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ABSTRACT 

Various biological relationships between the 

mymarid egg parasite, Anaphes ovijentatus (Crosby and 

Leonard), and its hosts were studied. 

Eggs of the four major species of Lygus that occur 

on crops were highly parasitized. Other mirid hosts in 

southern Arizona were collected from weeds in agricultural 

areas. Small numbers of Nabis alternatus Parshley and 

~. americoferus Carayon, predators of several insect pests, 

were parasitized in the laboratory. The membracid Spis

sistilus festinus (Say) was an infrequent host. 

Parasitism of L. hesperus was similar (82-88%) 

for eggs 1-6 days old at 25°C, but parasitism of 7-day

old eggs was significantly reduced (18.9%). Parasitism 

must occur at least 24 hours prior to host egg hatch to 

be successful; the period of time required for A. 

ovijentatus egg development. 

Anaphes ovijentatus developed from egg to adult 

in L. hesperus eggs at a constant temperature of l2.8°C 

and at variable regimes with means of 12.8, 10.6, and 

32.8°C. An average of 26 progeny per female were produced 

at the variable 12.8 and 10.6°C regimes, only a few 

progeny were produced at a constant l2.8°C and none were 

produced at the variable 32.8°C regime. Lygus hesperus 

x 



eggs hatched at all four temperature regimes, but nymphs 

survived to adulthood only at the variable regimes of 

xi 

12.8 and 10.6°C. Total egg to egg periods at the variable 

12.8°C was approximately 103 days for L. hesperus and 

about 54 days for ~. ovijentatus. 

The majority of the L. hesperus eggs were deposited 

in the upper halves of cotton, alfalfa, and the crucifer 

Sisymbrium irio L. plants. L. hesperus deposited more <;~:, 

eggs in alfalfa than in cotton plants, but showed no 

preference between alfalfa and S. irio. Anaphes ovijen

tatus did not demonstrate clear preferences for L. hesperus 

eggs in any plant species or plant section. 



INTRODUCTION 

The genus Lygus includes several species that are 

important pests of a wide variety of agricultural crops. 

It is especially damaging on crops grown for seed and on 

several types of fruit, e.g. strawberries, pears, and 

apples. In southern Arizona one of its primary host 

plants is alfalfa grown for hay, where it is not consi

dered a major pest. However, in June when the alfalfa 

is mowed large populations of Lygus spp. may move to 

early fruiting cotton and cause economically important 

damage. In addition to the cost of control by insecti

cide application, such early season spraying eliminates 

parasites and predators and allows outbreaks of other 

pests. These outbreaks result in the need for scheduled 

or at least more frequent insecticide treatments with the 

accompanying development of resistance, environmental 

pollution, and decreased profits. 

The mymarid egg parasite of Lygus spp., Anaphes 

ovijentatus (Crosby and Leonard), is the major parasite 

of these pests in the United States. It also has been 

indicated as a parasite of the threecornered alfalfa 

hopper, Spissistilus festinus (Say), and two species of 

the important predator Nabis. Therefore, the objective 

of this work was to study several biological relationships 

1 



between Anaphes ovijentatus and its hosts, especially as 

they relate to the parasitism of these hosts. 

Two of the three known hosts of ~. ovijentatus 

2 

are in different insect families and the third, the three

cornered alfalfa hopper, is in a different suborder. 

With three such taxonomically diverse hosts the possi

bility exists for other hosts. Two objectives of the 

present study were to determine the existence of other 

hosts and the extent to which Nabis spp. and the three

cornered alfalfa hopper are parasitized. Since Nabis 

spp. are important predators of a number of pests, high 

rates of parasitism of Nabis spp. might cause greater 

harm than the benefit derived from the parasitism of 

L~us sW. 

In southern Arizona, Lygus hesperus Knight and A. 

ovijentatus are both present throughout the year and, 

except for a period of time in the fall, the Lygus are 

reproductive and depositing eggs into host plant tissue. 

Large populations of ~. hesperus nymphs are found on host 

plants by February of some years and substantial numbers 

of eggs are parasitized by ~. ovijentatus. This indicates 

that both host and parasites are active during the colder 

part of the year. Information on their comparative devel

opment and fecundity at the lower temperatures is 

necessary to understand their population dyn~mics. 
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The eggs of Lygus spp. require several days to 

several weeks to develop with the rate of development 

being dependent on temperature. Even at an optimum 

temperature, 6-8 days are required, so that the eggs are 

available to the parasites for several days. The ability 

of ~. ovijentatus to parasitize older eggs has been demon

strated, but questions remain about the interaction 

between host egg, its development, and parasitism. 

L. hesperus is a general feeder and migrates from 

one host plant to another as they become available or 

unfavorable during the year. In order for ~. ovijentatus 

to be an efficient parasite it must be attracted to the 

plants and parts of plants where the Lygus spp. are 

depositing their eggs. However, little is known about 

this behavior. 

The research reported here was carried out to 

provide information on some of these points. This 

knowledge will be very useful in determining the role of 

this parasite in suppressing Lygus populations and in 

devising systems to enhance its effectiveness. 



LITERATURE REVIEW 

Anaphes ovijentatus belongs to the chalcidoid 

family Mymaridae. The members of this family are all 

very small, many no more than 0.2-0.3 mm. There were 

about 1,100 described species in more than 130 genera as 

of 1959 (Annecke and Doutt, 1961). They are distributed 

throughout the tropical and temperate latitudes and as 

far north as Point Barrow, Alaska. As far as can be 

confirmed by recent literature, they are all internal, 

primary parasites of insect eggs. Hosts of the various 

species are found in the insect orders Odonata, Neuroptera, 

Homoptera, Hemiptera, Lepidoptera, Coleoptera, and 

Psocoptera according to Clausen (1940). Diptera has since 

been added to that list (Bakkendorf, 1971, Thier, Zack, 

and Foote, 1976). A number of studies on the biologies 

of mymarid species has been done, but most complete among 

these are those on Caraphractus cinctus Walker, a parasite 

of Dytiscidae (Jackson 1958,1961, 1966). Another impor

tant reference on mymarid biology is the work of 

Bakkendorf (1934). 

Several species have been used in classical biolog

ical control projects. The control of the eucalyptus 

snout beetle, Gonipterus scutellatus Gyllenhal in southern 

Africa by Patasson nitens Girault introduced from Australia 
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is one of the best demonstrated successes of biological 

control (Debach, 1974, Clausen, 1977). In the United 

States mymarids have been used in projects against such 

pests as the alfalfa weevil, Hypera postica (Gyllenhal), 

the sugarcane delphacid, Perkinsiella saccharicida 

Kirkaldy, the beet leafhopper, Circulifer tenellus 

(Baker), the cereal leaf beetle, Oulema melanopus (L.), 

and the clover root curculio, Sitona hispidula (Fab.) 

(Clausen,1977). Control of the "grape leafhopper," 

Erythroneura elegantula (Osborn), by the naturally occur-

ring mymarid, Anagrus epos Girault, is a good example of 

the manipulation of the environment to enhance control 

5 

of a pest (Doutt and Nakata, 1965, Doutt and Smith, 1971). 

There are 12 species of Anaphes listed as occur

ring in America north of Mexico. One of these is A. 

flavipes (Foerster), a European species introduced into 

the United States in a biological control effort against 

the cereal leaf beetle (Dysart, 1971~ Maltby et al., 1971). 

Extensive studies on the biology and ecology of 

this species have been done by Anderson and Paschke, 

(1968, 1969, 1970a, 1970b). Only two species are recorded 

from Arizona: ~. ovijentatus and ~. anomocerus Girault, 

the latter as a parasite of the cotton fleahopper, 

Pseudatomoscelis seriatus (Reuter). 

Anaphes ovijentatus was first described by Crosby 

and Leonard (1914) as Anagrus ovijentatus, a parasite of 



Lygus pratensis (L.) [=lineo1aris (Pa1isot de Beauvois)] 

in New York. Later Bakkendorf (1925) placed it in the 

genus Anaphes. Some confusion regarding the proper name 

existed from 1949 to 1965 when Anaphes was listed as a 

synonym of Mymar (Muesbeck, Krombein, and Townes, 1951: 

Peck, 1963), but traditional usage was restored as shown 

by Krombein and Burks (1967). 

In addition to New York, ~. ovijentatus has been 

reported from California (Romney and Cassidy, 1945; 

6 

Clancy and Pierce, 1966), Louisiana (Glick, 1939), Arizona 

(Stoner and Surber, 1969), Mississippi (Sc~les, 1973), 

Indiana (Si11ings, 1971), and possibly from Utah 

(Sorenson, 1939). Recorded hosts are Lygus 1ineo1aris, 

~. hesperus Knight, ~. e1isus Van Duzee, Nabis americo

ferus Carayon, N. a1ternatus Parsh1ey, and Spissisti1us 

festinus (Say). All the hosts insert their eggs into 

plant tissue. Stoner and Surber (1969) offered the para

sites eggs of the mirid Spanogonicus a1bofasciatus 

(Reuter), the cicadellid Homalodisca lacerta (Fowler), 

and the gryllid Oecanthus argentinus Saussure but none 

were parasitized. Also not parasitized were eggs of 

Geocoris punctipes (Say) and the rhopalid Stictopleurus 

crassicornis (L.). Only one other record of an Anaphes 

parasitizing Lygus eggs was found in the literature. 

Varis (1972) recorded a 4% parasitism rate of ~. ruguli

pennis Poppins eggs by ~. fuscipennis Hal. in Finland. 
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Most of the work on the biology of A. ovijentatus 

was done by Stoner and Surber (1969, 1971) on parasites 

reared from ~. hesperus eggs in alfalfa plants. Success

ful development occurred in ~. hesperus eggs in the 

temperature range of lS-3S o C. Numerous individuals __ devel

oped at 15°C, but only one male developed at 35°C, indi-

cating that this temperature is near the upper threshold 

for development. Developmental periods were 34.3 and 9.9 

days for males and 36.6 and 9.9 days for females at 15 

and 30°C, respectively. Longevity was similar for both 

sexes and varied from 14.5 days at 15°C to 4.1 days at 

30°C. Dis£ections of ~. ovijentatus females 3 hours old 

showed that they contained an average of 48-49 eggs each. 

However, in fecundity studies mated females produced an 

average of 2.0, 20.9, 20.8, and 17.0 progeny at 15, 20, 

25, and 30°C, respectively. Virgin females produced 6.3, 

13.7, 22.5, and 13.5 progeny (males only) at the same 

temperatures. ~. hesperus eggs 2-7 days old were para

sitized, but a smaller percentage of the older eggs was 

successfully parasitized. 

Several workers have reported large percentages 

of Lygus spp. eggs parasitized by ~. ovijentatus in field

collected samples. In California, Romney and Cassidy 

(1945) found 10-70% of ~. hesperus eggs in guayule, 

Parthenium argentatum (Gray), flowers to be parasitized 

and Clancy and Pierce (1966) found parasitism rates of 



8 

43-51% for Lygus spp. eggs in alfalfa and 17% in bean pods. 

In Indiana an average of 56% of the ~. 1ineo1aris eggs 

in samples of alfalfa stems collected in the period June 

26-September 4, 1970 were parasitized (Si11ings and 

Broersma, 1974). Werner (1978) listed Anaphes spp. as 

being very rare in Arizona agricultural areas and Mason 

and Werner (1978) listed only small numbers as being col

lected in sweep samples from crops and surrounding desert 

areas in central Arizona in 1973-74. However, an average 

of 9% of the Lygus spp. eggs in alfalfa stems and 34% of 

those in London rocket (Sisymbrium irio L.) were para

sitized in southern Arizona in 1978 and 1979 (Graham and 

Jackson, 1982). 



