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ABSTRACT 

Chrysopa carnea Stephens is widely distributed throughout the 

world. The larva is a potential control agent of pests in greenhouses, 

field crops and orchards. Its use as a biocontrol agent in integrated 

control is enhanced by its tolerance to some insecticides. Because 

of its considerable usefulness, studies to investigate the bionomics 

of this predator under both laboratory and field conditions were 

initiated. 

The study of population dynamics in alfalfa fields indicated 

that the major factors which govern the fluctuation of Chrysopa are: 

climate, food (e.g. aphids), diseases, parasites and agricultural 

practices (e.g. cutting of alfalfa hay). In each year and for each 

field, it was apparent that population levels of larvae rose to peaks 

five to six times; this suggests that there are five to six generations 

per year. 

The study of the effect of temperature and photoperiod on 

development in the laboratory showed that the egg, larva and pupa 

responded significantly to both temperature and photoperiod and an 

interaction between these two parameters was detected. Relative to 

fecundity and longevity, the investigations revealed that there was 

a photoperiod response only with respect to number of eggs laid and 

preoviposition period and that interaction between temperature and 
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photoperiod was absent. In the case of the oviposition period, a re

sponse to temperature was detected and interaction between temperature 

and photoperiod existed. The different regimes had no significant 

effect on longevity of either sex. 

Consumption of prey differed significantly—being highest with 

beet armyworm eggs (Spodoptera exigua (Httbner) followed by corn ear-

worm (Eeliothis zea(Boddie) and tobacco budworm (Heliothis virescens 

(Fabricius). Fewer pea aphids (Acyrthosiphon pisum (Harris) were con

sumed than any of the lepidopterous eggs. 

Resistance to starvation differed significantly among the three 

instars; the newly-emerged Chrysopa larvae had the shortest survival 

period. 

Studies on consumption of different instars of tobacco budworm 

by different instars of the predator indicated that the first instar 

was most vulnerable to attach by each of the first and third instars 

of the predator. 

Experiments were conducted to determine the effects of cold 

storage (4.4°C) of eggs and pupal cocoons for different periods of 

time. The results indicated that percent egg hatch and survival of 

emerging larvae were highest when stored for one week. Pupal storage 

for different periods had no detrimental effect on survival of pupae 

nor fecundity of emerging adults. 



CHAPTER 1 

INTRODUCTION 

Chrysopa carnea Stephens is one of the most common members of 

the family Chrysopidae. It is widely distributed throughout the tem

perate and tropical regions of the world and is considered as a pred

ator of pests in greenhouses, field crops and orchards. Recently, 

this species has gained attention as a potential biological control 

agent because of its highly predaceous larval stage (Lingren et al. 

1968, Ridgway and Jones 1969). Consequently, the predator has been 

utilized in various biological control programs in a number of ways, 

such as periodic colonization (Doutt and Hagen 1950, Ridgway 1969, 

Scopes 1967), inundative releases (Ridgway and Jones 1968), and sup

plemental feeding of natural populations (Hagen et al. 1971). The 

potential use of Chrysopa carnea in integrated control is enhanced 

by its tolerance to some insecticides (Bartlett 1964, Lingren et al. 

1967) and by virtue of the fact that it can be mass-reared commer

cially. Also, the development of synthetic diets for the adult stage, 

such as those based on sugar, whey proteins and yeast hydrolysates 

which can be applied in the field, can contribute to increasing the 

fecundity of the predator (Hagen et al. 1971). 

Natural control is one of the four basic elements of insect 

pest management and is considered as an Important prerequisite to 

1 



2 

insect control (Watson, Moore and Ware 1975). Because of the limita

tions of chemical control and the need to Improve alternative control 

measures, information on population dynamics of the predator becomes 

more important in order to properly manipulate an integrated pest 

management program. It was therefore the purpose of the present work 

to investigate very closely the seasonal abundance of the predator in 

Arizona fields for two consecutive years in order to provide informa

tion on factors which govern the population fluctuations. To interpret 

these data, more knowledge of the combined effects of temperature and 

photoperiod with respect to development, fecundity and longevity was 

necessary; therefore, experiments were initiated in the laboratory 

where the prevalent temperatures and photoperiods of the field were 

simulated. 

Considerable information on certain biological parameters of 

C. carnea, e.g. consumption of different instars of tobacco budworm, 

host preference, resistance to starvation and duration of storage 

under low temperatures has been published elsewhere. However, it 

was felt that similar studies were desirable to determine if vari

ations of these parameters existed in a different geographic strain 

of C. carnea. 



CHAPTER 2 

LITERATURE REVIEW 

Largely because of the economic Importance of the larval stages 

of C. carnea as predators of pest arthropods, a voluminous literature 

has been accumulated dealing with various aspects of biology and 

ecology. This species is widely distributed throughout the world; it 

has been recorded in temperate as well as tropical areas. New (1975) 

listed the regions of the world in which Chrysopa carnea is found. 

These include the United States of America, Canada, South Africa, 

Australia, Japan, Russia, Britain, Continental Europe and Argentina. 

Burke and Martin (1956), Whitcomb and Bell (1964), and van den Bosch 

and Hagen (1966) reported that at least seven species of Chrysopa 

are found in the United States; among these C. carnea seems to be the 

most important. Braum and Bickley (1963) stated that C^_ carnea is 

probably more widely distributed than the other species. This was 

confirmed by Ridgway and Jones (1968) who found that C^_ carnea con

stituted about 62% of their collections from Texas cotton fields. 

Different strains (races or biotypes) are found in different geographic 

regions. The studies of Tauber (1975) on ten geographic populations 

of carnea in North America revealed that of the two strains of 

C. carnea, carnea and mohave, the latter is restricted to limited 

areas on the west coast and is effective in non-agricultural areas, 
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while the former is predominantly effective on commercial crops in both 

eastern and midwestern North America. Furthermore, Tauber and Tauber 

(1973) used larval characteristics to prove that intraspecific vari

ations exist within the widespread C. carnea in North America. 

The first comprehensive study of the ecology of this species 

(under the name of C. plorabunda Fitch) was reported in Smith's (1922) 

review of the life histories of several North American chrysopids. 

Four years later, under the synonym C. vulgaris Schneider, Lacroix 

(1926) described some of the important features of the overwintering 

adults, while Killington (1936, 1937) included discussions on basic 

features of the annual cycle of carnea in Britain in his two volume 

series on the British Neuroptera. Extensive studies on the phenology 

of this species in Israel were conducted by Neumark (1952) who ob

tained information relevant to the developmental stages, feeding habits 

and parasitoids. Zeleny (1965) investigated the seasonal features of 

the annual cycle of C^_ carnea in Czechoslovakia and using a series of 

field samples, the number of generations and the ecological associ

ations of the species throughout the year were determined. Sheldon 

and MacLeod (1971) have recently studied the foods utilized by the 

adults during their seasonal cycles. 

In his book, Balduf (1939) presented a summary of almost all 

the earlier literature pertaining to the bionomics and New (1975) 

added selected literature up to and including early 1974. The system-

atics of North American larvae were investigated by Tauber (1974) 

and Adams (1967) began a taxonomic revision of the North American 

Chrysopidae based mainly on adult morphological characters. In the 
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area of physiology, Tauber and Tauber (1969, 1970a, 1970b, 1972, 1973b, 

1976a) did extensive work on the effect of photoperiod on diapause. 

More recently behavioral studies were initiated by Hagen et al. (1976) 

who discovered that presence of tryptophan in artificial honeydews 

served as an attractant for adult Chrysopa. Also, Flint et al. (1979) 

discovered that caryophyllene (C15H24), which is found in young cotton 

plants, is an attractant for the green lacewing and could be a useful 

addition to the known feeding attractants. An interesting contribution 

in the area of behavior was made by Lewis and Nordlund (1977) whose 

findings showed that C\_ carnea larvae respond to kairomones in the 

scales of Heliothis zea (Boddie) moths. Bates of predation of eggs 

of zea by C^_ carnea were increased when EL_ zea moth scales or a 

hexane extract of the scales was applied to the search area. 

