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ABSTRACT 

Female Telenomus remus Nixon and Chelonus insularis Cresson 

parasitizing Spodoptera exigua Hiibner eggs showed some intraspecific 

discrimination, but had poor powers of interspecific discrimination. 

In multiparas it ized eggs, T^. remus larvae were competitively superior, 

except when host eggs were > 56-h old. 

Host eggs multiparas it ized by C^. insularis and remus with 

a 24-h interval between exposure to the first and second species were 

observed internally for parasitoid numbers. Chelonus insularis had a 

higher superparasitism rate in eggs in which it was the first to 

oviposit than in those eggs already parasitized by remus. Telenomus 

remus had a low superparasitism rate in both cases. 

Parasitoid emergence rates indicated that releases of T_. remus 

in the field would enhance biological control of j3. exigua. 

ix 
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INTRODUCTION 

Spodoptera exigua (Hubner), the beet armyworm, is a pest of 

many crops and weeds including beets, alfalfa, and cotton. The imma

ture, or larval stage, is the damaging stage, feeding on cotton bolls, 

squares, blooms, and leaves of the plants. An alternative, or addi

tion, to using insecticidal control to keep this pest in check is the 

use of biological control. Two candidates for biological control are 

the hymenopteran parasitoids, Chelonus insularis Cresson and Telenomus 

remus Nixon, both of which attack the eggs of various lepidopterans, 

including _S. exigua. Chelonus insularis, a braconid egg-larval para-

sitoid, occurs locally in Tucson, Arizona, in alfalfa, cotton, and 

other host plants of S^. exigua. Telonomus remus is a scelionid egg 

parasitoid imported from Sarawak, Malaysia, that has not yet been 

released in Arizona. 

Before introducing an exotic parasitoid into the field, it is 

important to first investigate the effect that it may have upon para

sitoids already present. The goal, of course, is to enhance control 

by addition of the second parasitoid, although in actuality, there may 

be potential competitive displacement of others. In this case, Ĉ . 

insularis is the parasitoid already present, and T_. remus the exotic 

candidate for release. 

The purpose of this study was to investigate the competitive 

interactions between C. insularis and T. remus, including both 
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intra- and interspecific aggressive behavior (Figs. 1 and 2) and the 

discriminative abilities of the parasitoids. 



Figure 1. Intraspecific competition between three first instar 
Chelonus insularis Cresson larvae, resulting in the 
elimination of one supernumerary larva 

Figure 2. Physical combat between two first instar Chelonus 
insularis Cresson larvae 

3 



LITERATURE REVIEW 

A parasitic entomophagous insect differs from a true parasite 

in that it destroys its host, is usually in the same taxonomic class 

as the host, is large in size compared to the host, is parasitic as a 

larva with a free-living adult form, does not exhibit heteroecism, and 

its action resembles that of a predator more than a true parasite as a 

parameter in population dynamics (Doutt, 1959). Vinson (1976) further 

qualified this type of insect as a parasitoid. However, the terms 

"parasite" and "parasitoid" are often used interchangeably. 

Chelonus insularis Cresson and Telenomus remus Nixon are two 

parasitoids of the noctuid, Spodoptera exigua Hubner, the beet army-

worm. Chelonus insularis has a wide host range, including the lepi-

dopterans, Trichoplusia ni Hubner, Heliothis species, and Spodoptera 

species; all pests of agricultural crops (Ashley et al., 1980; Bottrell, 

1969; Bottrell et al., 1968; Marsh, 1978; Tingle, Ashley, and Mitchell, 

1978). Its geographic range includes North, Central, and South America, 

and the West Indies, and it has been introduced into Hawaii and South 

Africa (Marsh, 1978). Chelonus insularis was originally introduced 

into South Africa for liberation against Loxostege frustalis Walk., 

a pest of kardo bushes (Ullyett, 1949). Chelonus texanus Cresson has 

been placed in synonomy with £. insularis (Marsh, 1978). 

Telenomus remus Nixon is indigenous to Sarawak and New Guinea 

and was first introduced into Israel to control the armyworm, 

Spodoptera littoralis (Boisd.) (Gerling, 1972; Rechav and Orion, 

* 
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1975; Wojcik, Whitcomb, and Habeck, 1976). Its host range encompasses 

11 noctuids and 1 pyralid, including Heliothis zea Boddie and Spodop-

tera species. Telenomus remus has been successfully colonized in 

Barbados, Montserrat, and Trinidad (Wojcik et al., 1976). 

Chelonus insularis is a solitary, arrhentokous, egg-larval para-

sitoid (Ullyett, 1949). It completes three instars within its host 

before emerging and developing externally. The developmental period 

of C^. inanitus (Linnaeus) is 22.8 d at 30°C (Rechav and Orion, 1975) 

paralleling that of its host* S>. exigua (Butler, 1966). In £. black-

burni Cameron, the female deposits a white, cylindrical, slightly arcu

ate egg into the outside of the host yolk, or directly into the embroyo 

(in older host eggs) (Rechav and Orion, 1975). Chelcnus insularis 

females may deposit up to 450 eggs in a lifetime (Killer, 1S77). Eggs 

of C. blackburni are hymenopteriform, broader at the cephalic end and 

narrowing toward the caudal end, measuring 0.1589 mm in length and 0.0458 

mm in width (Jackson, Delph, and Neeman, 1978). After 23 h, the first in-

star larva hatches (Jackson et al., 1978). This larva is of a mandibulate 

form, with a large squarish head bearing sclerotized mandibles, and 

eight visible body segments tapering posteriorly to a pointed caudal 

appendage (Clausen, 1972; Jackson et al., 1978). The average size is 

0.142 mm in length and .036 mm in width. As the larva develops, it 

moves into the developing host embryo. It may be found in the hemo-

lymph, developing alongside the Malpighian tubules near the junction 

of the middle and hind gut. After 3 d, the first instar larva is 

fully developed, with 10 body segments, measuring 1.201 mm in length 

and .230 mm in width (Jackson et al., 1978). 
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The second instar larva is cylindrical with a tapered head, 

possessing soft, white mandibles. The body consists of 12 segments, 

ending in a large, round anal vesicle. This instar generally lasts 

for 5 d (Jackson et al., 1978). During this time the host will burrow 

into the substrate to pupate. If the host is parasitized, the pupation 

cell will become its death cell. 

The third instar larva spends from 1 to 2 days inside the host 

before emerging externally through one of the abdominal segments (usu

ally 5 to 8) of the fourth instar host and feeding on the host, leaving 

only skin and head capsule. In appearance, it is cylindrical, with a 

tapered head and 2 sclerotized mandibles and 14 body segments. On the 

third' day, it spins an oval, silverish cocoon in the pupation (or 

death) cell of the host. After another 3 days, adults (.5-cm long) 

emerge. 

Telenomus remus is a solitary, arrhentokous, egg parasitoid. 

At 25°C, the development of T^. remus takes 10 d, 15 h from egg deposi

tion to first instar, 72 h to the second instar, 96 h to the prepupal 

stage, and 110-120 h to the pupal stage. Adults emerge approximately 

5 d after pupation (Gerling, 1972). 

Telenomus remus must oviposit in host eggs that are less than 

43-h old, or the larvae will not develop (Gerling and Schwartz, 1974). 

The eggs (160 deposited/female) are about 100 jjm long and 40-50 ym 

wide. They are deposited rounded end first, such that the petiolate 

end projects through the developing embryo (Gerling, 1972). 

The first instar larva is teleaform, 100 ym in size with pro

truding mandibles which are sickle-like and 30 pm in length. These 
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are probably used for piercing and moving food. There is a distinct 

head and trunk (abdomen) but no thoracic region and no segmentation 

(Gerling, 1972). 

