce and a 27% 

total response occurred with trans-Pounce after 48 hrs (20% FTP; 7% 

paralysis). A 250 yg dose caused 17% mortality with cis-Pounce (72 hrs) 

and a 30% total response with Pounce at 48 hrs (7% mortality; 10% FTP; 

13% paralysis).

38
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Table 2. Effects of Pydrin at several concentrations on third instar 

larvae of C. carnea. — • Less than,15 insects were used per 
doncentration. Following treatment, insects were held at 28 C, 
65% EH, and a 22:2 light-dark cycle.

Dose
yg/insect - % Affected* 

M P
Time
hrs

0.11 9 0 - 48

0.60 0 0 / 48

1.10 8 0 24

2.20 10 0 24

3.0,4.0 0 0
' ->

48

10.0 ,20.0 0 0 48

100

300

0

20 o 
o 48

48

400 25 25 48

500 50 0 48

600 40- 0 48

800 40 0 ■ 00

= mortality; P = paralysis
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Table 3« Effects of Ambush3 Pounce3 cis-Pounce3 and trans“Pounce at 

several concentrations on third instar larvae of C. carnea. 
Less than 15 insects were used per concentration except where 
noted. Following treatment, larvae were held at 28°C, 65%

' RE, and a 22:2 light-dark cycle.

Insecticide Dose % Affected^ Time
yg/insect M P FTP hrs

Ambush 31.3 0 17 0 72

62.5 0 33 0 72

125.0 17 0 0 24

250.02 13 8 33 72

Pounce 30.0 0 0 0 72

60.0 0 0 27 72

250.03 7 13 10 48

cis-Pounce 30.0 0 0 11 48

60.0 0 0 0 72

250.02 17 0 0 72

trans-Pounce 30.0 0 0 0 72

60.0 0 7 20 48

= mortality; P = paralysis; FTP = failed to pupate
224 insects tested
330 insects tested
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Third instar larvae of 'C. carnea exhibited marked tolerance to 

all five pyrethroids tested over a 72 hr period at a dose of 250 yg 

insecticide per insect (Tables 4-6). Using 10 mg as the average larval 

weight9 the (dose that elicits observed effects from 50% of the

population tested) was greater than 25,000 yg/g insect.

The most common effect observed throught the study was FTP. It 

was most apparent in insects treated with Pounce and Pydrin. For these 

two treatment groups, FTP was significantly increased over time (Table 

7). There was no significant difference between treated A- and C— 

culture lacewings for this effect; however, A-culture insects showed pro

gressive effects over all three time periods whereas effects increased 

up to 48 hrs with 0-culture insects (Table 4 and 5). FTP did occur in 

acetone^treated controls and culture insects but only sporadically 

(approximately five out of 1000).

Paralysis was another effect observed. It was most evident in 

insects treated with trans-Pounce. These effects, however, decreased 

significantly with time. Paralysis increased over time in Ambush-treated 

insects (Table 7). The only statistically significant difference between 

the A- and C-cultures occurred for this effect with the compunds Pounce

and Pydrin. C-larvae were affected to a greater degree than were A-larvae.

Mortality was less than ten percent for all the pyrethroids at

any of the three time periods. The effect significantly increased over

time for the A-lacewings treated with trans-Pounce and Pydrin (Tables 

4-6). As shown in Table 4, mortality was greatest from the trans-Pounce 

treatment.



Table 4. Effects observed after 24 hrs with third instar larvae of C. carnea topically dosed with
250 yg pyrethroid insecticides(X + SE)« —  Following treatment9 insects were held at 28°CS 
65% RE9 and a 22:2 light-dark cycle.^92»3,4

Insecticide Average 
Weight in mg 

X + SD

Paralyzed Failed to 
Pupate

Mortality Total
Affected

cis-Pourice
C 9.8 + 1.1 4.0 + 1.6 3.0 + 1.0 0 7.0 + 1.9
A 9,3 + 0.7 1.0 + 0.5 a 2.0 + 1.2 a 2.0 + 1.2 a 5.0 + 1.9 a

trans-Pounce
A 9.2 + 0.9 27.0 + 6.0 c 12.0 + 4.0 b 1.0 + 1.0 a 40.0 + 6.3 c

5Pounce
C 9.4 + 0.8 11.0 + 2.5 b 17.0 + 3.0 L. 2.0 + 1.2 30.0 + 3.8 u
A 9.7 + 0.8 3.0 + 1.9 a 10.0 + 2.0 D 0 a 13.0 + 3.4 D

Pydrin"*
C 10.0 + 0.8 7.0 + 2.5 b 7.0 + 3.4 1.0 + 1.0 15.0 + 4.4
A 9.9 + 0.8 0 a 14.0 + 3.5 2.0 + 1.2 a 16.0 + 3.3 b

Ambush^
C 8.7 + 0.8 1.0 12.0 ^ 3.0 16.0 ,
A 9.0 + 0.7 1.0 a 8.0 b 1.0 a 10.0 b

Control insects were dosed with 1 yl of acetone.
2100 treated insects/group (4 replicates of 25 each).
3 ■Means followed by a different letter within a column, are significantly different at the 0.05 level.
^California (C) and Arizona (A) means were combined when performing mean separations except when 
there was a significant of difference between the two cultures.