C. carnea is an important natural predator that checks the 

increase of a variety of pests of field crops, orchards and glasshouses. 

Quaintence and Brues (1905) reported that the larva was very effective 

in the control of bollworm, IL_ zea and the tobacco budworm, 

H. virescens (F.). Lacewing larvae were important in destroying eggs 

and larvae of Heliothis spp. in Arkansas cotton (Whitcomb and Bell 

1964) but they were not very abundant on cotton in East Texas 

(Sterling et al. 1979). Reed (1965) stated that C. carnea was the 

main predator of Heliothis armigera (Hubner) in Western Tanganyika. 

Van den Bosch and Hagen (1966) mentioned that the green lacewings are 

among the most important beneficial insects in California cotton 

fields. The studies of Irwin et al. (1974) in field cages showed that 

C. carnea is an important predator on pink bollworm eggs. Response 
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to different densities of Aphis gossypii and Heliothis vlrescens eggs 

was investigated by Abies et al. (1978) whose studies showed that when 

alternate prey (aphids) were absent, the consumption of Heliothis 

eggs was proportional to their density. Consumption of eggs was re

duced when aphids were available as alternate prey. Deitz et al. 

(1976) observed that the predator was not important in North Carolina 

soybeans. Chrysopids have been reported from corn (Sparks et al. 

1966), alfalfa (Pimentel and Wheeler 1973), sorghum (Fje 1972), 

tobacco (Roach 1980), citrus (Cherry and Dowell 1979) and grapes 

(Jubb and Mastetler 1977). 

One of the advantages of C^_ carnea over the other predators 

is that it is tolerant to many insecticides (Bartlett 1964, Lingren 

et al. 1967). Ahmed et al. (1954), Ahmed (1955) and Ridgway et al. 

(1967) reported that systemic insecticides were not very toxic to 

Chrysopa larvae and suggested that the potential for use of these 

larvae in integrated control is enhanced due to the tolerance to 

these chemicals. Very recently Shour and Crowder (1980) found that 

the larvae exhibited marked tolerance to all pyrethroids over a 72h 

period when dosed topically with 250 ug insecticide/insect. The 

survivorship of the larvae, adult emergence and fecundity were not 

affected by permethrin, while fenvalerate applied at the rate of 

1000 ug/g was detrimental to the larvae. However, one of the dis

advantages is that Chrysopa is a host to a number of parasites 

(Clancy 1946). 

Improvement in mass rearing the larvae was accomplished by 

Morrison et al. (1975). Hassan and Hagen (1978) determined the 
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ingredients of a new artificial diet for mass rearing the larvae. 

Hagen and Tassan (1970) improved the fecundity of Chrysopa quite re

markably by using a mixture of Wheast® (a commercially available product 

of dried inactive Saccharomyces fragilis J8rg yeast and whey proteins) 

plus sugar and water in the ratio of 4.8:5.8:10 respectively. This 

mixture is now used in the routine feeding of adult Chrysopa cultures. 

It has also been used to attract the adults and increase egg deposition 

in the field in alfalfa and peppers. The same workers found that the 

number of carnea eggs deposited in cotton plots treated with 

Wheast0 food sprays was three times the number in unsprayed controls. 

Inundative releases of larvae and eggs of the predator against 

Heliothis zea and virescens in field cages reduced populations of 

these pests substantially (Ridgway and Jones 1968). 

At present, considering improvements in the techniques of mass 

rearing of Chrysopa and the progress that has been made in the study 

of the biology and ecology of this predator, it is expected that it 

might be used more effectively to suppress the increase of pest 

populations. C. carnea is now commercially available. 

I 



CHAPTER 3 

MATERIALS AND METHODS 

Field Studies on Population Dynamics 

The objectives of the studies were to obtain information on 

relative abundance of the predator at different times of the year and 

to relate the biotic and abiotic factors which govern population 

fluctuations. The studies were conducted on three alfalfa fields 

near Tucson, Arizona, namely Bowden, Thomasson North and Thomasson 

South. Bowden seemed to be ecologically different from the Thomasson 

fields because it lay adjacent to weeds (London rocket, Sisymbrium 

irio L.) and cotton fields, while the Thomasson fields were adjacent 

to cotton and alfalfa fields and mesquite trees, Prosopis 1uliflora 

(Swartz). 

Continuous metrological records were obtained from hygro-

thermographs housed in a standard US Weather Bureau shelter situated 

in the Bowden and Thomasson fields. From each field, a total of 200 

net sweeps using a 37.5 cm diameter net were taken each week (four 

samples of 50 sweeps each). The samples were taken to the laboratory 

where the number of the different stages of Chrysopa was recorded for 

each 50 sweeps. Close observations were also made on the abundance 

of possible host insects, e.g. aphids, thrips, mites, etc. The 

presence of possible biological competitors such as coccinellid 
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larvae was observed as well. The collected larvae and pupae were 

placed Individually In small plastic cups and the larvae were fed on 

either Heliothls or Sltotroga eggs. Observation on further development 

was then made in a rearing room with a controlled temperature 

(26 i 1°C), ambient relative humidity (45-65) and a 14-hr. photophase. 

Laboratory Experiments 

1. Development at Different Constant Temperatures and Photoperiods 

Adults collected from the field were transferred to oviposi-

tional jars (two-quart Mason jars) and were fed on Wheast® plus sugar 

and water (4.8:5.8:10 respectively) as described by Hagen and Tassan 

(1970). The food was placed on a dark paper towel which also served 

as a resting and oviposition surface. Dark paper was chosen because 

deposited eggs could easily be seen. A vial with a sponge wick in

serted through the top of the ovipositional jar provided water con

taining 5% sucrose. The ovipositional jars were kept in a rearing 

room with controlled temperature (26 - 1 C), relative humidity (45-65) 

and photophase (14 hr.). The resulting eggs were collected and put 

individually in 9/16 ounce plastic cups. Some metrological conditions 

prevalent in Arizona were simulated in incubators programmed at the 

following temperatures and photoperiods: 

Temperature ( °C) Photophase (hr.) 

20 10 12 14 

25 10 12 14 

30 10 12 14 

35 10 12 14 



Humidity in the cabinets was maintained at about 70% by adjusting the 

humidistat to 70 and by evaporation of water from a trough placed at 

the bottom of the incubator where a fan was turning. Continuous 

records of temperature and humidity were obtained from a hygrothermo-

graph inside the incubator. Thirty individual eggs were exposed to 

each regime of temperature and photoperiod. The emerging larvae were 

fed on either Hellothis or Angoumols grain moth eggs, 

Sitotroga cerealella (Oliver). The latter were purchased from Vitova 

Co., Inc., Rialto, California. Duration, in days, of the egg, larval 

and pupal stages was recorded under the different conditions. 

2. Fecundity and Longevity at Different Constant Temperatures and 
Photoperiods 

In this experiment, the ovipositional jars were prepared in the 

manner described in experiment one. A male and a female obtained from 

the laboratory culture were introduced into each ovipositional jar. 

Incubators operated at the following temperatures and photoperiods 

were used: 

Temperature ( °C) Photophase (hr.) 

20 10 14 

25 10 14 

Twenty pairs of adults were maintained in each condition. Preovi-

posltion period, oviposition period, number of eggs laid and longevity 

of male and female were recorded. 

3. Consumption of Lepidopterous Eggs and Pea Aphids 

This experiment was conducted in order to obtain comparative 

information on consumption of eggs of different pests, namely 



(a) Tobacco budworm, Hellothis virescens (Fabrlcius); (b) Beet armyworm, 

Spodoptera exigua (Hubner); (c) Corn earworm, Hellothis zea (Boddle), 

and (d) Pea aphid, Acyrthosiphon pisum (Harris). The voracity was 

determined at 26 - 1°C, ambient relative humidity and a 14-hr. photo-

phase. Twenty-five first instar larvae were fed individually on each 

of the prey's eggs and the number of eggs consumed throughout the 

entire larval stage was determined. 

4. Resistance of Different Ins tars of camea to Starvation 

The importance of this experiment is that resistance to 

starvation and minimum food requirements possibly reflect the ability 

of the predator to survive at low prey density. 