The second instar is segmented and mobile, with a pair of 

pointed semi-straight mandibles inserted into small pockets. This 

stage feeds until most of the host egg contents are empty, and soon 

enters the prepupal stage. After pupation it remains within the host 

egg which changes from opaque-white to black just before emergence of 

the parasitoid. It then chews its way through the chorion and emerges 

as an adult (0.07 mm in length). Males emerge 24 h earlier than 

females (Gerling, 1972). 

The efficiency with which a female parasitoid can find her 

host determines her fitness. Doutt (1964) has divided the process of 

host selection into host habitat location, host location, host accep

tance, and host suitability (in that order). Host regulation is 

added as a step necessary for parasitism (Vinson, 1975a, in Vinson, 

1976). Host habitat location and host location are largely dependent 

on physical and chemical factors. Chemicals deposited during ovi

positing may attract parasitoids to the host eggs (Lewis, Sparks, and 

Redlinger, 1971). Clues leading the insect to a host are received by 

sensory organs on the antennae, ovipositor, and tarsi: as well as visual 

stimuli (Vinson, 1976). A description of antennal response is given by 

Williams (1951, in Vinson, 1976, p. 121) as: 

The antennae vibrate rapidly and occasionally touch the sub

stratum as the insect moves quickly about. When antennal con
tact is made with a wandering host or with 'traces' of a host 

(i.e., anything which is contaminated by previous contact with 
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a host), the nature of the parasitoid's activity at once 

changes. The scurrying to and fro ceases, the antennae stop 

vibrating and their tips curl downwards, tentatively inves

tigating the region of host contamination. 

This antennal vibration is often referred to as drumming or tapping 

(Salt, 1935 in Vinson, 1976). 

1 The process of host selection continues with host acceptance. 

This includes antennal response and ovipositor probing (Vinson, 1975b; 

Fisher, 1971). Active substances in the host egg or host hemolymph 

have been found that stimulate ovipositing (Vinson 1976). These may 

be perceived by chemoreceptors on the ovipositor (Dethier, 1964) and 

antennae of the host (Norton and Vinson, 1974). A rough, textured 

surface is also important in eliciting ovipositor probing (Vinson, 

1975b). 

Host discrimination, common among hymenopterans, is defined as 

the ability of a parasitoid to avoid attacking or accepting a host 

that has been previously parasitized. This reduces the repetition of 

searching the same areas (Vinson, 1976). Host discrimination is one 

of the major factors determining the efficiency of a parasitoid 

(Doutt, 1959). Telemonus fariari Costa Lima, a scelionid wasp, rejects 

a parasitized host by detecting a marking pheromone left on the egg 

surface by the former female. External marking of the host is common 

among egg parasitoids(Bosque and Rabinovich, 1979). The marking of a 

host may be accomplished through the injection of a substance by the 

parasitoid into the host during oviposition, substances given off by 

the egg during oviposition, a change in concentration of body fluids, 

or the formation of substances as a reaction to the parasitoid 
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(Van Lenteren, 1976). Fisher and Ganesalingam (1970) found that in 

the haemolymph of the moth, Anagasta (Ephestia) kuehnielia Zeller, 

qualitative changes occur in the amino acid composition and protein 

constituents after parasitization by Devorgila (Nemeritis) canescens 

Grav. The source of host marking in the braconids Cardiochiles 

nigriceps Viereck and Microplitis croceipes (Cresson) was discovered 

to be a lipid .found in the alkaline (Dufour's) gland (Vinson and 

Guillot, 1972). Telenomus sphingis Ashmead females which had recently 

oviposited showed more discrimination than those that had not yet ovi

posited. Since a small percentage of females oviposited in parasi

tized eggs, it was suggested that the thresholds of chemical response 

may vary, making some females more sensitive to marking than others 

(Rabb and Bradley, 1970). 

The process of host selection and discrimination varies among 

different parasitoids. Vinson(1975b) found that when a female £. insu-

laris discovered an area containing a host egg, antennal drumming was 

initiated, which led her to the egg. This lasted 5-20 s and then the 

female moved forward and probed internally with her ovipositor until 

the egg was reached. After ovipositing, the female resumed her search. 

The cue for ovipositing was found to be an active factor in the host 

egg produced in the host ovary. 

Gerling and Schwartz (1974) made similar observations of the 

ovipositing behavior of T^. remus. The female searched for eggs, exam

ining them with her antennae. The antennae are clavate in the female 

instead of filiform, as in the male. The enlarged terminal segments 

are flattened and slightly curved, adapted for contact with the convex 
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surfaces of the egg (Wilson, 1961). After a positive antennal 

response, she walked forward and positioned the tip of the ovipositor 

and hind legs on the host. She then extended her ovipositor and 

pierced the egg, the sequence lasting about 37 s. Once ovipositing 

was completed, the female made smearing motions on the egg with her 

ovipositor and then continued her search. This is not believed to have 

any relation to marking eggs since TC. remus has a low discriminatory 

ability. It is presumed that the female was cleaning her ovipositor 

(Gerling and Schwartz, 1974). It was found that the parasitoid Tele-

nomus fariari could not discriminate on the basis of internal host con

ditions (Bosque and Rabinovich, 1979). Also, in T. ashmeadi, there is 

no hesitation in parasitizing infertile eggs within which the para

sitoid cannot develop (Morrill, 1907). 

Gerling and Schwartz (1974) discovered a pattern to the 

ovipositing of T?. remus. When introduced to a host egg mass, the 

female would sting the adjacent egg 50% to 80% of the stinging times 

(stinging refers to insertion of the ovipositor). Usually the female 

would move to an unparasitized egg, and only occasionally to one that 

was previously parasitized. 

Chelonus insularis, by comparison, did not systematically search 

the egg mass, but as the search continued, the randomness of her ovipos

iting decreased. As searching time increased, the actions of _C. insu

laris became more efficient; this is probably due to a high discrimina

tory ability (Ullyett, 1949). Chelonus insularis females were found to 

prefer host eggs older than 24 h (Abies, Vinson, and Ellis, 1981). 

< 
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Increasing the parasitoid density may affect the ovipositing 

process of parasitoids. Ullyett (1949) found that there is an optimum 

density level which, when exceeded, causes a decrease in the efficiency 

of the parasitoids. A decrease was detected in the number of eggs laid 

per female, as parasitoid density increased. This may have been due to 

either competitiveness among females for a limited area (number of eggs) 

or to interference with ovipositing caused by contacts with older 

females. 

Asolcus basalis (= Telenomus megacephalus Ashmead) females at 

high densities exhibited mutual aggression and drove one another away 

from the egg mass. When an egg mass became almost completely parasi

tized, one female would run around, fluttering her wings, and attack 

and bite the other females (Wilson, 1961). Telenomus remus, in observa

tions by Schwartz and Gerling (1974), did not exhibit aggression under 

normal, uncrowded conditions. 

When a parasitoid's discriminative faculties break down, because 

of crowded conditions or a low host density, superparasitism or multi-

parasitism is usually the result. Superparasitism is the phenomenon 

that occurs when any host individual is attacked by one parasitoid spe

cies more than once. In the hymenopteran, Trichogramma evanscens 

minutum Riley, very little superparasitism occurs if a sufficient num

ber of host eggs are available for ovipositing. However, if the para

sitoid is exposed to a limited number of eggs for long periods of time, 

restraint is overcome and superparasitism occurs. The ability to main

tain this restraint varies between individuals (Chako, 1969). Van 

Lenteren (1976) suggested six possible causes of superparasitism: 
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1. The female lays more than one egg at oviposition. 

2. The female does not recognize hosts parasitized by another 

female. 

3. The female lays a second egg after the first oviposition 

within the period needed for building up a factor which 

causes avoidance of superparasitism. 

4. Two or more females lay eggs simultaneously in one host. 

5. The female has not yet learned to discriminate. 

6. The female's tendency to oviposit increases when she encoun

ters only parasitized hosts for a long period of time. 