^Significant difference shown between cultures for paralysis.
6 .No replicate data available.



Table 5. Effects observed after 48 hrs with third instar larvae of C. carnea topically dosed with
250 pg pyrethroid insecticides (X +. SE)= —  Following treatment, insects were held at 28°C9 
65% RH, and a 22:2 light-dark cycle^»2,3,4

Insecticide Average 
Weight in mg 

X + SD

Paralyzed Failed to 
Pupate

Mortality Total
Affected

cis-Pounce
C
A

9.8 + 
9.3 _

1.1
0.7

6.0 + 1.2 
0 a 4.0 + 0.0

3.0 * 1.0 a 0
2.0 + 1.2 a 10.0 + 1.2 

5.0 + 1.9 a

trans-Pounce
A. 9.2 + 0.9 17.0 + 5.8 b 12.0 +4.0 b 4.0 + 1.6 a 33.0 + 4.4 b

Pounce^
C 9.4 + 0.8 11.0 + 2.5 b 21.0 + 5.8 be 2.0 + 1.2 a 34.0 + 6.0
A 9.7 * 0.8 3.0 + 1.0 a 15.0 + 4.4 0 18.0+4.8 D

Pydrin^
C
A

10.0 + 
9.9 +

0.8
0.8

10.0 + 3.5 
5.0 + 3.0

b
a

15.0 + 5.3
27.0 + 6.6 c ■iiO + 1.0 

6.0 + 3.5 a 26.0 + 6.2 
38.0 + 8.3 b

Ambush6
C
A

8.7 + 
9.0 +

0.8
0.7

3.0
2.0 a

15.0 .
11.0 b

23.0 h
16.0 b

Control insects were dosed with 1 pi of acetone.
2100 treated insects/group (4 replicates of 25 each).
^Means followed by a different letter within a column are significantly different at the 0.05 level.
^California (C) and Arizona (A) means were combined when performing mean separations except when 
there was a significant difference between the two cultures.

5 . . .Significant difference shown between cultures for paralysis.
^No replicate data available.



Table 6 . Effects observed after 72 hrs with third instar larvae of C . carnea topically dosed with
250 ug pyrethroid insecticides (X + SE). —  Following treatment, insects were held at 28°C3 
65% RH, and a 22:2 light-dark c y c l e . ^^>3^4

Insecticide Average 
Weight in mg 

X + SD

Paralyzed Failed to 
Pupate

Mortality Total
Affected

cis-Pounce -
C 9.8 + i.i 6.0 + 1.2 4.0 + 0.0 0 10.0 + 1.2
A 9.3 + 0.7 0 a 3.0 + 1.0 a 2.0 + 1.2 3 5.0 + 1.9 3

trans-Pounce
A 9.2 + 0.9 12.0 + 3.7 b 13.0 +3.0 b 8.0 + 3.7 a 33.0 + 4.7 b

Pounce^
C 9.4 + 0.8 12.0 + 2.8 b 21.0 + 4.4 2.0 + 1.2 35.0 + 4.7 .
A 9.7 + 0 < 8 3.0 + 1.0 a 25.0 + 9.2 c 0 a 28.0 + 9.7

Pydrin5
C 10.0 + 0.8 11.0 + 3.0 b 20.0 + 7.7 2.0 + 1.2 33.0 + 6.6 .
A 9.9 + 0.8 5.0 + 3.0 a 28.0 + 5.9 c 7.0 + 3.0 a 40.0 + 7.5 b .

Ambush^
C 8.7 + 0.8 AuO 15.0 , 5.0 24.0 .
A 9,0 + 0.7 3l.C) a 12.0 ab 3. C1 8 18. C. b :

1Control insects were dosed with 1 pi of acetone,
2 * _

100 treated insects/group (4 replicates of 25 each). •
^Means followed by a different letter within a column are significantly different at the 0.05 level,
4California (C) and Arizona (A) means were combined when performing mean separations except when 
there was a significant difference between the two cultures.

5Significant difference shown between cultures for paralysis.
^No replicate data available.
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Table 7. Pairwise comparisons across time using a least significant

differences procedure. —  Values are in rank order; a change 
of rank indicates a significant difference at the 0.05 level.

Insecticide Time
hrs

Paralyzed Failed to 
Pupate

Mortality Total
Affected

cis-Pounce 24 a a a a
48 a b a a
72 a b v a a

trans-Pounce 24 c a ■ a b
48 b a b a
72 a b c a

2Pounce 24 a a a a
48 a b ' a b
72 . a c a c

Pydrin^ 24 a a a a
48 b b b b
72 b c c c

Ambush 24 a a a a
48 b b b b
72 c b b c

1Values are given according to lumped means which were obtained from the 
analysis of variance procedure on raw data.

2With respect to paralysis, there was a significant difference in mag- 
niture between the California and Arizona cultures. Both responded to 
the compounds similarly with time and thus their rankings were also 
lumped.
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Knockdown was observed only in larvae dosed with trans-Pounce. 

