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ABSTRACT

Predator-prey relationships between Zelus renardii 
(Kolenati) and Bucculatrix thurberiella (Busck), were 
studied in the laboratory. The primary objectives of this 
study were to determine the life cycle of Z . renardii 
when they fed solely on B.-thurberiella and how the pre
dation affected the developmental rate and the percent 
survival of the predator’s five instars.

In feeding tests, the first instar Z_. renardii 
nymphal stage was least successful because of the greater 
difficulties in overcoming fifth instar B . thurberiella 
larvae. Percent survival of the five instars was 85,
9I3 97, 100 and 100 percent, respectively. A rapid in
crease in consumption of prey was also evident with each 
subsequent developmental stage of Z_. renardii.

The influence of temperature on developmental 
rate of _Z. renardii was also studied in the laboratory. 
Studies were made at constant temperatures of 68, 77, 86, 
and 95°F• The percent surviving was lower at the two 
extreme temperatures (68 and. 95°P) than that at 77 or 
86°F. The highest survival rate of the nymphs and the 
longest survival of adult Z. ■ renardii occurred at 77°F•



The developmental period of each instar decreased with 
each increase in temperature.



INTRODUCTION

Cotton is attacked by several important insect 
pests which may be killed or suppressed by predators and 
parasites. A number of species of the genus Zelus have 
been reported as abundant insect predators in many 
cotton-growing areas of the United States• Zelus 
renardii (Kolenati) is•the most common species found in 
the southern counties of Arizona .(Werner and Butler 1957). 
These predators are known to feed on several of the 
common cotton pests. The species is a general feeder, 
attacking both injurious and beneficial insects. Readio 
(1927) studied the biology and the distribution of many 
members of the genus Zelus and he reported them 
from 13 states of the United States. El-Haidari (1956) 
and Tuttle, Wene and Sheets (1961) observed Zy renardii, 
feeding on cotton leaf perforator, Bucculatrix 
thurberiella (Busck) in the laboratory.

In Arizona, the cotton leaf perforator, B , 
thurberiella, is not. only a localized pest in some grow
ing seasons, but is a large food source for predators 
late in the growing season. It has been found also that 
Z. renardii is the most predominant reduviid in late
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summer- (Rakickas and Watson 1974)• That might indicate 
the relationship.. of this predator with the cotton, leaf 
perforator.

Past efforts to quantify the capabilities of Z . 
renardii to prey on the cotton leaf perforator have been 
limited. The potential of Z. renardii to reduce B . • 
thurberiella populations is needed to evaluate the im
portance of this predator.

With the increasing concern over the environ
mental effects of heavy pesticide use, a greater need has 
developed for research into the practical application of 
biological control. In order to utilize biological 
control in a pest management system, a basic.requisite 
such as predator-prey relationships has to be determined.

This study was designed to determine the ability 
of Z. renardii to successfully feed on the .various stages 
of B. thurberiella. The primary objectives of this study 
were (1) to determine the .life cycle of Z_. renardii when 
they fed solely on B. thurberiella and how the preda
tion affects the developmental rate and the percent 
survival of the predator, (2) to determine whether Z . 
renardii is able to feed on B. thurberiella when the 
perforators are within the mines, and (3) to., provide 
specific quantitative data on the influence of several . 
temperature regimes on population growth of Z. renardii.



LITERATURE REVIEW

Zelus Spp.

Description
The order Hemiptera Includes some -of the most Im

portant predators of Insects and mites. Reduviidae Is 
one of the larger and more Important of the families 
(Buldof 1948, 1950)1 This writer stated that the number 
of species belonging to this family had Increased to over' 
3,000 by 1948. The family contains-both beneficial and 
injurious forms. Both forms are predators, but the poi
sonous bites of some members have given them a poor image. 
Little has been written on the taxonomy of the-reduviidae. 
Zelus has not been studied in many years. The most . 
useful publication on this genus was that of Readio (1927) 
who has compiled the descriptions and references of the 
North American reduviid species and has devised and 
adopted keys for their identification. The other most 
common genera of the family reduviidae found in Arizona 
fields are Sinea and Atrachelus. The most common species 
belonging to the genus Zelus and associated with Arizona 
crops are Zelus renardii and Zelus socius Uhler (Werner 
and Butler 1957). These writers described the genus



Zelus as a slender species with the head and legs spine
less and the abdomen not expanded laterally in either 
sex. The appendages are all slender and long and the 
anterior legs are not noticeably thicker than the rest.
The adult of Z. renardli is about 10.5 to 13>5 mm long 
and moderately slender (pronotum is about 0,22 as wide at 
base as body is long). However, El-Tom (1965) reported 
that the measurements of a typical female and male Z. 
renardli, respectively, are as follows: body length 14,0,
11.5 mm; width at mesothorax 3.0, ,2.5 mm; greatest width 
of abdomen 3.0, 2.5 mm. It is ground colored, olive 
green or darker and corium usually rufous but is some
times brownish. The upper surface has some scattered 
oppressed pubescence. The head is slender, the dorsal 
surface has darker markings, especially behind the suture. 
The antennae are slender with segment 1 about as long as 
anterior femur, uniformly pale or with the terminal 
segments darker. Pronotum is without spines except that 
the antero and postero-lateral angles are painted in some 
specimens. The lateral margins of the anterior lobe have 
a reticulate pattern of dark markings on a pale ground 
color and the posterior lobe is darker with narrow pale 
lateral, and posterior margins. The corium is rufous to 
darker with pale veins; the membrane is uniformly dark 
with slightly darker veins. The legs are uniformly



colored, the femora pale and the tibiae and tarsi 
brownish. The underside is uniformly pale and the dorsum 
of the abdomen is rufous. In the male the last ventral 
abdominal segments have slender, vertical hooked median pro
cesses apically (Werner and Butler 1957, El-Tom 1965).

Geographical Distribution
Readio (1927) reported that within the United 

States Zelus spp. has been recorded from 13 states— from 
Illinois to Idaho and from Plorida to California. He 
found that Zelus renardii are common in the cotton fields 
of both Texas and Mexico.

Horton (1918b) observed Z_. renardii feeding on 
citrus mealy bug in California, Kansas, Texas and Mexico. 
Morrill (1910) states that this reduviid is common in 
cotton fields in both Texas and Mexico. This species 
was first known in Hawaii in 1897 > an immigrant species 
from the western United States (Swezey 1905, Nishida 
1955, Hoidaway and Look 1942). It first appeared in 
Honolulu and is now common in many places. Swezey (1936) 
reported that Z_. renardii was collected from different 
places in Hawaii in 1904, 1905 and 1917• He reported 
that this insect is common upon fruit trees and shrubbery 
which are infested with aphids, and in sugar cane fields 
where it feeds largely upon leafhoppers, Perkinsiella •
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saccharicida (Kirk). The nymphs of this predator are in 
the habit of remaining in such places until they have 
grown to maturity, not seeking other locations unless 
their food supply of young leafhoppers becomes exhausted.

In California3 Zelus renardii is found on citrus 
trees (Horton 1918a) and on cotton plants (Smith 19423 
van den Bosch and Hagen 1966) feeding on pests associated 
with these crops. The species has also been recorded 
in Utah by Knowlton (1944). Buldof (1948) reported Zelus 
species in Ohio. Zelus spp. are also commonly found in 
Arkansas attacking many pest species (Whitcomb and Bell 
1964). Oliver (1964) found Zelus spp. attacking the 
fall webworm Hyphonteria conea (Drury) in Louisiana. 
Estrada and Carrillos (1971) reported that Z. renardii 
is present in greatest numbers in Mexico from the second 
week of June to the first week of July..

In Arizona, several crops and weeds have been 
recorded as reservoirs for Zelus spp. populations. Eye 
(1973) observed seasonal population levels of several 
Hemipterous predators (Zelus, Sinea, Nabis, Orlus and 
Geocorls) in Arizona’s Avra Valley. He found large 
numbers of these predators on London Rocket (Sisymbrium 
irio L .) in the winter months and on globemallow 
(Sphaeralcea spp.), wheat, barley and alfalfa in the. . 
spring months. Cotton, alfalfa and grain sorghum held



large populations of these predators during the summer. 
Clancy (1946). stated that Z. renardli Is one of the most 
Important natural enemies In Arizona. The species was 
fairly well represented in samples from southern counties, 
with best representation in those from Pinal County, 
followed by Pima and Maricopa (Butler 1966, Werner and 
Butler 1957)• It was best represented in fall and 
winter, followed by spring and summer. Summer-samples 
contained only one-third as great a percentage as those 
from fall and winter (Werner and Butler 1957). Rakickas 
and Watson (1974) reported that populations of !Z. renardii 
were abundant in late summer in Arizona fields, Rye 
(1971) also observed these population trends in Arizona.
He noted that the. sharp decline of the predator popula
tions in mid-July immediately followed insecticide appli
cations for control of the pink bollworm, Pectinophora 
gossypiella (Saunders).

Importance of Zelus spp. as a Predator
Whitcomb and Bell (1964) studied the predation of 

bollworm, Heliothis zea (Boddie), eggs in Arkansas cotton 
fields. They observed that insects of Zelus spp. were 
feeding freely on eggs and larvae of H . zea, - It has been 
reported also that Zelus spp. were observed controlling 
Heliothis vjrescens (F), destroying the eggs, the first



instar larvae and sometimes the second instar 
(Wille 1951).