The detection of a parasitized host the same day that it is parasitized 

is probably due to a marking pheromone, but a host containing an older 

parasitoid stage may not be accepted because of changes in host physi

ology (Weseloh, 1976). With a total absence of discrimination, the 

law of chance would dictate a 36% superparasitism rate (Fiske, 1910). 

Abies et al. (1981) found that C. insularis can distinguish between 

parasitized and unparasitized host eggs to give an 8.5% superparasit

ism rate. Chelonus insularis also rejected up to 80% of host eggs 

24 h after parasitism by Trichogramma pretiosum (Abies et al., 1981). 

Interspecific discrimination, the lack of which results in 

multiparasitism, is less highly developed than intraspecific discrim

ination in Nasonia vitripennis Walker (Wylie, 1970). Multiparasitism 

is "that form of symbiosis where the same individual insect is infected 

simultaneously with the young of two or more different species of pri

mary parasites, with only one species surviving" (Force and Messenger, 

1965, p. 853). This can cause a reduction in the potential to reproduce 
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and a competitive displacement of both species. The occurrence of mul-

tiparasitism is due to the specific ovipositional behavior of the two 

parasitoids in response to the parasitized hosts and occurs more fre

quently at low host densities (Force and Messenger, 1965). The outcome 

is a consequence of the interspecific competition between the immature 

stages of parasitoids in the host. 

With multiparasitism involving solitary internal parasitoids, 

free competition ensues between the two larvae, since neither is usually 

intrinsically superior (Fisher, 1961). Four mechanisms by which super

numerary parasitoids may be eliminated are physical attack, physiologi

cal suppression, accidental injury, and selective starvation (Fisher, 

1971). Usually the oldest survives by physical or physiological means 

(Fisher, 1961). Physical attack is common, especially among mandibu-

late, first ins'tar Hymenoptera (Vinson and Iwantsh, 1980). With the 

two parasitoids, Nemeritis canescens and Horegenes chrysostictos 

corsicator Aubert, physical attack with the mandibles occurred when one 

larva was less than 40 h older than the other. If the age difference 

was 50 h or more, the older won by physiological suppression (Fisher, 

1961). Further studies by Fisher (1963) showed that the physiological 

suppression was actually asphyxiation related to the low, but absolute, 

need for oxygen by the parasitoid egg and larvae. Both N_. canescens 

and H_. chrysostictos obtain their oxygen by cuticular respiration 

through the host hemolymph, the content of which decreases with time 

and the parasitoid density. The older parasitoids would have the 

advantage since oxygen requirements decrease with age (Fisher, 1963). 

Physiological suppression may also include changes in nutrient 
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availability, toxins, cytolytic enzymes, or factors injected by the 

female parasitoid during oviposition (Vinson and Iwantsh, 1980). Conde 

and Rabinovich (1979) found that when Telenomus costalimai and Ooencyr-

tus trinidadensis venatorius oviposited in the same Rhodnius sp. egg, 

the developmental time of costalimai was slowed with increased lar

val density. When more than one larva was present, the survivor would 

not 'start feeding until the others had been killed. In a competitive 

environment with Cardiochiles nigriceps, Campoletis sonorensis Carlson 

and Microplitis croceipes, £. insularis larvae were killed by physical 

attack. The older larvae were at a disadvantage because of the larger 

size and poorer mobility (Vinson and Abies, 1980). 

Although a parasitoid larva may be competitively superior in 

laboratory studies, it may not be "the most effective adult parasitoid 

in the field, since extrinsic adaptability is more important (Bartlett 

'and Ball, 1964). An index to the possible competitive outcome in a 

field situation may be obtained by looking at the reproductive strategy 

of the parasitoids present in a particular guild. A reproduction rate 

*"r" strategist occupies a disrupted environment, has a high reproductive 

rate, broad host range, and is a poor competitor (opportunistic). A 

carrying capacity "K" strategist, on the other hand, occupies a stable 

environment, has a low reproductive rate, and is a good competitor. 

The r strategists are usually scarce, surviving at the outer fringes 

of the host area, or in more central areas where the environment is 

often disturbed. Although they are rapid colonizers in unstable envi

ronments, they may be unable to suppress the host population. An r 

strategist is best for bio-control since it is adaptable, a good 
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disperser and a fast reproducer (Force, 1974; Miller and Ehler, 1978). 

In a system dominated by an r strategist, in order for a parasitoid to 

invade, it must itself be a better r strategist, or possess some char

acteristics of a K strategist (i.e., competitive mechanisms) that would 

allow it to gain a portion of the occupied niche (Force, 1972). Kozlov 

(1967) observed members of the genus Telenomus, noting that they were 

prolific, eutrophic, occurred in a wide habitat range and, overall, 

were promising as bio-control agents. Chelonus insularis was found to 

be highly vagile with a high dispersal rate (Legner, 1979) and appears 

to be r selected (Miller and Ehler, 1978). If interspecific competi

tion occurs among the primary parasitoids in a guild, there may be a 

reduction in the effectiveness of the individual species, but an increase 

to the effectiveness of the aggregate of the different species (Ehler, 

1979). 



MATERIALS AND METHODS 

Rearing 

The cultures of Chelonus insularis and Telenomus remus were 

maintained at the United States Department of Agriculture (USDA), 

Agricultural Research Service (ARS), Biological Control of Insects Labo

ratory, in Tucson, Arizona. The culture of £. insularis was originally 

acquired from alfalfa sweep samples in Avra Valley, Arizona (near Tuc

son) during September-October, 1978. Cultures of T. remus were obtained 

from the USDA, ARS, Grain Insects Research Laboratory, in Tifton, 

Georgia, during 1979 and 1982. Spodoptera exigua, the beet armyworm, 

also maintained at the Tucson USDA laboratory, was used as the host. 

Adults of £. insularis were kept in a clear plastic box, 34.0 

x 26.5 x 15.5 cm with 51 mesh/cm screening on the top (Fig. 3). Two 

7.4-ml vials with sponge wicks were attached to either side of the 

cage to provide a solution of sucrose and water (10 gm sucrose/1 L 

water). The cage was kept in an incubator at a temperature of 30°C, 

50% relative humidity (RH), and on a 14:10 (light:dark (L:D)) photo-

period. A portion of paper toweling containing jS. exigua eggs (30- to 

40-h old) was provided daily for 2 h for ovipositing as described by 

Glogoza (1981). Numbers of host eggs were varied according to the 

number of £. insularis females, with approximately 30 host eggs/ 

parasitoid female provided. The square of toweling with parasitized 

eggs was placed in a 200-ml ice cream cup and held in the incubator 

until the host larvae hatched (usually 48 h). Newly emerged 

16 
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Figure 3. Rearing cage for Chel onus insularis Cresson adults 
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j3. exigua larvae were put on a lima bean diet (Appendix A) with 250-mg 

Benomyl®/gal diet added to control mold (Bell, King, and Hamalle, 1981). 

The diet was contained in clear plastic boxes, 34.0 x 26.5 x 8.5 cm. A 

paper towel was placed over the top of each box and then covered with a 

screened lid (51 mesh/cm). These boxes were kept on racks in an iso

lated room at 35°C, 40% rh, 14:10 (L:D) photoperiod. The developmental 

period averaged 14 d under these conditions. After emergence, the 

C^. insularis adults were released into a light box, aspirated from the 

box, sexed under a dissection microscope at 10 diameters, counted, and 

transferred into the rearing cage. 

The culture of T^ remus was maintained at 30°C, 50% rh, 14:10 

(L:D) photoperiod. Adults, which are positively phototactic, were 

placed into a cage made up of two 175-ml vials (Fig. 4). These were 

connected at the mouth with two-thirds of the cage enclosed in a gray 

plastic tube to prevent light from entering. This caused the parasi-

toids to be attracted to the uncovered one-third of the cage, which 

held a .5-dram vial of sugar water (10 gm sucrose/1 L water). Adults 

were daily provided with a square of paper toweling containing 6- to 

16-h-old _S. exigua eggs and were placed in the uncovered portion of . 

the ,cage for a time period of 24 h. The eggs were then placed in a 

175-ml vial, covered, and marked with the date. 