First, second and third instar larvae were obtained from the 

culture which was maintained in a rearing room with a controlled 

temperature (26 ̂  1°C), ambient relative humidity and a 14-hr. photo-

phase. For each instar, twenty-five individuals were selected and 

each was put in a small plastic cup and deprived of food and water. 

Survival periods were recorded under the controlled conditions 

mentioned above. 

A computer program provided by Dr. R. 0. Kuehl of the Center 

for Quantitative Studies of The University of Arizona was used for 

analysis of variance of data collected for experiments one through 

four; SPSS tests were run on these data. 

5. Consumption of Different Instars of Tobacco Budworm by Different 
Stages of C^_ carnea Larvae 

Consumption of first to fourth instar tobacco budworm larvae 

by first and third instar C^ carnea was determined by caging hosts 



of a given instar with the desired predator instar in a 29.6 ml plastic 

cup containing lima bean-agar diet (Patana 1969). Each first instar of 

the predator was provided daily with 10, 3, 1, 1 first, second, third 

and fourth instar of the host, respectively, while the third instar was 

provided with 40, 5, 2, 2 first, second, third and fourth instar of 

the prey. Treatments were repeated 25 times. Consumption was observed 

in a rearing room with a controlled temperature (26 * 1°C), ambient 

relative humidity and a 14-hr. photophase. The number of prey consumed 

until the completion of the predator stage was recorded. 

6. Effect of Cold Storage at 4.4°C on Survival of Eggs and Cocoons 

Eggs and cocoons were stored at 4.4°C for different periods of 

time; subsequently, each was put individually in a plastic cup and kept 

in a rearing room, the conditions of which were described in the pre

vious experiments. The emerging larvae were fed on Heliothis eggs. 

Percentage hatch of the eggs was determined as well as the percentages 

of survival of the resulting offspring to adulthood. Although the 

number of eggs laid by female survivors was not counted, general ob

servations on their fecundity were recorded. 



CHAPTER 4 

RESULTS AND DISCUSSIONS 

Field Studies 

The population levels of Chrysopa carnea during the study 

period are presented in Figures 1 through 6 and climatological 

data for the same period are shown in Tables 1 and la. 

In June, hot, dry weather prevailed during both years studied. 

High populations of adult Chrysopa were observed in the three lo

calities, while few larvae were observed except in the Bowden alfalfa 

field. High mortality among adults occurred at this time of the year 

due to the high incidence of a fungal disease (Table 2). It was 

also noticed that thrips, upon which Chrysopa larvae feed, were 

abundant and that biological competitors like the coccinellid larvae 

were few during this period. Parasitism of the pupae by Tetrastlchas 

chrysopae (Crawford) was fairly high though only few individuals were 

collected (Table 3). 

In July, a rise of temperature, i.e. mean maxima 38.9-40.6°C, 

was recorded and coupled with this some rains fell which increased the 

RH to about 50%. During this month there was a decrease in the pred

ator population in the alfalfa fields. This decrease was more pro

nounced in counts that were taken the day following the rainfall. 

Another factor which might have contributed to the drop of Chrysopa 

population was that its main prey, aphids,was very scarce at that 

13 



TABLE 1. Mean Monthly Temperature and Relative Humidity at Bowden Weather Station 

1979/80 1980/81 
Mean Monthly Mean Monthly Mean Monthly Mean Monthly 

Temperature (°C) Relative Humidity (%) Temperature (°C) Relative Humidity (%) 
Month Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum 

May 33.9 12.8 53 21 30.0 10.6 46 16 

June 38.9 17.2 41 18 39.4 18.9 27 17 

July AO.O 21.1 50 22 41.1 21.7 68 16 

August 42.2 22.8 76 30 40.6 22.8 74 24 

September 40.6 20.6 64 32 37.8 18.9 74 23 

October 33.3 11.1 55 21 34.4 15.0 64 22 

November 23.9 2.2 60 23 25.0 5.0 47 18 

December 24.4 2.8 60 17 26.7 4.4 63 22 

January 21.7 5.6 76 24 21.1 5.0 78 23 

February 21.1 6.1 83 27 

March 23.3 6.7 93 25 

April 27.8 5.0 61 18 



TABLE la. Mean Monthly Temperature and Relative Humidity at Thomasson Weather Stations. 

1979/80 1980/81 
Mean Monthly 

Temperature (°C) 
Mean Monthly 

Relative Humidity (%) 
Mean Monthly 

Temperature (°C) 
Mean Monthly 

Relative Humidity (5 
Month Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum 

May 35.0 13.3 50 15 33.9 6.7 39 10 

June 39.4 19.4 45 16 40.0 16.7 34 11 

July 40.6 20.6 57 19 38.9 23.3 61 18 

August 38.9 15.0 69 18 41.1 23.9 81 26 

September 37.2 18.3 60 21 40.1 18.3 72 24 

October 31.4 8.3 48 16 30.6 11.7 78 22 

November 21.7 1.1 43 14 27.2 3.9 61 18 

December 22.3 1.7 50 13 23.6 3.9 55 18 

January 19.4 4.4 67 19 20.0 5.0 65 17 

February 21.1 5.0 87 28 21.7 3.3 64 25 

March 21.6 5.0 94 29 20.7 3.9 93 24 

April 27.9 7.8 69 21 29.5 4.4 66 20 
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TABLE 2. Mortality Among Chrysopa Adults Associated with Fungal Disease, 1980. 

Field 

Bowden Thomas. North Thomas. South Thomas. Check Thomas. Seed 

Date 
No. 

Observed 
% 

Killed 
No. 

Observed 
% 

Killed 
No. 

Observed 
% 

Killed 
No. 

Observed 
% 

Killed 
No. 

Observed 
% 

Killed 

06/03 15 7.2 0 — 0 — 0 — 0 — 

06/10 0 — 19 5.3 41 51.0 0 — 36 5.6 

06/17 25 30.0 28 20.0 6 16.7 0 — 61 60.7 

06/24 11 40.0 0 — 11 63.6 0 — 11 27.3 

07/01 8 29.4 0 — 0 — 0 — 0 — 

07/08 2 100.0 9 33.3 0 — 0 — 0 — 

07/15 14 33.3 4 75.0 17 50.0 0 — 0 — 

07/22 0 — 0 — 0 — 0 — 0 — 

07/29 2 100.0 0 — 0 — 0 — 0 — 

08/05 0 — 0 — 0 — 0 — 0 — 

08/12 7 33.3 0 — 0 — 0 — 0 — 

08/19 0 — 0 — 0 — 0 — 0 — 

08/26 17 20.0 0 0 0 __ 0 



TABLE 2, Continued 

Field 
Bowden Thomas. North Thomas. South Thomas. Check Thomas. Seed 

Date 
No. 

Observed 
% 

Killed 
No. 

Observed 
% 

Killed 
No. 

Observed 
% 

Killed 
No. 

Observed 
% 

Killed 
No. 

Observed 
% 

Killed 

09/03 0 — 0 — 0 — 0 — 0 — 

09/08 37 70.0 0 — 0 — 0 — 0 — 

09/15 41 61.0 0 — 0 — 0 — 0 — 

09/22 0 — 0 — 0 — 0 — 0 — 

09/29 26 15.4 0 — 18 22.0 0 — 0 — 

10/06 39 10.3 0 — 0 — 0 — 0 — 

10/14 0 — 0 — 0 — 0 — 0 — 

10/20 3 100.0 0 — 16 25.0 0 — 0 — 

10/27 0 — 0 — 0 — 0 — 0 — 

11/03 0 — 0 — 0 0 — 64 5.0 



TABLE 3. Monthly Percentages of Parasitized Chrysopa Pupae, 1980. 

Month of Collection 
No. of 

Pupae Collected 
% 

Parasitized 

January 5 0 

February 10 0 

March 48 10 

April 10 10 

May 0 0 

June 15 40 

July 9 33.3 

August 10 30.0 

September 13 37.0 

October 22 25.4 

November 16 11.5 

December 4 0 
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time. Mortality of adults due to the fungus disease was also high 

among the few individuals collected at this time and about 30% of the 

pupae collected were parasitized. 