Z.elus renardii has been reported to attack other 
insects3 spiders 3 and even each other (Swezey 1905).
Horton (1918a) observed Z. renardii. attacking the citrus 
thrips, Scirtothrips citri (Moulton), The nymphs of 
this predator are very common on citrus trees in Cali
fornia and have been observed to feed on citrus thrips 
larvae. . However, only the first and the second instars 
are valuable in this work (Horton 1918a). Zelus renardii 
was also recorded as one of the natural enemies of the 
citrus mealy bug, Planococcus citri (Risso) (Horton 1918b). 
Morrill (1910) recorded this species as an enemy of the 
Conchuela, Pentatoma higota (Say). In Hawaii, Zelus spp. 
were found attacking sugar cane leafhopper, Perkinsiella 
saccharicida (Kirk), coccinellid beetles, dermestids, 
aphids and various species of Hymenoptera (Muir 1921b, 
Fullaway and Krauss 1945). Zelus renardii was considered 
as most abundant and important economically. Not only 
does it attack both adult and young of P. saccharicida 
but it also attacks the direct enemies of this insect.
So, Z. renardii is considered more harmful than beneficial 
(Muir 1921a, 1921b). Fullaway. (1918) found Z_. renardii 
attacking and feeding on corn leafhopper, Peregrinus 
maldis Ashon. . Zelus renardii was reported as predacious



on the adult melon fly, Daeus cucurbltae cog (Severln, 
Severln and Hortung 1914). Horton (1922) found Z. 
renaydll attacking young larvae of papillo zolocaon 
Boisd. on citrus in California. Van Zwaluwenhurg (1946) 
found that this predator was also attacking the citrus 
looper3 Anacomptodes fragilarla Grossbeck, in the field 
but considered it unlikely that alone it caused the 
seasonal decline in looper numbers. Ewing and Ivy (1943) 
mentioned that three nymphs of _Z. renardii consumed 68 out 
of 80 bollworm eggs in eight days. Clancy. (1946) found 
that 2. renardii would not feed on brown stinkbug 
(Eust.htstus) eggs, but that it did feed upon nymphs.

Nielson and Henderson (1959) reared Z_. renardii 
on spotted alfalfa aphid, Therioaphis maculata (Buckton). 
They reported that the average number of aphids destroyed 
per adult per day was 34. The predator sucked out the 
aphid body fluid, then cast the dried bodies to one side. 
El-Tom (1965) reared Z. renardii on adults of wild type 
Drosophila melanogaster Meigen and found that this preda
tor has a good developmental rate when feeding on this 
fly. Orphan!des, Gonzalez and Bartlett (1971) stated that 
Z. renardii .feeds on mature free larvae of pink bollworm 
and probably on larvae in cocoon but not on the pupae. 
El-Haidari (1956). and Tuttle et al. (196l) observed
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Zelus'renardli feeding on cotton leaf perforator in the 
laboratorys but not under field conditions.

3h some, cases Zelus spp. have, been reported as 
predators of other beneficial insects. Knowlton .(19M ) 
says that Z_. renardli was observed feeding on a male 
chrysopa. It was found also that this predator attacks 
Coccinellid beetles and various species of Hymenoptera 
(Fullaway and Krauss 1945). Z_. renardli was observed
attacking various kinds of bees which visit the cotton 
blooms in cotton fields (Morrill 19103 Mishida 1955). 
Smith (1942) claimed that there is.no observed preference 
by this predator for any. type of injurious and beneficial 
insects. The nymphs of Z_. renardli were observed attack
ing each other also (Readio 1927.). Van den Bosch and 
Hagen (1966) reported that these bugs are never abundant 
and apparently are not of major importance in biological 
control of any cotton pest. Readio (1927) stated that 
the factors which limit their importance are their low 
rate of reproduction and unspecialized feeding habits.

Zelus spp. Feeding Habits
Plant feeding by first instar Z. renardli and 

other members of reduvlidae was studied by Stoner5 
Metcalf and Weeks (1975). The plant foods offered to the 
nymphs were as follows: Dandelion) Taraxacum officinale 
Weber, pollen; Safflower, Carthamus tinctorius L .,. seed;



Sunflower, He11anthus annuus L ., seed; Barley, Hordeum 
vulgare L.., seed; grain sorghum. Sorghum bicolor. (L .) 
Moench, seed; slice of green bean. Phaseolus vulgaris L ., 
with seed; Mesquite, Prosopis grandulosa (Torr.) cockerell 
seed; and leaves and seeds of cotton, Gossypium hirsutum 
L. Water was provided with all foods except cotton 
leaves and slices of green bean. It was found that the 
nymphs tested survived significantly longer on dandelion 
pollen and safflower seed than on water alone. Survival 
on other plant foods was similar to survival on water 
alone. The longest survival time for Z. renardii was 
19-5 + 6.3 days on dandelion pollen, and the shortest 
was 3.1 + 0.3 on cotton seeds. It was demonstrated that 
first-instar nymphs of these.insects could utilize some 
plant foods to survive longer, but no development 
occurred. Plant feeding could maintain the predaceous 
species for short periods when prey were in short supply 
(Stoner et al. 1975).

Ridgway et al. (196?) stated that predators be
longing to hemiptera were most affected by applications 
of systemic insecticides to cotton fields. It was implied 
that the plant feeding habits of these Hemipteran preda
tors were possibly the main mechanisms through which 
contact with these insecticides occurred, An inverse 
relationship between the predator and prey populations



12
was apparent after the application of systemic insecti
cides. Studies by Van Steenwyk et al. (1975) and by 
Kihzer et al. (1977) indicate that Heliothis spp. infesta
tions and damage levels increased as the populations of 
systemic-susceptible, predators decreased.

Zelus spp. are general feeders. They feed on - 
both beneficial and injurious insects. Nishida (1955) 
described the feeding habits of adult Z_. renardji. He 
said that the adult of Z. renardii approaches' its prey 
slowly and when within reach3 quickly grasps its victim, 
inserts its proboscis in the body cavity and feeds on the 
body fluid. The nymphs are similar to adults in their 
habits and shapes, but smaller and do not have wings.

Consumption rate data for individual Z_.‘ renardii, 
when fed Heliothis spp. eggs, were obtained by Lingren, 
Ridgway and Jones (1968). In small containers, an average 
of 37-7 eggs/day was consumed by adult males and 42,5 
eggs/day by adult females. Consumption of first instar 
larvae averaged 70.2 larvae/day for the males and 80,2 
larvae/day for the females.

Zelus spp. Life History
The first complete study of the life history of 

Z. renardii was reported by El-Tom (1965). These Zelus 
were reared at 78°F. The predator fed upon adult .
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Drosophila.. All stages of Z. renardil were described 
thoroughly by El-Tom (1965).

The egg mass9 as described by Swezey (1905) and 
El-Tom (1965)3 is brown and usually arranged in a hexagon 
or pentagon. It may consist of from 12 to 62 eggs.
Swezey (1905) reported a range of 19 to 40 eggs. The 
individual egg is brown, faintly sculptured, and more or 
less barrel-shaped. The brown egg mass is covered with 
a white, sticky substance.

El-Tom (1965) found that the duration of the egg- 
incubation period averaged 7.84 + 0.11 days. The duration 
of the first and second nymphal instars ranged from 4 to 
11 days and from 3 to 7 days, respectively. Duration of 
the last three nymphal instars ranged from 3 to 7> 4 to 9 
and 6 to 20 days, respectively.

The longevity of adult Z. renardil was. 92 days 
for one female and 48 days for one male. The preoviposi- 
tion period averaged 9.00 + 0.40 days for 23 females.
The shortest premating period was determined to be 24 
hours after emergence of the adults. The highest number 
of eggs was 928, obtained from a fertile female which 
mated four times.

One major study has dealt with the relationship 
of temperature to Z_. renardil. Butler (1966) reared _Z. 
renardil in the laboratory at four different temperatures.
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The temperature regimes were 59°, 68°, 77° and 86°P5 
resulting in incubation periods of 26.1, 13.3, 7.1 and 
5.4 days, respectively, and nymphal developmental periods 
of 62.0, 32.6 and 28.6 days, respectively, at the latter 
three temperatures. At 86°P, Butler (1966) obtained the 
shortest time for egg hatching and nymphal development.

Enemies of Zelus spp.
Smith (1923) found Zelus nymphs in the nest of 

Bicyrtes quadrifaciata Say, a wasp of the family Sphecidae, 
sub-family Nyssoninae, and tribe Bembicini. El-Tom (1965) 
observed an ant kill a second instar nymph hf Z, renardii. 
No predation has been reported on adult 2.' renardii by 
other arthropods. Leigh and Hunter (1969) stated that 
the predaceous spiders, .even the general feeders,' do not 
accept Zelus adults as food.

El-Tom (1965) reared the parasite, Telenomus nsp, 
from Z . renardii egg masses. He found that the number 
of parasitised eggs was strictly limited by the number 
exposed at the edges of the egg mass.

Bucculatrix thurberiella (Busck)

Importance of Bpcculatrix thurberiella
The cotton leaf perforator, B. thurberiella is • 

known to attack both domestic and wild cotton, and it has



been a serious pest of cotton in Arizona and in the south
west for many years (Folsom 1932; Stevenson and Kauffman 
1954; Telford 1957; Telford, Wene and Carruth 1962;
Tuttle et al. 1961; Wene and Sheets 1962). It also 
attacks hollyhock. Althaea rosea L . El-Haidari (1956) 
observed the eggs of B . thurberiella.on leaves of holly
hock - under cages at Yuma, Arizona. However, all the eggs 
failed to hatch. This pest is among the most serious 
pests of cotton in Arizona and California and it is diffi
cult to control in all areas. The presence of B . 
thurberiella•in.the Imperial Valley, California, was. a 
factor in discontinuing cotton culture in the valley in 
the 1930s. The damage has been localized, but has al
ways been greatest in the warmer valleys. The injury to 
the plant usually occurs late in the season.(Stevenson 
and Kauffman 1954). Folsom (1932) says that the very high 
temperatures are favorable for multiplication, but it 
can exist at altitudes of 4,000 to 5,000 feet. They can 
survive under any climatic condition that occurs in the 
cotton belt. A heavy infestation.oi* B . thurberiella 
causes defoliation of the plant which results in shedding 
of squares and small.bolls. So both the quality of the 
open cotton and the yield are reduced (Telford 1957, 
Harding 1970, MeGarr and Wolfenbarger 1972) .
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Pastrana (1967) reported that B . thurberlella 

Is known to have been, present in Argentina at least by •' 
1941. He also reported that this insect became an impor
tant pest in Chuco, Argentinas by 1967. Rios (1967) 
stated that cotton leaf perforator in northwestern Mexico 
caused damage of economic importance to cotton in several 
areas of the Mexican state of Sonora and also in the 
Valle del FUerte Sinaloa, where it is estimated to have 
reduced the yield by 20-25 percent.