MATERIALS AND METHODS 

Laboratory Studies 

All the A. ovijentatus used in the laboratory 

studies were from a culture started in 1977 from para

sites that emerged from Lygus spp. eggs in stems of London 

rocket. The culture was maintained in the laboratory 

at a temperature of 26 ± 2°C and a l4-hour photoperiod 

by utilizing procedures similar to those of Stoner and 

Surber (1969). Lygus hesperus were collected in the field 

from alfalfa or weeds and placed in plastic boxes 27(w) X 

37(1) X l6(h) cm with a screened top. Green bean 

(Phaseolus vulgaris L.) pods were placed on the screen to 

provide food and oviposition sites. Bean pods with eggs 

were exposed to the parasites in 1.89-liter glass jars 

for 2 days, then placed in emergence cages made from 0.95-

liter paper cartons. A 22.2-ml glass vial was inserted 

through the lid of each cage and newly emerged adult 

parasites were attracted into the vials by light, then 

added to the jars. Periodically parasites from eggs in 

stems of plants from the field were added to the culture. 

The female parasites, except for those kept unmated for 

special tests, were put with males for at least 6 hours 

prior to being used in tests. 

9 
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The adults of the host insects used for the tests 

were all field-collected, except Lygus lineolaris, ~. 

elisus, and ~. desertinus Knight which were maintained 

in laboratory cultures by the procedures described by 

aryan et ale (1976). 

Comparative Parasitism of Various Hosts 

These tests were done to compare the parasitism 

of the major reported hosts of ~. ovijentatus. The top 

15-20 cm were cut from individual alfalfa stems and the 

cut ends placed in water. Cages were made from 0.47-liter 

cups and 55-ml vials of clear plastic, both with tight 

fitting lids (Fig 1). The bottom of each cup was replaced 

with nylon organdy to allow ventilation. The two kinds 

of lids were glued together back-to-back and two small 

holes, approximately 3 mm in diameter, were punched 

through both lids. The vial was filled with water and 

fitted to its lid. The cut ends of two plant stems were 

then pushed down through the holes and into the water. 

The cup was placed over the two stems and fitted to its 

lid to complete the cage. Insects were introduced into 

the cage through a 12-mm stoppered hole in .the side of the 

cup. The water was changed twice weekly. 

The stems were exposed to females (usually four 

to five) of the major hosts for 24-48 hours at 25°C. The 

number of eggs in each stem was counted with the aid of a 



Figure 1. A O.47-1iter cage for tests with plant 
stems 
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dissecting microscope and the sterns were exposed for an 

additional 24 hours to approximately one ~. ovijentatus 

female for each 10 host eggs. After exposure, eggs in the 

sterns were held in the cages in a rearing cabinet main-

tained at 25°C, 30-50% relative humidity and a l4-hour 

photoperiod for 2-3 weeks to await egg hatch or parasite 

emergence. The sterns were re-examined and eggs which 

neither hatched nor produced a parasite were dissected. 

Those with partially developed ~. ovijentatus were counted 

as being parasitized, the rest were categorized as undevel-

oped. Parasites that had developed to the pupal stage 

were easily recognized. 

The eggs of various other insect species were 

offered to ~. ovijentatus as possible hosts. These 

included several other mirids. 

Effect of Egg Age on Successful 
Parasitism of Lygus hesperus 

Green bean pods were cut into sections approxi-

mately 4-5 cm long and the cut ends were sealed in hot 

paraffin to prevent moisture loss. Several sections were 

then exposed to ovipositing female ~. hesperus for periods 

of 1-2 hours. The number of eggs were counted and the 

sections were held in clear plastic petri dishes, 100 X 15 

rom, on slightly moistened filter paper in a temperature 

cabinet maintained at 25°C, approximately 50% RH, and a 

l2-hour photoperiod. The filter paper was re-moistened 



13 

as necessary to prevent the bean section from drying. 

Maintaining the proper moisture level in the petri dishes 

was difficult due to differences in the condition of bean 

sections. If the beans dried severely or deteriorated 

because of mold, the replication was deleted. Each day 

l-day-old ~ ovijentatus females were added to one or more 

of the petri dishes with unexposed eggs at the rate of 

approximately one female per 10 eggs and left for 24 

hours. This was continued daily until the eggs started 

to hatch, which usually occurred on Day 8. 

Exposed ~. hesperus eggs were held at 25°C until 

the parasites had completed development and emerged. As 

the ~. hesperus eggs hatched the nymphs were counted and 

removed. Later, as the parasites emerged, they were 

counted and the sex recorded. After the parasites stopped 

emerging, the bean sections were examined at 10-15 X with 

a dissecting microscope and the numbers of eggs with 

unemerged Lygus nymphs or parasites, as well as the eggs 

with no apparent development were counted. The number of 

eggs with unemerged parasites was added to the number of 

emerged parasites to obtain parasitism for each replica

tion. 

Some eggs of the various ages were examined for 

embryonic development of ~. hesperus and to observe the 

parasite eggs and first instar larvae. To obtain eggs of 

known ages, egg packets, as described by Patana (1982), 



were exposed to ~. hesperus females for short periods of 

time, usually no more than 1 hour. These were then held 
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at 25°C and some of the eggs dissected daily to correlate 

gross development of the ~. hesperus embryo with time. 

Undissected eggs and the developing embryos were placed 

on slides in a saline solution and examined wit~ a com-

pound microscope at 63-160X. Other eggs of the various 

ages were exposed to ~. ovijentatus and then examined to 

determine where the parasite eggs were deposited and where 

the early first instar larvae occurred. 

Additionally, the time required for development 

of A. ovijentatus in eggs from some replications of four 

of the age intervals were recorded. 

Effect of Various Temperature Regimes 
on Development, Longevity, and Fecundity 
of ~~ ovijentatus and Its Host Lygus 
hesperus 

As noted in the Literature Review, the development, 

longevity, and fecundity of ~. ovijentatus have been 

studied at several constant temperatures. However, infor-

mation for these functions at, the temperature extremes, 

especially the low temperatures, is lacking. In this 

experiment, ~. hesperus eggs in alfalfa sterns were placed 

in the cages described in Experiment One and exposed to 

A. ovijentatus females. After exposure the sterns were 

held in rearing chambers maintained at the following 

conditions: 



15 

1. A variable temperature with a mean of 12.8 ± 1°C 

(range = 5.6-22.2°C), relative humidity of 40-80%, 

and an 11-hr photophase; based on field conditions 

recorded in the Tucson, Arizona, area in February, 

1979 (Fig. 2). 

2. A constant temperature of 12.8 ± 1°C, 60% relative 

humidity, and an 11-hr photophase. 

3. A variable temperature with a mean of 10.6 ± 1°C 

(range = 3.3-19.4°C), 70-80% relative humidity, 

and a 10-hr photophase; based on field conditions 

recorded in the Tucson, Arizona, area in January, 

1979 (Fig. 3). 

4. A variable temperature with a mean of 32.8 ± 1°C 

(range = 23.3-46.6°C), 20-80% relative humidity, 

and a 15-hr photophase; based on field conditions 

recorded in Yuma, Arizona,area in June, 1973 

(Fig. 4). 

For the two lower variable regimes, a composite was made 

up for the month, then a controller cam was patterned 

as closely as possible after a day that fit the composite. 

For the high regime the composite was made from a 1-week 

period. Hourly temperature readings were utilized in 

making up the composites and in determining the means. 

The cages were checked daily and the date and 

number of hatching nymphs and the date, number, and sex 

of emerging adult parasites were recorded. Newly hatched 



Figure 2. Chart showing l2.8°C variable temperature 
regime 
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Figure 3. ehart showing lO.Goe variable temperature 
regime 
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Figure 4. Chart showing 32.SoC variable temperature 
regime 
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nymphs were placed individually into cages made from 

29.6-ml clear plastic cups. The bottoms of the cups were 

removed and replaced with nylon organdy. The cups were 

inverted and a section of green bean and a hot water

killed beet armyworm, Spodoptera exigua (Hubner), were 

placed on the organdy for food after the manner of Bryan 

et ale (1976). The date of emergence and sex of the 

adult Lygus were recorded. Newly emerged parasites were 

paired and placed in 55-ml clear plastic vials and given 

10% sucrose solution in a piece of glass tubing inserted 

through the lid. A packet with 20 or more ~. hesperus 

eggs (Patana, 1982) was placed in each vial with the 

parasites and changed daily. The exposed egg packets were 

held at 26°C until the developing parasites could be seen 

through the egg shells and counted. The longevity of the 

adults and the lengths of the preoviposition and the 

oviposition periods of the females were also noted. 

Ovipositional Behavior of A. ovijentatus 
and L. hesperus on Plants 

Several experiments were done with cotton 

(Deltapine 16), alfalfa (mixed cultivars), and London 

rocket, which is a wild mustard that grows in the winter 

and spring. These plant species were chosen for the tests 

because alfalfa and London rocket are major host plants 

of Lygus spp. in southern Arizona crop areas (Stitt, 1949; 

Fye, 1972, 1975) and cotton may suffer economic damage 



when Lygus move from alfalfa to the cotton. Also, large 

populations of Lygus spp. may develop early in the year 

on London rocket and then move to alfalfa when the weeds 

mature. 
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For experiments on preference for plant species 

the critical stages of the plants, or those on which the 

largest populations of Lygus occur, were used. For 

alfalfa this was plants with buds or blooms and for cotton 

it was plants with small squares or blooms. Plant stage 

was less critical for London rocket because blooms are 

present for most of its growth period. An attempt was 

made to use plants of about the same height, but this was 

not alway possible due to the limited number of plants 

available. All the plants, with the exception of some 

London rocket, were grown in the greenhouse to prevent 

oviposition by wild Lygus. 

All the ~. hesperus for these tests were collected 

in the field with a standard 38.1 cm (IS-inch diameter) 

insect net, with the exception of one replicate of one 

experiment when laboratory-reared Lygus were used. Those 

used for cotton and cotton versus alfalfa tests were 

collected from alfalfa and those used for alfalfa versus 

London rocket tests were collected from London rocket, 

with the exception of one replication when Lygus reared 

in the laboratory on green beans were used. The use of 

Lygus collected from the field probably added to the 
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variability of the data because age and ovipositional 

status could not be controlled. However, Zaugg and 

Nielson (1974) found that laboratory-reared ~. hesperus 

responded differently to chemicals from alfalfa plants 

than did field-collected ones. The~. ovijentatus used 

in these tests were l-day-old females that had been caged 

with male parasites since emergence and offered L. hes

perus eggs in beans for 4-6 hours prior to use. All the 

parasites used in the experiments were cultured in the 

laboratory in ~ hesperus eggs. 

Statistical methods used to analyze the data 

followed Steel and Torrie (1960) and Sokal and Rohlf 

(1969) • 

Three different types of cages were used in these 

tests. Cage type-l (Fig. 5) was made with a wooden frame 

51 cm on each side and 62 cm in height. The top and three 

sides were screened with nylon organdy, while the fourth 

side was closed with a heavy transparent sheet of plastic. 

The cage bottom was separate from the rest of the cage 

and consisted of a solid sheet of plywood. Four slots, 

2 X 14 cm, were cut into the plywood, two each on opposite 

sides, so that the stems of plants in four pots fit into 

the slots and the cage bottom rested on top of the pots. 

Urethane sponge was fitted around the stems and into the 

slots so that they were closed. A gasket of the sponge 

provided a seal between the cage bottom and the rest of 



Figure S. Cage type-l for plant species preference 
tests 
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the cage. Plant stems were arranged in the slots so that 

the plants did not touch. Only that part of the plant 

that projected into the cage was used to determine plant 

height. 