About 50% of the larvae exhibited this effect within the first hour 

after treatment. Knockdown was always proceeded by a period of hyper

activity. Insects showing knockdown either recovered or regressed to 

one of the other three effects observed. For insects treated with the 

other pyrethroids 3 general inactivity with little feeding was observed 

during the first hour post ̂-treatment. Exaggerated leg movements, 

scissoring of mandibles, climbing and rearing motions, and dragging one 

side of the head against the container were common by the second hour; 

this symptomology was not evident at the 24 hr reading. When they were 

not feeding, control insects during the first few hours post-treatment 

were moderately active.

The overall effects of trans-Pounce decreased during the first 

48 hrs whereas they increased with Pounce., Pydrin and Ambush (Tables 4-7). 

Cis-Pounce showed no significant change with time. The A-lacewings were 

affected more as time progressed and the O-iacewings were affected more 

rapidly within 48 hrs of treatment.

Cis-Pounce was the least toxic of the compounds tested, reaching 

the greatest degree of toxicity (10%) at 48 hrs in C-insects. Based on 

the results presented in the Total Affected column in Table 6, the most 

toxic pyrethroid was Pydrin; this was closely followed by Pounce, trans- 

Pounce and Ambush. During the course of the experiment, only two out of 

360 larvae serving as controls died, thus no correction factor was used.

Results of the survivorship and fecundity comparisons revealed 

that C* carnea was tolerant to Pounce but not to Pydrin at the 1000 pg/g
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level through one generation (larva to larva). Table 8 shows the mean 

survivorship of third ins tar larvae over a five day period. There were 

no differences in survivorship between Pounce-treated and control insects 

No mortality was observed for lacewings dosed with Pounce whereas two 

percent mortality was seen in the control group after 72 hrs. FTP was 

exhibited but paralysis was not at this dose of Pounce. Insects treated 

with this compound showed FTP to a greater degree than controls, but the 

level was only six percent.

The effects of Pounce on emergence, fecundity, and longevity are 

given in Table 9. There was no difference in percent emergence of adult 

lacewings between the treatment and the control. Those not emerging —  

18% for the Pounce group and 16% for the control insects —  died during 

the pupal stage. Eggs laid by the control and treatment females were 

equally viable, as shown by percent egg hatch. There was, however, a 

difference in quantity of eggs laid; control females laid 1.8 times more 

eggs than did females which were treated with Pounce during their larval 

stage. As seen in Figure 5, the curves of both groups were basically 

similar; peak egg production and decline periods occurred on the same 

dates. Since there were twice as many control females alive at the end 

of the experiment as there were "Pounce-treated” females (Table 9), this 

might explain the difference in number of eggs laid. The weight of eggs 

per female for the Pounce-treatment was 0.09 mg and 0.08 mg for the 

control females.

The mean survivorship of the third instar C . carnea larvae dosed 

with Pydrin is presented in Table 10. There was a distinct difference
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Table 8 . Mean survivorship of third instar C. carnea larvae dosed with 
1000 yg/g Pounce and observed for five days. —  Larvae were 
fed viable pink bollworm eggs on the first and third days. 
Insects were held at 28°C, 65% RH, and a 22:2 light-dark 
cycle following treatment.1^2

3Time Response Pounce Control
hrs

24 Failed to Pupate 0 0
Mortality 0 1 + 0.5

48 Failed to Pupate 2 + 0.5 0 ■
Mortality D 1 + 0.5

72 Failed to Pupate 4 + 0.8 2 + 0.5
Mortality 0 1 + 0.5

96 Failed to Pupate 6 + 1.0 2 + 0.5
Mortality . 0 2 + 0.6

120 Failed to Pupate ■ 6 + 1.0 2 + 0.5
Mortality 0 2 + 0.6

1100 insects per group (4 replicates of 25 each).
2Average larval weights: Pounce 9.2 + 1.2 mg; Control 9.3 + 1.3 mg.
3Insects were dosed with 1 yl of acetone.
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Table 9. Effects of a 1000 ug/g dose of Pounce on emergence, fecundity, 

and longevity of adult C. carnea. —  Insects were dosed during 
the third instar larval stage and were allowed to pupate. 
Adults were supplied with fresh diet (Yeaco-20:sucrose, 1:1 
w/w) every three days. All insects were held at 280C, 6.5% RH, 
and a 16:8 light-dark cycle.^

Percent
Emergence

Percent 
Egg Hatch^

Total Eggs 
Laid in 

50 days (g)

No. Females at 
Experiment 

Termination

Pounce 82 . 53.0 0.82 9

2Control 84 55.5 . 1.46 19

^100 unsexed insects per group.

Insects were dosed with 1 pi of acetone in the larval stage.
i . ■ . R .Number of larvae per 495 egg cells in Masonite rearing unit.
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Figure 5. Comparison of egg production by acetone- and Pounce-treated 
C. carnea. —  Treated insects were dosed as larvae either 
with 1000 yg/g Pounce or 1 yl acetone and were maintained on 
pink bollworm eggs until they pupated. They were placed in 
breeding chambers upon emergence and were fed Yeaco-20:sucrose 
diet. All insects were held at 27°C and 65% RH.
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Table 10. Mean survivorship of third instar _C. carnea larvae dosed with 

1000 yg/g Pydrin and observed for five days. — Larvae were 
fed viable pink bollworm eggs on the first and third days. 
Insects were held at 28°C* 65% RH, and a 22:2 light-dark
cycle following treatment.