The first half of August was comparable to July as far as 

temperature and relative humidity were concerned, \diile the second 

half was sliphtly cooler, 27°C, and more humid. A slight increase in 

population level over that of July was recorded in 1979 and 1980. 

During September, temperatures with mean maxima of 37.2-40.1°C 

and 45% RH were prevalent in most days of the month and a pronounced 

increase in the number of Chrysopa adults and larvae was observed. 

The fungal disease was still prevalent and suspected of causing high 

mortality among adult individuals, especially in the Bowden field. 

During October, the temperature dropped with mean maxima about 

30.6-31.4°C^ with a relative humidity of 30-60%. The increase of pop

ulations over those of September was observed in most of the fields, 

attributable in part, at least, to the low incidence of the fungal 

disease and the Increased availability of prey, mainly aphids. This 

occurred In spite of the fact that a considerable number of pupae 

was observed to be parasitized. 

There was an increase in population during the beginning of 

November as the temperature declined and aphids became abundant. 

Towards the end of that month and during December population levels 

dropped because of slow growth of the plants and reseeding of the 

fields as shown in 1979. A few adults started to change coloration 

from green to straw-yellow, which is a symptom of onset of diapause. 

However, December of 1980 was much warmer (mean maxima 22.2-23.6°C) 



than that of 1979 (mean maxima 13.6-22.3°C). This may possibly account 

for the high population of Chrysopa during the former year. During 

early January of 1980, a slight increase in the predator level was 

noticeable, followed by a sharp drop towards the end of the month when 

a frost killed some plants. However, during 1981, warmer weather was 

prevalent and a higher count of the predator was recorded in most of 

the fields surveyed. During February a peak level was reached in some 

fields both in 1980 and 1981. This could possibly be due to the good 

regrowth of the crop, high level of aphids and the slightly more 

favorable temperature. Towards the end of February, the number of the 

predators decreased appreciably. At this time, a very high number of 

coccinellid larvae was observed which may possibly be a more efficient 

searcher of food than Chrysopa larvae. Also, the Bowden field was 

treated with insecticide in early March 1980 to control the alfalfa 

weevil. This resulted in a sharp decline in the number of adults. 

Another peak was recorded during mid-March and the number of 

adults and larvae collected at Thomasson North and Bowden in 1980 

were the highest during the entire period. This might be due to the 

prevalent optimum temperature and relative humidity, i.e. mean maxima 

20.7-21.6°C and 95-96%, respectively and also to the high number of 

aphids. In 1981, a similar trend was also noticeable. 

During the latter part of March a drop in the predator level 

was observed, especially in the Bowden and Thomasson North fields. 

It may be relevant to mention that during this time the parasite T. 

chrysopae emerged from the pupae that developed from the larvae 

collected there. In addition to these parasites, a low number of 
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aphids and a high number of coccinellid larvae were observed which may 

account for the drop in the predator level. During April the low 

counts of Chrysopa are attributed mainly to the climatic conditions 

which were not favorable, i.e. relatively high temperature mean maxima 

27.9-29.5°C was recorded. The weather was also windy during this 

month in 1980 and a low level of prey, mainly aphids, was recorded in 

both 1980 and 1981. It is worth mentioning that no larvae were col

lected at this time though a relatively higher number of adults was 

observed. 

During May a build-up of adults was observed in some of the 

fields. Again in this month, similar to April, no larvae were col

lected and the number of aphids observed was low. High temperatures 

and low relative humidity were prevalent during this month. 

The activities of a Chrysopa population in a cotton field 

adjacent to Thomasson South were observed during September, October 

and November 1980 (Fig. 7). During this period, the number of larvae 

collected was very small compared with that of the adults. It was 

apparent that there was some migration from the alfalfa field when 

the hay was cut as indicated by the high peaks during September, 

October and November. 
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Fig. 7. Number of Chrysopa adults and larvae collected weekly in cotton 
field - Thomasson South. 1980. 



On the basis of the information presented, with respect 

to population dynamics, it is apparent that the major factors 

which govern population fluctuation of C. carnea are climate, food, 

parasites and agricultural practices such as cutting of alfalfa 

hay and application of an insecticide. 

The data collected during the summer months (May, June, 

July and August) indicated that the low level of the predator is 

attributable to prey scarcity, e.g. aphids, prevalence of the 

fungus disease and presence of parasites. It is worth mentioning 

that the parasite emerges from the predator pupae and about 15 to 

50 Individuals were recorded from each parasitized pupa. The 

number of the parasites emerging reflects the size of the parasite 

population. The fungus disease was observed to attack the adult 

stage; the identification and nature of this disease should be 

investigated. Judging by the very low level of larvae obtained 

during the summer, especially in Thomasson North and Thomasson 

South, it appears that the predator is not reproducing possible 

because it enters into a diapause which is mainly influenced by 

scarcity of food. This reasoning is supported by Tauber (1973) 

who reported that during the dry months of California summers 

part of the population of JC^ carnea enters a food mediated 

diapause. Although the Bowden field showed a relatively 



higher number of larvae than the other fields, such larvae would not 

survive for long because of the scarcity of prey. In addition, the 

combination of long photoperiods and high temperature which are prev

alent during summer seems to be detrimental to the development of the 

immature stages as was Indicated by laboratory experiments in which 

these two ecological parameters were simulated. Yet the presence of 

very few larvae in the absence of prey would show that they can survive 

for two or three days as was revealed by the laboratory investigations 

on starvation. This suggests that the predator possesses a certain 

degree of tolerance to low populations of prey. 

The period covering September, October and early November 

seems to be favorable for the predator because of an abundance of prey 

and the relatively low incidence of parasites and diseases. High 

levels of both adults and larvae were obtained and the peaks of the 

larval populations suggest that the predator is reproducing during 

this time of the year; about three generations were observed. 

During winter and especially towards the end of November, 

December and January, the populations of carnea are subjected to a 

regimen of decreasing temperature and short photoperiod. A short day 

diapause occurs in the population as Indicated by the diapause dis-

cernable characteristics, e.g. color change of the adult from green 

to straw-yellow, fat body accumulation and lack of reproduction. The 

fact that few larvae were collected at this time suggests that the 

adults were not reproducing. This was confirmed by laboratory ex

periments which showed that adults laid very few eggs when exposed to 

a photoperiod ofL:D 10:14 hrs. This regimen also produced the 
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characteristic symptoms of diapause which were described previously. 

This finding is also in agreement with the work conducted by Tauber 

(1969) who reported that adults of C. carnea maintained at a photo-

period of less thanL:D 12:12 experienced a rapid decline in fecundity. 

Mutchmor and Beckel (1958) and Beck and Haneck (1960) also stressed 

the importance of photoperiod and temperature on the initiation of 

diapause in European cornborer. 

During spring (February, March and early April), the popu

lations of Chrysopa are exposed to conditions of increasing temper

atures and long photoperiods. Prey, mostly aphids, are abundant. 

These factors contribute in the termination of diapause which was ex

perienced during the winter, and the adults start to reproduce as 

indicated by the relatively high number of larvae collected, espe

cially during March. About two peaks of larval populations were 

recorded, indicative of the number of generations. The importance 

of food and photoperiod in inducing or terminating diapause has been 

reported by Tauber (1973) who studied C^_ mohave—a sibling species of 

G. carnea. His results showed that photoperiods ofL:D 14:10 or shorter 

evoked a photoperiodic controlled diapause which was broken under long 

day (L:D16:8) conditions. Withholding prey Induces the diapause 

syndrome in animals experiencing long day lengths, whereas supplying 

prey terminates this diapause. The quality of the diet received during 

diapause may influence the duration of adult diapause in C^_ carnea, 

mohave strain. In this strain those that were fed Wheast0 and honey 

ended diapause faster than those fed an apparently less nutritious 

diet of protein hydrolysate of yeast and sugar. Thus food constitutes 
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a major factor In diapause induction. McMullen (1967) also reported 

that lesser amounts of available food increased effectiveness of short 

and long photoperiods for inducing diapause in Coccinella novemnotata. 

It is hypothesized that the diapause pattern is an adaptation to 

survive adverse seasonal effects and scarcity of prey. 