In Arizona, severe infestations were reported in 
Yuma County during September of 1954, 1955 and 1956, 
and in Maricopa and Pinal Counties in 1956 (Telford 
1957, Telford et al. 1962). Fye and May (1974) reported 
that B. thurberlella is a warm-hot-weather insect. They 
observed that in sustained high temperature regimes, 
the fecundity of the females was drastically reduced, 
but in the late growing season the females are better 
able to approach their full oviposition potential.

Benschoter and Leal (19733 1974) found that B . 
thurberlella preferred cotton that has nectaries on the 
leaves. They also found that the cotton leaf perforator 
lived longer on cotton with nectaries than on the 
nectariless ones. Cotton nectar apparently is an im- • 
portant food source for the moth and essential to their 
longevity.
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Mutants of American Pima cotton, Goss'ypium 

barbadense L., were field tested .by Wilson, Wilson and Abel 
(1977) for resistance to B . thurberiella. They found 
that none of the mutants' was effective in reducing B . 
thurberiella■ They also found that Pima red had higher 
populations of B . thurberiella than did the check culti- 
vars, Pima ’S-5* .

Bucculatrix thurberiella Life History
According to Watson and Johnson (.1972), the eggs 

of B . thurberiella are laid on both the upper and lower 
leaf surface. The whitish, elliptical egg is attached 
to the leaf by one end. After 2.25 days, under green
house conditions of 70-9Q°F, the eggs hatched. The first 
instar larva emerges directly through the attached end 
of the egg and into the leaf, then becoming a leaf miner. 
The first three instars are spent mining through the 
leaf. The duration of these instars averages 3.45 days. 
After that, the larva emerges from within the leaf and 
begins the fourth stage feeding on the leaf surface; 
feeding occurs on both upper and lower surfaces, When 
disturbed, both fourth and fifth instar larvae wriggle 
vigorously, usually dropping from the leaf on a silken 
thread and returning when the disturbance is over.
During the last part of the fourth instar, the larva
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assumes a horseshoe shape. The duration Is 2.10 days for 
the feeding stage and 1.10 for the horseshoe stage. The 
fifth instar requires about 2.6 days to complete develop
ment . After this stage, the larvae spin an elongated 
silken cocoon on the leaf, main branch or almost any
where. The stage requires 7•1 days. .The emerging moth 
is about l/5th inch long, covered with whitish scales 
with a few black or brownish spots, and the preoviposi- 
tion period is four days. Earlier reports indicated that 
the perforator had three larval stages.; one as leaf 
miner and two as external feeding stages. Folsom (1932) 
reported that this insect has nine to ten generations 
annually in the Imperial■Valley.

Enemies of Bucculatrlx thurberiella ■
The cotton leaf perforator has a number of natural 

enemies, but the greatest degree of control is exerted 
by a small hymenopteran that is parasitic on the larvae 
in the tunnels. Stevenson and Kauffman (195*0 stated 
that the parasites belonging to the genus C1osterbcefus 
play an important part in holding this pest in check at 
times. Clancy (1946) reared the parasites. CatPlaceus 
aeneoviridis (Gir.), Sphilochel'is side (Walk.), and 
Haltlchella sp. from B .. thurberiella coccoons. El-Haidari 
(1956) reared the parasites Catolaceus. victoria Burk 
and Liodontomerus insuetus Gahan from cocoons, and the
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parasites, Polynema sp. and Berostehus arlzonensls (¥Fd) 
from "horseshoe stage" larvae.• However, this writer said 
that these parasites were hot effective in reducing 
infestations.

Predatory activity by Geocoris, Nabis , Sinea,
Zelus, Collops was observed in the laboratory but not 
under field conditions (El-Haldari 1956, Tuttle et al.
1961) . Field-collected predatory insects were individu-• 
ally confined in petri dishes with a single larva of the • 
cotton leaf perforator and observed under a binocular 
microscope. Tuttle et al. (1961) found that second 
instar larvae were devoured more rapidly than older larvae. 
In the field, actual feeding by Orius nymphs,' Chrysopa 
larvae, adults of Collops, and Hippodomia was observed. 
El-Haidari (1956) said that green lacewing larvae,
Chrysopa Carnea Stephens, and Orius nymphs were the most 
active predators observed in the field. This writer 
Collected Zelus sp. from cotton fields and observed it 
closely in.the laboratory. He found that an adult Zelus 
sp. killed .3 fifth-instar larvae and 1 fourth-instar 
larvae of B . thurberiella during a period of two hours.



MATERIALS AND METHODS

Source of Insects
Sweep-net collections for Zelus renardii adults 

were made in alfalfa fields near Tucson and Yuma, Arizona, 
in September 1976. The preliminary determination of 
species in the field was based upon the generally green
ish color with reddish corium. Subsequently a more pre
cise identification was obtained in the laboratory using 
the characteristics described by Werner and Butler (1957). 
The primary distinguishing features of Z. renardji are 
the posterior lobes of the pronotum which are smooth on 
the disc.

A stock culture of B. thurberiella was developed 
from eggs and larvae obtained from previous culture.
Larvae obtained from the United States Department of Agri
culture Biological Control Laboratory were reared in the 
greenhouse in order to maintain a good supply of B. 
thurberiella larvae for use as prey by Z_. renardii.

Heliothis virescens (P.) larvae were maintained 
as a source of food for Z,. renardii individuals during. U 
the laboratory study of this predator. A stock culture 
of wild H. virescens was developed from larvae collected

20
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from fields at several locations in Arizona. Another 
culture of non-insecticide-resistant H. virescens was 
developed from larvae obtained from the stock culture of 
the USDA Biological Control Laboratory, Tucson, Arizona.

Greenhouse Study

Rearing of Zelus renardii.
Adult Z. renardii were transferred into caged, 

potted cotton plants',, infested with B . thurberie 11a, 
in order to obtain egg masses. These egg masses were 
laid either on the under surface of the cotton leaf or 
on the inner side of the cage. The eggs were then placed 
in plastic petri dishes and held in an environator at 
B0°F.

The Z-. renardii eggs hatched after a total incu
bation period of 7-9 days. Freshly hatched nymphs were 
transferred into small cages containing perforator- 
infested cotton seedlings. First-instar nymphs were 
introduced individually into the cages and provided with 
a daily supply of B . thurberie11a. A sufficient number 
of fifth-instar larvae was introduced into the cages 
daily to provide the predator with a satisfactory amount 
of food. The seedlings were changed.frequently during 
the rearing period. The nymphal predators were allowed 
to feed freely on this prey until the adult stage was



22
reached. New adults were then removed from the small 
cages and introduced into larger ones containing 
perforator-infested cotton plants. After pairing, Z_. 
renardii adults were kept separately in this type of 
cage in order to determine the fecundity and the longevity 
of the females.

No other material was supplied to Z. renardii 
in the feeding tests. Other insects were provided the 
predator in stock culture. The stock culture was main
tained on this combination of food for more than one and 
one-half years with no apparent decline.in the Vitality 
of the culture.

Rearing of Bucculatrix. thurberiella
The cotton leaf perforator was reared on cotton 

plants in greenhouses. Cotton plants were grown in an 
individually-caged pot in an uninfested greenhouse. In
festation by B . thurberiella was initiated when the plants 
had attained good growth. A certain number of cotton 
plants was transferred from the uninfested greenhouse to 
infested ones at periodic intervals. These plants were 
placed near infested ones to insure getting newly- 
infested plants. The cotton plants were left there for 
two days. After oviposition had occurred, the plants 
were transferred and caged in another greenhouse. The . 
hatching larvae were allowed to develop freely. After
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reaching the fifth instar, a certain number of B . 
thurberiella were used to feed _Z. renardii individuals 
in the test. A stock culture of B. thurberiella was 
maintained by continuously introducing well-grown cotton 
plants. All cultures of B . thurberiella were held in the 
greenhouses, with temperatures ranging between 48° and 
90°F and relative humidity between 12 and 58 percent as 
recorded by hygrdthermographs.

Feeding and Development Tests
The primary objectives of this study.were to 

determine the life cycle of Z. renardii when fed solely 
on B . thurberiella; how this prey affected the develop
mental rate and percent survival of the predatorj and, 
to determine whether the predator is able to feed on 
3. thurberiella when the perforators are within the mines.

The basic procedure of the predation test in
volved feeding several fifth-instar B. thurberie11a 
to individual first instar Z. renardii nymphs. These and 
subsequent nymphal stages were maintained on this prey 
until they developed to the adult stage or until death. . 
Feeding and developmental data were recorded for all 
five nymphal instars.

Each nymph was given a daily supply of fifth 
instar B. thurberiella larvae in excess of



its feeding capacity. Each cage was checked at approxi
mately 24-hour intervals. The difference between the 
original number of larvae in the cage and the number of 
living larvae or coccoons remaining after 24 hours was 
recorded as the number of B . thurberiella larvae killed 
by Z. renardii nymphs. Development and rate of survival 
were also recorded for Z_. renardii when fed on combina
tions of prey other than live cotton leaf perforator 
larvae and on others in combination with B . thurberiella 
larvae. These combinations were introduced into large 
cages containing cotton plants with or without B- 
thurberiella larvae. The purpose of these two tests was 
to compare the results of. developmental rate and percent 
survival of Z_. renardii when feeding on different 
materials.