Time ' Response Pydrin Control^
hrs

24 Failed to Pupate 15 + 1.6 1 + 0.4
Paralysis 2 + 1.1 0
Mortality 1 + 0.7 1 + 0.4

48 Failed to Pupate 34 + 3.5 ' 1 + 0.4
Paralysis 3 • + . 1.0 0
Mortality 1 + 0.7 1 + 0.4

72 Failed to Pupate 47 + 2.5 1 + 0.5
Paralysis • 3 + 1.0 0
Mortality 3 + 0.9 1 + 0.4

96 Failed to Pupate 55 + 2.0 1 + 0.5
Paralysis 1 + 0.5 0
Mortality 4 7 1.2 1 + 0.4

120 Failed to Pupate 64 + 2.0 2 + 0.7
Paralysis 2 + 1.1 0
Mortality 5 + 1.4 1 + 0.7

1200 insects per group (8 replicates of 25 each).
2Average larval weights: Pydrin 9.1 > 0.9 mg; Control 9.3 + 1.0 mg.
3Insects were dosed with 1 yl of acetone.
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between the treatment and the control. Only three percent total effects 

occurred in the aceton-treated group whereas up to 71% effects were ob

served in the Pydrin group, Susceptibility of the larvae to this com

pound increased with time. FTP was the predominant effect recorded, 

ranging from 15% at 24 hrs to 64% at 120 hrs. Paralysis was low through

out the experiment, fluctuating around two percent. Only five percent 

mortality was observed after the five-day period. Less than two percent 

of the Pydrin-treated larvae pupated during the experiment in comparison 

to 97% in the control larvae. Emergence, fecundity and longevity studies 

were not conducted with these insects based on the above results.

Metabolism Studies

Results of the permethrin recovery study from housefly tissue 

are presented in Table 11. Ninety-three percent of the cis-isomer and 

94% of the trans-isomer of permethrin were recovered from the extraction 

procedure in the absence of insect tissue, whereas 83% cis and 77% trans 

were reclaimed when tissue was present. In like fashion, 927 pg out of 

1000 pg cis possible and 1416 pg out of 1500 pg trans possible were re

gained from tissue-free extractions. These recoveries were in 40:60 

cis/trans (c/t) ratio, the correct relationship of permethrin isomers in 

the employed insecticide, Pounce. Preparations with housefly tissue 

present yielded 825 pg cis and 1158 pg trans, a c/t ratio of 42:58.

Tissue and reagent controls were free of Pounce residues.

Results of metabolism and recovery of permethrin from third 

instar larvae of the green laeewing are presented in Table 12. One 

hundred percent of the cis-isomer and 99% of the trans-isomer of Pounce



Table 11, Recovery of permethrin from M. domestica tissue (X + SE). —  The procedure of Shono et al.
(1978) was modified to permit use of gas-liquid chromatography»

Treatment Micrograms cis/trans Ratio Mean Recovery
Recovered in pg Recovered (Percent)

cis trans cis trans

Recovery Standard 926.7 + 6.2 1416.0 + 31.6 40/60 92.7 + 0.6 94i4 + 2.1

Fortified Control^ 825.0 + 1.9 1157.0 +40.2 42/58 82.5 + 2.2 77.2 + 2.7

-Tissue Control <1 <1, -. - —

Reagent Blank <1 <1 -- . , -- — ;

30 insects (2 replicates of 15 .each.} C

2.5 mg Pounce added to tissue of each replicate immediately prior td homogenization.

U lw



Table 12. Recovery and metabolism of permethrin in C. carnea larvae (X SE). '—  The procedure of
Shono et al. (1978) was modified to permit use of gas-liquid chromatography.

Treatment Micrograms 
Recovered 

cis trans

cis/trans Ratio 
in pg Recovered

Mean Recovery 
(Percent) 

cis trans

1 2 Dosed 9 155.6 + 29.6* 246.4+55.1*. 39/61 11.5 + 1.2 10.6 + 1.1

Fortified Control^"5̂ 748.3 + 39.4 995.0 + 83.0 . 43/57 74.8 + 2.6 66.3 + 3.5

Recovery Standard 1000.0 + 5.8 1490.0+10.0 40/60 100.2 + 0.8 99.3 + 0,8

Tissue Control^ <1 <1 —— - — ■

Reagent Blank <1 <1 — — —

175 insects (3 replicates of 25 each).
2
Each insect dosed topically with 100 pg Pounce and held for 48 hrs at 27 C, 65% RE, and a 22:2 
light-dark cycle prior to homogenization.

32.5 mg Pounce added to tissue of each replicate immediately prior to homogenization.
*Corrected for methodology error.



55
were recovered from tissue-free extractions. Seventy-five percent cis 

and 66% trans were reclaimed from preparations in which the larval 

tissue was fortified with Pounce immediately prior to homogenization.