Each year alfalfa hay is cut seven to ten times, from March 

until November. It was observed that the population level of the 

adults drops quite markedly after each cutting. Comparisons of cutting 

dates of two adjacent fields, i.e. Thomasson North and Thomasson South, 

showed that .when one field was cut, the adult population migrated to 

the uncut field where a build-up of the population occurred. Eagen 

and Bishop (1979) reported similar results. The workers also found 

that camea adults can be attracted to fields where honeydew is 

found, whereas the target prey of Chrysopa larvae may be insects other 

than aphids because the larvae are general predators. Sundby (1967) 

believes that pollens can be important to C^_ carnea adults at certain 

times. 

The findings of Dickson and Laird (1962) showed that the adults 

respond to crops that have attained a certain height. Considerable 

numbers of the green lacewing adults were observed in some of the 

sugarbeets that had plants at least 12 inches high but not on smaller 

plants. The studies of Hagen et al. (1970) also showed that when the 

alfalfa hay was cut both Chrysopa adults and coccinellid adults left 

the field even though the food spray was applied to the alfalfa 

stubble and that the adults would not return until the alfalfa was 

at least six to eight inches high. The dispersal pattern of C. carnea 
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has recently been investigated by Duelli (1980) who reported that the 

immigration rate into a field is not a function of the quality of that 

field but rather of the upwind fields. Emigration, however, may be 

caused by absence of honeydew and low density of aphids or other food 

for the larvae. 

As regards the effect of insecticides on the abundance of the 

predator, it was not possible to evaluate its effectiveness because 

during the entire period of the study, the crop received only one 

application. The fact that the eggs and larvae are tolerant to many 

insecticides as mentioned previously may suggest that application of 

a chemical during the presence of these stages would have no detri

mental effect on the level of the immature stages. Doutt and Hagen 

(1950) made periodic releases of Chrysopa eggs in pear orchards re

ceiving DDT treatment for codling moth control. The mealy bug in 

these orchards was brought under control. The Chrysopa adults were 

killed by DDT and the authors suggested that the use of immature 

stages could be integrated with DDT treatments. 

Laboratory Studies 

1. Effect of Temperature and Photoperiod on Development 

Egg Stage. Analysis of variance (Table 4) indicated that the 

duration of the egg stage differed significantly with respect to 

temperature and photoperiod and an interaction was detected between 

these two factors. 

At 20°C, the developmental period decreased significantly 

between L:D 10:14 and 12:12 but not between L:D 12:12 and 14:10 



TABLE 4. ANOVA of Duration in Days of the Egg Stage at Constant 
Temperatures and Fhotoperiods. 

Source of Variation 

Analysis of Variance 

Sum of Mean 
Squares DF Square F 

Significance 
of F 

Main Effects 444.959 5 88.992 151.315 .001 

Temperature 380.314 3 126.771 215.552 .001 

Photoperiod 62.882 2 31.441 53.460 .001 

2-Way Interactions 193.179 6 32.196 54.744 .001 

Temp. X Photoperiod 193.179 6 32.196 54.744 .001 

Explained 638.138 11 53.013 98.640 .001 

Residual 251.717 428 .588 

Total 889.855 439 2.027 

(Table 5 and Fig. 8). At 25°C, no significant difference in duration 

was observed among the three photoperiods studied. However, at 30°C, 

the duration of development decreased significantly with an increase 

of photoperiod. At 35°C, developmental time increased significantly 

between L:D 12:12 and 14:10. 

Comparisons among temperatures under the different photo-

periods showed that the developmental time decreases significantly 

with an increase of temperature in each photoperiodic regime. At 

photoperiods ofL:D 14:10 and 12:12, no significant difference in the 

duration of the development was detected between 20°C and 25°C, 

whereas a significant difference was observed between these two 



TABLE 5. Duration (Days) of the Egg Stage of C. carnea at Constant Temperatures and Photoperlods. 

PHOTOPERIODS (L:D)±/ 

10:14 12:12 14:10 

Temp. 
(CP) 

No. 
Indiv. T 

+ 
SE 

No. 
Indiv. X 

+ 
SE 

No. 
Indiv. X 

+ 
SE 

20 28 7.57 
+ 0.16 a A 26 4.23 ± 0.16 b A 27 4.33 + 0.15 b A 

(7 - 10) (3 - 6) (3 - 6) 

25 26 4.17 
+ 
0.10 a B 29 4.35 

+ 
0.08 a A 28 4.33 

+ 
0.09 a A 

(3 - 6) (4 - 5) (4 - 5) 

30 22 4.08 
+ 
0.15 a B 21 3.43 

+ 
0.13 b B 19 2.98 

+ 
0.13 c B 

(2 - 6) (2 - 5) (2 - 5) 

35 18 2.63 
+ 
0.09 b C 17 2.45 

+ 
0.12 b C 12 3.28 

+ 
0,15 a B 

(2 - 4) (2 - 5) (1 - 5) 

1/ Small letters refer to means in row and capital letters refer to means in column. Means 
followed by the same letter do not differ significantly at 5% level according to Duncan's 
multiple range test. 



35 

EGG STAGE 

cn 

8 

7 

6 

5 

4 

3 

2 

I 

20°C 

I 1 
10 12 

PHOTOPERIOD (LD) 

J 
14 

Fig. 8. The effect of different constant temperatures and 
photoperiods on development of the egg stage. 
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temperatures at L:D 10:14. The retardation of development at 35°C and 

L:D 14:10 could be attributed to the detrimental effect of high temper

ature and high photoperiod. 

Larval Stage. Similar to the egg stage, the Influence of both 

temperature and photoperiod on larval development was significant and 

an Interaction between these two parameters existed (Table 6). Com

parisons of development with respect to each temperature (Table 7 and 

Fig. 9) illustrated that developmental time decreased significantly 

betweenL:D 10:14 and 12:12 at 20°C and 30°C. However, at 25°C, the 

duration of development decreased significantly betweenL:D 12:12 and 

14:10. At 35°C, there was no development atL:D 12:12 and 14:10, 

possibly because of the lethal effect of high temperature coupled with 

long photoperlods. 

A comparison among temperatures at the photoperlods studied 

indicated that a rise of temperature significantly decreased develop

mental time in most of the photoperiodic regimes. 

Pupal Stage. The response of the pupal stage to each of the 

photoperlods and temperatures followed the same manner as the egg and 

larval stages. Again, an interaction was observed between temperature 

and photoperiod (Table 8). 

Referring to Table 9 and Fig.10, a significant difference in 

the duration of development was observed betweenL:D 12:12 and 14:10 at 

20°C and 25°C. At 30°C, although a decrease in the duration was re

corded between L:D12:12 and 14:10, the difference was not significant. 

At 35°C, development completely stopped atL:D 12:12 and 14:10. 
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TABLE 6. ANOVA of Duration in Days of the Larval Stage at Constant 
Teiqperatures and Fhotoperlods. 

Analysis of Variance 
Sum of Mean Significance 

Source of Variation Squares DF Square F of F 

Main Effects 9594.238 5 1918. 850 1490 .233 .001 

Temperature 8255.762 3 2751. 921 2137 .220 .001 

Photoperiod 1284.177 2 642. 089 498 .664 .001 

2-Way Interactions 1162.243 6 193. 707 150 .439 .001 

Temp X Photoperiod 1162.243 6 193. 707 150 .439 .001 

Explained 10756.491 11 977. 863 759 .436 .001 

Residual 551.100 428 1. 288 

Total 11307.591 439 25. 758 



TABLE 7. Duration (Days) of the Larval Stage of C. carnea at Constant Temperatures and Fhotoperiods. 