Spodoptera exigua Oviposition 

Spodoptera exigua pupae were obtained from the Tucson USDA 

laboratory. They were placed in a plastic bag within a gallon glass 

jar, covered with a screened lid containing a vial of sugar water for 
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Figure 4. Rearing cage for Telenomus remus Nixon adults 
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the moths, and kept at 25°C, 40% rh, 14:10 (L:D) photoperiod. Strips 

of paper toweling were provided as ovipositional sites for emerging 

females. 

Following the emergence of the S_. exigua moths, the paper towel 

strips were removed at 6-h intervals for a 48-h period. Spodoptera 

exigua egg masses were counted and the relative size (small, < 30 eggs; 

large,> 30 eggs) observed. 

Parasitization of Infertile Spodoptera 

exigua Eggs 

In preparation for the experiment, £. exigua pupae were col

lected, sexed, and females placed in a plastic bag within a glass jar, 

as described previously. To begin the test, 12 3-d-old (the period when 

most of the parasitoid eggs are laid (Glogoza, 1981)) C. insularis 

females were placed individually into cages made from 29.6-ml plastic 

cups with plastic and organdy lids. Two strips of 30- to 40-h-old 

S. exigua eggs were given to each female, one with infertile and one 

with fertile eggs. These were left in the cages for 2 h and then 

pulled out and examined for parasitoid eggs. To do this, the S^. exigua 

eggs were soaked in water for a few minutes to loosen them and then 

moved with a paint brush to a microscope slide. On the slide they were 

placed in rows and crushed under a cover slip for microscopic observa

tion at 100 diameters. 

The above-described procedure was repeated for T^. remus, with 

the exception that 1-d-old parasitoid females were used (period in 

which most of the parasitoid eggs are laid (Schwartz and Gerling, 
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1974)) and were left in the vial for 24 h (normal procedure for egg 

exposure). 

Random egg samples were taken to determine the average per

centage of infertile S^. exigua eggs in the stock culture. These eggs 

were older than 24 h and S_. exigua larvae could be seen within the 

fertile eggs when examined under the microscope at 40 diameters. 

i 

Host Selection and Competition 

Observations of the two parasitoids were made using a MV 9000® 

Custom Microvideo System with an RCA TC-3100® Video Tape Recorder. The 

host selection process was examined for each parasitoid by placing one 

female on an j5. exigua egg mass. Ovipositional patterns were also 

observed. The parasitoid density was then increased by adding up to 

four females, and any changes in ovipositional or aggressive behavior 

were noted. Also, females of the two species were put together on a 

single egg mass to see whether or not any aggression could be detected. 

Rate of Superparasitism of 
; Spodoptera exigua Eggs 

Initially, female £. insularis were isolated into three cages 

(1/cage) made from 45-ml plastic souffle cups with plastic lids, modi

fied with organdy for ventilation and slit for egg insertion. Four 

remus remales were placed into each of three 60- x 15-mm plastic 

petri dishes. 

Paper towel strips containing 10 6- to 40-h-old _S. exigua 

eggs were introduced to each C^. insularis and to each of the three 

groups of T^. remus for 1 h. After removal, the strips were put into 
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individual 45-ml plastic souffle cups with cardboard lids and held 

for 24 h at room temperature (25± 2°C). They were then examined as 

previously described and numbers of parasitoids recorded. 

Rates of Superparasitism and Multiparasitism 

of Two Ages of Spodoptera exigua Eggs 

Che1onus insularis and T. remus females were individually 

placed into 1.9-ml vials, with a group of five vials/species. Each 

group was presented with a strip of 6- to 16-h-old £. exigua eggs for 

a period of 1 h. The eggs were then switched and given to the other 

group of parasitoids (£. insularis remus, T\ remus £. insularis) 

for 1 h. An extra strip of S^. exigua eggs was provided as a check to 

give the parasitoids a choice between parasitized and unparasitized 

eggs. This procedure was repeated using S_. exigua eggs that were 30-

to 40-h old. 

After removal of the eggs, they were placed in 1.9-ml vials 

and incubated at 30°C, 50% rh, and a 14:10 (L:D) photoperiod for 24 h. 

They were then removed and examined at 100 diameters, as described 

previously. Numbers of each parasitoid were recorded for each S^. 

exigua egg examined. 

Interspecific Competition 

Immediate Secondary Exposure 

of the Host 

Two C^. insularis (in order to ensure oviposition) were placed 

in a 1.9-ml glass vial with a strip of 6- to 40-h-old j5. exigua eggs 

for 2 h. At the end of 2 h, the egg strip was removed, cut in half 



and the number of £. exigua eggs counted. One half of the strip was 

used as a control and the other was used for experimental purposes. 

The experimetnal half of the strip was given to two T^. remus females 

in 1.9-ml glass vials for 2 h and removed. Using new eggs, the 

sequence was reversed with the eggs presented first to remus for 

2 h and then to C. insularis. 

After removal, the exigua eggs were placed in 1.9-ml glass 

vials and incubated at 30°C, 50% rh, and a 14:10 (L:D) photoperiod, 

until hatch. The S_. exigua larvae were placed in individual 14.8-ml 

souffle cups containing lima bean diet, a cardboard lid was placed on 

top, and they were held at 35°C, 40% rh, and a 14:10 (L:D) photoperiod. 

S^. exigua larvae were checked periodically for development, and when 

adult moths or parasitoids emerged, numbers were recorded. Dead 

S^. exigua larvae were examined at 100 diameters for the presence of 

parasitoids. T?. remus adults were counted as they emerged from the 

unhatched S_. exigua eggs in the glass vials. 

Delayed Secondary Exposure of Host 

The above experiments were repeated, using fresh parasitoids, 

and allowing a 24-h time lapse between introductions. Two ages of 

j5. exigua eggs were used, 6- to 16- and 30- to 40-h old, and both 

sequences of introductions were used with a 2-h parasitoid exposure to 

host eggs. If an insect died in the course of the 24-h period, it was 

replaced and presented with a fresh strip of eggs for 1 h (as a check) 

before introduction to the experimental S^. exigua eggs. 



Delayed Secondary Exposure of Host, 

Internal Examination 

Two groups of 10 insularis females each were placed into 

separate 175-ml plastic vials. This was repeated using two groups of 

10 remus females each. A strip of approximately 60 S^. exigua eggs, 

6- to 16-h old, was given to one vial of £. insularis and one vial of 

T. remus. A strip of 60 jS. exigua eggs, 30- to 40-h old, was then 

given to each of the two remaining vials of parasitoids. These eggs 

were removed after 1 h and replaced with fresh j>. exigua eggs (same 

age) and again after another hour, such that there were three replica

tions of each treatment. Ten j>. exigua eggs were examined from each 

replication of each treatment at 0, 12, and 24 h from parasitization 

(0 served as a control to determine whether parasitoids had oviposited). 

These were examined at 100 diameters as previously described. Numbers 

of both parasitoids inside of the host eggs were counted and recorded. 

The eggs remaining after examination were held for emergence of any 

parasitoids. 

Statistical Analyses 

The percentage of parasitization of infertile eggs and inter

specific competition data from both delayed and immediate exposure 

were analyzed using a Students t-test (Snedecor, 1957). For percentage 

of superparasitization and percentage of superparasitism of multipara-

sitized eggs, data were analyzed using a 2-way analysis of variance 

(ANOVA) and a Duncan's Multiple Variable Test (Steel and Torrie, 1960). 

A Chi-square test was used for the multiparasitism test 

(Snedecor, 1957). For the superparasitism data and two ages of eggs, 
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a 1-way ANOVA was used. This test was also used for the summary of 

emergence rates of individual and combined species, and a Duncan's 

Multiple Variable Test was used to separate the means (Snedecor, 1957; 

Steel and Torrie, 1960). 