Cage type-2 (Fig. 6) was a sectional cage with 

each section designed to cover a 15-cm portion of a cotton 

plant. Three different pieces made up each section, all 

made from 5 X 7 mesh per cm2 aluminum screen. The sides 

of each section consisted of a cylinder 15 cm high and 

about 29 cm in diameter. The top of the uppermost cage 

section was formed by cutting a circle of screen 34 cm 

in diameter and then bending the outer 2-2.5 cm down to 

form a lid which fit down over the sides. For the third 

piece of each section a similar lid was formed, then it 

was cut across the middle leaving just the bent down edge 

on one side intact. This was done so it could be opened 

to fit around the plant stem. A narrow strip of Plexiglas 

was glued along each cut edge for support and a small 

half-circle was cut from the middle of each strip to admit 

the plant stern. Then a 4-cm strip of screen was glued 

around the circumference of the modified lid so that about 

2 cm projected above it and fit over the bottom of the 

cage section above it. Thus, this cage piece served as 

the top of one section and the bottom of another. Pinch 

clamps were glued to each of these pieces and were used 

to attach the cage unit to a ring stand for support. -Two 



24 

Figure 6. Cage type-l for plant section 
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or three of the individual sections were used for each 

plant, depending on the plant height. That portion of the 

plants more than 2-3 cm below the excised cotyledons were 

not caged. 

Cage type-3 was made from plastic-lined 0.95- or 

1.99-liter paper cartons and was used to·hold sections of 

plants for the emergence of parasites. The size of the 

carton to be used was determined by the amount of plant 

material to be held. The back of a snap-on plastic lid 

for a 55-ml clear plastic vial was glued to the bottom of 

each carton and a 1.5-cm hole was punched through both. 

The vial was snapped into the lid and served to trap the 

emerging parasites that were attracted from the cartons 

by light. 

Oviposition by Lygus hesperus on 
Cotton and Parasitism by Anaphes 
ovijentatus 

Potted cotton plants were placed in type-l cages; 

two plants per pot and four pots, or eight plants, in each 

cage. The heights of the plants were measured and the 

numbers of fruiting bodies were counted prior to placement 

in the cages. Twenty~. hesperus females were introduced 

into each cage for 48 hours, then the Lygus were removed 

and eight l-day-old ~. ovijentatu~ females were released 

in each cage for 24 hours. The experiment was done in two 



26 

replications; the first with five cages and the second 

with three cages. 

After the unparasitized eggs on the plants had 

hatched (8-10 days) the plants were cut into lS-cm sec-

tions from the apex and the numbers of hatched and 

unhatched eggs in the various parts of each section were 

counted with the aid of a dissecting microscope. All 

sections of the two plants in each pot were held in the 

same emergence cage (cage type-3). A la-day period was 

allowed for parasite emergence, then the sterns were 

re-examined for eggs with the caps still intact. These 

were examined for evidence of developed, but unemerged 

parasites. The numbers of these were added to the number 

emerged to obtain a total count of parasites. 

Parasitism of Lygus hesperus Eggs at 
Different Heign~s in Cotton Plants 
by Anaphes ovijentatus· 

To determine if ~. ovijentatus demonstrates a 

preference for a particular height on cotton plants to 

search and parasitize Lygus hesperus eggs, individual 

cotton plants were enclosed with the sectional cages 

(cage type-2). The plants were marked into lS-cm sections 

from the apex and the number of leaves in each section 

were counted before the cages were put into place. 

One ~. hesperus female per large (full-sized) 

leaf was confined to each section for 48 hours to attempt 
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to get a similar density of eggs in each. Then the sec-

tiona1 cages were removed, the plants were placed individ-

ua11y in type-1 cages, and the whole plant was exposed 

to 1-day-01d parasite females. The test was replicated 

15 times; 9 replications of plants with two sections and 

6 of plants with three sections. One parasite for each 

five leaves was released in each cage. The number of 

leaves was rounded to the nearest 5 to determine the num-

ber of parasites to be used. 

One week after exposure to the parasites the 

plants were cut into the marked sections, the number of 

eggs countea, and each section placed in an emergence 

cage to await parasite emergence. The plant sections 

were re-examined 8-10 days later for eggs containing 

unemerged parasites and the total number of emerged and 

unemerged parasites was recorded. 

Oviposition by Lygus hesperus and 
Parasitism by Anaphes ovijentatus 
on Cotton versus Alfalfa 

The techniques and cages (type-1) for this pref-

erence test were similar to those used for Experiment One. 

However, each of two of the four pots in each cage con-

tained two cotton plants and each of the other two held 

one alfalfa plant. All but six of the longer sterns were 

clipped from each alfalfa plant. The plant heights were 

noted before the cage top was put into place. Alfalfa 
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plants with buds, but not blooms, and cotton plants with 

squares were used. The plants in each cage were exposed 

to 20 female ~. hesperus for 48 hours, then to 16 (one per 

plant or stem) ~. ovijentatus females for 24 hours. A 

total of five cages was used with each cage considered to 

be a replication. The pots with the two plant types were 

placed in the corners alternately around the cage, then 

the positions were rotated for the next cage. This was 

done to try to eliminate the effect of both location 

within the cage and in the greenhouse. 

Oviposition by Lygus hesperus and 
Parasitism by Anaphes ovijentatus 
on Alfalfa versus London Rocket 

The caging techniques used for this experiment 

were similar to those used for cotton versus alfalfa test, 

except that the two pots with cotton plants were replaced 

by two pots with one London rocket plant in each. In the 

first test (two replications) individual plants were 

caged with 10 Lygus each for 3 days, then placed together 

and exposed to eight parasites for an additional 3 days. 

Therefore, only the parasites were given a choice of the 

two plant types. In a second test (4 replications) both 

Lygus (20 per cage) and ~. ovijentatus (8 per cage) were 

given a choice of plants. The Lygus in replicate 1 were 

laboratory-reared on green beans, but all others were 

collected from London rocket in the field, where the major 
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populations were found at the times the experiment was 

done. Also the plants used in replicates 3 and 4 were 

measured for height. Plants used in the other replicates 

were selected for similar heights. In test 1 there were 

3 cages in replicate land 5 cages in replicate 2. In 

test 2 there were 5, 5, 5, and 4 cages used in replicates 

1 through 4, respectively. 



RESULTS AND DISCUSSION 

Laboratory Studies 

Comparative Parasitism of Various 
Hosts 

The Lygus species that are major crop pests in the 

United States are ~. hesperus, ~. lineolaris, and L. 

elisus. Lygus hesperus and ~. elisus are dominant species 

in the western United States and a fourth species, L. 

desertinus, may be found in association with ~. elisus 

(Mueller and Stern, 1973, Kelton, 1975). Lygus lineolaris 

is the dominant mirid in crops in the eastern half of the 

U.S. (Bariola, 1969), and literature concerning this 

species is voluminous (Kelton, 1975; Parker and Hauschild, 

1975~ Scott, 1980, 1981). In the vicinity of Tucson, 

Arizona, the major species on crops is ~. hesperus, while 

some L. desertinus and L. lineolaris are also found 

(Graham and Jackson, 1982). 

Previously, Anaphes ovijentatus has been shown to 

be an egg parasite of ~. hesperus, L. lineolaris, and ~. 

elisus in field collections and laboratory experiments 

(Crosby and Leonard, 1914; Romney and Cassidy, 1945; 

Clancy and Pierce, 1966). The present study has added 

L. desertinus to the list of hosts. Since all four Lygus 

species are associated with crop~ in southern Arizona and 

30 
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since ~. ovijentatus parasitizes eggs of all four species, 

this study was done to determine if they are all equally 

suitable as hosts for the parasite. Doutt (1964)" divided 

host selection behavior by parasites into four systematic 

steps: 1) location of host habitat, 2) location of host, 

3) accepting the host for oviposition, and 4) suitability 

of the host for parasite development. In the present 

study the first step was eliminated by the confinement of 

parasites in cages with the hosts and the need for the 

second step was reduced by the confinement. The effects 

of host acceptance and suitability on successful para

sitism were not separated in these tests. 

Table 1 shows shows the results of the studies on 

parasitism as affected by the species of Lygus. Each 

replication indicated in the table is the combined results 

of tests in six 0.47-1iter plastic cages with host eggs 

deposited in alfalfa stems, except that there were four 

cages per replication for ~. e1isus. The average number 

of eggs exposed per female parasite varied from 7.4 for 

L. desertinus to 9.9 for ~. hesperus, but all the ratios 

were reasonably close to the goal of 10 eggs per female 

parasite. Stoner and Surber (1969) found that ~. ovijen

tatus females under 3 hours old contained about 48 eggs 

and preliminary data in the present study showed that a 

female parasite could deposit up to 30 eggs in one 24-hour 

period. Therefore, 10 eggs per parasite was well within 



Table 1. Parasitism of the eggs of four species of Lygus by Anaphes ovijentatus 

Number 
Number of 

Eggs Exposed Mean Percentage ± Standard 
of Error of Total EggS* 
Repli- Per 9 

Species cations* Total Parasite Hatched Undeveloped Parasitized 

L. hesperus 11 898 9.9 19.2 ± 2.49a ,c 14.7 ± 2.91 a 66.1 ± 3.00a ,b 

L. desertinus 7 390 7.4 7.6 ± 1.38 b 16.3 ± 3.41 a 
76.1 ± 3.61 a 

13.2 + 2.67a ,b b b 
L. elisus 4 327 8.0 36.1 ± 4.14 50.8 ± 6.25 

L. lineolaris 4 637 9.5 26.+ ± 3.13 
c 11. 2 ± 5.07 a 62.7 ± 7.94a ,b 

*Each replication is based on results from six cages, except for L. elisus where 
they are based on results from four cages. -

*Means in the same column followed by the same letter are not significantly different 
at 5.0% level (Student-Newman-Keuls' test). 

W 
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their ovipositional capacity and high levels of parasitism 

were expected. Each exposed host egg was placed in one of 

three categories: 1) hatched, 2) parasitized, or 

3) undeveloped. The hatched eggs produced Lygus nymphs, 

the parasitized eggs produced pupae or adults of A. ovi

jentatus, and the undeveloped eggs produced neither. 

Analysis of variance tests were done on eggs in all three 

categories as shown in Tables 2, 3, and 4, respectively. 

The F-ratios were highly significant for all three cate-

gories. 

Table. 2. AN OVA of the percentage of the eggs of four 
species of Lygus that hatched after exposure 
to Anaphes ovijentatus* 

Signif-
Source of Sum of Mean icance 
Variation DF Squares Square F Level 

Between 
groups 3 983.0452 327.6817 8.0226 0.01 

Within 
groups 22 898.5850 40.8447 

Total 25 1881.6302 

*Analysis was done on the Arcsin transformations of 
the square roots of the percentages. 



Table 3. ANOVA of the percentage of the eggs of four 
species of Lygus that were parasitized after 
exposure to Anaphes ovijentatus* 
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Source of Sum of Mean 
Squares 

Signif
icance 

Variation DF Squares F Level 

Between 
groups 3 953.4243 317.8081 5.5941 0.01 

Within 
groups 22 1249.8327 56.8105 

Total 25 2203.2571 

*Ana1ysis was done on the Arcsin transformations of 
the square roots of the percentages. 