Predation tests on mining stages of B. 
thurberiella larvae were also conducted in the greenhouse. 
The purpose of these tests was to determine if the 
predator could feed on mining larvae. When the mines 
of the hatching larvae began to appear on cotton seed
lings, the seedlings were transferred and caged with 
individual Z. renardii nymphs. After 24 hours, these • 
cages were examined and compared with control cages, 
which had B. thurberiella larvae but no Z_. renardii 
nymphs .
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All tests were conducted in greenhouses at 

temperatures of 48—90°F and a humidity of 12-58 
percent. Fluorescent lights provided a continuous, 
photo-period.

Cages used in the tests consisted of 8.4 x 4.3 cm 
plastic cylinders. The center section of each cylinder 
was replaced by organdy attached with glue to the end 
sections. The bottom of the cage was fitted with a piece 
of foam to form a seal between the cage and the small 
water-filled jar below which supported the cotton plant.
A seedling was placed through a slit in the foam with 
the roots suspended in water.

Adult Z_. renardli were kept in larger cages, 
consisting of an organdy sleeve Ca 51 cm in height.
The lower edge of the cage was tied around the potted 
cotton plant and the upper edge was suspended from the 
ceiling.

All Z. renardii used in these tests were intro
duced into individual cages 24 hours following hatching. 
Determination of nymphal molts was based entirely upon 
the presence of exuviae.

Because of the plant feeding habits of first 
instar Z_. renardii nymphs (Stoner et al. 1975), it was 
desirable to know if the presence of the cotton plants 
in these tests provided,any significant nutritional



benefit to the nymphs. Starvation tests on the first 
three nymphal instars of Z. renardii were designed to 
measure the longevity of the predators when provided 
access to plant materials, water or nothing at all. 
Individual nymphs were caged on healthy cotton seedlings 
in the small cages previously described. Nymphs3 pro
vided with water in cotton balls, or without food or 
water3 were caged individually in 8-ounce ice-cream cups 
with plastic covers. These cups were each ventilated by- 
making 6— 8 two-inch slits on the side. Daily observa
tions were made to determine the occurrence of mortality 
and possible molting.

Controlled Temperature Study .
Because high populations of Z. renardii.have been 

observed late in the season as compared with mid-summer,. 
a study, was conducted to determine the most favorable 
temperature for this predator. The duration of the life 
cycle of Z. .renardii in relation to temperature was 
determined in the laboratory.

Rearing of Zelus. .renardii
Newly-hatched nymphs were placed individually in 

8-ounce ice-cream cups fitted with plastic covers and 
held at constant temperatures of 68°, 77° 3 86° or 96°F
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■(•+ 1.5°F) . Cups were ventilated as previously described. 
The nymphs were observed daily for feeding and mortality.

The method discussed by Butler (1966)5 with one 
exception, was used in these tests; a 13-hour photo- 
period was maintained instead of a 15-hour photoperiod.

-5Rearing chambers consisted of four 11-foot household 
refrigerators5 modified by the addition of thermo- 
switches, heating coils, fans, and fluorescent light.

Z. renardii eggs, which were obtained from females 
reared on a stock culture of B . thurberiella, were kept 
in' petri dishes and held in an environator at 80°F.
Fifty, newly-hatched nymphs were then reared at different 
temperature regimes. The nymphs used in these tests 
were introduced into individual cages within the first 
24 hours following their hatching.

Third-instar Heliothis virescens larvae served 
as the food source for all nymphal stages of Z. renardii. 
These larvae were reared to the third instar on lima 
bean medium (Patana 1969)' after which they were killed 
in hot tap water and introduced into the cages. Adult 
_Z. renardii were also fed with fourth- and fifth^instar 
hot-water-killed H. virescens larvae and advanced larval 
stages of Heliothis zea (Boddie) and Spodoptera exigua 
(Hubner). ' ' . .
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Bearing of Hellothis virescens ■

The larval stages of the H, yiregcehs culture 
were maintained in an environator at ca 85°F and with a 
relative humidity of ca .40 percent. A 15-hour photon- 
period was provided by fluorescent lights, Pupae and. 
adults were held in a walk—in type, temperature-controlled 
chamber at a temperature and relative humidity of ca 
806F and 80 percent, respectively. The eggs were held 
in the open laboratory, with temperatures ranging between 
70°F and 80°F.

The basic rearing procedures used for H , yirescens 
were adopted from those described by Patana (1969),
Adults were caged in one-gallon, wide-mouth glass jars.
Two strips of paper towelling extending down the side 
walls of the jar and a circular piece of towelling cover
ing the mouth of the jar served as oviposition sites.
An inverted glass vial, protruding through the top sheet 
of towelling was utilized as a dispenser for a five per
cent sugar solution fed to the moths.

At two or three-day intervals the sections of 
towelling containing eggs were removed from the jars.
Eggs were surface sterilized by washing them in a five 
percent solution of chlorox (sodium hypochlorite), 
rinsing in five percent sodium thiosulfate and rinsing 
finally in distilled water. This sterilization method



29
was adopted from'that of Ignoffo (1963). However, this 
worker used a 0.3 percent solution of sodium hypochlorite 
and ten percent sodium thiosulfate instead of five 
percent of each used in this work. Washed egg sheets 
were allowed to air dry, and then placed in clean 250 ml 
glass jars until hatching occurred.

Freshly^hatched3 first-instar larvae were re
moved daily from the egg-sheet jars. A camel's hair 
brush was used to transfer them to 16-ounce rearing cups 3 
three-fourths filled with an artificial lima bean diet. 
The only modification in the diet. described by Shorey 
(1963) was the substitution of 40 grams of gelcarin for 
50 grams of agar (Tollefson and Young 1976). The pro
cedure involved in preparing the media was outlined by 
Patana (1969)» The hot (freshly prepared) bean diet 
was poured on to plastic-covered, metal cooking trays 
and allowed to set until cool. The media was then 
diced and transferred to 16-ounce wax-coated paper cups.
A thin-bladed soalpal was used to cut ca 8, 2" long slits 
into the sides of the cups, insuring proper ventilation. 
The cups were closed with a plastic cover. The diced 
media was used to provide more space for ventilation 
and movement of the larvae, and to avoid losing a high 
percentage of larvae by their cannibalistic behavior.
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About 50-100 Hell'othls spp> larvae were intro

duced. into each cup. During the third instar3 most of 
the larvae were used for feeding Z. renardii nymphs3 the • 
rest were left for pupation, after which they were 
removed from their cells within the diet and placed in 
one-gallon jars for adult emergence.

A supplemental supply of first-jnstar He'llothis spp. 
larvae was also obtained-from the USDA Biological.Control 
Laboratory, Tucson, reared to third instar, and then 
used as prey for Z_. renardii, When H . virescens larvae 
were in short supply, larvae of Heliothis Zea (Boddie) 
and Spodoptera exigua (Hubner) were used as prey. Hear
ing procedures were the same as previously discussed 
for H. virescens.

Feeding and Development Tests
The primary objective of this study was to de

termine temperature effects on developmental rate, 
percent survival and life cycle of Z.< renardii. Fifty 
newly-hatched _Z. renardii nymphs were studied at each 
temperature regime. The nymphs were provided with 
freshly-killed, third-instar H. virescenS larvae.
Z. renardii nymphs were maintained on this prey to the 
adult stage or until death occurred. Percent survival 
and developmental data were recorded for all five 
instars at all temperatures tested..
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. All Z. renardii used In these tests were Intro

duced Into individual ventilated cups within the first 
24 hours following their hatching. - During the test no 
water source was available other than that from the dead 
larvae. Determining nymphal molts was again based 
entirely upon the presence of the exuviae.

Each nymph was given a daily supply of H. 
virescens larvae in excess of its feeding capacity.
All the remaining larvae and larval corpses were removed 
daily, and a new supply was introduced. This helped to 
maintain a constant quality of prey of a uniform age 
group. Adult Z. renardii were fed freshly-killed fourth 
and fifth instar H . virescens larvae, or advanced larval 
stages of H. Zea and S . exigua when H. virescens larvae 
were in short supply.

Adults of each treatment in this 'test were sexed 
and kept individually in 8-ounce ventilated rearing cups 
for egg-mass collection. The premating and preoviposi- 
tion periods were determined for Z. renardii adults at 
each temperature regime. Each cage was checked at 
approximately 24-hour intervals for egg collection and 
other observations. After counting the number of eggs 
in each mass, the egg masses were placed in petri dishes 
and again held at different temperatures in order to 
determine the effect of temperature upon egg-hatch.



Preoviposition periods of females9 premating, fecundity 
and longevity of _Z. renardii adults were also recorded 
at each, temperature tested.

Data Analysis 
The mean (x) and the standard error (S-) of 

the mean were calculated for developmental rates, feedg
ing rates (greenhouse study), survival rate, preovi
position periods and fecundity of the females, and for 
the longevity of all stages. Where possible, the other •

. data were statistically analyzed. Significant differ
ences between means were evaluated at 0.01 or 0.05 
levels of probability.

Feeding and developmental rate data for each Z_. 
renardii instar were based on all individuals success
fully, completing that instar. Successful completion 
was defined as development through an instar and with a 
complete molt into the subsequent stage.

Nymphs that died within the first' 24-hour period 
after introduction into a predation test in the green
house, or to the temperature tests in the laboratory, 
were not included in the analysis of the mortality and 
survival rates. Death during this time was attributed 
to injury resulting from handling. ' The same procedure 
was used by Lawrence (1974) in rearing Gedcoris punctipes 
(F.) on H . virescens stages . The death of Z_. renardii -



during this period could not be attributed to the., 
absence of food because nymphs could survive for more 
than two days without animal or plant food. Analy
sis of the significantly different components for each 
Z ..renardii stage are detailed where appropriate in the 
results of this report.



RESULTS AND DISCUSSION

Development of Zelus renardli Under.
Greenhouse Conditions ~

Rate of Survival-
. Table 1 presents the number of Z_. renardli nymphs 

completing each instar , for all predator-r-prey combina
tions tested. The percent survival increased as the 
predators developmental level increased. Some of first- 
ins tar nymphs were unable to capture the prey and could • 
not complete the instar when only fifth-instar B . 
thurberiella larvae were provided as food. All nymphs 
died when only the cotton plant was provided as a source 
of food.