Only 11.5% of the cis-isomer and 10.6% of the trans-isomer of 

the paretit pyrethroid were recovered from larvae dosed topically 48 hrs 

prior to extraction. Considering the results from the fortified con

trol as the best possible recoveries, 63.3% of the"cis-isomer and 55.7% 

of the trans-isomer of Pounce were metabolized and/or excreted by larval 

green lacewings. ^

Almost complete recovery of the total micrograms of permethrin 

was obtained in the recovery standard (2490 out of 2500) and in the 

correct 40:60 c/t ratio. Preparations with lacewing tissue present 

yielded 748 \xg cis and 995 pg trans, a c/t relationship af 43 to 57. In 

dosed insect preparations, only 156 ug cis and 426 pg trans were re

claimed (39:61 c/t ratio). These latter figures were corrected for 

methodology error. Tissue and reagent controls were free of permethrin 

residues.

Figure 6 presents examples of chromatograms obtained during 

GLC analyses. A typical chromatogram recorded from dosed-insect extracts 

is shown in Figure 6a. The two largest peaks represent the cis- and 

trans-isomers of permethrin, respectively. The smaller two peaks are 

due to the tissue components (6c) and the redistilled hexane (6d). No 

permethrin metabolites were detected with the method used. The un

diluted fortified control extract also shows traces of the tissue and 

reagent peaks (6b). Recovery and analytical standard chromatograms are 

shown in Figures 6e and f, respectively.
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Figure 6 . Examples of chromatograms obtained from gas-liquid chromato

graphic analysis of extracts from permethrin metabolism in 
C. carnea larvae. —  A = dosed insects; B = fortified control; 
C = tissue control; D = reagent blank; E = recovery standard;
F = analytical standard.



DISCUSSION

Methodology

Modifications made to the procedure of Shono et al. (1978)5 

permitting the use of GLC instead of thin-layer chromatography, were 

valid according to the results of the housefly recovery study. However, 

both metabolism studies showed that approximately 21% of the cis-isomer 

and 28% of the trans-isomer of the parent permethrin were not recovered 

from preparations when tissue was present. Adsorption of the*compound 

onto cuticular fragments might possibly explain the presence of an un- 

extra c table fraction. It was surprising that no metabolite peaks were 

detected. Several of the degradative products of permethrin from insect 

metabolism, as outlined by Shono et .al. (1978), are polar and others 

contain chlorine substituents; in theory, electron-capture GLC should 

have detected these compounds if they were present.

The method of immobilizing the larvae prior to dosing by chilling 

at 4°C proved to be effective, quick, and safe. Several laboratories 

prefer to use carbon-dioxide (COg) as an anesthetic when conducting 

toxicological tests with insects. When this gas was used in the present 

study on larvae, they were slow to respond and recover from the treat

ment and were often frozen. Adults, however, were anesthetized with CO^ 

because chilling was too slow. Harris, Hoffman, and Frazar (1965) ob

served that chilling at 4°C was far superior to CO^-anesthesia when work

ing with the stable fly, Stomoxys calcitrans (L.), and the horn fly,

57
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Haematobia irritans (L.). The method used during dosing was also very 

effective. Larvae placed on a sheet covered with viable pink bollworm 

eggs were observed to feed voraciously and the dosing task was then 

simple and direct. On the other hand, larvae placed on the same size 

sheet without the eggs attempted to escape and thus dosing was extremely 

difficult.

Tolerance Studies

Results of the tolerance studies disclosed that the lacewing 

larvae were very tolerant to Pounce, cis-Pounce, trans-Pounce, and 

Ambush and less tolerant to Pydrin. The range-finding study was the 

first indication of this insect's capacity to withstand pyrethroid treat

ments. Only minor effects (less than 35%) were observed at. doses lower 

than 250 yg/larva. The percentages recorded at these lower levels were 

somewhat misleading; for example, 11% effects were seen at 30 yg/insect 

with cis-Pounce whereas no effects were observed at 60 yg/insect. This 

variability might be explained by the low sample size; for example, 

effects seen at 60 yg level of trans-Pounce were due to one and three 

larvae affected out of 15 (Table 3). Range-finding values obtained from 

larvae treated with 250 yg pyrethroid employed a slightly larger sample 

size and indicated an increasing susceptibility of the lacewings to 

these compounds. At no concentration was 100% mortality achieved.

Results of large-scale dosing supported the tolerance indicated 

in the range-finding tests. These results, however, disagreed with the 

findings of Plapp and Bull (1978), These authors reported LC^q values 

of 9.87 and 72.8 yg/insect for Pounce and Pydrin, respectively, when
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larvae were held in insecticide-treated vials for 72 hrs. These 

concentrations are several times lower than used for my study. In addi

tion, 50% mortality was seen in the study herein only at concentrations 

of 500 Tig/insect and higher when larvae were dosed topically with Pydrin 

(Table 2). Plapp and Bull (1978) also stated that Pounce was seven 

times more toxic to C. carnea larvae than Pydrin; this is contrary to 

the results of the present study. Their values, however, were based on. 

surface-contact toxicity tests, a method not taking into account how 

much insecticide the insect actually absorbs. Also, these authors did 

not provide food for the larvae during their three-day test, only a 

source of moisture.