Table 4. ANOVA of the percentage of the eggs of four 
species of Lygus that produced neither nymphs 
nor parasites after exposure to Anaphes 
ovijentatus 

Source of 
Variation 

Between 
groups 

Within 
groups 

Total 

DF 

3 

22 

25 

Sum of 
Squares 

1289.9230 

1471.3624 

2761.2854 

Mean 
Square 

429.9743 

66.8801 

Signif
icance 

F Level 

6.4290 0.01 

*Ana1ysis was done on the Arcsin transformations of 
the square roots of the percentages. 
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The only significant difference (P = 0.01) in the 

percentage of parasitized eggs was between L. desertinus 

"(76.1%) and ~. elisus (50.7%) (Table 1). The low percentage 

of parasitized ~. elisus eggs may be explained by the large 

proportion of eggs, significantly more than for all other 

species, that did not develop. It was not determined 

whether this was caused by the parasitism or if it was the 

result of egg infertility. Few (7.6%) of the L. desertinus 

eggs hatched, while 13.2, 19.2, and 26.1% of the ~. elisus, 

~. hesperus, and ~. lineolaris eggs hatched, respectively. 

Large proportions of the eggs of all four species were 

parasitized, but the combined data from the three egg cate

gories indicated that L. desertinus was the most acceptable 

and suitable host under the given test conditions. Lygus 

elisus appeared to be the least suitable species, but fur

ther tests should be done to determine the cause for this. 

Clancy and Pierce (1966) stated that ~. ovijentatus 

readily develops in the eggs of the predators Nabis 

americoferus and ~. alternatus when they were deposited in 

beans. However, the only egg parasite of N. americoferus 

recovered by Hendrick and Stern (1970) was another mymarid, 

Polynema sp. In the present study, Nabis spp: eggs in 

alfalfa stems were exposed to ~. ovijentatus at the approx

imate ratio of 10 eggs per female parasite. For these 

tests the species of Nabis were not tested separately. 

Most were N. alternatus, but a few N. americoferus were 
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present. In the crop areas around Tucson, Arizona, ~ 

alternatus is the predominant species (Stoner, Metcalfe, 

and Weeks, 1975). When 330 eggs in alfalfa stems were 

exposed in eight replications using the 0.47-liter plastic 

cages, 87.6% hatched and no ~ ovijentatus were produced. 

In another test Lygus hesperus and Nabis spp. eggs in al

falfa stems were exposed simultaneously to female ~ ovi

jentatus (Table 5). In 26 replications 975 ~ hesperus and 

600 Nabis spp. eggs were exposed. Of these numbers 658 

67.6%) of the· ~ hesperus eggs were parasitized while only 

8 (1.3%) of the Nabis spp. eggs produced parasites. An 

average of 6.1 female parasites was used in each replica

tion or a ratio of one parasite to every 10 eggs exposed 

for a 24-hour period. This ratio and time period should 

have been sufficient for most of the eggs of both species 

to be parasitized. 

Attempts were made on two occasions to establish 

a culture of ~. ovijentatus on Nabis alternatus. Green 

bean pods were given to the Nabis for oviposition, then 

exposed to the parasites. In both cases some parasites 

were produced, but the cultures could not be maintained 

past the second (F2) generation. 

The results of these studies are supported by 

field collection records obtained by others. In Califor

nia in 1974 Benedict and Cothran (1978) reared only 

Polynema boreum Girault from eggs of Nabis americoferus 
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Table 5. Results of 26 replications of simultaneous 
exposure of Lygus hesperus and Nabis spp. 
eggs in alfalfa stems to Anaphes ovijentatus 

Number of 
Eggs Exposed 

Average/ 
Repli
cations 

Total (range) 

973 37.4 

(6-105 ) 

600 23.1 

(6-56) 

Percentage of Total Eggs 

Hatched 

Average 
(range) 

Lygus 

5.1 

(0-16.7) 

Nabis 

62.0 

(15.8-100) 

Undeveloped 

Average 
(range) 

27.6 

(0-64.6) 

36.7 

(0-84.2) 

Parasitized 

Average 
(range 

67.3 

(31.7-100) 

1.3 

(0-10.7) 
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in alfalfa plants. Graham and Jackson (1982) collected 

alfalfa sterns in Arizona in 1978-1979 and isolated the 

Nabis spp. eggs found on them. They reared no ~. ovijen

tatus from the eggs, but 35% wer~ parasitized by ~. 

boreurn. In view of these field records and the data from 

the present tests, it is concluded that Nabis spp. in 

southern Arizona, and probably in California, is not a 

frequent host of ~. ovijentatus. 

Threecornered alfalfa hopper eggs were exposed in 

alfalfa sterns in the same manner as the tests with the 

Lygus and Nabis spp. The number of eggs.that was exposed 

was not counted, but in 12 replicates a total of 794 

nymphs and 3 ~. ovijentatus adults was produced. Obser

vations of the parasites in cages with the eggs showed 

they paid little attention to them. In four additional 

replications, 76 eggs were dissected and examined under 

a compound microscope for the presence of parasite eggs 

and larvae. Only 2 of the 76 eggs were parasitized. 

These data indicate that threecornered alfalfa hopper 

eggs are only occasionally parasitized. This conclusion 

is borne out by the field records of Graham and Jackson 

(1982), where only two~. ovijentatus were reared from 

threecornered alfalfa hopper eggs from field collections 

taken over a 2-year period. 



In August 1981, a few individuals of the mirid 

Taedia marmoratus (Uh1er)l were collected from pigweed, 

Arnaranthus sp., in Avra Valley, approximately 25-30 km 

west of Tucson. Anaphes ovijentatus were reared from 

eggs in sterns of the pigweed, so an attempt to rear the 
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parasites from eggs of !. marmoratus was made. The adults 

of the mirid were placed in the 0.47-1iter plastic cages 

with green bean pods, which were checked daily for eggs. 

Just a small number of eggs was deposited, but ~. ovijen

tatus parasitized and successfully developed in them. 

On November 28 and December 5, 1980, collections 

from Avra Valley of sterns of the composite Hymenothrix 

(probably wis1izeni) produced substantial numbers of A. 

ovijentatus. Some Lygus spp. were swept from the plants, 

but adults of another mirid, Po1yrnerus basalis (Reuter),l 

were even more ,numerous. The sterns collected on November 

28 produced 6 mirid nymphs and 165 (68 males, 97 females) 

A. ovijentatus, while those collected December 5 produced 

6 nymphs and 30 (8 males, 22 females) parasites. Labora-

tory tests confirmed P. basalis as a host of A. ovijen-

tatus. 

The predaceous mirid Deraeocoris brevis (Uhler) 

was received from Dr. R. E. Fye (U.S.D.A., A.R.S., Yakima 

1. These species were identified by T. Henry, 
USDA ARS, Systematic Entomology Laboratory, Beltsville, 
MD 20705. 



Agric. Res. Laboratory, Yakima, WA 98902) in September 

and October 1980, to determine if it was a possible host 
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of A. ovijentatus. Attempts to maintain a culture of the 

mirid were unsuccessful, but a few eggs were deposited 

in green bean pods and were exposed to ~. ovijentatus. 

Parasites were reared from some of the eggs, demonstrating 

that D. brevis is a possible host. Further tests should 

be done to screen this and other predaceous mirids before 

releases of ~. ovijentatus are made in new areas and to 

determine the parasites' full value in areas where it 

now exists. 

Several other species of Hemiptera and Homoptera 

were exposed to ~. ovijentatus to determine if they were 

possible hosts. Among these were the predators Orius 

tristicolor (White) and Geocoris punctipes (Say). Tables 

6 and 7 summarize the information on the species tried as 

hosts in this test and by others. The list of known 

major hosts is restricted to the larger Miridae. 

Effect of Egg Age on Successful 
Parasitism of Lygus hesperus 

The percentage of the exposed ~. hesperus eggs 

from the different age intervals that were successfully 

parasitized is shown in Table 8. For the purpose of this 

test, successful parasitism is defined to be the deposi-

tion of an egg, destruction of the host embryo, and sUDse-

quent development of the parasite to at least the pupal 



Table 6. A list of insect species parasitized by Anaphes ovijentatus 

Species* Order or Suborder: ~amily 

Lygus lineolaris (P. de B.) Heteroptera: Miridae 

Lygus hesperus Knight Heteroptera: Miridae 

Source of Information 

Crosby and Leonard (1914) 
Scales (1973) 
Sillings and Broersma (1974) 
Present Study 

Romney and cassidy (1945) 
Clancy and Pierce (1966) 
Stoner and Surber (1969, 1971) 
Present Study 

Lygus eli sus Van Duzee Heteroptera: . Miridae Clancy and Pierce (1966) 
Present Study 

Lygus desertinus Knight Heteroptera: Miridae Present Study 

Polymerus basalis (Reuter) Heteroptera: Miridae Present Study 

Taedia marmoratus (Uhler) Heteroptera: Miridae Present Study 

Deraeocoris brevis (Uhler) Heteroptera: t-1iridae Present Study 

Nabis alternatus Parshley Heteroptera: Nabidae Clancy and Pierce (1966) 
Stoner and Surber (1969) 
Present Study 

Nabis americoferus Carayon Heteroptera: Nabidae Clancy and Pierce (1966) 
Stoner and Surber (1969 
Present Study 

Spissistilus festinus (Say) Homoptera Membracidae Stoner and Surber (1969) 
Graham and Jackson (1982) 
Present Study 

*All species were shown to be hosts of A. ovijentatus in the present study. 

.::.. 

..... 



Table 7. A list of insect species offered to but not parasitized by Anaphes 
ovijentatus 

Species Order or Suborder: Family Source of Information 

Spanogonicus albofaciatus (Reuter) Heteroptera: Miridae Stoner and Suber (1969) 
Present Study 

Orius tristicolor (White) Heteroptera: Anthocoridae Present Study 

Geocoris punctipes (Say) Heteroptera: Lygaeidae Stoner and Surber (1969) 
Present Study 

Empoasca sp. Homoptera Cicadellidae Present Study 

Homalodisca lacerta (Fowler) Homoptera Cicadellidae Stoner and Surber (1969) 

Oecanthus argentinus Saussure Orthopetera: Gryllidae Stoner end Surber (1969) 

Stictopleurus crassicornis (L.) Heteroptera: Rhopalidae Stoner and Surber (1969) 

Chrysopa carne a Stephens Neuroptera Chrysopidae Present Study 

Hippodamia. 9()Ilvergens Guer. Coleoptera Coccinellidae Present Study 

~ 
I\.) 
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Table 8. Effect of the age of Lygus hesperus eggs on the 
success of parasitism by Anaphes ovijentatus 
at 25°C 

Number Total 
Egg Age of Number l-1ean 
Interval Rep1ica- of Eggs Percentage Standard 

(hrs) tions Exposed Parasitism Deviation 

0- 24 8 211 88.5a 
9.98 

24- 48 7 174 85.5a 11.56 

48- 72 6 154 82.5a 
13.74 

72- 96 17 482 84.8a 15.92 

96-120 10 155 82.4a 19.25 

120-:-144 11 239 83.9a 15.69 

144-168 7 290 18.9b 8.47 

168-192 6 124 0.0 

*Means within a column followed by the same letter are 
not significantly different at the 0.05 level of prob-
ability as determined by Duncan's Multiple Range test. 
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stage. The~. ovijentatus females displayed typical ovi

position behavior when exposed to eggs from all age inter

vals (1-8 days). Successful parasitism of eggs 1-6 days 

old was high (82.4-88.5%) and no significant differences 

were obtained between the groups. However, significantly 

fewer eggs (18.9%) were parasitized from the l44-l68-hour 

age group (Days 6-7) (Tables 8 and 9). Since there is some 

variability in the time required for ~. hesperus eggs to 

develop at 25°C, the 18% parasitism may have been in 

the less developed eggs. The eggs usually hatched on Day 

8 and no successful parasitism occurred on that day. 