PHOTOPERIODS (L:D)I/ 
T07T5 I21T2 ISTIff 

Temp. 
(C°) 

No. 
Indiv. X 

+ 
SE 

No. 
Indiv. X 

+ 
SE 

No. 
Indiv. X 

+ 
SE 

20 25 17.73 
+ 
- 0.39 a A 23 14.23 

+ 
0.13 b A 24 13.70 

+ 
0.32 b A 

(14 - 23) (12 - 15) (10 - 17) 

25 24 11.20 
+ 
- 0.12 a B 27 11.48 

+ 
0.13 a B 27 8.07 

+ 
0.11 b B 

(10 - 13) (10 - 14) ( 7 - 9) 

30 18 8.80 - 0.31 a C 17 8.28 
+ 
0.19 b C 16 8.23 

+ 
0.15 b B 

( 7 - 13) ( 6 - 11) ( 7 - 11) 

35 9 8.48 

( 7 

+ 
- 0.11 

- 10) 

C 0 0 

1/ Small letters refer to means in row and capital letters refer to means in column. Means 
followed by the same letter do not differ significantly at 5% level according to Duncan's 
multiple range test. 

CO 
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TATVT.F. 8. ANOVA of Duration in Days of the Pupal Stage at Different 
Constant Temperatures and Photoperiods. 

ANALYSIS OF VARIANCE 

Source of Variation 
Sum of 
Squares DF 

Mean 
Square 

Significance 
F of F 

Main Effects 7514. 189 5 1502. .838 1871. .805 .001 

Temperature 6935. 433 3 2311. ,811 2879. .392 .001 

Photoperiods 559. 772 2 279. .886 348. .602 .001 

2-Way Interactions 1194. 993 6 199. .166 248. .063 .001 

Temp X Photoperiod 1194. 993 6 199. .166 248. .063 .001 

Explained 8709. 183 11 791. .744 986. .128 .001 

Residual 343. 633 428 i ,803 

Total 9052. 816 439 20. .621 



TABLE 9. Duration (Days) of the Pupal Stage of C. carnea at Constant Temperatures and Photoperiods. 

PHnTnPWPTnpc; 1/ 

10:14 12:12 14:10 

Temp. 
(C°) 

No. 
Indiv. X 

+ 
SE 

No. 
Indiv. X 

+ 
SE 

No. 
Indiv. X 

+ 
SE 

20 22 14.30 
+ 
0.2 a A 21 14.40 

+ 
0.18 a A 22 13.77 

+ 
0.32 b A 

(10 - 16) (12 - 17) (11 - 17) 

25 23 8.60 
+ 
0.17 a B 25 9.73 

+ 
0.16 b B 26 7.37 

+ 
0.09 c B 

( 6 - 11) ( 7 - 11) ( 7 - 8) 

30 16 7.88 
+ 
0.16 a C 14 7.33 

+ 
0.14 b C 15 7.28 

+ 
0.14 b B 

( 6 - 10) ( 6 - 10) ( 6 - 10) 

35 6 7.85 

( 7 

+ 
0.11 

10) 

0 

" 

0 

1/ Small letters refer to means in row and capital letters refer to means in column. Means 
followed by the same letter do not differ significantly at 5% level according to Duncan's 
multiple range test. 
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Fig. 10. The effect of different constant temperatures and 
photoperiods on development of the pupal stage. 

1f Points within a temperature ascribed by no letters in 
common are significantly different at 5% level according 
to Duncan's multiple range test. 
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In each stage a significant difference in the duration of de

velopment was observed among the different temperatures and also among 

the different photoperiods studied. If each temperature is considered 

separately, it is apparent that stages maintained under a 14-hr. photo-

period generally developed more rapidly than did their counterparts 

subjected to 10 and 12-hr. photoperiods. Within each photoperiod high 

temperatures shortened the duration of development. Lutz (1974) re

ported similar results with Odonata. The studies of Butler and 

Henneberry (1976) showed that duration of development decreased with 

an increase of temperature when each stage of carnea was maintained 

at a 14-hr. photoperiod. Their findings also showed that the develop

mental time of each stage was longer than in the present study. This 

discrepancy may be due to the fact that in the present study different 

incubators were used; also, the larvae were fed on either Heliothis or 

Sitotroga eggs, according to the availability of each prey. Another 

factor which could possibly account for this discrepancy is that the 

eggs used were obtained from field collections of adult females the 

age of which could not be known. 

The tendency of low temperature to retard development can never

theless be overcome by longer photoperiods as observed in the egg 

stage, but not in the larval or the pupal stages, in the present study. 

The studies of Way and Hopkins (1970) on Dictaraxi oleracea L. 

(Lepidoptera) showed that low temperatures and short photoperiods 

tended to retard development, while high temperatures and high photo

periods speeded up development. In Grapholitha molesta, however, both 

high and low temperatures seemed to favor development without diapause 
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(Dickson 1949). The data also illustrated that all stages were re

sponsive to temperature and photoperlod. This may seem contrary to 

the opinion expressed by De Wilde (1962) that sensitivity to photo-

period is never extended to the whole life cycle and that all stages 

except the pupae may be receptive. In most cases, sensitivity is in

tensified in a limited number of stages or instars. Tauber (1975) 

reported that the stages of ̂  carnea most sensitive to photoperlod 

were the free-living third instar within the cocoon and the pupa. 

There are very few studies pertaining to the relation of the 

combined effect of temperature and photoperlod on developmental stages 

of this species. Among these is the study of Tauber (1970) on the 

length of developmental stages of C. carnea at L:D 16:8 and L:D 12:12 

(24 - 1 C)j the results of which are comparable to those presented in 

this study and which showed that exposure of the life cycle to a 

photoperlod of less than 12-hrs. gives a very short or weak diapause 

which results in reduced feeding and activity. 

2. Fecundity and Longevity of Chrysopa carnea at Different Constant 
Temperatures and Photoperiods 

The results of this study are summarized in Table 10 and 

Tables 11 through 15 show the analysis of variance. Relative to the 

number of eggs laid* a response to photoperlod was detected with no 

interaction between temperature and photoperlod shown. There was no 

significant difference between the numbers laid at 20°C, L:D 14:10 

and 25°C, L:D 14:10. Females exposed to these regimes laid signifi

cantly greater numbers of eggs than females kept at 20°C, L:D 10:14 

and 25°C, L:D 10:14. The low production of eggs in the short 



TABLE 10. Fecundity and Longevity of C. carnea at Different Constant Temperatures and Fhotoperiods. 

Fecundity 
No. Eggs/ ) 1/ 

Pre-Ovip. 
Period (Days) 

Oviposition 
Period (Days) 

Longevity (Days) 2J 
s I 

Temp. 
(°C) 

Photoperiod 
L:D 

_ + 
X - SE 

+ 
X - SE 

— + 
X - SE 

- + 
X - SE 

— + 
X - SE 

20 10:14 215.95 - 42.15 
(0 - 531) 

a 3.25 - 0.59 a 
( 3 - 8 )  

18.45 - 3.46 
(14 - 43) 

a 56.05 - 5.26 
(25 - 98) 

a 62.25 -
(25 -

4.7 a 
• 93) 

14:10 506.40 - 42.18 d 5.20 - 0.32 c 30.95 - 2.75 b 59.85 - 3.72 a 65.45 - 4.11 a 

(0 - 739) (4 - 7) (17 - 51) (38 - 91) (39 -- 94) 

25 10:14 339.15 - 52.61 b 4.35 - 0.6 b 52.15 - 4.48 d 56.75 - 3.99 a 59.60 ± 3.38 a 

(0 - 739) ( 3 - 4 )  (27 (31 - 94) (34 -- 91) 

14:10 488.45 - 35.82 d 5.8 - 0.17 c 48.10 - 3.76 c 53.60 - 3.58 a 56.15 - 2.8 a 

(217 - 839) (5 - 7) (25 - 83) (30 - 87) (35 -- 81) 

1/ Means in the same column followed by the same letter are not significantly different at 5% level 
(Duncan's multiple range test). Figures in parenthesis are the ranges. 

•P* 
U1 



TABLE 11. ANOVA of Number of Eggs Laid at Different Constant Temperatures and Fhotoperlods. 

Analysis of Variance 
Sum of Mean Significance 

Source of Variation Squares DF Square F of F 

Main Effects 1022288.125 2 511144.063 13.441 .001 
T 55387.812 1 55387.812 1.456 .231 
PP 966900.312 1 966900.312 25.426 .001 

2-Way Interactions 99616.613 1 99616.613 2.620 .110 
T PP 99616.312 1 99616.612 2.620 .110 

Explained 1121904.738 3 373968.246 9.834 .001 

Residual 2890141.250 76 38028.174 

Total 4012045.987 79 50785.392 
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TABLE 12. ANOVA of Preovlposltlon Period at Different Constant 
Temperatures and Photoperiods. 