The observation that cis-Pounce was the least toxic substance 

tested (one-half as toxic as the other pyrethroids) contradicts results 

of several authors. Wolfenbarger, Harding, and Davis (1977) determined 

that cis-permethr in was 2.8 times more toxic to laboratory-reared H. 

virescens than trans-perme thr in. Both compounds were not as toxic as 

Pounce. Field-collected H. virescens,' however, were much more suscep^ v 

tible (4.5 X) to c is-permethr in than Pounce. Davis, Wolfenbarger, and 

Harding (1977) reported that £is-permethrin was ten times more toxic 

Pounce and three times more toxic than the trans-compound to laboratory- 

reared cotton bollworms. Both studies showed that the bollweevil, 

Anthonomus grandis Boheman, did not respond differently to the three 

pyrethroids. Bigley and Plapp (1978) studied the toxicity of permethrin 

and its cis- and trans-isomers - to laboratory-reared third instar H.
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virescens and H. zea. After exposure to the compounds' in a vial for 96 

hrs <, the larvae were most susceptible to cis-permethrin.

Synergism between stereoisomers of Pounce was apparent in the 

tolerance studies. Trans-Pounce^ was at least two times more toxic than 

cis-Pounce, as previously stated, but a 40:60 c/t mixture was the most 

toxic of the three compounds. In addition, a 40:60 c/t ratio of 

permethrin was more toxic than a 45:55 mixture, as seen from the results 

from testing with Pounce and Ambush, respectively (Tables 5-7). These 

findings were supported by Wolfenbarger et al. (1977). They observed . 

that isomer synergism rose as the percentage of the trans-isomer of 

permethrin increased, the 25:75 c/t mixture being more toxic than the 

40:60 or the 75:25 c/t combinations. <

Pyrethroid tolerance appeared to be inherent in lacewing 

population^. Insects obtained from insecticide-free areas (A) responded 

the same as larvae collected from areas which had been treated heavily 

with different types of pesticides (C). However, C-lacewings were more 

susceptible to paralysis when treated with Pydrin or Pounce than A-larvae.

The Pounce survivorship and fecundity comparison supported the 

cited tolerance of the lacewing larvae to this compound. Larvae dosed 

with 10 ]ig Pounce were shown to have the same number pupating, emerging 

as adults, and mating as larvae treated with 1 yl of acetone. In addi

tion, the eggs produced by "Pounce-treated" females had equal survival 

success as those from control females. The weight of eggs laid per 

female was essentially identical (0.9 mg for Pounce; 0.8 mg for control),
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indicating that the pyrethroid did not affect fecundity. It was 

apparent3 however, that the compound decreased female longevity (Table 9).

The Pydrin survivorship experiment revealed that C» carnea 

larvae were not so tolerant as was previously determined based only upon 

72 hr mortality data. Insects receiving a 1000 Ug/g dose responded 

similarly to those treated with a 25,000 yg/g dose (Tables 6 and 10).

The survivorship study was duplicated at the time because of the results 

obtained from the first trial; the larvae reacted the same both times.

A possible explanation for the discrepancy was the senescence of the 

lacewing culture. The 250 yg study employed third generation larvae 

whereas late seventh generation Insects were used in the survivorship 

comparison. Jones et al. (1978) observed that developmental time in

creased and fecundity, longevity, and searching ability decreased as the 

number of generations of C. carnea held in mass culture increased.

Their observations, however, were made on generations 2, 15, and 43.

Using CO^ during the present study for adult anesthetization might have , 

caused culture senescence sooner than it would have occurred without the 

use of the gas. Several insects have been adversely affected by anesthe

tizing with CO^. Brooks (1957.) found that German cockroach, Blattella 

germanica (L.), nymphs suffered severe retardation of growth when exposed 

to high concentrations of CC^ for three minutes weekly until maturity. 

Edwards (1968) reported that cotton bollworm larval growth was signifi

cantly reduced by CO^ anesthesia. The larvae were exposed every three 

days for five to ten minutes each time. The mating frequency of adult 

cabbage loopers was reduced by CO^ immobilization, as reported by Shorey
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(1964)o Lum and Phillips (1972) observed that egg production and 

viability were greatly reduced when Indian meal moths, Plodia 

interpunctella (Hubner), were exposed to CO^ after mating. During the 

present study, lacewing adults were exposed to CO. every three days for 

three to five minutes. Each generation was cultured for approximately 

one and a half months„ The consistent inbreeding of less than 100 indi

viduals over a long period of time, compounded by possible detrimental 

effects of CO^s might explain a rapid culture senescence.

The symptomology observed throughout the experiments indicated 

that the pyrethroids might be interacting with the insect's nervous 

system directly (paralysis, exaggerated leg movements, etc.) and indi

rectly (interference with the pupation mechanism). These results were 

in agreement with the pyfethrbid mode of aetion repotted in the 1 itera^ 

ture (Narahashi, 1962a,-b; 1971; 1976).

The fact that knockdown was only observed in insects treated 

with trans-Pounce meets with mixed reaction from the literature.