Table 9. ANOVA for the effect of the age of Lygus hesperus 
eggs on their parasitism by Anaphes ovijentatus 

Source of Sum of Mean Observed 
Variation. DF Squares Squares F 

Treatments 6 27,231. 22 4,538.53 21.04* 

Error 59 12,725.92 215.69 

Total 65 39,957.15 

*Differences among the treatments were significant 
at P = 0.01. 
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Stoner and Surber (1969) also studied the effect 

of the age of the host egg on successful parasitism by 

A. ovijentatus, but they did not count the total numbers 

of eggs offered, nor did they record observations on Lygus 

embryonic development or adult or larval parasite habits. 

The percentage of parasitization of the various aged eggs 

obtained by them for Days 2 through 7 were 82.7, 78.8, 

72.4, 50.8, 44.8, and 26.6%, respectively. The numbers of 

nymphs that hatched were added to the numbers of adult 

parasites that emerged to get the approximate total numbers 

of eggs offered. They assumed that the female parasite 

inserts her ovipositor through the host egg cap and sug

gested that hardening or toughening of the cap with time 

made oviposition more difficult. The data obtained in the 

present study showed the same low parasitism rate on Day 7, 

but there was no consistent decrease in successively older 

eggs prior to that time. Stoner and Surber (1964) did not 

indicate the amount of variability in their data nor give 

the actual age intervals of the eggs they used, so their 

data cannot be compared directly with the data from this 

study. 

Gross embryonic development of ~. hesperus was 

compared to the work of Cobben (1968) on a number of 

mirids, but especially his work on Liocoris tripustu1atus 

Fab. Since the effect of egg age on successful parasitiza

tion was done at only one temperature in the current study, 
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observations were made to try to relate parasitism to 

embryonic development. With this information and knowl

edge of the time required for development of ~ hesperus 

eggs, an estimate may be made of the number of days that 

the eggs may be successfully parasitized at different 

temperatu~es. Little recognizable development occurred 

within the first 24 hours at 25°C, but by 48 hours some 

segmentation was visible and the appendages were starting 

to form. Orientation of the embryo was toward the poste

rior of the egg. At 72 hours orientation was still toward 

the posterior of the egg but segmentation was more pro

nounced and the appendages were about twice as long as at 

48 hours. Between 72 and 96 hours (3-4 days) pigmentation 

of the eyes and the distal ends of the antennae had 

started and the embryo had revolved so that its head was 

oriented toward the egg cap. At 120 hours (5 days) many 

external morphological features were present and the 

appendages were about full length. There was little 

apparent gross external change after this point. By 144 

hours (6 days) the egg cap, or operculum, was separated 

from the chorion so that the serosal cuticle, which sur

rounds the developing embryo, was exposed between them. 

At 24 hours or less before hatching, the developing embryo 

took on the greenish color of the nymph. 

within intact ~. hesperus eggs 48-72 hours old, 

it was not possible to see the location of ~. ovijentatus 



eggs. One parasite egg was found in the bottom of its 

host egg outside the embryo, but the embryo had already 

revolved. Several parasite eggs were seen in host eggs 

parasitized when 120-144 hours old and all but one were 

47 

in the area between the egg cap and the developing embryo. 

In eggs that were parasitized at ages less than 72 hours 

(before revolution) and examined after revolution, first 

ins tar ~. ovijentatus larvae were found mostly in the 

bottom half of the eggs. In older eggs, parasitized after 

revolution, most first instar parasite larvae were in the 

space between egg cap and the embryo. The logical place 

for ~. ovijentatus oviposition is inside the egg below 

the cap to whatever depth the ovipositor will reach and 

this appears to be the case. Movement of parasite eggs 

and larvae to the lower part of the eggs that are para

sitized prior to the occurrence of the revolution appar

ently occurs with the revolution of the host embryo to 

re-orient toward the egg cap. In some cases, however, the 

active first instar larvae may move to the bottom of the 

egg prior to revolution as shown in Figure 7. 

Most of the ~. hesperus eggs hatched on Day 8 o~ 

Day 9. Therefore, parasitization within the last 24 hours 

at 25°C is usually not successful, but up to this point the 

developmental stage of the embryo did not appear to affect 

successful development of the parasite to any great extent. 

The key factor governing survival of the parasite is the 



Figure 7. First instar A. ovijentatus in lOO-hour-old 
L. hesperus egg 

48 



time required for hatch of the parasite egg and for the 

first instar to damage the host embryo enough to stop 

its development or kill it. 

The ~. ovijentatus eggs hatch in about 24 hours 

after deposition at 25°C. A total of 29 ~. hesperus 
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eggs examined 23-26 hours after being parasitized contained 

26 first ins tar larvae and 3 eggs of ~. ovijentatus. The 

newly hatched larvae are very active, bending and twisting 

and tearing at the contents of the host eggs with their 

mandibles. A long, curved caudal appendage bears paired 

sharp processes on the ventral side as well as one or 

more on the tip. This appendage appears to be h.inged at 

its base and is brought forward to meet a projection on 

the head, then abruptly moved back in opening and closing 

motions. Lateral twisting movements of the body and 

appendage also occur. In~. hesperus eggs 3 or fewer days 

old, these movements churn the egg contents about them. 

The 6-7-day period at 25°C in which ~. ovijentatus 

can successfully parasitize ~. hesperus eggs comprises 

about 75-87% of the total developmental period of the 

eggs at this temperature. The acceptance of and ability 

to develop in partially embryonated host eggs extends the 

time the parasite has to search for its host. Apparently, 

many mymarids do not parasitize or cannot develop in eggs 

after an appreciable amount of embryonic development has 

occurred {Clausen, 1940). For example, A. flavipes 
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(Foerster) restricts most of its oviposition to cereal 

leaf beetle, Oulema melanopus L., eggs that are only 1-2 

days old (Anderson and Paschke, 1968). Also, Patasson 

lameerei DeBauche seldom parasitizes Sitona spp. eggs more 

than 3 days old and prefers eggs that are 2-3 days old when 

given a choice (Leibee, Pass, and Yeargan, 1979; Yeargan 

and Shuck, 1981). 

The mean developmental periods for ~. ovijentatus 

in eggs from the 0-24-, 24-48-, 72-96-, and 96-l20-hour 

intervals were determined to be within the range of 13.9-

14.8 days at 25°C. This range is comparable to the 

14.1 ± 1.9 days for males with 14.5 ± 2.1 days for females 

obtained by Stoner and Surber (1971). Apparently, the age 

of the host egg within this range does not affect develop-

mental rate. The sex ratios for the parasites that 

emerged from eggs of the various age intervals ranged 

from ld:19 to ld:l.999, but there was such variation 

between the replications within each interval that no 

trends were evident. 

Effect of Various Temperature Regimes 
on Development, Longevity, and Fecundity 
of ~. ovijentatus and Its Host 
L. hesperus 

The original objective of these experiments was 

to determine the rates of development of ~. ovijentatus at 

low temperatures. Stoner and Surber (1971) studied 

development, longevity, and fecundity of this parasite at 
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constant temperatures of 15, 20, 25, 30, and 35°C. Devel

opment occurred at all temperatures, but only one individ-

ual survived to the adult stage at 35°C, indicating that 

this temperature is near the upper threshold. The lower 

threshold is below 15°C since many individuals developed 

and a few progeny were produced at that temperature. 

La~ge populations of Lygus spp. can build up in January, 

February, and March on winter-spring weed hosts (Fye, 1972, 
, 

1975). By February these adults deposit substantial 

numbers of eggs and Graham and Jackson (1982) have shown 

that large percentages of these eggs are parasitized by 

~. ovijentatus. Large populations of both Lygus spp. 

and the parasite can develop during this period and be 

available to move into agricultural crops. Therefore, it 

is important to have a knowledge of some of the biological 

functions affecting population development at the environ-

mental conditions existing at this time of year. Tempera-

ture regimes from the months of January and February, as 

well as one at a constant temperature of l2.8°C, were 

chosen for the study. As the experiments progressed, they 

were expanded to include a variable temperature regime 

patterned after an exceptionally hot period of time at 

Yuma, Arizona. The comparative developmental periods for 

Lygus hesperus were also included. 

The time required for ~. ovijentatus to develop 

from egg to adult in L. hesperus eggs at the four regimes 
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is shown in Table 10. Successful development occurred in 

all regimes, but the time for development at the variable 

32.8°C (23.3-46.6°C) regime l was about twice the time 

reported by Stoner and Surber (1971) for 30°C. This indi-

cates that this regime is above the optimum temperature for 

development. At the variable l2.8°C (5.6-22.2°C) regime 

adults were produced an average of 9 days sooner than the 

58.4 days required at a constant l2.8°C. There were 

approximately 11 hours above and 13 hours below l2.8°C 

in this regime and apparently the acceleration of develop-

ment at the higher temperatures more than compensated for 

the retardation at the lower temperatures. Development 

at the constant l2.8°C required 65% longer than the time 

given by Stoner and Surber (1971) for 15°C, but this 

temperature is still above the threshold. The mean devel

opmental time for the variable 10.6°C (3.3-19.4°C) regime 

was 54.0 days or about half way between those at the vari

able l2.8°C and the constant l2.8°C. At this regime there 

were about 9 hours above and 15 hours below l2.8°C. From 

these results it is clear that the temperature extremes 

and the period of time above a threshold are important 

factors in determining developmental rates, especially at 

lower temperatures. The sex ratios of the adults were 

1. The regimes referred to as variable are 
presented as the daily mean temperature, followed by the 
daily range of temperatures in parentheses. 
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Table 10. Time (number of days) required for the develop-
ment of Anaphes ovijentatus from eggs to adults 
in Lygus hesperus eggs at one constant and three 
variable temperatures 

Number of Days 
Required 

Temperature ( °C) Number of 
Mean (range) Sex Individuals Range Mean ± S.D. 

12.8 (5.6-22.2) d 59 44-64 48.8 ± 3.4 
9 54 46-64 49.9 ± 3.8 

Both 83 46.64 49.5 ± 3.7 

12.8 (constant) d 24 54-63 58.5 ± 2.7 
9 27 54-63 58.5 ± 2.5 

Both 51 54.63 58.4 ± '2.6 

10.6 (3.3-19.4) d 30 49-57 53.4 ± 2.0 
9 28 49-61 54.8 ± 2.9 

Both 58 49-61 54.0 ± 2.5 

32.8 (23.3-46.6) d 13 15.23 19.6 ± 2.8 
9 21 15-23 18.2 ± 2.5 

Both 34 15-23 18.3 ± 2.6 



near unity at a constant 12.8°e and the variable 10.Goe 

regime, but there were 1.9 females produced for every 

54 

male at the variable 12.8°e regime. Average developmental 

times for the sexes were similar. 

Longevity of A. ovijentatus adults was highly 

variable within each of the three lower regimes and females 

outlived the males by averages of 1 to 6 days (Table 11). 

Virgin females lived longer than mated females by an 

average of 7.8 days at a variable 12.8°e regime, but mated 

males and females lived about 2 days longer than their 

virgin counterparts at a variable 10.6°e regime. At the 

variable 32.8°e regime all adults died within a 24-hour 

period after emergence. This is the same result obtained 

by Stoner and Surber (1971) at a constant temperature of 

35°e. All the adults used at the various regimes for 

studies on longevity and progeny production were taken 

from those that developed at the same respective regimes, 

so acclimatization should not have been a factor. 

After adult emergence there was an average of 4.6 

days at a variable 12.8°e regime and 7.4 days at a vari

able 10.6°e regime before the first L. hesperus eggs were 

successfully parasitized (Table 12). 

Nine.unmated females that were caged in groups of 

1, 3, and 5 per cage at the variable 12.8°e regime pro

duced an average of 25.2 eggs per female. Ten mated 

females produced an average of 26.0 (4-66) progeny over 
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Table 11. Longevity of Anaphes ovijentatus at various 
temperature regimes 

Number Number of Days 
Temperature ( °C) of Indi-
Mean (range) Sex vidua1s Range Mean ± S.D. 