Analysis of Variance 

Source of Variation 
Sum of 
Squares DF 

Mean 
Square F 

Significance 
of F 

Main Effects 72. 250 2 36. 125 8. .615 .001 

T 14. 450 1 14. 450 3, .446 .067 

PP 57. 800 1 57. 800 13. .783 .001 

2-Way Interactions 1. 250 1 1. 250 .298 .587 

T PP 1. 250 1 1. 250 .298 .587 

Explained 73. 500 3 24. 500 5, .842 .001 

Residual 318. 700 76 4. 193 

Total 392. 200 79 4. 965 

TABLE 13. ANOVA of Oviposition Period at Different Constant 
Temperatures and Photoperiods. 

Analysis of Variance 
Sum of Mean Significance 

Source of Variation Squares DF Square F of F 

Main Effects 13285 .625 2 6642 .813 24. .774 .001 
T 12928 .612 1 12928 .612 48. .217 .001 
PP 357 .012 1 357 .012 1, .331 .252 

2-Way Interactions 1369 .512 1 1369 .512 5. .108 .027 
T PP 1369 .512 1 1369 .512 5. .108 .027 

Explained 14655 .137 3 4885 .046 18. .219 .001 

Residual 20378 .250 76 268 .135 

Total 35033 .387 79 443 .461 
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TABLE 14. ANOVA of Longevity of Males at Different Constant 
Temperatures and Photoperiods. 

Analysis of Variance 
Sum of Mean Significance 

Source of Variation Squares DF Square F of F 

Main Effects 156. 125 2 78. 063 .222 .801 
T 154. 012 1 154. 012 .438 .510 
PP 2. 112 1 2. 112 .006 .938 

2-Way Interactions 241. 512 1 241. 412 .687 .410 
T PP 241. 512 1 241. 512 .687 .410 

Explained 397. 637 3 132. 546 .377 .770 

Residual 26708. 050 76 351. 422 

Total 27105. 687 79 343. 110 

TABLE 15. ANOVA of Longevity of Females at Different Constant 
Temperatures and Photoperiods. 

Source of Variation 

Analysis 
Sum of 
Squares 

of Variance 
Mean 

DF Square 
Significance 

F of F 

Main Effects 714 .325 2 357. 162 1 .225 .299 
T 714 .012 1 714. 012 2 .449 .122 
PP .312 1 • 312 .001 .974 

2-Way Interactions 221 .112 1 221. 112 .758 .387 
T PP 221 .112 1 221. 112 .758 .387 

Explained 935 .438 3 311. 813 1 .070 .367 

Residual 22156 .050 76 291. 527 

Total 23091.488 79 292.297 
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photoperiod may be attributed to the fact that under such regimes, 

females enter into diapause. It was observed in the study that seven 

females laid no eggs. Complete diapause of Chrysopa carnea was re

ported when the insect was held at photoperiods of 8:16 to 12:12 

(Tauber 1969, 1972). The same author also observed a rapid decline in 

fecundity when young, reproductively active ̂  carnea were transferred 

to a photoperiod of L:D 12:12 from one of 16:8. Further studies by 

Tauber (1975) showed that the predators overwinter as adults whose 

diapause is primarily controlled by photoperiod. Sheldon and McLeod 

(1971) reported that carnea experienced diapause if held at a 

photophase of less than 13 hours at 19-25°C. 

With respect to preovlposition period, there was a response to 

photoperiod, but interaction between the two main factors was not ob

served. The 14-h photophase seemed to Increase the duration of this 

period more significantly than 10-h photophase of both temperatures 

studied. The duration seems to be the same at 20°C, L:D 14:10 and at 

25°C, L:D 14:10. Tauber's and Tauber's (1973) studies on the effect 

of temperature on the preovipositlon period revealed that an increase 

of temperature from 15.5°C to 24°C decreased the period from 10.6 to 

4.8 days. 

A significant difference was detected among oviposition 

periods. Interaction between temperature and photoperiod existed and 

a response to temperature was detected. It is evident that at low 

temperature, i.e. 20°C, long photoperiods increase the duration of 

this period, and the reverse is true with respect to high temperature, 
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i.e. 25°C. It is possible that high temperature coupled with long 

photoperiod produces a heat effect which shortens the oviposition 

period. Neumark (1952) compared higher and lower temperatures than 

those used in the present study. Contrary to what is reported here, 

he showed that the duration of oviposition becomes shorter with rise 

of temperature and longer with its drop. The spring generations have 

the highest oviposition and the fourth generation, passing through 

the highest temperature of the year, shows oviposition reduced to the 

yearly minimum. A possible reason for lack of similarities between 

the two studies is that in the current study optimal regimes were 

used. 

In the case of longevity, the different regimes seemed to have 

no significant effect on either males or females. Under such con

ditions, the study showed that the female lived longer than the male. 

An interaction between temperature and photoperiod was not observed. 

3. Consumption of Lepidopterous Eggs and Pea Aphids 

Although consumption of these prey differed significantly 

(Table 16), it appears that the average consumption of beet armyworm 

eggs was the highest; this was followed by corn earworm. The fact 

that beet armyworm eggs are laid in masses or clusters of about 300-500 

renders them more available to the predator than either corn earworm 

or tobacco budworm eggs and this could possibly account for the higher 

consumption. It was observed that the third instar alone consumed 

about 50% of the eggs provided. It was also shown that relatively 

few aphids were consumed during larval development. Some investigators 
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TABLE 16. ANOVA of Consumption of Lepidopterous Eggs and Pea Aphids 
by carnea Larvae. 

Number Consumed/Larva 
Peat Mean SE U Range 

Corn Earworm 17.24 
+ 
0.31 c 14.5 - 20.7 

Tobacco Budworm 16.15 
+ 
0.26 b 14.1 - 18.8 

Beet Armyworm 19.65 
+ 
0.25 d 17.0 - 21.2 

Pea Aphid 9.96 
+ 
0.21 a 8.3 - 12.3 

1/ Values are square root transformations. Means followed by the 
same letter do not differ significantly at 5% level according 
to Duncan's multiple range test. 

TABLE 17: ANOVA of Consumption of Lepidopterous Eggs and Pea Aphids 
by C^_ carnea Larvae. 

Source DF Sum of Squares Mean Squares F Ratio F Prob 

Between Groups 3 1278.3656 426.1219 253.764 0 

Within Groups 96 161.2040 1.6792 

Total 99 1439.5696 



working on different species of aphids reported a much greater 

number of aphids being consumed. For instance, Scope (1969) found 

that the larva consumed an average of 385 second instar Myzus persicae 

or 425 Aphis gossypii. Burke and Martin (1956) reported that the 

average number of cotton aphids consumed by the larva of three species 

of Chrysopa was 208-265. 

Shuvakhina (1974) observed that the larvae, even when the age 

of food is uniform, may destroy a different number of prey since some 

of them are only harmed but not consumed; others are only partially 

consumed. When there is an abundance of aphids, the predator may 

destroy larger numbers than when the aphids are limited in number. 

When prey are scarce, all of the contents are consumed, whereas when 

prey are abundant, prey are often destroyed but only partially 

consumed. Data are given on the predatory efficiency of several 

species of Chrysopids on aphids. Large variations are reported in 

the number of prey destroyed. The larger the Chrysopid, for example, 

the greater the number of prey that are destroyed. In smaller species 

such as Cj_ carnea, each larva will destroy approximately 300-400 

aphids of average size. In addition, the larger the size of aphids, 

the fewer of them destroyed. Therefore, the number of large pea 

aphid, Acyrchosiphon pisum (Harris), destroyed by the common lacewing 

is one-half to one-third of the number of the greenhouse aphid, 

Myzodes persicae destroyed. On the other hand, when Chrysopid larvae 

feed on small prey (mites and eggs of coccids), the number destroyed 

is many times higher. For this study, some aphids were killed but 



not consumed and these were not counted. If the former were con

sidered, then the result would be comparable with the findings of 

other workers. 