Clements and May (1977) reported that trans-Pounce was very effective in 

eliciting knockdown in a locust's peripheral nervous system. Takeno 

et al. (1977) and Nishimura and Narahashi (1978) found, however, that 

this compound had poor nerve stimulating and knockdown action when tested 

on a crayfish abdominal nerve cord. Clements and May (1977) also ob

served that Pydrin was a good knockdown agent, again in conflict with 

Nishimura and Narahashi (1978). Knockdown was not exhibited by Pydrin

tested larvae in the present study.

/
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It was evident that the pyrethroids 3 especially Pydrin and 

Pounce9 increased the frequency and regularity of the FTP effect. In

complete and misshapen cocoons indicated that nervous and/or hormonal 

interference with the pupation mechanism could have been occurring.

Van der Kloot (1956) determined that the corpora pedunculata were the 

center of cocoon-forming activity in the cecropia silkworm, Platysamia 

cecropia (L„). He also reported that sensory inflow was vital to the 

proper functioning of the mushroom bodies. If this complex association 

pathway is responsible for the same activity in lacewing larvae, then

it is possible that the pyrethroids could be interacting with this
• - ' " .system. -

Results of my study suggest that pyrethroids were interfering 

with hormone production and maintenance of specific hormonal levels 

within the lacewing larvae. Moriarty (1971) observed that the insecti

cide dieldrin decreased the volume of the corpora allata in female 

American cockroaches by 15%. The significance of this reduction on 

hormone production, storage, and secretion was uncertain. Casida and 

Maddrell (1971) studied the effects of insecticides on the excretory 

mechanism in Rhodnius prolixus Stal. They observed that lindane (gamma 

isomer of 1,2,3,4,5,6-hexachlorocyclohexane), DDT, allethrin, and 

Zectran (4-dimethylamino-3,5-xylyl N-methylcarbamate) increased secre

tion from the insect's Malpighian tubules. The authors stated that 

paralytic doses.of the insecticides apparently caused the release of 

diuretic hormone from the central nervous system, which in turn acted 

on the Malpighian tubules. In C_. carnea larvae, these tubules are
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modified for producing silk which is used in the construction of the 

cocoon (Clausen, 1962). More recently, Orchard and Osborne (1979) 

reported that permethrin caused a marked increase in the spontaneous 

activity of neurosecretory cells in the mesothoracic ganglionic mass of 

the stick insect, Carausius morosus Brunner, at very low concentrations 

(5 x 10 ^ . M) o DDT also produced an overall increase in electrical 

activity in this neural tissue but at higher concentrations than 

permethrin. The authors stated that these two insecticides presumably 

increased the levels of neurohormones in the haemolymph, thus upsetting 

the hormonal balance within the insect.

Pyrethroid insecticides appeared to have a disjointed relation

ship with time. Certain effects elicited by some compounds increased 

over time, other effects decreased and still others had no relationship 

with time. In the 250 yg study, overall effects of Pounce-, Pydrin-, 

and Ambush-treated larvae increased with time, those treated with trans- 

Pounce showed decreated effects, and there was no relationship to time 

for effects elicited by cis-Pounce (Table 7). Generally, A-lacewing 

larvae were more susceptible to the pyrethroids as time increased but 

C-insects were affected most up to 48 hrs. There was a slight change in 

effects as time passed in the Pounce survivorship and fecundity study, 

whereas time had a significant effect on toxicity in the Pydrin survivor

ship study (Tables 8 and 10). In cotton fields, the effectiveness of 

Pounce on the tobacco budworm generally continues to decrease 24 hrs 

after treatment (Watson, 1979, personal communication). Thus, the 

results of my study do not concur with the time-toxicity relationship
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of this compound under field situations. Several abiotic and/or biotic 

factors may be responsible for the observed decreasing field effec

tiveness .

Metabolism Studies

The tolerance of C. carnea larvae to several pyrethroids might 

be explained by a penetration barrier, metabolism, and/or excretion. As 

mentioned earlier, approximately 25% of the parent permethrin was un- 

extractable in the presence of tissue, possibly due to cuticular absorp

tion. However, an additional fraction (ca. 60%) of the parent material 

was missing from insects dosed with the pyrethroid 48 hrs prior to homo

genization. Therefore, although the penetration barrier factor cannot 

be totally eliminated, metabolism and/or excretion are advanced to best 

explain the exhibited tolerance.

Excretion of a brown liquid was observed regularly in treated 

insects and irregularly in control insects throughout these studies. No 

attempt was made to quantitate this phenomenon. Killington (1936) 

reported that chrysopid larvae were unique among insects because their 

midgut was separated from their hindgut by an embryonic plug, thus pre

venting bulk movement of ingesta through the digestive tract. Solid 

waste materials were eliminated following the imaginal molt. Bond (1978) 

observed copious amounts of what he called urine being excreted from C_, 

carnea larvae, but only when the insects had finished their meals and 

were inactive. During my study, it was seen, however, that a larva ex

creted thi§ liquid while moving around the plastic cup in which it was 

held, very often drawing the fluid into a line which encircled the cup.
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From microscopic observations, it was determined that the "urine" was 

held within the hindgut until it was discharged. Therefore, excretion 

is a possible method for elimination of permethrin metabolites and/or 

parent material in small quantities.