For all the above tests, percentages were transformed using 

Arcsin /percentage (Snedecor, 1957), and 0.05 was used as the level of 

significance. 



RESULTS 

Spodoptera exigua Oviposition 

The majority of S_. exigua eggs in the laboratory culture were 

deposited during the first 6 h of darkness. The photoperiod (14:10, 

L:D) in the rearing room was such that the lights were turned off at 

8:00 PM; thus, most of the eggs were deposited from 8:00 PM to 2:00 AM. 

This time interval was used as the basis to determine the age of eggs 

used in later experiments. 

Parasitization of Infertile Spodoptera exigua Eggs 

Chelonus insularis was unable to discriminate between fertile 

and infertile eggs, as indicated by the lack of a significant differ

ence between the parasitism rate in the two types of host eggs (Table 

1). However, T^. remus showed some degree of discrimination with fer

tile S. exigua eggs being parasitized about twice as often as infertile 

eggs (Table 2). This difference in discrimination was a minor factor 

in these studies since only 5.6% of the ̂ S. exigua eggs in the culture 

were observed to be infertile (Table 3). 

Host Selection and Competitive Behavior 

The host selection process was observed to be as Ullyett (1949) 

described for C^. insularis and as Gerling and Schwartz (1974) described 

for jC. remus. It consisted of the parasitoid's tapping with her 

antennae until an egg was discovered then moving forward and probing 

with the ovipositor. If the host was accepted, the female would 

26 
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Table 1. Parasitization of fertile and infertile Spodoptera exigua 
eggs by Chelonus insularis 

Percentage of Eggs Parasitized 

Replication Fertile Infertile 

1 45.00 65.88 

2 50.77 0 

3 58.50 35.24 

4 58.89 51.41 

5 63.44 0 

6 49.08 58.89 

7 32.33 90.00 

8 48.62 90.00 

9 51.65 0 

10 52.24 33.21 

11 42.25 0 

X 50.25a 38.60 

a. Difference in means was not significant at a .05 probability 

level by Students t-test. Percentages were transformed using Arcsin 

/%. 
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Table 2. Parasitization of fertile and infertile Spodoptera exigua 

eggs by Telenomus remus 

Percentage of Eggs Parasitized 

Replication Fertile Infertile 

1 77.08 47.87 

2 90.00 50.77 

3 63.44 40.46 

4 52.-59 18.44 

X 70.78a 39.39 

a. Difference in means significant at a .05 probability level 
by Students t-test. Percentages were transformed using Arcsin /% . 

Table 3. Percentage of infertile Spodoptera exigua eggs found in 

stock culture 

Eggs 

Replication 

Number 

Observed 
% 

Infertile 

1 16 6.3 

2 20 5.0 

3 12 0.0 

4 20 10.0 

5 16 12.5 

6 24 0.0 

X 18.0 5.6 

a. Each replication consisted of one egg mass. 



oviposit in the egg and then continue her search. Both parasitoids 

seemed to oviposit in adjacent eggs, but no actual searching patterns 

could be discerned, as observed by Gerling and Schwartz (1974) for 

T. remus. 

No aggressive competition for hosts was observed when para-

sitoid densities were increased. However, a female would often leave 

an egg mass when "it contacted other females. The same behavior, both 

intra- and interspecific, occurred when £. insularis and T^. remus 

females were placed together. 

Rate of Superparasitism of Spodoptera exigua Eggs 

Under the conditions described, the superparasitism rates of 

the two parasitoids were similar, 10.73% for £. insularis and 8.69% 

for T\ remus (Table 4 and Table B-l). Thus, superparasitism occurred 

only at low levels when a surplus of hosts was available, indicating 

some discrimination of previously parasitized eggs. 

Rates of Superparasitism and Multiparasitism 
of Two Ages of Spodoptera exigua Eggs 

For insualris, a 19.40% rate of superparasitism was found 

in _S. exigua eggs 6- to 16-h old, 25.43% in eggs 30- to 40-h old, and 

a 22.42% rate overall (Table 5). For T^. remus, no superparasitism of 

6- to 16-h-old £. exigua eggs occurred, 3.49% of the 30- to 40-h-old 

eggs were parasitized and overall the rate was 1.75% (Table 5). No 

significant differences were found between the rates of superpara

sitism of the two ages of host eggs or between the rates for the two 

parasitoids (Table 5 and Table B-2). 
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Table 4. Superparasitism of Spodoptera exigua eggs by Che1onus 

insularis and Telenomus remus (30 S^. exigua eggs/replicate) 

Percentage of Parasitized 

Eggs Superparasitized 

Replication C. insularis T. remus 

1 33.21 33.21 

2 18.44 18.44 

3 18.44 0.00 

4 0.00 0.00 

5 0.00 0.00 

6 0.00 0.00 

7 0.00 26.56 

8 26.56 0.00 

9 0.00 0.00 

X 10.73a 8.69a 

a. ANOVA performed on percentages transformed using Arcsin /% 

indicated no significant differences to the .05 probability level. 



Table 5. Rate of superparasitism of two ages of Spodoptera exigua eggs by Chelonus 

insularis (C) and Telenonus remus (T) 

Egg 

Age 

Number 

Replication 

X No. Eggs/Replication Percentage 

Parasitized Eggs^ ̂  

Superparsitized ' Parasitoid 

Egg 

Age 

Number 

Replication Exposed Parsitized 

Percentage 

Parasitized Eggs^ ̂  

Superparsitized ' 

C 6-16 4 16.8 12.8 19.40 

30-40 5 20.0 7.6 25.43 

T 6-16 4 20.0 9.8 0.00 

30-40 5 20.0 4.4 3.49 

a. No significant difference to the .05 probability level for 1-way ANOVA. 

b. Percentages transformed using Arcsin . 
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By comparing the observed versus the expected multiparasitism 

rates for the two parasitoids, assuming no discrimination of interspe

cific parasitism resulting in random parasitization of eggs occurred, 

a measure of discrimination was obtained. The observed multipara

sitism rate of _T. remus for 6- to 16-h-old j3. exigua eggs was found tp 

be significantly higher (at the .05 probability level) than the ex

pected value (Table 6). No significant differences were found for the 

multiparasitism rates of 30- to 40-h-old eggs parasitized by either 

parasitoid, or for 6- to 16-h-old SL exigua eggs parasitized by C. 

insularis. Thus, neither parasitoid had the ability to avoid multipara

sitism of eggs parasitized by other species. 

Interspecific Competition 

Immediate Secondary Exposure of Host 

When 6- to 40-h-old S^. exigua eggs were exposed to £. insularis 

and _T. remus, _T. remus emerged from all of the viable host eggs, result

ing in a mean of 90.00% emergence for JT. remus and 0.00% emergence for 

_C. insularis (Table 7). This occurred for both sequences of exposure, 

showing that T^. remus larvae were competitively superior when j>. exigua 

eggs were exposed to the second parasitoid immediately after exposure 

to the first parasitoid. 

Delayed Secondary Exposure of Host 

When S_. exigua eggs were 6- to 16-h old and exposed to both 

parasitoids with a 24-h lapse between exposures, the emergence rate 

was significantly higher (at the .05 probability level) for T^. remus 



Table 6. Observed vs. expected multiparasitism rate of Spodoptera exigua eggs by 

Chelonus insularis (C) and Telenonus remus (T) 

Order of 

Eggs Exposed 

1 2 

Number 

Replications 

Host 

Egg 

Age Total 

Number Eggs 

Par. by 1 Par. by 2 

Percentage 

Eggs Par. by 

Par. 2 that 

Were 

Multiparasitized X
 tO
 

T C 4 6-16 16.8 9.8 10.3 54.27 0.96 

5 30-40 20.0 4.4 10.0 34.45 0.48 

C T 4 6-16 20.0 3.5 12.8 90.00 6.00b 

5 30-40 20.0 2.8 7.6 53.31 0.48 

a. Chi-square values calculated on basis of ratio of unparasitized:parasitized after 

exposure to parasitoid 1 (expected) and ratio of single-parasitized:multiparasitized (observed) 

by species 2. 

b. Chi-square value significant at .05 probability level. Percentages transformed by using 

Arcsin /% 

w 
u> 



Table 7. Summary of emergence rates for Chelonus insularis (C) and Telenomus remus (T) from 6- to 

40-h-old Spodoptera exigua eggs with immediate secondary exposure (four replications each) 

Parasitoid 

Sequence 

X No. Host 

Eggs/Rep. 