12.8 (5.6-22.2) d 10 7-25 18.7 ± 5.6 
9 (mated) 10 11-22 17.5 ± 5.3 
9 (virgin) 9 18-35 25.3 ± 5.8 

12.8 (constant) d (mated) 15 11-38 19.8 ± 7.6 
9 (mated) 23 12-42 25.9 ± 9.1 

10.6 (3.3-19.4) d (mated) 20 17-41 24.0 ± 7.7 
9 (mated) 20 15-38 25.6 ± 7.8 
d (virgin) 6 17-39 21.5 ± 8.6 
9 (virgin) 7 15-36 23.4 ± 7.7 

32.8 (23.3-46.6) ·d 13 ~ 24 hr 
9 21 ~ 24 hr 



Table 12. Progeny production by and the length of the 
preoviposition and oviposition periods of 
Anaphes ovijentatus at one constant and two 
variable temperature regimes 

Number of 

Number of Days Progeny 
Produced 

56 

(Mean ± S.D.) 
No. 

per Female 

Temperature (OC) of Preovi-
Mean 

12.B 

12.B 

10.6 

(range) Pairs position oviposition Mean ± S.D. 

(5.6-22.2) 10 4.6 ± 2.7 7.0 ± 5.0 26.0 ± 20.1 

(constant) 7* 11.1 (2-22) 2.4 (1-11) 1.0 (I-B) 

(3.3-19.4) 10 7.4 ± 2.4 5.2 ± 4.9 26.1 ± 1B.2 

*Twenty pairs were observed, but only seven females produced 
progeny at a constant temperature of 12.Boc. Numbers in 
parentheses are ranges. 

a 7-day oviposition. period. At the variable 10.6° regime 

the same number of mated females produced an average of 

26.1 (1-48) progeny in a 5-day oviposition period. There-

fore, there was not much difference in progeny production 

of A. ovijentatus at the two variable regimes. A constant 

l2.8°C appeared to be very close to the minimum threshold 

for oviposition (or o6gnesis) as only a few scattered host 

eggs were successfully parasitized. The adults at the 

variable 32.8°C regime did not live long enough to be 

tested for oviposition. 
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Lygus hesperus eggs developed successfully at all 

four temperature regimes (Table 13). The developmental 

time for ~. hesperus eggs at the three lower regimes was 

60-64% of the time required for the total developmental 

period (egg to adult) of ~. ovijentatus. Eggs at the 

variable 32.8°C regime developed in 44% of the time 

required for the parasites. The small standard deviations 

obtained at all regimes show the consistency in egg devel-

opment. No literature was found on egg development of 

~. hesperus at exactly the same temperature regimes, but 

several workers have reported development at other constant 

Table 13. Time required for the development of Lygus 
hesperus eggs at several temperature • 

reg~mes 

Number of Days 
Required 

Temperature ( °C) Number of 
Mean (range) Individuals Range Mean ± S.D. 

12.8 (5.6-22.2) 175 29-34 31.2 ± 1.1 

12.8 (constant) 295 33-42 37.4 ± 1.6 

10.6 (3.3-19.4) 490 31-41 32.8 ± 1.4 

32.8 (23.3-46.6) 309 7-11 8.0 ± 1.0 



and variable temperatures. Champlain and Butler (1967) 

found that no eggs hatched at a constant 10°C, but hatch 

occurred in an average of 21.0 days at a constant 15°C 

58 

and in 5.6 days at a constant 35°C. Only one egg hatched 

at a temperature regime which averaged 32.5°C, but which 

alternated between 12 hours at 25°C and 12 hours at 40°C. 

In comparison, numerous eggs hatched at the variable 

32.8°C regime in the present study, where the temperature 

was at 40°C or higher for about 8 hours per 24-hour period. 

Lygus hesperus nymphs completed development at the 

three lower temperatures, but only 6 of 200 became adults 

at a constant 12.8°C. These six had deformed wings and 

died within the first week without ovipositing. In con

trast, Strong and Sheldahl (1970) obtained survival from 

egg to adult and oviposition of viable eggs at a constant 

l2.8°C. However, they did not clearly state the environ

mental conditions other than temperature. Of 123 newly 

hatched nymphs observed at 32.8°C a few survived to the 

fourth instar, but none lived to become adults. At the 

variable 12.8°C regime 53.3% of the nymphs survived and 

became adults in an average of 56.1 days (Table 14). The 

average developmental period for nymphs at the variable 

10.6°C regime was 63.9 days but survival was 63.2%. The 

sex ratio of the adults was very close to 1:1 at the two 

lower regimes. 
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Table 14. Time required for the development of Lygus 
hesperus nymphs at two variable temperature 

i 

reg~mes 

Number of Days 
Required 

Temperature (OC) Number of 
Mean (range) Sex Individuals Range Mean ± S.D. 

12.8 (5.6-22.2) 9 41 49-61 54.0 ± 2.6 
9 39 49-63 54.3 ± 3.4 

Total 80 49-63 54.1 ± 3.0 

10.6 (3.3-19.4) d 93 58-72 63.5 ± 2.7 
9 91 58-75 64.3 ± 3.3 

Total 184 58-75 63.9 ± 3.0 

Longevity of and oviposition by ~. hesperus was 

determined at the variable l2.8°C regime with an II-hour 

photophase. According to Beards and Strong (1966), ~. 

hesperus collected in the area of Davis, California, are 

induced to go into reproductive diapause when the nymphs 

are subjected to photoperiods of 13-13.5 hours or less. 

This was not the case in the present study where 23 of 37 

females deposited an average of 123.1 (17-452) eggs over 

an average 36-day (5-128) oviposition period. The average 

lifespan was 65 days (20-149) for males and 58.8 days 

(26-147) for females. The number of eggs deposited was 

related to longevity. Those females that lived 26-50 days 
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(9), 51-75 days (11), and more than 75 days (3) deposited 

average numbers of 38.3, 131.2, and 348.0 eggs, respec

tively. The preoviposition periods of all 3 groups were 

similar and averaged 17.5 days (12-26). Both male and 

female ~. hesperus lived for long periods of time and the 

females deposited eggs at the variable 10.6°C regime. 

The regime included a 10-hour photophase, but this was 

broken by a rearing cabinet malfunction at the time the 

adults were about 1 month old. This was about the time 

the females started ovipositing, so it is not known 

whether oviposition would have occurred under the original 

conditions. 

The total life cycles of ~. ovijentatus and ~. 

hesperus were compared using the data obtained at the 

variable 12.8°C regime. ~. ovijentatus developed from 

egg to adult in 49.5 days and had a preoviposition period 

of 4.6 days, for a total egg-to-egg period of approximately 

54 days. L. hesperus eggs hatched in 31.2 days, nymphal 

development required 54.1 days and they deposited eggs 

in an additional 17.5 days for a total egg-to-egg period 

of about 103 days. This means that almost two generations 

of ~. ovijentatus would develop in the time required for 

one of ~. hesperus. When the developmental times for 

~. ovijentatus at constant temperatures of 15, 20, 25, and 

30°C (Stoner and Surber, 1971) are compared to the time 



required for ~. hesperus at the same respective tempera

tures (Champlain and Butler, 1967) very similar ratios 

are seen. 
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Developmental periods were determined for ~oo few 

temperatures in the present study to be used to calculate 

a minimum developmental threshold for ~. ovijentatus. 

It is obviously below a constant temperature of l2.Boc, 

if the minimum threshold is defined as the lowest tempera

ture at which successful development from egg to adult 

occurs. When a linear regression line is calculated from 

the developmental rates derived from the data of Stoner 

and Surber (1971) and from the constant l2.8°C used in 

the current study, an extrapolation of this line indicates 

a threshold of approximately 9.3°C. The calculated regres

sion equation was Y = -0.0440 + 0.0047X, where Y is the 

developmental rate and X is the temperature in degrees 

Celsius. Further work should be done to verify this 

threshold. 

Minimum developmental thresholds for L. hesperus 

have been determined from the data of Champlain and Butler 

.(1967), Strong et ale (1970), and Butler and Wardecker (1971) 

by at least two other groups of workers. Strong et ale 

(1970) obtained a temperature of 9.4°C, while Sevacherian, 

Stern, and Mueller (1977) defined the threshold as 11.loC. 

The difference of 1.7°C is probably within the normal popu

lation variation or it could also be explained by 



differences in experimental conditions. It appears that 

the minimum thresholds for the successful development of 

L. hesperus and ~. ovijentatus are close. 

Ovipositional Behavior of ~. ovijentatus 
and L. hesperus on Plants 

Oviposition by Lygus hesperus on Cotton 
and Parasitism by Anaphes ovijentatus 
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Table 15 shows the proportions of L. hesperus eggs 

deposited in the different 15-cm sections of cotton plants. 

The average height of the portions of cotton plants exposed 

to the insects in the 8 cages was 46.5 cm, although total 

plant height was approximately 52 cm. There was a total . 

Table 15. Height preference by Lygus hesperus for ovi
position on cotton in cages in a greenhouse 

Number of Eggs Deposited 

Stem Percentage 
Section !-1ean ± S.D. Total per of Test 
(cm) per Section Section Total 

0-15 139.1 ± 47.2 1,113 54.5 

15-30 83.5 ± 20.1 668 32.8 

30-45 32.38 ± 20.1 259 12.7 

>45 0 0 



of 104 squares on the plants, mostly 1.3 cm or less in 

diameter. More than half (54.5%) of the eggs deposited 

were found in the upper 15-cm of the ,plants, 32.8% were 

found in the 15-30 cm section and 12.7% in the 30-45-cm 

section. That portion of the plant more than 45 cm from 

the top was usually only a few centimeters in length and 

was mostly that part of the stem below the scars left by 

the excised cotyledons. No eggs were found in this area 

63 

of the plants. The stems of cotton plants tend to be very 

fibrous, especially the lower parts, and probably resist 

oviposition. The trend for more eggs to be laid in the 

upper part of plants is supported by experimentation done 

by others. Mueller and Stern (1973) found that L. hesperus 

deposited about 62% of its eggs in the top half of saf

flower plants with buds and/or flowers. Benedict et ale 

(1981) showed that 66% of the ~. hesperus eggs were depos

ited in the top one-third (approx. 24 cm) of glanded 

(Acala 4-42-77) cotton, 21% were found in the middle taird, 

and 13% in the bottom portion. In very small plants 

(15-20 cm), Mash-Hoor (1966) found about 75% of the L. 

hesperus eggs in the apical 10 cm. 

Table 16 lists the ovipositional sites of L. 

hesperus on the cotton plants and shows the proportion of 

the eggs deposited in each part according to 15-cm sections 

of plant. The majority (83.4%) of the eggs was deposited 

on some part of the leaves. Eggs on the different parts 
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Table 16. Location of Lygus eggs in various plant parts 
of cotton in greenhouse cages 

Number of Eggs 
in Indicated Section* Percentage 

of Total 
Location 0-15 15-30 30-45 >45. Eggs 

~1ain stem 87 15 10 0 5.5 

Petiole 671 401 153 0 60.0 

Leaf base 123 126 52 0 14.8 

Leaf vein 55 28 5 0 4.3 

Leaf scar 0 6 10 0 0.8 

Terminal 64 3.1 

Axil 

Branch stem 61 17 1 0 3.9 

Square 14 2 0 0 0.8 

Stem of square 7 3 0 0 0.5 

Bud 15 39 27 0 4.0 

Petiole 12 26 1 0 1.9 

Leaf base 4 4 0 0 0.4 

Leaf vein 0 1 0 0 0.05 
r:: 

*Stems were divided into 15-cm sections from the apex. 
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of the leaf petioles were not counted separately but most 

eggs were deposited in or within 2 cm of the enlarged 

portion at the base of the leaf. Others were deposited in 

the leaf veins and the pu1vinus or enlarged area where 

petiole joins stem. Some were scattered along the petiole 

and a few were placed in scars on stems where leaves had 

abscissed. Few eggs were deposited in the main stem and 

these were found close to the juncture of stem and leaf 

petiole or in the top 15 cm of the plant. There were no 

major branches on the plants, but small fruiting and 

vegetative branches had started from axillary buds. Eggs 

deposited in these plant parts accounted for 11.5% of the 

total number of eggs. Only 0.8% of the eggs was laid in 

the small squares present on the plants and these were 

found in the basal area of the squares below the bracts. 