The percent survival of Z_. renardli nymphs to 
the adult stage is presented in Table 2. No significant 
difference (at Q.01 level of probability) in survival 
occurred among Z. renardli nymphs fed on B . thurberiella 
larvae or on any of the other food combinations.

Figure 1 presents the percent Survival of Z. 
renardli based upon the number of individuals in each 
instar which subsequently completed development to the 
adult stage. . There was no significant separation of

34



Table 1. Percent survival of each Zelus renardji instar when fed on the various 
food sources.

Zelus
Instar Diet

Number
Zelus

No. Completing 
Each Instar

Percent
Survival

1st B. thurberiella ■ 40 34 85
2nd 34 31 913rd 31 30 974th 30 30 100
5th 30 30 100
1st B. thurberiella plus other prey 22 19 86
2nd combinations* 19 17 89
3rd ; 17 17 100
4th 17 17 100
5th 17 17 100
1st Prey combinations other than 18 16 892nd B . thurberiella 16 14 88
3rd 14 13 93
4th 14 • 13 100
5 th . 14 13 100
1st Only cotton plant 33 '-'F-

* Prey Combination includes Heliothis spp,3 Spodoptera exigua, aphids, white 
fly, some dipterous insects. Hemipterous insects, and spider mites.
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Table 2. Percent survival of Zelus ren&rdii to the adult 

stage when fed on various food sources.

Diet
Number
Zelus

Number 
Completing 
the Nymphal 
Stage

Percent
Survival

B . thurberiella 40 30 75

B . thurberiella . 
and other prey 
combinations

22 17 77

Other prey 
combinations 18 13 72
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survival success between nymphs feeding on B. thurberiella 
larvae and feeding on the other prey combinations. With 
all diets, the percent survival to adults was approxi
mately the same as the survival rates recorded for 
completing each of the last three instars.

Predator Feeding
The number of B. thurberiella larvae that Z. 

renardii fed upon differs slightly among individuals of 
each instar. Usually the predator killed the nearest 
larva and fed upon it. However, in this test only 
fifth-instar larvae were introduced. During Z_. renardii 
feeding,_most of the fluids were drained from the prey 
body. In most cases, the body of the killed larva was 
smashed by the predator. The term "number of prey con- : 
sumed," which is used in the following analysis of the 
feeding data, refers to all prey fed upon and killed by 
Z. renardii. .Although in some cases the actual physical 
consumption of the prey was not complete.

Table 3 presents the average number of B . 
thurberiella consumed per Z. renardii nymph per day.
The daily rate of prey consumed increased steadily with 
the successive instars of the predator. This trend is 
clearly illustrated in Figure 2. The greatest number of 
larvae consumed by _Z. renardii is by the fifth instar.
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Table 3. Average number of fifth-instar Bucculatrix 

thurberiella larvae consumed per predator 
per day for the various instars of Zelus 
renardii.

Zelus Number
Mean Number 
B . thurberiella

Instars Tested Consumed Variation

1st 34 0.94 + 0.18* 0-2

2nd 31 2.01 + 0.09 0 1 uo

3rd 30 . 2.64 +; 0.07 0-5

4th 30 3.46 + 0.05 0-6

5 th ' 30 5,88 + 0.03 0-15 ,

* Mean + standard error of the mean.
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This clearly illustrates that the fifth-instar is the 
most effective predator stage against B , th'urberiel 1 a 
larvae.

The average number of B . thurberiella larvae 
consumed by each Z. renardil nymph during each instar 
is reported in Table 4. The general trends observed in 
the daily consumption data were also manifested in these 
data for each complete nympha1 instar period. Again an 
increase in consumption of prey was evident with each 
increase in the developmental level of Z_. renardil. A H  
five nymphal instars were capable of feeding on fifth- 
ins tar B . thurberiella larvae, although the first nymphal 
instar showed the poorest capability in capturing their 
prey.

The total consumption of B. thurberiella larvae 
by the nymphal stage of the predator differs between the 
individuals. The data show that the predaceous nymphs 
consumed from 84 to 164 fifth-instar B . thurberiella 
larvae (with an average of 111.37 larvae) during the 
entire nymphal period.

The predator may approach its prey from any 
direction, however, in most cases the nymph inserts its 
beak into the intersegmental membrane of the thorax' 
region of the larvae. After slow movement, the predator 
attacks its prey suddenly and inserts its stylets into
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Table 4. Average number of Bucculatrlx thurberiella 

individuals consumed per predator during' 
each instar of Zelus renardii.

Zelus Number
Mean Number 
B . thurberiella

Instars Tested Consumed Variation

1st 34 9.00 + 0.73* 3-18

2nd 31 12.38 + 0..91 7-31

3rd 30 13.16 + 0.81 4-25

4th 30 21.30 + 1.00 14-44

5th 30 56.00 + 2.20 35-84

* Mean + standard. error of. .the mean



the larval body and starts sucking the body fluids. 
Sometimes, the predator uses its frontlegs in grasping 
and holding the prey. The predator may carry its prey 
and move around while continuing to feed. Fifth-instar 
B . thurberiella larvae appeared to have no defense 
mechanism against attack by Z_. renardii nymphs. The 
effect of predator- and prey-size differences should be 
considered as a possible cause of the lower percent 
survival of first-instar Z . renardii.

Advanced stages of Z. renardii were observed 
feeding on the pupal stage of B . thurberiella., However,. 
the larval stage of B . thurberiella.is preferred by the 
predator. Z. renardii nymphs fed on the pupal stage only 
when the larvae were absent. No feeding was observed 
on adult B. thurberiella by any stage of Z_. renardii.

Observations during the test to determine preda
tory action against the mining stages indicated that 
some larvae were dead at the end of the mine. However, 
it is difficult to determine whether the predaceous 
nymphs attacked the B . thurberiella larvae while inside 
the mines or when the larvae were trying to exit.. The 
difficulty is associated with the brief observational 
period, resulting from the short mining period of only 
3 to 4.5 days (Watson and Johnson 1972) and the fact that
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the larvae are 1 to 2 days old before detection of the 
larvae and introduction of the predators Is possible.

Another obstacle Involved the plant-sap feeding 
habit of _Z. renardii, permitting the predator to with
stand starvation while awaiting for the perforator 
larvae. Variation in the number of B. thUrberfeila 
larvae on each seedling was also a problem in assessing 
predation on the mining stages.

Starvation tests indicate that no nymphal de
velopment proceeded beyond its first instar when animal - 
food was excluded. Therefore, it is reasonable to assume 
that no significant amount of nutritional benefit was 
received by those Z. renardii which had access to the 
cotton plant sap.

Rate of Development
Table 5 presents the mean duration of time re

quired by Z . renardii to complete each instar when fed 
different prey. First instar nymphs exhibited a signifi
cantly longer developmental period when fed fifth—instar 
B. thurberiella larvae than when fed other prey combina
tions. The duration of the other instars was relatively 
shorter when fed B . thurberiella larvae than that of 
nymphs fed other prey combinations.
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Table 5• Average number of days required by. Zelus 

renardii to complete each instar when 
feeding on different food materials.

Zelus
Instars Prey

No.
Zelus Mean Number of Days

1st B. thurberiella • 34 9.00 + 0.47*
2nd 31 6.55 + 0.47
3rd 30 5.13 + 0.30 '
4th, 30 6.53 + 0.40
5 th 30. 9.53 + 0.29
1st B . thurberiella 19 6.32 + 0.27
2nd plus other prey 17 6.47 + 0.31 -
3rd combinations 17 6.94 + 0.21
4th . 17 7.47 + 0.23
5 th 17 11.23 + 0.30
1st Other prey 16 6.18 + 0.26
2nd combinations 14 7.00 + 0.23
3rd 13 5.46 + 0.35
4 th 13 7.15 + 0.30
5 th 13 11.31 + 0.29

56 Mean + standard error of the mean.



Although first-instar Z. renardii nymphs had 
difficulty capturing fifth-instar B . thurb'erlella ' 
larvae, causing a prolongation of that stage, the total 
developmental time for all nymphal instars was shorter 
than that of all five instars which fed on other combina
tions of prey. The mean developmental time of all Z, n 
renardii nymphs fed fifth-instar B . thurberlella 
larvae was 35 * 83 days as compared with 38.35 days for 
those fed other prey combinations. However, no signifi
cant differences (at 0.01 level of probability) was found 
between these means for all diets tested.

Summary of Predation by .
Zelus renardii Instars

Results of the feeding tests involving all Z_. 
renardii nymphal'instars are summarized in Table 6. The 
first nymphal instar was the least successful stage in 
attacking fifth-instar B . thurberlella larvae. However, 
85 percent of these nymphs completed the first instar 
on this diet. First instar Z. renardii had a greater 
chance of surviving and completing the instar when 
feeding on smaller insects such as white fly or aphids. 
When allowed to feed on these small insects, survival 
was 89 percent. Percent survival of the other instars 
when feeding on B . thurberlella larvae was 91 percent,
97 percent, 100 percent and 100 percent, respectively.
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Table 6. Summary of predation by all nymphal instars
of Zelus renardii on fifth-instar Bucculatrlx 
thurberiella larvae.

Predator Instars
Description 1st 2nd 3rd 4th 5th

Number of 
predator in 
each instar 40 34 ' 31 30 30
Number completing, 
the instar 34 31 30 30 30
Percentsurvival 85.0 91.0 97.0 100.0 100.0
Mean number of 
prey consumed 
per day 0.94 2.01 2.64 3.46 5.98
Mean number of 
prey consumed 
during the 
entire instar • 9.00 12.39 13.17 21.30 56.00
Mean instar 
duration (days) 9.00 6.65 5.13 6.53 9.53
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These data indicate that as the predator grew in size 
through the successive instars, its ability to overpower 
and feed on the prey increased. Both sexes in the nymphal 
stage had similar activity and the same capability for 
searching and capturing their prey.