C. insularis T. remus 
Parasitoid 

Sequence 

X No. Host 

Eggs/Rep. 

X No. Host Eggs/Rep. 
7 

b 
Emergence 

X No. Host Eggs/Rep. 
7 /o 

Emergence Sp. 1 Sp. 2 

X No. Host 

Eggs/Rep. Par. Viable3 
7 

b 
Emergence Par. Viable3 

7 /o 
Emergence 

C — 
a 

21.0 6.8 14.5 49.0 

T — 
a 

24.3 21.0 21.0 90.0 

C TC 20.5 0.0 13*0 0.0 13.0 13.0 90.0d 

T CC 26.5 0.0 15.5 0.0 15.5 15.5 90.0d 

a. Control data. 

b. Percentages transformed using Arcsin /% . 

c. Experimental data. 

d. Significant difference at the .05 probability level for Student t-test between 

emergence rates of Chelonus insularis and Telenomus remus from Spodoptera exigua eggs. 
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than for £. insularis for both sequences of parasitoid exposure (Table 

8). Emergence rates for the C -»• T sequence were 66.00% for remus 

and 6.00% for £. insularis and in the T C sequence, 71.14% for £. 

insularis. 

The first parasitoid to parasitize 30- to 40-h-old J5. exigua 

eggs emerged from the eggs in greater numbers than the second para

sitoid. Chelonus insularis had an emergence rate of 56.09% in the 

C -»• T sequence, which was significantly higher (at the .05 probability 

level) than the 13.80% emergence rate for T^. remus (Table 8). On the 

other hand, the emergence rate of 55.00% for T^. remus in the T C 

sequence, was significantly higher (at the .05 probability level) than 

the 11.35% emergence rate for C. insularis. 

Delayed Secondary Exposure of 
Host, Internal Examination 

Superparasitism rates and numbers of supernumerary parasitoids 

within the multiparasitized eggs were determined for both parasitoids in 

this test. Rates of superparasitism by C^. insularis (Table 9 and Table 

B-3) were significantly higher when it was the first parasitoid to be 

exposed to the eggs (X =. 83.90% for 6- to 16-h-old host eggs, 74.61% 

for 30- to 40-h-old host eggs) than when it was the second in the 

sequence (15.00% for 30- to 40-h-old host eggs). No significant 

differences were found between superparasitism rates at the differ

ent observation times (Table B-4). The only difference observed was 

within the replications. Means were 41.46% at zero hours, 58.15% at 

12 h, and 79.38% at 24 h after exposure to the second parasitoid 

species. For the 6- to 16-h-old eggs, T •* C sequence, only one 
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Table 8. Summary of emergence rates for Chelonus insularis (C) and 

Telenomus remus (T) from Spodoptera exigua eggs with 

delayed secondary exposure 

a. g 
X No. Host Eggs/Rep, X No. Par. Eggs&ep. % Emergence 

Total Viable C T C T 

Host Eggs 6- to 16-h old, Parasitoid Sequence C T (5 reps) 

12.4 8.0 5.0 56.09 

23.0 14.2 9.6 66.00 

16.6 3.6 0.4 2.0 6.00 66.00b 

Host Eggs 6- to 16-h old, Parsitoid Sequence T C (5 reps) 

13.5 8.0 5.0 
65.56 

10.8 7.8 4.5 67.50 

17.3 5.3 0.3 5.0 8.50 71.14b 

Host Eggs 30-• to 40-h old , Parasitoid Sequence C T (7 reps) 

15.6 12.0 6.9 53.49 

14.7 6.3 5.9 67.73 

20.1 14.6 8.3 2.7 56.09b 13.80 

Host Eggs 30-• to 40-h old , Parasitoid Sequence T C (6 reps) 

14.8 10.7 6.0 70.00 

9.8 5.3 4.5 45.35 

17.7 4.5 0.5 2.3 11.35 55.00b 

a. Percentages transformed using Arcsin /%. 

b. Significant to the .05 probability level for Student's t-test. 



Table 9. Percentage of superparasitism and numbers of supernumerary 

parasitoid eggs in Spodoptera exigua eggs multiparasitized by 

Chelonus insularis and Telenomus remus at three observations 

times after exposure to the second parasitoid (three replica
tions 

Egg 

Age 

X No. of 
Multiparasitized 
Eggs/Rep/Obs. 

X % Superpar. 

Rep/Obs.-'-'^ 

X No. of Super
numerary Par/Eggs1 

C. insularis 

C -> T 6-16 3.43 83.90a 2.20a 

C -* T 30-40 2.97 74.61a 2.10a 

T -»• C 30-40 1.54 15.00b 0.22b 

T. remus 

C -*• T 6-16 3.43 31.31a 0.45a 

C ->- T 30-40 2.97 21.61a 0.94a 

T C 30-40 1.54 40.21a 0.94a 

1. Means followed by the same letter within a column and a spe

cies are not significantly different to the .05 probability level for 

Duncan's Multiple Range Test. 

2. Percentages transformed using Arcsin /Percentage Transforma

tion. 
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multiparasitized egg was observed so the data were not included in the 

table. These results indicate that some degree of interspecific dis

crimination took place. 

Rates of superparasitism by _T. remus (Table 9) were similar 

whether it was the first or second parasitoid in the sequence, with no 

statistically significant differences (Table B-3). This seems to 

indicate a random selection of eggs. No differences in superparasitism 

rates at the observation times were found (34.12 at Oh, 11.59 at 12 h, 

and 33.33 at 24 h (Table B-4)). 

The results obtained for numbers of supernumerary parasitoid 

eggs within multiparasitized eggs (Table 9 and Table B-5) support the 

percentage of superparasitism results. When C. insularis was the first 

parasitoid in the sequence, the number of supernumerary eggs (X for 6-

to 16-h-old host eggs, 2.10; for 30- to 40-h-old host eggs, 2.20) was 

significantly higher than when it was second (0.22 for 30- to 40-h-old 

host eggs). No differences were found between the observation times, 

with means of 1.57 to 0 h, 1.88 at 12 h, and 1.71 at 24 h (Table B-6). 

The only difference found was within replications. Again C. 

insularis seems to be discriminating against the eggs parasitized by 

T. remus. 

Numbers of supernumerary _T. remus eggs were not significantly 

different when it was the first parasitoid in the sequence (0.45 for 6-

to 16-h-old host eggs and 0.94 for 30- to 40-h-old host eggs) and when 

it was the second (0.94 for 30- to 40-h-old host eggs). Numbers for 

observation times were also within the same sample means with a X of 

1.20 at 0 h, 0.44 at 12 h, and 0.68 at 24 h (Table B-6). Indications 
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are that T?. remus is not discriminating against eggs parasitized by 

C^. insularis. 

Throughout this experiment, when £. insularis was the first 

parasitoid in the parasitism sequence, at 0-h observation time (£. 

insularis eggs were 24-h old), both larvae and eggs of £. insularis 

were found, but not all of the T. remus eggs had hatched until the 

24-h observation. When remus was the first parasitoid in the para

sitism sequence, larvae had all hatched at the 0-h observation OT. 

remus eggs were 24-h old), but no £. insularis larvae were found 

until the 24-h observation. Also, no emergence was observed from the 

remainder of the multiparasitized host eggs held for hatch. This was 

probably due to the large number of parasitoids within the host eggs. 