Longren et al. (1968) reported that the dally consumption of 

tobacco budworm eggs was 1.4 for the first instar larva and 2.1 for 

the second. In the same study, 42.7 bollworm eggs were consumed by 

the third instar larva per day. Butler and May (1971) also determined 

the average consumption of Hellothis sp. eggs by stages of C. carnea 

larvae in two laboratory arrangements, i.e. simple arena and complex 

arena. In the simple arena, the eggs consumed per predator per day 

for first, second and third instar were 6.7, 56.8 and 40.4, respec

tively. In the complex arena, each of the second and third lnstars 

consumed 6.2 and 3.5 eggs, respectively. 

4. Resistance to Starvation 

Resistance to starvation (Table 18) differed significantly 

among the three lnstars. Hie newly hatched Chrysopid larvae had the 

shortest survival period. Similar results were obtained by 

Shuvakhina (1974) who showed that at room temperature the larvae that 

had hatched may continue activity moving for up to one day without 

food and water. Sundby (1969) reported the first instar larva can 

survive for periods up to 72 hours without food or water. Although 

a significant difference was detected between the second and third 

instar, their survival periods were rather comparable. A possible 

reason is that individuals of the third instar spin cocoons before 

completing the normal developmental time. 



TABLE 18. Survival of Starved C. carries Larvae 

54 

Survival (Days) 
Ins tar Mean * SE ±J Range 

1st 1.55 - 0.068 a 1-2 

2nd 2.71 ± 0.082 b 2-3.2 

3rd 2.96 ± 0.05 c 2.4-3.3 

1/ Values are square root transformations. Means followed by the 
same letter are not significantly different at 5% level according 
to Duncan's multiple range test. 

TABLE 19. ANOVA of Data on Resistance to Starvation by JC^ carnea 
Larvae. 

Source DF Sum of Squares Mean Squares F Ratio F Prob. 

Between Groups 2 28.2464 14.1232 122.977 .0000 

Within Groups 72 8.2688 .1148 

Total 74 36.5152 
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Arzet (1973) reported that Increasing the duration of star

vation up to 72 hours had hardly any Influence on the searching be

havior of the larvae or the number of aphids being eaten, but there 

was a positive correlation of starvation with cannibalism among 

larvae of the same age and size. Experiments carried out by Sundby 

(1966) indicated that when larvae of carnea were provided with 

water, they survived for two to nine days (mean 3.8 days) 

at 21°C. A honey and water diet increased the longevity of the 

larvae (mean 24.3 days and range three to 45 days). Fleschner (1950) 

determined the minimum food requirements of Cj_ carnea as one-tenth 

of the maximum daily feeding rate and showed that.the duration of 

the instars increased when food supply was inadequate. .Many of 

Chrysopidae starved in late larval life spin cocoons when they are 

still small, but they rarely survive. 

5. Consumption of Different Instars of Tobacco Budworms by Different 
Stages of carnea Larvae 

The data presented in Table 20 Indicate that the first instar 

of the tobacco budworm was the most vulnerable to attack by the first 

and third instars of the predator. None of the late instars of the 

prey, e.g., the third and fourth, was consumed by the first instar 

Chrysopa larva. The third instar of the predator, however, consumed 

some of these late Instars but was certainly not as effective against 

these larger larvae as against the first instar of the prey. When 

comparisons were made between the first and third instars of the 

predator relative to consumption of first instar prey, it was shown 



TABLE 20. Consumption of Different Instars of Tobacco Budworm by 
Different Imstars of C. carnea Larvae. 

Mean Number of Budworms 
Consumed 

of Indicated Instars 
* SE 

Instar of 
C. carnea iu III/ III IV 

1st Instar 2 .83 - 0.06 0. ,52 - 0.44 — 

3rd Instar 10 .48 - 0.22 1. .44 - 0.31 1 .36 - 0.12 0.69 - 0.09 

1/ Differences were significant at P 0.05 from t-test using 
square root transformations of data. 

that the consumption by the third instar significantly exceeded that 

by the first instar. 

Similar work was conducted by Lopez et al. (1976) who showed 

that C\_ carnea larvae were most efficient on eggs and first instars 

of Heliothis. Releases of the predator at the rates of 100,000/acre 

in field crops resulted in substantial reductions in the number of 

tobacco budworm eggs and small larvae. Lingren et al. (1968) reported 

that in laboratory experiments, several common predaceous arthropods 

including C^_ carnea consumed relatively large numbers of eggs and 

early instar larvae of the bollworm and tobacco budworm. A compre

hensive study on the fate of Heliothis eggs and first instar larvae 

in cotton fields was conducted by Fletcher and Thomas (1943) in a 

seven-year study. They found that JC^_ carnea larvae destroyed from 

15.3% to 32.9% of the eggs and from 12.6% to 59.6% of the first instar 

larvae. 
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6. Effect of Cold Storage at 4.4°C on Survival of Eggs and Cocoons 

Referring to Table 21, percentage of hatch and survival of 

the emerging larvae was the highest when eggs were stored for one week 

at 4.4°C and the ensuing females had a fairly high fecundity. The 

hatch was drastically reduced with storage beyond one week. These 

findings are comparable with those obtained by Kuznetsova (1970) who 

investigated storage of caraea eggs at low temperatures (0-8°C). 

Storage for one week had no effect but most of the eggs died when 

stored for longer periods. 

Cold storage of cocoons up to eight weeks at 4.4°C seemed to 

have no detrimental effect on survival or ensuing fecundity (Table 22). 

Canard (1971) stored C. perla cocoons at 6°C for periods up to 12 

months. He found females resisted the treatment more than males. 

After ten months, survival of the reproductively healthy adults was 

26% and females had a mean fecundity of 322 eggs. 



58 

TABLE 21. Effect of Cold Storage at 4.4°C for Different Periods on 
Survival of C^_ carnea Eggs 

Storage Period Percent Percent Survival 
Weeks Hatch of Emerging Larvae 

1 96 91 

2 20 15 

3 5 2 

4 0 0 

TABLE 22. Effect of Cold Storage at 4.4°C for Different Periods of 
Survival on C. carnea Cocoons 

Storage Period No. of Percent 
Weeks Individuals Survival 

1 61 87 

2 72 91 

3 58 95 

4 79 87 

5 47 93 

6 66 92 

7 70 96 

8 49 93 



CHAPTER 5 

CONCLUSIONS 

Climate, food (aphlds), diseases, parasites and agricultural 

practices are the major factors which govern population fluctuation 

of C^ carnea. About five to six generations per year were observed 

in Arizona alfalfa fields. 

The study on temperature and photoperiod effects on develop

ment suggest that combinations of high temperature and long photo-

periods which are prevalent during summertime in Arizona enhance 

development, while low temperature and short photoperiod slow de

velopment of the different stages. The possible optimum conditions 

for mass rearing C^_ carnea for release are 25°C, relative humidity 

of about 70% and a 14 hour photophase. Fecundity and longevity are 

also improved if the predator is kept under the same conditions. 

Searing the Insect at 35°C and L:D 14:10 seems to be detrimental. 

. The experiment on evaluation of consumption of some common 

pest eggs showed that the larva of C^_ carnea had a preference towards 

some prey as indicated by the highest consumption of beet armyworm 

eggs. In this study some aphids were killed but not consumed—the 

latter being considerably smaller but the former reflects the ability 

of the predator to control aphid population. 

59 
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The information obtained from the experiment on resistance to 

starvation suggests that the larva has the ability to survive at low 

prey density. 

Studies on consumption of different instars of tobacco bud-

worm by different instars of the predator larvae indicated that the 

first instar of the tobacco budworm was the most vulnerable to attack 

by both the first and third instars of the predator. None of the 

late instars of the prey was consumed by the first instar of Chrysopa 

larva. This suggests that release programs of the predator should be 

synchronized with appearance of first instar tobacco budworms. 

The findings of the effect of cold storage suggest that it is 

better to store cocoons before release than to store eggs. 
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