The greatest consumption rate was recorded for 
the fifth nymphal instar. These nymphs appeared to have 
the greatest ability to overcome and consume their prey.
B . thurberiella larvae have no obvious defense mechanism 
against 2. renardii attack.

Development of Zelus renardii at 
Pifferent Temperature Regimes

Rate of Survival '
Table 7 shows the effect of temperature on nymphal 

survival of 2. renardii. The data show that survival 
was significantly lower at 68° and 95°F.(at 0.01 level 
of probability) than that at 77° and 86°F. • The two 
extremes seemed to. be unfavorable for the survival and 
development. The percent survival and developmental 
rates were considerably improved at 77° and 86°F.
However, survival at 7Z°F was significantly greater (at 
the 0.01 level of probability). It is evident that for 
each instar, at any temperature tested, the percent 
surviving increased as the predators developmental level



Table 7. Effect of temperature on nymphal survival of Zelus renardil,

Zelus
Instars

Temperature
Regimes

No.
Zelus

No. Completing 
Each Instar

Percent
Survival

1st 68°F (20°C) . 50 23 . 46
2nd . 23 20 87
3rd 20 14 70
4th 14 12 86
5th 12 12 100
1st 77°F (25°C) 50 36 72
2nd 36. 35 97
3rd 35 ' 35 100
4 th 35 35 100
5 th . 35 35 100
1st 86°F (30°C) 50 32 ■ 64
2nd 32 31 97
3rd 31 29 94
4th 29 29 100
5 th 29 .29 100
1st 95°F (35°C) 50 30 60
2nd 30 22 73
3rd 22 18 82.
4th . 18 18 100
5 th 18 18 100

-trV£)
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increased. The only exception was that the third instar 
had higher mortality at 68° and 86°F than did the second 
instar. No mortality occurred in the fourth and fifth 
instars except at 68°F where the fourth instar exhibited 
only an 86 percent survival.

The distinctly different rates of survival, 
resulting from exposure to different temperature condi
tions, is demonstrated in Figure 3, This graph is simir- 
larly based upon the percent of Z_. renardll successfully 
completing each individual instar,

Figure 4 presents the percent surviving based 
upon the number of individuals in each instar which sub
sequently completed development to the adult stage, With 
the second type of analysis there is a much greater 
separation of survival success between individuals 
reared at different temperature. When reared at 77°F-, 
the percent surviving to adults was relatively close to 
the survival rates recorded for completing each instar. 
When reared at 68° or 95°F, the percent surviving to 
adults was considerably less than the survival through 
individual instars. The percent survival-to adults of 
nymphs reared at 86°F was less than that of nymphs reared 
at 77°F; however, it was much higher than that of nymphs . 
reared at 68° or 95°F.
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Survival rates were compared statistically for 

those tests where 12 or more individuals completed 
their respective instars. However3 analysis of fecunditys 
longevity and other data concerning the adults were 
based on sample sizes of three or more test individuals.

Rate of Development
The mean time to complete each Z, renardli 

instar3 at each temperature regime, is recorded in 
Table,8. Significantly shorter developmental times were 
recorded for the nymphs at 95°F than for those reared 
at 68° 3 77°3 or 86°F. Each successive decrease in 
temperature resulted in significantly longer developmental 
periods. The nymphs reared at 95°F completed five in
stars in a mean time of 29.8 days. Developmental time 
for the five nymphal instars reared at 86° s 77° and 68°F 
were 33.1, 4l.O and 107.0 days., respectively. Butler 
(1966) recorded a mean duration of 62.0, 32.6 and 28.6 
days for nymphal stages reared at 68°, 77°., and 86°F, 
respectively.

It is evident again that the time required to 
complete any stage is shortened as the temperature 
levels are increased. That is true to the upper 
physiological limits where Z. renardli stages can no 
longer tolerate the high temperatures and death occurs.
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Table 8. Effect of 

stages and
temperature on duration of 
adult longevity of Zelusn

immature 
reriardii.

No.Indi .Mean Range of
Zelus Temp. vidual . Duration ,Duration
stages F°(C° ) Zelus in Days in Days

Egg 68(20) 40* 18.65+ 0.40** - 15-22
Nymphs 12 107.41+.1.73 93-117Adults 12 64.33+ 8.78 1-88

Egg 77(25) 40 7.95+0.09 7-9
Nymphs 35 41.08+ 0.54 36-53
Adults■ 35 130.77+ 3.66 67-163

Egg 86(30) 40 6.07+O.O8 5-7
Nymphs 29 33.10+0.32 30-37
Adults 28 67.32+ 4.20 1-107

Egg 95(35) 40 4.77+0.08 ■ 4-6
Nymphs 18 29.89+ 0.44 . 27-34
Adults 17 28.17+ 3.68 4-52

* In the case of eggs, the number indicates the number
of egg masses tested.

** Mean + standard error of the mean.
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Physiological and biochemical processes, are increased 
with increases of temperature to the upper tolerance 
level, at which time physiological processes cease to 
function.

Variation of developmental rates among individuals 
within the same stage is shown in Table 8. This varia
tion was probably due to the inherent properties of the 
individual nymph itself and its ability to withstand 
certain temperature levels. This variation was also 
true for the adult and egg stages. These variations are 
significantly different between, stages and between 
temperatures.. The greatest variation occurred in the 
adult stage.

The results obtained from this experiment indi
cate that the various stages Z_. renardli can tolerate 
wide ranges of temperature conditions. Although the 
lowest and highest temperatures tested were not favor
able for development and survival of the predator, 
advanced stages of Z_. renardii tolerated these tempera-, 
ture extremes very well. This predator can obviously 
tolerate these temperatures very well in the fields 
since it is commonly found in Arizona during the months 
of July and August. ;This may be due partially to the 
predators ’ ability to seek out less harsh microhabitats 
during the hot part of the day. Fluctuating temperatures 
and air movement, as found in nature, are probably
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beneficial to the predator also. Ventilated containers 
with good air circulation are required to.successfully 
rear JZ. renardii in the laboratory or greenhouse.

Other factors3 such as photoperiod, might be 
important in the rearing of this predator. The incuba^ 
tion periods of the egg and duration of the nymphal 
stages in this test were longer than those.recorded by ■ 
Butler (1966). A photoperiod of 13 hours daily was 
maintained in this test instead of the 15-hour photo
period maintained by Butler.

Abnormal development was recorded for Z, renardii 
when this predator was reared at constant temperatures.- 
At 86°F and at 950F 3 some nymphs died because of their 
inability to molt. The bodies of these nymphs became 
larger than normal ones. • Some adults emerged with only 
the second pair of wings, or with two pairs of short 
wings; other adults emerged with no wings at all, or 
with their appendages still attached to the body.
Sterile adults were also encountered at 95° and 68°?, 
These adults had abnormal genetalia and the distal part 
of the abdomen was separated from the original abdomen 
by a groove-like line. Males and females of this type 
failed to,mate with each Other or with normal individuals, 
The genetalia of these adults were bulb-like and were 
separated from the posterior segment of the abdomen by



a deep groove. Females possessing this characteristic 
had short and weak wings. Adults died within a few 
days after emergence.

A possible explanation for these phenomena might 
be the effect of constant temperatures on hormonal 
secretions. ••

General Observations '

Plant Feeding by Zelus renardll Nymphs ; .
The plant^-feeding capability of the first three 

instars of Z . renardii was tested under greenhouse condi
tions. Results of these tests are presented in Table 9. 
All three nymphal instars survived significantly longer 
(at 0.05 level of probability) when feeding on cotton 
seedlings than did those caged in ventilated cups with 
only water or without any food source at all.- The 
predator apparently feeds on plant sap to prolong its 
survival. Nymphs were seen trying to insert their beaks 
into plant tissue; however, no direct observation of 
feeding was recorded. None of the individuals of any 
instar tested was capable of molting without feeding on 
animal materials while in that instar. However, plant 
feeding obviously helps the predator survive longer.
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Table 9. Survival (hatch to death) of the first 

three instars of Zelus renardii nymphs 
fed on cotton plant.

Zelus
Stages Diet

Number
Individuals
Zelus

Mean
Longevity
Days

1st Cotton 33 8.21 + 0.97*
2nd seedings 12 9.17 + . 1.08
3rd 16 9-93 + 1.16

1st Water 22 . 3.09 + 0.11
2nd 14 3.79 + 0.28
3rd 15 3.33 + 0.23

1st - No food or 34 2.32 + 0.16
2nd water 14 2.78 + 0 .15
3rd . 15 3.00 + ■0.17

* Mean + standard error of the mean.
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Feeding on Spider Mite b y ;
Zelus renardii Nymphs

All nymphal stages of _Z. renardii were recorded, 
to feed on spider mites. The species of spider mites 
that the predator fed upon included the two-spotted 
spider mite, Tetranychus (Tetranychus) urtlcae Koch, 
and the carmine spider mite,. T. (TO cinnabarinus 
(Boisduvall). Newly-emerged, first-instar Z. renardii 
nymphs were caged individually on cotton seedlings in
fested with spider mites. Spider mites were introduced 
into the cages as needed.. Results of this test are 
recorded in Table 10. The data indicated that the early 
stages of Z. renardii developed and survived signifi^ 
cantly better than did the later stages. The fifths 
instar nymphs were unable to fulfill their food require
ments. from spider mites. They were unable to molt and 
died because of starvation. The apex of the beak of the 
fifth instar nymph was larger than the size of. the 
spider mite;.therefore, the nymph could not insert its 
beak into the body of a spider mite, preventing the 
ingestion of food.

Premating and Preoyiposition 
of Zelus renardii Adults.