Summary of Parasitoid Emergence Rates 

Parasitoid rates of the individual data (eggs exposed only to 

that parasitoid) and combined parasitoid species (data from the multi-

parasitism tests) are summarized in Table 10 and Table B-7. A signif

icant difference, at the .05 probability level, was observed between 

the emergence rate of C_. insularis (40.41%) and both T_. remus (74.92%) 

and the combined parasitoid rate (74.11%). 
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Table 10. Emergence of Chelonus insularis and Telenomus remus from 

Spodoptera exigua eggs exposed to individual and combined 

species of parasitoids 

Percentage of Emergence from Viable Spodoptera exigua Eggs 

Host Exposed to Individual Species 

Host Exposed to 

Replications C. insularis T. remus Combined species 

1 90.00 90.00 48.56 

2 52.24 90.00 90.00 

3 30.00 90.00 90.00 

4 90.00 90.00 90.00 

5 40.92 26.56 23.11 
6 65.20 90.00 90.00 

7 53.31 90.00 90.00 
8 19.46 90.00 90.00 

9 61.00 90.00 90.00 

10 48.16 90.00 45.00 

11 40.92 24.12 52.65 

12 22.22 0.00 45.00 

13 65.20 90.00 36.56 

14 75.58 90.00 70.54 
15 19.46 90.00 90.00 

16 50.18 90.00 41.78 
17 48.16 90.00 60.00 
18 45.00 36.87 30.00 

19 45.00 90.00 90.00 
20 90.00 0.00 60.00 

21 30.00 0.00 90.00 

22 70.45 90.00 90.00 

23 39.23 90.00 90.00 

24 75.00 90.00 90.00 

25 25.03 90.00 90.00 
26 56.79 90.00 90.00 

27 40.00 90.00 90.00 
28 75.00 90.00 90.00 

29 25.03 90.00 90.00 

30 56.79 90.00 90.00 

X3 50.51b 74.92a 74.11a 

1. Percentages were transformed using Arcsin /% . 

2. Viable = number of host eggs that hatched or that parasitoids 

emerged from. 

3. Means followed by the same letter are not significantly dif
ferent at the .05 probability level by Duncan's Multiple Range Test. 



DISCUSSION 

Chelonus insularis could not distinguish between fertile 

and infertile £. exigua eggs, but T^ renms did show some ability to 

discriminate. Although this caused £. insularis to waste some of 

its eggs, it is probably of small importance in the overall picture 

of competition between the species, because only a low percentage 

(5.6%) of eggs are infertile. It is interesting to note the differ

ence between T^. remus and another species in the genus, _T. ashmeadi, 

which will parasitize infertile host eggs (Morrill, 1907). 

It appears that jC. insularis and _T. remus adults are not 

actively competing for host eggs, since neither species showed any 

signs of aggression. Increasing the parasitoid densities did have 

a detrimental effect, with the increased contact of parasitoids 

interfering with their oviposition. This is in agreement with one 

of Ullyett's (1949) postulates. The actions of _T. remus were not 

the same as described for the more aggressive Asolcus basalis 

(= T. megacephalus), where females physically attacked other females 

and chased them from the egg mass. The crowded conditions used in 

this experiment would be unlikely to occur in the field, where host 

eggs are more abundant and widely dispersed. 

Both £. insularis and T. remus have some degree of intra-

specific discrimination of previously parasitized eggs, since super-

parasitism rates are below 36%, which would indicate a random choice 

41 
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(Fiske, 1910). The rate for _C. insularis (10.73%) agrees favorably with 

that of 8.5% observed by Abies et,al. (1981). 

The age of host eggs had little effect on the superparasitism of 

either parasitoid. The rates were, for 6- to 16-h-old eggs, jC. insularis 

—19.40%, T_. remus—0%; for 30- to 40-h-old eggs, £. insularis—25.43%, 

T\ remus—3.49%), indicating some discrimination against parasitized 

eggs. Multiparasitism rates, on the other hand, were generally high 

enough to be the result of a random choice and were particularly high for 

T. remus (for 6- to 16-h-old eggs: £. insularis—54.27%, remus— 

90.00% (significant difference); for 30- to 40-h-old eggs: £. insularis 

—34.45%, _T. remus—53.31%). Evidently, the interspecific discriminatory 

abilities of both parasitoids are lower than the intraspecific abilities. 

This was also observed to be true for Nasonia vitripennis (Wylie, 1970). 

Because _T. remus does not mark host eggs externally (Gerling and Schwartz, 

1974), _C. insularis may not be able to tell that the host is parasitized. 

Internal examination would not help, because the parasitoids would not 

have hatched (must be 12-h old)(Gerling and Schwartz, 1974), unless it 

could detect the parasitoid egg or some ovipositional substance. If 

Z* remus ha<i a l°w superparasitism rate only because of its patterned 

search (Gerling and Schwartz, 1974), it would be unable to recognize 

those eggs parasitized by C_. insularis. 

The immature stages of _T. remus were competitively superior 

(probably by physical attack, because the young larvae were mandibu-

late) when there was ho time lapse between exposure to (3. insularis, 

whether _T. remus was the first or second to parasitize the 6- to 

40-h-old host eggs. This was also true in the 6- to 16-h-old eggs 



in both sequences of exposure. Although the immature T. remus was 

competitively superior when this species was the first to parasitize 

the 30- to 40-h-old eggs with a 24-h time lapse before exposure to 

insular is, (J. insular is was superior when it was the first to 

parasitize the host eggs. Since 24 h had elapsed between exposures of 

eggs to the first and second species, the eggs were actually 54- to 

64-h old when exposed to _T. remus. T. remus would not be able to 

develop in eggs this old (Gerling and Schwartz, 1974). Telenomus 

remus is probably the superior competitor in the younger (< 43-h-old) 

host eggs because of the smaller size of the first instar larva (100 

ym) (Gerling, 1972) compared to C_. insularis (0.142 mm in length) 

(Jackson et al., 1978), which would give it more mobility and because 

of the shorter developmental period for ^T. remus (10 d) (Gerling, 

1972) vs. 14 d for C.insularis (personal observation)). This agrees 

with the findings of Vinson and Abies (1980), where Q. insularis was 

the inferior competitor because of larger size and poor mobility, as 

compared to Microplitis croceipes. Cardiochiles nigriceps and 

Campoletis sonorensis. 

When a low density of S_. exigua eggs was exposed to both _T. 

remus and £. insularis, the host emergence level was reduced. For 

example, in one instance only 3.6 out of 16.6 mean eggs hatched 

(Table 8). A reduced level was also found for Trichogramma evanescens 

Westwood under conditions of severe superparasitism (Salt, 1936). 

The high levels of super- and multiparasitism probably killed many of 

the host embroyos, or possibly the parasitoids killed both the host 

embryo and each other. For example, if _T. remus killed the host 
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embryo, but was in turn killed by C^. insularis, neither would be able 

to survive. 

In the test where superparasitism rates (and number of super

numerary parasitoids) were determined for multiparasitized eggs that had 

a 24-h time lapse between exposure to parasitoid species one and two, 

insularis had a higher level of superparasitism (X 79.26, 2.20 

supernumerary parasitoids) in host eggs where it was the first species 

to oviposit than in those eggs parasitized by _T. remus (X 15.00, 0.22 

supernumerary parasitoids). This may be accounted for by the fact that 

T. remus eggs have already hatched in the 24-h time lapse between 

exposures since the first instar larva hatches after 12 h (Gerling, 

1972) and can probably be detected by (3. insularis, which examines 

eggs internally (Vinson, 1975b). This would also explain the lack of 

multiparasitism by C_. insularis in 6- to 16-h-old exigua eggs 

exposed first to _T. remus. 