A few (0.5%) were found in the petioles of the squares. 

For this test the terminal was that portion above the last 

branch, usually 2-4 centimeters in length. These results 

agree with those found by Benedict et a1. (1981). They 

found that 69-87% of the ~. hesperus eggs were associated 

with leaf structures in glanded Aca1a 4-42-77. Of these, 

64-78% were found in the leaf petioles and mostly in the 

apical half. 

Parasitization of L. hesperus eggs by ~. ovij~

tatus on cotton had not been demonstrated prior to these 

tests. Small numbers of adults were swept from cotton 
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(Stoner and Surber, 1969; Mason and Werner, 1978) but none 

had been reared from eggs deposited in cotton plants. As 

can be seen in Table 17, ~. ovijentatus readily parasitizes 

eggs in cotton. The eight parasites in each of the test 

cages parasitized an average of 42.~ (17.4%) of 255 eggs 

in one 24-hour period. The plants were exposed to 20 

L. hesperus females for 2 days (48 hrs), or there were 

40 ~. hesperus oviposition-days as compared to 8 A. ovi

jentatus oviposition-days. This 5:1 ratio is similar to 

the 6:1 ratio of the number of eggs deposited to the 

number parasitized. The plant sections and plant parts 

were not held separately, so that no data were obtained on 

parasitism of eggs in these areas. 

Table 17. Summary of Lygus hesperus oviposition and 
parasitism by Anaphes ovijentatus on cotton 
plants 

Number of 
Lygus eggs 

Total 2,040 

Mean/Cage 225 

Standard 
Deviation 57.5 

Number of Eggs 
Parasitized 

341 

42.6 

20.9 

Percentage 
of Eggs 
Parasitized 

17.4 

9.2 
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Tingey and Leigh (1974) were concerned about 

differences in plant height affecting ~. hesperUs egg 

deposition in different varieties of cotton. They demon-

strated that the lygus bugs did oviposit more in the taller 

plants in cage tests when given a choice. In the present 

test an attempt was made to use plants of similar height 

in the cages, so the test was not designed to show the 

effect of comparative total plant height. A correlation 

coefficient (r) of 0.55 was calculated for the number of 

eggs deposited to plant height, which indicated a poor 

correlation. However, there was an average difference in 

height between the tallest and shortest plants of 11 cm 

in this test. In the tests of Tingey and Leigh there was 

a 33-cm difference between the tallest variety and the 

next tallest one and a 59-cm difference between the tallest 

and shortest varieties. This indicates that the magnitude 

of difference in height is involved in the preference. 

Parasitism of Lygus hesperus Eggs 
at Different Heights in Cotton 
Plants by Anaphes ovijentatus 

The results of Test 1 demonstrated a preference by 

L. hesperus to deposit eggs in the upper parts of cotton. 

plants. It was the objective of this test to see if A. 

ovijentatus preferred a plant section as shown by parasit

ism of ~. hesperus eggs. The test objective was not 

accomplished, but some conclusions can be drawn from the 
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results. The attempt to get similar densities (number/ 

leaf) of eggs deposited in the different sections failed. 

For the shorter plants with two lS-cm sections, the ratios 

of egg density in the top sections to that in the bottom 

sections varied from 1:1.9 to 15:1 and similar variations 

existed between the sections in the taller plants with 

three 15-cm sections. As shown by Tables 18 and 19, the 

percentages of eggs parasitized in the different sections 

were not significantly different (P = .05). The greatest 

variation occurred within the replications of the same 

Table 18. ANOVA of the percentage parasitism of Lygus 
hesperus eggs by Anaphes ovijentatus in cotton 
plants with two 15-cm sections 

Source of Sum of Mean 
Variation DF Squares Squares F Ratio 

Between groups 1 11.1691 11.1691 1. 4529 ns* 

within groups 16 122.9961 7.6872 

Total 17 134.1652 

*ns indicates no significant difference at P = .05; 
data transformed by arcsin. 



Table 19. ANOVA of the percentage parasitism of Lygus 
hesperus eggs by Anaphes ovi~entatus in cotton 
plants with three 15-cm sect~ons 

Source of Sum of Mean 
variation DF Squares Squares F Ratio 
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Between groupS! 2 1.0144 0.5072 0.0144 ns* 

Within groups 15 525.5851 35.0390 

Total 17 526.5995 

*ns indicates no significant difference at P = .05; 
data transformed by arcsin. 

section. However, both sets of replications show that 

A. ovijentatus searched all sections. of the plants used 

in this test (Table 20). 
..... 

Variability in both the number of ~. hesperus eggs 

deposited and the percentage of those eggs parasitized is 

partially due to the low numbers of insects released in 

the cages. This is especially true of the parasitism, 

where only two parasites were released in some cages. 

However, this is an indication of the normal variability 

in the culture and is typical of the oviposition or fecun-

dity of many insects. 



Table 20. Parasitism of Lygus hesperus eggs in different sections of cotton plants*# 

Top Middle Bottom 

Number 
of 15-cm Mean Number Mean Mean Number Mean Mean Number Mean 
sections of Eggs Parasitism of Eggs Parasitism of Eggs Parasitism 
Per Plant Per Plant (%) Per Plant (%) Per Plant (%) 

2 107.9(52.3) 5.1(5.5) 51.8 (28.4) 2.4(4.0) 

3 68.2(27.4) 9.9(8.9) 72.8(35.1) 9.6(11.8) 33.5(30.8) 10.6(9.8) 

*Differences in % parasitism of eggs were not significant (p = .05) in the plant sections 
according to analysis of variance of arcsin transformed data. 

#Numbers in parentheses are standard deviations. 

-..J 
o 



Oviposition by Lygus hesperus and 
Parasitism by Anaphes ovijentatus 
on Cotton versus Alfalfa 

Sampling and observations by many workers have 

71 

shown that populations of Lygus spp. are larger in alfalfa 

than cotton unless the alfalfa has just been cut for hay 

or is allowed to dry. Stern et ale (1967) suggested a 

system of strip cutting alfalfa to prevent this movement 

after hay cutting, and Stern (1969) proposed interplanting 

alfalfa with cotton to control the lygus bugs in cotton 

and to act as a nursery to build natural enemy populations. 

Sevacherian and Stern (1974) did extensive sampling of 

lygus bugs (~. hesperus and ~. elisusJ in cotton and 

alfalfa and concluded that there was a clear preference 

for alfalfa over cotton. However, there has been no 

demonstration of a preference by ~. hesperus for either 

plant species as an oviposition site, although this was 

suggested in the study by Sevacheri~n and Stern. 

When offered a choice of alfalfa and cotton plants 

in greenhouse cages, ~. hesperus demonstrated the expected 

preference to oviposit in the alfalfa plants. Signifi-

cantly more (P = 0.01) eggs were found in alfalfa (Table 

21) as shown by a t-test. Overall 78.2% of the total 

number (2409) of eggs was deposited in the alfalfa plants. 

The alfalfa plants were taller in each of the five repli-

cations, but the ayerage difference was only 8.5 cm. 
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Table 21. Lygus hesperus oviposition and parasitism by 
Anaphes ovijentatus in cotton versus alfalfa 
plants 

Plant Type 

Alfalfa 

Cotton 

Significance 
Level# 

Number 
of LX9:us 
Eggs 
Deposited* 

X .t S.D .. 

376.6 ± 39.4 

105.2 ± 46.5 

. 0.01 

Number Percentage 
of LXgus of LY9:us 
Eggs Eggs 
Parasitized* Parasitized* 

X ±. S.D. X ± S.D. 

79.2 ± 13.5 21.0 ± 3.0 

34.0 ± 16.9 33.5 ± 13.0 

0.05 0.10 

*Numbers of eggs deposited and parasitized were trans
formed to the square root and the percent of eggs by 
arcsin. 

#Significance levels were determined from the t-test 
of pairs of plants (one observation/cage/plant type). 

Parasitism of ~. hesperus eggs in the two plant 

types was compared two ways (Table 21). When a t-t~st 

was done on the number of eggs parasitized, significantly 

more (P = 0.05) eggs were parasitized in alfalfa plants 

than in cotton plants. However, a larger percentage of 

parasitized eggs was found in cotton plants than in 

alfalfa, although the difference was significant at the 

10 percent l~vel of probability but not at the 5 percent 

level. These results indicate that ~. ovijentatus searched 

both plant species, but there were more eggs on the alfalfa 

to be found and parasitized. Considering that the 
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parasites had only 24 hours to search the plants, the 21% 

parasitism on alfalfa and 33.5% on cotton was substantial. 

Table 22 shows the number and percentage distribu

tion of the ~. hesperus eggs in different height sections 

of the two plant species. More than one-half of the total 

number of eggs in both plant species was deposited in the 

top l5-cm section and the number decreased with each 

successively lower section. This same trend was observed 

for the cotton plants in greenhouse test 1. Most of the 

eggs deposited in the cotton plants were found in the leaf 

petioles in all sections. The'eggs in alfalfa plants were 

laid in ,the branches and leaf petioles in the lower 

Table 22. Oviposition by Lygus hesperus in sections of 
cotton and alfalfa plants when exposed to both 
simultaneously 

Distribution 
Percentage of 

Average (± S. D.) Eggs within 

Plant Number of Eggs 
Species by 

Section* Sections 

(cm) Cotton Alfalfa Cotton Alfalfa 

0-15 66.2 ± 31.3 197.8 ± 39.3 62.9 52.5 

15-30 21.4 ± 9.5 106.2 ± 35.2 20.3 28.2 

30-45 15.8 ± 10.7 42.2 ± 13.2 15.0 11.2 

>45 1.8 ± 1.1 30.4 ± 15.7 1.7 8.1 

*Plant sections were measured from the apex; the >45 
section sometimes exceeded 15 cm in length. 
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sections of the plants and in stems, branches, and buds 

in the upper sections. More than one-half of the eggs in 

alfalfa plants were deposited in the main stem in the top 

15 cm. Graham and Jackson (1982) checked the distribution 

of Lygus spp. eggs in field-collected alfalfa stems and 

found most of the eggs in the upper part of stems more 

than 45 cm in length. They found 51% of the eggs in the 

top 15 cm, 26% in the segment 15-30 cm below the apex, 

16% in the 30-45 cm segment, and 7% in the stem more than 

45 cm from the top. Therefore, the data in the present 

test were very similar to what Graham and Jackson found 

in the field. 

In their study Graham and Jackson (1982) also 

recorded the percentage of eggs parasitized by ~. ovijen

tatus in each section of alfalfa plants. Parasitism levels 

were 4, 17, 18, and 20% for eggs found in the successive 

segments from top to bottom of the plants. These data 

indicate that the parasites search the whole plant. Lower 

parasitism levels in the tops of the plants may have been 

due to the rapid plant growth, so that eggs there would 

have been recently deposited and exposed to the parasites 

for a shorter period of time. Also, there were many more 

eggs in the top 15 cm and a limited number of parasites to 

find them. In the present study the different plant sec

tions were not put in separate cages for parasite emergence, 
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so no data were obtained to compare with the field data of 

Graham and Jackson. 