Most paired newly-emerged females and males in 
the greenhouse study mated when they were two days old. 
In some cases, the mating took place when the female was
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Table 10. Average number of days required by Zelus 

renardii to complete each instar when 
feeding on spider mites.

Zelus
Stages

No. Individual 
Treated

Number
Survival

Mean Number 
Required to

Days
Molt

1st 15 13 6.38 + 0. 42*

2nd 13 13 7.30 + 0. 57

3rd 13 10 8.10 + 0. 50

4th 10 5 9.00 + 0. 55

5 th 5 0 0

* Mean + standard error of the mean.



12 days old. El-Tom (1965) reported that some teneral 
females were paired with hardened males. These teneral 
mated females were able to lay eggs equally as well as 
mated hardened females'. The males were unable to mate 
with any female until they were one day old. This might 
be due to the slower hardening of the male's genitalia. 
Some newly-emerged females and males reared at 77°F 
mated when only one day old. However, there were wide 
variations in premating and preoviposition periods at . 
all temperature-regimes tested. Premating periods of 
30 to 35) 1 to 8, 3 to 31, and 6 to 11 days were re
corded for females reared at 68°, 77°, 86°, and 95°F, 
respectively. The average preovlposition period was 
12 days for 12 fertilized females, reared on B. 
thurberiella in the greenhouse. The range was from 
7 to 21 days. Preoviposition periods are shown in 
Table 11. The preovlposition period was relatively 
short at 95°F. A wider variation in the length of this 
period was recorded at the other temperatures. Statisti
cal analysis of the data showed that the mean preovi- 
position periods at 68° and 77°F were significantly 
different (at 0.05 level of probability) from those of 
females reared at 86° and 95°F. El-Tom (1965) found that 
the preovlposition period averaged nine days for 23 
fertilized females, reared at 78°F; the range was 7 to 
14 days.
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Table 11. Preovlposltlon period of Zelus renardli females 

at different temperature regimes.

Temperatures
P0(C°)

Number
Zelus Mean Number of Days

68(20)

77(25)

86(30)

95(35)

* Mean +. standard error of the mean.

3 36.0 + 4. 36

9 36.7 1 4. 55

10 18.2 + 3.'79

3 ' 12.0 + 3.06
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The abdomen of the newly-fertilized female .starts 

enlarging and food consumption increases. In the green
house study, some females consumed 25 fifth-instar B. 
thurberiella larvae per day during the period between 
fertilization and oviposition, while the average consump
tion rate per day was 12 fifth-instar larvae. Under 
greenhouse conditions, the females started ovipositing :...' 
from.3 to 14 days after fertilization. However, there 
were wide variations in these periods when female were 
reared under controlled temperatures. The shortest 
period between first mating and oviposition was one day 
at 95°F and the longest was 48 days at 77°F.

Mating Process
The pair usually started the mating process with 

a short fight. There were problems with the female 
accepting the male and at times would kill the male 
when placed together. When rejection occurred, males, 
were changed until one was accepted. In this case, it 
took the female several days to accept one male, Each 
male was left with the female for three to four hours 
daily until mating occurred. In a few cases? there was 
no fighting.

The pair rests beside or facing each other. Both 
male and female remain in an aggressive stance with 
antennae and mouth parts elevated until female



acceptance. Acceptance by the female is initiated as 
she elevates and spreads her wings. This movement may 
indicate the release of sex pheromone. While the female 
holds this position the male makes a sudden and rapid 
advance. The female remains stationary until the male 
couples with her. The male may approach the female from 
any direction and it mounts sideways. The tip of its 
abdomen is extended along the underside of the female 
until it reaches her genital organs. The female keeps 
her beak raised for warning. These observations agreed 
with that of El-Tom (1965).

Both sexes may start moving around. In the 
greenhouse study, females were seen attacking cotton leaf 
perforator larvae during the copulation. Then, they stop 
for awhile and start moving again. This movement may 
be repeated several times during the mating period.
After 9 to 100 minutes, the female rejects the male and 
then fighting ensues. Rejection by the female is 
initiated as she starts moving her body so that the male 
cannot cling to her back no matter how aggressive his 
endeavors.

When Z. renardii were reared Under controlled 
temperatures, the adults seemed more docile than those 
reared under greenhouse conditions. However, short 
fights were at times recorded between the males and the
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females. Only one case of a serious fight was recorded 
for adult's reared at 77°P• A 115-day old female killed 
a 116-day old male when placed together. However, this 
female did accept another male of the same age on the 
same day.

Females exhibit multiple mating. At 770F, some 
females were reported to mate. 15 times during their life. 
Therefore, the female does not reject repeated matings 
during her lifetime, but does reject the prolongation 
of one mating.

Oviposition Process
Observations on the oviposition process agreed■ 

with that of El-Tom (1965) . In the greenhouse study, 
the female moved from her original place on the cotton 
plant and began -touching several places with the setae 
of the tip. of her abdomen. After she assumed the posi
tion for egg-laying, her legs were kept wide and without 
movement. Then the first egg was layed. Before laying 
the second egg, she repeated the process by touching 
different sites, including the first egg, with the setae 
of the tip of the abdomen. The second egg is then 
placed adjacent to the first egg, with subsequent eggs 
following in similar manner. After completing the first 
row, a second one is started and in contact with the
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first row. These rows are varied in length and in num
ber of eggs that they contain, creating a geometrically 
shaped egg-mass. The transverse rows of the egg mass 
vary from 2 to 9 eggs, rarely as many as ten. E1-Tom 
(1965) reported a variation of 4 to 9 eggs per row and 
rarely as many as 10 or 11. There is a slight dis
arrangement in the egg rows of the larger masses.

Females reared at a temperature of 68°F laid 
very disarranged masses. Some eggs laid upside down or 
horizontal to the surface instead of vertical. The 
sticky materials were dried in this type of egg mass,

The time required for laying each mass varied 
from 45 to 90 minutes, depending upon the number of eggs 
in each mass. El-Tom reported a variation of one to two 
hours for a female to lay the whole egg mass.

The female preferred to lay its egg masses on 
the top inner side of the cages; however, some egg 
masses were also found on the lower surface of cotton 
leaves. None was ever found on the upper surface of the 
leaf.

Females reared under controlled temperatures 
preferred to lay their eggs on the inside of the rear
ing cups and on the inner side of the cover. However, 
a few masses were found on the bottom of the cups.



Fecundity
Fecundity is indicated by the number of eggs 

produced by the female during her lifetime. The total 
number of eggs laid by an individual female varied, from 
l8l to 796 under greenhouse conditions. The average 
was 425 per female for 12 fertilized females, Most of 
these females laid 9 to 19 egg masses.

Considerable variation in number of eggs per 
mass or number of masses per female resulted when Z, 
renardii were reared under constant temperatures. Table 
12 shows the mean egg production for individual females 
and the number of egg masses at the various tempera
tures . El-Tom (1965) reported .that a female that mated 
several times laid 18 egg masses totaling 928 eggs, and 
one mated female laid 21 egg masses totaling 851 eggs.
He reported also that most females laid 8 to 16 egg 
masses.

The number of eggs per mass Varied from 15 to 
77 eggs for females reared under greenhouse conditions*. 
In a few cases, only 5 to 12 eggs per mass were recorded. 
Under constant temperatures the maximum number of eggs 
per mass was 74, collected from females at 86°F.. El-Tom 
(1965) reported a range of 12 to 62 eggs per mass and 
Swezey (1905) reported 19 to 40 eggs. Unfertilized 
females laid 1 to 4 egg masses with a total of 5 to 67



Table 12. Mean egg production and mean number of egg masses of Zelub renardii 
females at the various temperatures.

Temperatures 
F°(G°)

Number
Zelus

Mean No. of 
Eggs per 
Female

Range 
of Eggs 
per Female

Mean No. of 
Egg,Masses 
per Female

Range of 
Egg Masses 
per Female

68(20) 3 , 91.67+16. 7*18 63-121 3.33+0.03 3-4
77(25) 9 463.00+53.-48 203-673 14.33+0.00_ 7-20
86(30) 10 . 320.00+55-75 129-587 10.50+0.00 5-16
95(35) 3 94.67+32.19 53-157 4.67+O.I5 3-7

* Mean + standard error of the mean.

oo
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eggs per mass. The total number of eggs per unfertilized 
female was 30 to 67. These unmated females laid un
arranged egg masses. However, some laid no eggs at all.

The range of time intervals between egg masses 
by mated females, under greenhouse conditions, was from 
1 to 17 days for 136 observations. Under constant tem
peratures , the ranges were 7 to 27 days for ten observa
tions at 68°?, 1 to 25 days for 130 observations at 
77°?, 1 to 2.7 days for 109 observations at 86°?, and 
3 to 26 days for 14 observations at 95°?. E1-Tom (1965) 
reported the interval to be from 1 to 14 days for 242 
observations at 78°?. ?emales continued to lay eggs 
until they died. However, some females under all condi
tions stopped laying eggs for a period of 1 to 14 days 
prior to their death.

Longevity -
Under greenhouse conditions the average longevity 

of adult Z. renardli was 80 days for 12 females and 36 
days for 17 males. One female lived for 112 days and 
one male lived 99 days. Longevity of adults reared 
under constant temperatures and in the greenhouse is 
shown in Table 13. The life cycle of adult Z . renardil 
is significantly different (at the 0.05 level of proba- ■ 
bility) at all temperatures tested, except between 68° 
and 86°?. Adults reared at 77°? lived the longest.
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Table 13. Average longevity of Zelus renardll adults 

at different temperatures.