_T. remus had a relatively low superparasitism rate and number 

of supernumerary parasitoids throughout the experiments, when it was the 

first to parasitize host eggs (X of 26.46 and .70 parasitoids) and 

for those already parasitized by insularis (40.21 and .94 para

sitoids). Probably no discrimination is occurring, but eggs are being 

laid by T. remus in a pattern that reduces the chances of superpara

sitism, as noted by Gerling and Schwartz (1974). 

The parasitoid numbers in multiparasitized eggs are probably a 

result of both inter- and intraspecific competition within S^. exigua 

eggs. In the case of £. insularis» there is probably more intraspecific 
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competition occurring since there are more £. insularis eggs than T. 

remus eggs present in the multiparasitized eggs. 

The adult parasitoid emergence rates of T^. remus were higher 

(74.92%) than those of jC. insularis (50.51%). However, the combina

tion of the two parasitoids also produced good results (74.11%). 

Because £. insularis appears to be an r strategist (Miller and Ehler , 

1978) and remus is also likely to be because T. remus is prolific 

and has a wide habitat range (Kozlov, 1967), either parasitoid would 

be a good bio-control candidate. These tests have shown that the 

^T. remus larva is competitively superior (a character of a K strate

gist) , but that _C. insularis has a higher reproductive rate (450 eggs 

per female) (Miller, 1977) than _T. remus (160 eggs per female) 

(Gerling, 1972) and is already established in the field. Also, 

_C. insularis prefers eggs 24-h old (Abies et al., 1981) and _T. remus 

must oviposit in eggs 43-h old (Jackson et al., 1978), so there would 

not be a total niche overlap. Ehler (1979) stated that interspecific 

competition may reduce the effectiveness of the individual species, 

but increase the effectiveness of the aggregate of the various species. 

Based on this premise, and the emergence rates, it seems that _T. remus 

may actually increase the overall parasitism rate in the field. 



CONCLUSIONS 

In the case of competitive superiority among the adult para

sitoids, C^. insularis and T^. remus appear to be equal, neither showing 

any outward signs of aggression, either intra- or interspecifically. 

Both appear to have about the same degree of interspecific discrimina

tion against parasitized eggs. The multiparasitism rates are high, 

particularly for T_. remus. indicating that eggs are placed randomly. 

C_. insularis and remus both have a higher degree of intraspecific 

discrimination than interspecific discrimination. All in all, _T. remus 

appears to be the superior competitor, except when eggs are too old 

for its development (> A3 hours). 

From the summary of the emergence rates, T_. remus alone, or 

in combination with (3. insularis, would have a good chance of con

trolling j>. exigua. Because both parasitoids are probably r strate

gists, remus larvae are competitively superior, and (3. insularis 

has a higher reproductive capacity and is already in the field, a combina

tion of the two parasitoids would probably prove to be beneficial. 

Telenomus remus, being an egg parasitoid, would destroy the host before 

it reached the economically damaging stage. Before releasing jC. remus 

into the field, it is important to first conduct a series of controlled 

field experiments, to see that T?. remus is adaptable in this area and 

to further investigate its reaction with C^. insularis. 
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APPENDIX A 

LIMA BEAN DIET* 

Ingredient Amount 

Ground baby lima beans 10*080 g 

Brewer's yeast 1,920 g 

Methyl-p-hydroxy benzoate 200 g 

Ascorbic acid 230 g 

Sorbic acid 70 g 

Aureomycin 35 g 

Water total 51 L 

Formaldehyde 64 ml 

Gelcarin 600 g 

*Source: Patana (1977). 
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APPENDIX B 

ANALYSIS OF VARIANCE (ANOVA) TABLES 

48 
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Table B-l. Two-way ANOVA for superparasitism of Spodoptera exigua eggs 

by Chelonus insularis and Telenomus remus (Table 4) 

Source of Variation df SS MS F 

Trials 8.00 2062. ,65 18. 89 2.40a 

Treatments 1.00 18. .89 107. 06 0.17 

Error 8.00 856. ,55 257. 83 

Total 17.00 2938. ,10 

a. Significant to the .05 probability level for one-way ANOVA. 

Table B-2. One-way ANOVA for superparasitism of Spodoptera exigua 

eggs by Telenomus remus and Chelonus insularis (Table 5) 

Source of Variation df SS MS F 

Between levels 3.0 2,056.93 685.64 1.54a 

Within levels 14.00 6,229.67 444.97 

Total 17.00 8,286.61 

a. Not significant to the .05 probability level for one-way 

ANOVA. 
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Table B-3. Two-way ANOVA for percentage of superparasitlsm of three 

ages of multiparasitized Spodoptera exigua eggs (Table 9) 

Source of Variation SS MS F 

Percentage of Superparasitlsm for C. insularis 

Blocks (reps) 39,751.39 406.05 0.38 

Treatments (egg ages) 3,248.47 9,898.97 9.48a 

Error 19,797.95 1,044.05 

Total 16,704.95 

Percentage of Superparasitlsm for T. remus 

Blocks (reps) 25,062.66 595.87 0.53b 

Treatments (egg ages) 4,766.27 1,246.51 1.12^ 

Error 2,493.03 1,112.66 

Total 17,802.65 

a. Significant difference to the .05 level of probability. 

b. Not significant to the .05 level of probability. 



Table B-4. Two-way ANOVA for percentage of superparasitism of multi-

parasitized Spodoptera exigua eggs at three observation 

times (Table 9) 

Source of Variation SS MS F 

Percentage of Superparasitism for £. insularis 

Blocks (reps) 39,751.39 4,141.17 13.96a 

Treatments (obs. times) 33,129.37 939.30 3.16 

Error 1,878.60 296.46 

Total 4,748.41 

Percentage of Superparasitism for T^ remus 

Blocks (reps) 23,874.41 620.61 .62b 

Treatments (obs. times) 4,964.91 1,471.62 1.47^ 

Error 2,943.25 997.89 

Total 15,966.24 

a. Significant to the .05 level of probability. 

b. Not significant to the .05 level of probability. 



Table B-5. Two-way ANOVA for supernumerary parasitoid eggs in three 
ages of Spodoptera exigua eggs multiparasitized by Chelonus 

insularis and Telenomus remus (Table 9) 

Source of Variation SS MS F 

Supernumerary C_^ insularis Eggs 

Blocks (reps) 58.90 0.25 0.16 

Treatments (egg ages) 2.06 15.81 10.03a 

Error 31.62- 1.57 

Total 25.21 

Supernumerary T\ remus Eggs 

Blocks (reps) 22.91 1.14 1.48b 

Treatments (egg ages) 9.15 0.71 0.93^ 

Error 1.43 0.77 

Total 12.32 

a. Significant to the .05 level of probability. 

b. Not significant to the .05 level of probability. 
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Table B-6. Two-way ANOVA for supernumerary parasitoid eggs in 

Spodoptera exigua eggs multiparasitized by Che1onus insu-

laris and Telenomus remus at three observation times 
(Table 9) 

Source of Variation SS MS F 

Supernumerary C. insularis Eggs 

Blocks (reps) 66.02 5.76 4.99a 

Treatments (obs. times) 46.11 0.72 0.62 

Error 1.44 1.15 

Total 18.46 

Supernumerary T. remus Eggs 

Blocks (reps) 22.91 0.78 0.90b 

Treatments (obs. times) 6.28 1.35 1.56b 

Error 2.71 0.86 

Total 13.91 

a. Significant difference to the .05 level of probability. 

b. Not significant to the .05 level of probability. 

« 



Table B-7. One-way ANOVA for emergence rates of Telenomus remus and 

Chelonus insularis (Table 10) 

Source df SS MS F 

Between levels 2.00 10,591.26 5,295.63 8.14a 

Within levels 87.00 56,549.33 649.99 

Total 89.00 67,140.59 

a. Significant to the .05 probability level. 
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