The approximate 60% metabolism and/or excretion observed in JG. 

carnea larvae was similar to the metabolism rate occurring in resistant 

(R) tobacco budworms. Whitten and Bull (1970) studied the different 

metabolic rates in third instar tobacco budworm larvae which were either 

R or susceptible (S) to organophosphorus insecticides. Budworms of the 

R-strain metabolized 71% of the organophosphate G O 6506 (dimethyl p- 

(methylthio) phenylphosphate) whereas S-larvae converted only 30% of 

the insecticide into polar products. Fifth instar tobacco budworms of 

the R-strain degraded 65% of chlorpyrifbs (0,0-diethyl 0-(3,5,6- 

trichloro-2-pyTidyl)-phosphorothioate) and 67% of the dimethyl homologue, 

chlorpyrifos methyl; S-larvae metabolized only 16 and 26% of chiorpyrifos - 

and chlorpyrifos methyl, respectively (Whitten and Bull, 1974). Methyl, 

parathion, administered orally to fifth instar budworms, was degraded 

to a greater extent by R- (60%) than S-larvae (32%) one hour after treat

ment. The difference in degradative rates decreased when larvae were in

jected with the insecticide but the rates were still higher in R-insects 

(Whitten and Bull, 1978).

Metabolism results showed that the micrograms of the cis- and 

trans-isomers of permethrin were recovered in a 39:61 c/t ratio. This 

relationship was similar to the 40:60 c/t ratio of the analytical ■ 

standard. It was concluded that the isomers were metabolized and/or
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excreted at equal rates. These results are contradictory to the reports 

of several authors. Shono et al. (1978) reported that cis-permethrin 

was more resistant to metabolic attack than the corresponding trans- 

compound when applied to American cockroaches, houseflies, and cabbage 

loopers. Bigley and Plapp (1978) determined that the tobacco budworm 

and the cotton bo11worm degraded trans-permethrin faster than cis- 

perinethrin, which accounted for the greater susceptibility of the larvae 

to the cis-compound. In these two studies, both oxidative and hydrolytic 

pathways were observed. In the rat, Gaughan et al. (1977) reported that 

trails- and cis-isomers of permethrin were degraded by ester cleavage 

and that the ester linkage of the cis-compound was more stable to attack. 

Since the lacewing larvae degrade the cis- and trans-isomers of 

permethrin equally well, I suggest that they posses either a special 

mechanism for equalizing the attack on the ester linkage between the 

two isomers, an oxidative pathway degrading the compound, or both. The 

MFO system in C. carnea was shown by Brattsten and Metcalf (1970) to 

facilitate in the degradation of carbaryl. The activity level was 

higher than in several insects tested, including the convergent lady 

beetle, H. convergens, and the cotton bollworm. It was also advanced 

that the larvae metabolized and excreted the compound rapidly as they 

did with trichlorfon (Bull and Ridgway, 1969).

Significance of Results 

Because chrysopid larvae are valuable predators occurring in 

several cropping systems, the determination of marked pyrethroid toler

ance in these insects is significant to biological control and insect
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pest management programs„ The value of 25,000 ug/g is approximately

10,000 times greater than the pyrethroid LD^q values reported for their 

potential host, the tobacco budworm (Crowder, Toliefson, and Watson,

1979). The discovery of tolerance of the lacewing larvae to Pounce over 

one generation (larva to larva) is also -significant. This study strongly 

implies that C* carnea larvae in the field are capable of maintaining 

their predatory activities, completing metamorphosis, and leaving viable 

progeny in the presence of this pyrethroid.

As a general rule, insecticides are often more toxic to the 

predators and parasites than to their hosts (Newsom, 1967; Croft and 

Brown, 1975). .Bartlett (1958) reported that the organophosphates 

parathion, malathion, and mevinphos (2-methoxycarbonyl-l-methyIvinyl- 

dimethylphosphate) were very toxic to parasites and predators of the 

aphid Therioaphis maculata (Buck.). Abu and Ellis (1977) observed that 

each of the carbamate and organophosphate insecticides tested was more 

toxic to Bathyplectes curculionis (Thomson) and Microctonus: aethiopoides 

(Loan) than to their host the alfalfa weevil, Hypera ppstica (Gryllenhal)* 

Carbofuran (2,3-dihydro-2,2-dimethyl-7-benzofuranyl methylcarbamate) was 

also cited as reducing braconid and coccinellid populations preying upon 

the alfalfa weevil (Surgeoner and Ellis, 1975). Geocoris, Nabis, and 

Oriuss spp. populations were severely reduced by field treatments of 

insecticides. Their reduction and the resulting impairment of egg preda

tion led to a secondary pest outbreak of the beet armyworm, Spodoptera 

exugua (Hubner), in California (Eveleehs, Van den Bosch, and Ehler, 1973) .
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The high degree of metabolism and/or excretion taking place 

within the larvae perhaps explains why they are tolerant to permethrin 

compounds♦ Metabolism of els- and trans-isomers at equal rates suggests 

that these larvae are unusual in comparison to other insects investi

gated and may indicate that immatures of G. carnea have a special mech

ad sm for degrading pyrethroids, Elimination of small quantities of 

pyrethroids and corresponding metabolites via "urine" perhaps augments 

the metabolic processes.
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