Temperatures
F°(C!0)

Number 
Zelus 
Adults . Mean Number of Days

68(20) 12 64.33 + 8. 78*

77(25) 35 130.77 ± 3. 67

86(30) 28 67.32 ±  ̂• 20

95(35) . 17 28.17 i 3. 67

48-90(Greenhouse conditions) 29 53.97 t  6. .45

* Mean + standard error of the mean.
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One female at this temperature lived 163 days and two 
males lived.153 days each. These data indicate that this 
temperature is the one most favorable for Z_. renardii.
The greatest longevity of the adults reared at 86°F was 
107 days for females and 90 days for males. The shortest 
longevity was recorded at 95°F. At this temperature, 
one female lived 52 days and one male lived 44 days..
At 68°F5 one individual of each sex lived.88 days. 
Previous work indicated that the greatest longevity 
recorded for females was 93 days and 48 for males 
(El-Tom 1965).

There was no sign of sickness before death of 
the adults. • All adults'stayed very active, and fed 
normally until the last day of their life'. By the time 
of death, the adult stops moving and spreads its legs. 
Then, it begins a slow movement of its antennae and other 
appendages and finally ceases completely. Some dead 
adults were found in an inverted position.

Incubation.Period of the Egg
The duration of the egg and nymphal stages is 

shown in Table 14. Data presented in this table show 
that the nymphal stage of Z. renardii was approximately 
5.8 times longer than that of the egg stage. The trend 
of the egg development in relation to temperature was• 
the same as that of the nymphal stage. The time
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Table 14. The duration of the egg and nymphal stages

of Zelus renardii at different temperatures,

Zelus
Stage

Temperature
F°(C")

Number
Individual
Tested

Mean Number 
Days

Egg 68(20) 40* . 18.6+0.39**
Nymph 12. 107.4 + 1. 73

Egg . 77(25) no* 7.9 + 0. 09
Nymph 35 41.1 + 0. 55

Egg 86(30) ■ 40* 6.1 + 0.08
Nymph 29 33.1 + 0. 32

Egg 95(35) 40* 4.8 + 0. 0 8
Nymph 18 29.9 + 0. 44 .

* Number of egg masses.
** Mean ■+ standard error of the mean.
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required for the egg to hatch was decreased as the 
temperature level was increased. However, when eggs 
were held at 100°F, none showed any signs of develop
ment and all failed to hatch.

Per ce nt Hat chi ng
The percent of egg hatching was only 56 percent. 

Only 1120 eggs hatched out of 2011 eggs placed in an 
environator maintained at 80°F. The early' egg masses laid 
by fertile females often exhibited 100 percent hatch, U 
while later egg masses failed to hatch at all. This is 
indicative of the need for multiple matings in order for 
the female to continue producing fertile eggs. No 
hatching occurred within egg masses taken from unfertile 
females.

Newly-hatched nymphs usually clustered around 
the mother egg mass. They did not move until they became 
strong enough to start searching for '.their prey.

Summary of Zelus renardii Life Cycle 
at Different Temperatures

The life cycle of Z_. renardii was significantly 
different (at 0.05 level of probability), from one tem
perature to another. However, the effect of one constant 
temperature on different stages was also different.
These differences are demonstrated in Figure 5. .
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The longest incubation period for the egg and 

the nymphal stages was at 68°F and the shortest at 95°F.
.The percent mortality was higher in the first and second 
nymphal instars at all temperatures while low mortality 
was recorded for the fourth and fifth nymphal instars.
The preoviposition period of female _Z. renardii was 
long and about the same at 68° and 77°F; the shortest 
preoviposition period occurred at 95°F. Fecundity and 
longevity were the longest at 77°F (at. 0.05 level of 
probability) while the shortest periods occurred at 95°F. 
The predator completed its life cycle in a considerably 
shorter time at .95°F. However, this temperature was 
unfavorable for adult longevity and fecundity. . The most 
favorable temperature for this predator was 77°F,
Although the preoviposition period was longer at this 
temperature, as compared with higher ones, the predator 
lived longer and produced a.larger number of eggs.

Cannibalism .
After about 24 hours, the young nymphs were ob

served attacking each other., The older and the stronger 
nymphs attacked the newly-emerging and weaker nymphs.
This phenomenon always occurred under crowded conditions. 
This behavior continued until only the last nymph re
mained. This nymph would develop to the next stage by 
feeding on other nymphs and then die because of



starvation. This cannibalistic behavior was also 
observed between all stages of Z_. renardil, but no 
cannibalism occurred when nymphs were placed in uncrowded 
conditions and provided with a good food supply. Some 
attacks by both adults and nymphs occurred on nymphs 
during the molting process. This observation has also, 
been recorded by El-Tom (1965) In some cases, females 
and males attacked each other when they were placed to
gether for mating. One female was seen feeding on the 
male in the presence of other food.

Mlscellaneous Observatl'ons

Zelus renardil Feeding Preference 
on H . vires.cens. Larvae

The predator seemed to exhibit some preference 
in its feeding on H. virescens larvae. Z_.' renardil did 
not prefer the advanced moving stages of the larvae.
When both killed and live larvae were introduced 
together, the predator preferred to feed on the dead 
ones. Adult Z_. renardil had difficulty feeding on the 
fourth and fifth-instar Heliothis larvae. The predator 
did not attack the fifth instar larvae unless it was 
starved. At times, the predator was injured in its 
attack on the larger larvae. In some cases the predator 
died several hours after killing the larvae.
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When Z. renardii adults were caged together with 

fifth-instar H, virescens on cotton plants, they did not 
attack the larvae. The larvae pupated and emerged as 
adults inside the cages. This indicates that Z ., renardii 
does not feed on,the advanced stages of H. virescens in 
the field.

When several fifth-instar H. virescens larvae 
(2-4 larvae) were caged together with one Z_,' renardii 
female in a 16-ounce cup, some were consumed b y .Hejlothis 
larvae. Possible explanations are: direct attack by 
Heliothis larvae, attack by one larva while the predator 
is attacking another, or. attack on the predator while 
oviposition is occurring,

Competition with Other Predators
Competition tests between Z_, renardii and Sine a 

confusa Caudell were conducted in the laboratory, Three 
sets of competition were tested. The first involved 
female Sinea placed individually with both sexes of 
Zelus. The second set involved male Sinea with both 
sexes and the last test involved confinement of both 
sexes of both species together. The predators were con
fined in 16-ounce cups and provided with killed Heliothis 
larvae.

No attack or cannibalism was observed between . 
the members of the two species. Both species fed on the



same prey at the same time without conflict. However, 
after being starved for 3-5 days, interspecific attack 
did occur. Female Slnea was the most powerful and could 
successfully kill both .sexes of Zelus. Female Slnea 
attacked Zelus individuals from the posterior side of 
the abdomen. Slnea exhibits slow movement until near 
the rear of a Zelus individual at which time it strikes 
suddenly and captures the Zelus by use of its front legs. 
Then the beak is inserted into the posterior side of the . 
abdomen. After Zelus becomes paralyzed, the female 
Slnea start feeding on it. This indicates that S .
'confusa may act as a predator against Zelus when other 
prey are in short supply. However, the early stages of 
Z. renardii were more active than those of S , confusa. 
First and second instars of Z. renardii were observed 
feeding on first and second instars of S. confusa.



SUMMARY

Nymphs of Zelus renardll Were studied in greeny- 
house tests to determine their capabilities for predation 
on Bucculatrix thurberiella. Although some of the first 
instar Zelus were unable to successfully attack the 
fifth instar B . thurberiella, all five nymphal instars 
of this predator were observed to have high rates of 
survival when feeding on B . thurberiella larvae.

The results of the feeding tests showed some 
major trends related to the developmental age of the 
predator. The percent survival and feeding rates of the 
predator increased directly as the predator developed, . 
The poorest overall predation success was exhibited by 
the first instar Z. renardll nymphs when they were fed. 
fifth Instar B . thurberiella. The highest level of 
success was attained by the fourth and fifth instar of 
Z. renardll when they fed on cotton leaf perforator 
larvae.

Significant differences were not found in percent 
survival or in developmental times of Z. renardll nymphal 
instars when the predator fed on B , thurberfella larvae 
or other prey combinations.
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Fifth instar Z. renardii nymphs were the most 
effective predator against B . thurberie1la. These .nymphs 
displayed a significantly higher consumption rate of prey 
than did the other nymphal instars.

Z, „ renardii was not an effective predator against 
the mining larvae. No direct observation was made of 
feeding on mining B . thurberjella larvae.

The development of Z . renardii. at different 
temperature regimes was also studied In the laboratory, 
Results of this study showed that the two extreme tempera
tures (68° and 95°F) were not favorable for survival and 
development. The most favorable temperature was 77°F.
The mean percent survival to the adult stage at this 
temperature was 70 percent. The mean percent survival 
at 68°, 86° and 95°F was 2.4, 58 and 36 percent, respec
tively, However, at each temperature tested, the per
cent survival increased as the predator’s development 
increased. The duration of egg and nymphal stages 
decreased as the temperature increased. The duration 
of the egg was 18.6, 7.9, 6.1, 4.8 days at 68°, 77°, 86° • 
and 95°F, respectively, and the duration of the nymphal 
stage was 107-4, 41.1, 33.1 and 29.9 days at the same 
temperatures cited.

Adults reared at.77°F were the most successful.
The mean longevity at this temperature was 130.8 days.
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while the mean longevity at 68°, 86°, 95°F was 64.3,
67.3 and 28.2 days, respectively.

Highest fecundity was recorded for females 
reared at 77°F. The mean number of eggs laid by females 
reared at 77°F was 463 eggs per female, while the mean 
number of eggs laid per female reared.at 68°, 86°, 95°F 
was 92 , 320 and 9-4 eggs, respectively.

Females, at all temperatures, required multiple 
mating in order to continue laying fertile eggs.

Feeding on spider mites was also recorded.for the 
nymphal instars of Z_. renardii. . However, the early 
instars had better survival than the older instars when 
feeding on this prey.

Plant feeding by the first three nymphal instars 
of Z. renardii was recorded in the greenhouse. Nymphs 
of these three instars, when provided plant materials, 
lived significantly longer than did those nymphs supplied 
only with water. However, none was capable of molting 
to the next stage without feeding on animal materials.
The predator apparently feeds on plant sap to prolong 
its survival.
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