Oviposition by Lygus hesperus and 
Parasitism by Anaphes ovijentatus 
on Alfalfa Versus London Rocket 

London rocket germinates in late ~all and grows 

during December, January, February, and March, but the 

growth period may be extended or contracted by the timing 

and amount of rainfall. Growth is usually restricted to 

small patches along ro~dsides, ditch banks, and ends of . 

fields, but may cover large areas of fallow or abandoned 

fields. It is also a major weed pest of alfalfa during 

the spring, when alfalfa is still growing slowly due to 

low temperatures. Thus, the two plant types may be found 

interspersed in the s~me field. 

Large populations of Lygus spp. can build on London 

rocket and be available to move to other weeds or crops 

in their host plant sequence. Graham and Jackson (1982) 

found that Lygus spp. deposited large numbers of eggs on 

London rocket in southern Arizona and that at times large 

proportions of these eggs were parasitized by Anaphes 

ovijentatus. Thus, London rocket is a key plant for 

survival and population increase of both pest and parasite. 

The relationship between Lygus spp. and its hosts, 

alfalfa and London rocket, and the effect of this relation-

ship on parasitism of Lygus are of obvious importance. An 

understanding of this relationship should be considered 



in a decision to control the weed in alfalfa fields and 

in the surrounding areas. This test was done to study 

ovipositional preference by Lygus hesperus for the two 

plant types and parasitism of L. hesperus eggs in them 

by Anaphes ovijentatus. 

The number of eggs deposited by L. hesperus in 
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the two plant species was compared in a total of 19 cages. 

There were two plants of each kind in each cage and the 

total numbers of eggs in the two plants were combined for 

analysis. An average of 146.6 eggs per cage was deposited 

in alfalfa plants and 182.3 eggs per cage in London rocket 

(Table 23). Even though there was a trend for more eggs 

to be deposited in London rocket plants, the numbers were 

determined to be not significantly different (P = 0.10) by 

an analysis of variance (Table 24). Most of the variation 

in the test was a cage-to-cage variation. 

The heights of the plants were measured for two of 

the test replicates (9 cages). The London rocket plants 

were taller in all nine cages by an average of 13.8 cm, 

but there was an average difference height of 18.6 cm in 

one replicate and only 7.8 cm in the other. If the L. 

hesperus showed a preference to oviposit in the taller 

plants, one would expect to find a greater proportion of 

eggs in London rocket in the first replicate than in the 

second. However, this was not the case. There were more 



Table 23. Lygus hesperus oviposition and parasitism by Anaphes ovijentatus in 
alfalfa and London rocket plants when given a choice 

Number of 
Lygus Eggs 
Deposited/Cage 

Number Number 
Plant Type Reps. x ± SD Reps. 

Alfalfa 19 146.6 ± 74.9 6 

London rocket 19 182.3 ± 90.4 6 

Number of 
Lygus Eggs 
Parasitized/Cage/Rep. 

X ± SD 

9.3 ± 8.3 

18.6 ± 13.3 

Number 
Reps. 

6 

6 

Percent Lygus 
Parasitized/Rep. 

X ± SD 

5.7 ± 4.0 

9.2 ± 5.5 

~~nn~~~~~n"o 'T~~ NS~ 
NS* ?1C# 

~eve~ 

*NS indicates no significant difference at P = 0.10 as shown by analysis of variance of square 
root transformed counts. 

#NS indicates no significant difference at P = 0.10 as shown by a t-test of square root 
transformed counts and arcsin transformed proportions. 

-...J 
-...J 
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Table 24. ANOVA of the numbers per cage of LY~US hesperus 
deposited in alfalfa and London roc et stems 
when offered both simultaneously 

Source of Sum of Mean 
Variation OF Squares Squares F Ratio 

Between groups 1 17.5168 17.5168 1.6319 ns* 

Within groups 36 386.4062 10.7335 

Total 37 403.9231 

*ns indicates no significant difference at P = 0.10. 

eggs in alfalfa plants than in London rocket in the first 

replicate and fewer in the second. 

Parasitism of ~. hesperus eggs in the two plant 

types was compared by the average number of parasitized 

eggs and by the average percentage of eggs parasitized per 

cage (27 cages) in six replications (Table 23). An aver-

age of 9.3 (S.D. = ± 8.3) parasitized eggs was found in 

alfalfa as compared to 18.6 (S.D. = ± 13.3) in London 

rocket. Also, 9.2% of the eggs in London rocket were 

parasitized while only 5.7% of those in alfalfa were 

parasitized. However, neither the number of parasitized 

eggs nor the percentage parasitized in the two plant types 

were significantly different (P = 0.10) when compared by 

t-test. These data indicate that neither L. hesperus 

nor A. ovijentatus demonstrated a marked preference for 
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either plant species under the test conditions, but there 

was a tendency to choose London rocket over alfalfa. In 

this test the plants were chosen for the growth stages 

on which the largest Lygus spp. populations were found, 

but differences in growth stage would most likely alter 

preference for a particular species. 

The distribution of the eggs of ~. hesperus and 

those parasitized by ~ ovijentatus in different sections 

of alfalfa and London rocket plants are shown in Table 25. 

These data were collected from two replicates (9 cages) 

for the L. hesperus· eggs and one replicate (4 cages) for. 

the parasitized eggs. Most of the ~. hesperus eggs were 

deposited in the upper 30 cm in both alfalfa and London 

rocket, but there was a difference in the distribution on 

the plant species. The largest proportion of the eggs 

was found in the 0-lS-cm section in alfalfa and in the· 

lS-30-cm section in London rocket. In the previous test, 

cotton versus alfalfa, the distribution of eggs in alfalfa 

plants was very similar to the results obtained in this 

test. Graham and Jackson (1982) found the same trends for 

Lygus spp. eggs in alfalfa and London rocket for fie1d

collected stems. For the same stem sections used in the 

present test they found distributions of 53, 26, 14, and 

7% for alfalfa stems more than 4S-cm tall and 32, 38, 14, 

and 16% for London rocket stems more than 45 cm in height. 



Table 25. Distribution of parasitized (by Anaphes ovijentatus) and unparasitized eggs 
of Lygus hesperus in sections of alfalfa and London rocket stems 

Per~entage of Eggs# Percentage of Eggs# 
Average (± SD) Within Species by Parasitized in 
Number of Eggs Section Each Section 

Plant* 
Section London London London 

(cm) Alfalfa Rocket Alfalfa Rocket Alfalfa Rocket 

0-15 42.7 ± 17.9 18.3 ± 19.1 58.8 26.8 1.1 13.0 

15-30 18.8 ± 16.5 29.2 ± 25.3 25.8 42.9 2.1 6.2 

30-45 8.6 ± 9.3 9.4 ± 7.6 11.8 13.8 0 0 

45 2.6 ± 3.5 11.9 ± 9.5 3.5 16.5 2.6 1.6 

*The more than 45 cm section varied in length. 

#The percentage of parasitized eggs was based on 1 set of 4 cages and the distribution of eggs by 
section on 2 sets (9 total cages). 

co 
o 
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The data for the distribution of parasitized ~. 

hesperus eggs are limited, especially for those in alfalfa 

stems, but a general trend for the parasitized eggs on 

London rocket is apparent from the data in Table 25. 

Thirteen percent of the eggs in the 0-15 cm section and 

6.2% in the 15-30 cm section were parasitized. The 13.0 

and 6.2% accounted for 56.2 and 39.6 of the total number 

of parasitized eggs. Very low levels of parasitism were 

found in the alfalfa stems and no conclusions a+e apparent. 

Graham and Jackson (1982) studied the distributions of 

parasitized eggs in field-collected alfalfa and London 

rocket stems over a 2-year period •. The total numbers of 

parasitized eggs in their study were also low, but trends 

were obtained. In alfalfa stems, more parasitized eggs 

were found in the 15-30-cm section, followed by the 0-15-

cm section, but the 0-15 cm section had the lowest percent

age of parasitism. Parasitism levels at 15-30, 30-45, and 

more than 45 cm from the apices of the stems were all 

similar (17-20%). In London rocket stems the distribution 

of the number and percentage of parasitized eggs was much 

more even among plant sections and ranged from 21 to 45%. 



CONCLUSIONS 

The major known hosts of Anaphes ovijentatus are 

limited to the larger members of the insect family Miridae. 

The four species of Lygus that are important agricultural 

pests; ~. hesperus, ~. lineolaris, ~. elisus, and ~. 

desertinus, were all highly parasitized. Under laboratory 

test conditions the only significant difference in the 

percentage parasitism of the four species was between 

L. desertinus and L. elisus. Two other mirids, Polymerus 

basalis and Taedia marmoratus were parasitized on weeds 

in agricultural area. These species may serve as important 

alternate hosts of A. ovijentatus in the summer and fall. 

The predaceous mirid, Deraeocoris brevis, was also shown 

to be a possible host. Nabis alternatus and N. americo

ferus', important predators of several insect pests, are 

not frequent hosts of A. ovijentatus. This information 

eliminates concern about the possible parasitism of these 

two beneficial species. The three cornered alfalfa hopper, 

Spissistilus festinus, was also shown to be only an 

occasional host. 

The age of L. hesperus eggs had little effect on 

successful parasitism by ~. ovijentatus until the day 

before hatching. At 25°C where the eggs require 8 days 

to hatch, there was little difference in the percentage 

82 
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of the eggs parasitized for Days 1 through 6. Signifi

cantly fewer eggs were parasitized on Day 7 and none were 

successfully parasitized on Day 8. The critical factor 

appeared to be the time required for the parasite egg to 

hatch (approximately 24 hours) and damage the host enough 

to kill it or to stop its development. This ability to 

parasitize host eggs in an advanced embryonic stage 

extends the time the parasite has to search for its host. 

In order to be effective as a parasite, A. ovijen

tatus must not only be attracted to and search the hosts' 

habitat, but must also be able to survive the same environ

mental conditions. A. ovijentatus demonstrated the ability 

to live at the low temperatures present when ~. hesperus 

populations start to increase early in the year. The 

minimum developmental thresholds appear to be similar. 

~. hesperus eggs were successfully parasitized at regimes 

simulating the temperature and photoperiods in the months 

of January and February. 

Lygus hesperus, the predominate host of A. ovi

jentatus on crops in southern Arizona, showed a definite 

preference to oviposit in certain parts of plants. The 

majority of the eggs were deposited in the upper sections 

of cotton plants and in the leaf petioles of these sec

tions. ~. ovijentatus readily parasitized ~. hesperus 

eggs in cotton plants, but appeared to search and para

sitize eggs on all sections of the plant rather than 
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restrict its searching to the upper part where most of the 

host eggs were located. 

When given a choice between cotton and alfalfa, 

L. hesperus deposited 78% of its eggs in alfalfa plants. 

Significantly more eggs were parasitized by ~. ovijentatus 

in alfalfa plants than in cotton plants. However, the 

percentages of eggs parasitized in the two plant species 

were not significantly different. In fact, there was a 

trend for a greater proportion of parasitized eggs in 

cotton. This indicates that the parasites search both 

plant species and the larger number of parasitized eggs 

in alfalfa may be the result of a greater number available. 

Neither ~. hesperus nor ~. ovijentatus demon

strated a marked preference to oviposit in alfalfa or 

London rocket when given a choice. L. hesperus deposited 

most of its eggs in the upper sections of alfalfa sterns, 

whereas the eggs in London rocket were more evenly distri

buted. More eggs in the upper 15 cm of London rocket 

were parasitized than in the lower sections. 
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