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ABSTRACT 

Field studies of population of Geocoris and Nabis 

indicated that the density of adult Nabis was higher than 

Geocoris before April, which the reverse was true after 

April. In general, the abundance of adults and nymphs of 

each species was caused by alfalfa harvesting, dispersal 

of adults, discrepancies of sweep-net sampling, differences 

in mortality of eggs and the differences in the diapause 

termination of adults. The field cuttings of alfalfa 

reduced populations of both species, but adults were 

reduced more than the nymphs. 

In laboratory studies adults and nymphs of each 

species fed on each other on alfalfa in small cages, but 

in larger cages when only adults were caged, interspecific 

predation of adults did not occur. This suggests that, in 

the field, interspecific predation of nymphs can be more 

prevalent than adults of each species since nymphs which 

are more sedentary than adults are less affected by alfalfa 

cuttings. 

A number of predatory insects other than Nabis that 

were cornman in the alfalfa, such as Chrysopa ~ 

Stephens, Drius tristicolor (White), Hippodamia convergens 

Gu~rin, and Sinea confusa Caudell, were also found to prey 

upon Geocoris in the laboratory. 

xii 



xiii 

Hyalomya aldrichii Townsend was the only parasite 

reared from Geocoris adults and nymphs from the field. The 

parasite did not numerically respond to the density of 

Geocoris and had minor impact on the population of the 

predator. The host preference of this parasite among the 

Geocoris spp. and between Geocoris and Nabis was not deter

mined since rearing the parasite in the laboratory failed. 

Telenomus sp. parasitized groups of Geocoris eggs 

exposed in alfalfa fields. In the laboratory, it para

sitized both §.. pallens and G. punctipes eggs. Rearing 

the parasite at 30°C resulted in poorer emergence of adults 

than at 20°C and 25°C. 

Predaceous insects that synchronize with popula

tions of Geocoris, larger in size than Geocoris, especially 

Nabis and Sinea spp. may be more important than parasites 

in regulating population of Geocoris in the field. 



CHAPTER 1 

INTRODUCTION 

Entomophagous insects play an important role in 

regulating populations of pest species of insects and are 

an important component of pest management systems. These 

entomophagous species may also prey upon each other, 

al though the impact of this is much less known than their 

impact on the pest species. Knowledge of these natural 

enemies of entomophagous insects is vital for development 

of programs for conservation or augmentation of the insects 

in agricul tural ecosystem. 

Geocoris spp. are important predators in Southern 

Arizona alfalfa fields. A few papers have discussed some 

of the natural enemies of this predator in this agroeco

system (Clancy and Pierce, 1966; Stoner, Metcalfe, and 

Weeks, 1975) but a great deal is unknown. Trends of 

abundance of the Geocoris and its reproduction wi thin 

alfalfa were discussed by Goodarzy and Davis (1958), Wene 

and Sheets (1962), and Clancy and Pierce (1966). This 

paper covers an extensive investigation of both areas, 

including: 

1. Field population trends of Geocoris spp. during 

April to September of three years. 



2. Field population surveys of the parasites and 

predators of Geocoris eggs, nymphs, and adults. 

3. Laboratory studies on the biology of the parasite I 

Telenomus sp. 

4. Interactions of Q. punctipes Say and some of its 

predators in the laboratory. 



CHAPTER 2 

LITERATURE REVIEW 

Big-eyed bugs, Geocoris spp., are in the family 

Lygaeidae I subfamily Geocorinae, and tribe Geocorini. The 

biology and life-histories of the insects have been studied 

by several workers (Champlain and Sholdt, 1966, 1967b; 

Dunbar and Bacon, 1972). The insects can be reared in the 

laboratory on diets of the beet armyworms, Spodoptera 

~xigua (Hubner) and green beans, phaseolus vulgaris L. 

According to Champlain and Sholdt (1966) I the eggs hatched 

at 26°C in 10 to 11 days, and the nymphs developed into 

adults in 25 to 30 days. The pre-oviposition period was 

5 to 6 days and adults were long-lived. 

Many authors have reported the predaceous nature 

of the Geocoris spp. McGregor and McDonough (l916) noted 

the ability of ~. punctipes to reduce populations of the 

European red mite, Panonychus ulmi (Koch), on cotton. York 

(1944) reported §.. punctipes and ~. pallens Stal as pre

dators of the beet leafhopper, Circulifer tenellus (Baker). 

In addition to those prey species noted above, §.. punctipes 

has been reported as a predator of the following arthropods: 

flea beetles, Epi trix parvular (Fab) (Chamberlin and Tenket I 

1923); eggs of tobacco hornworms, lIlac1uca sexta (Johnson) 



(Gilmore, 1936); spotted alfalfa aphid, Therioaphis ~

lata (Buckton) (Nielson and Henderson, 1959); eggs of 

bollworm, Heliothis ~ (Boddie) (Whitcomb and Bell 1964); 

and larvae of g. zea (Orphanides, Gonzalez and Bartlett, 

1971); larvae and pupae of the banded-winged white fly, 

Trialeurodes abutilonea (Halderman) (Dysart, 1966); eggs 

and nymphs of ~ spp. (Clancy and Pierce, 1966; Butler, 

1967); and soybean looper I Psuedoplusia includens (Walker) 

(Crocker, Whitcomb, and Rose, 1975). Tamaki and Weeks 

(1972) also listed more than 24 insects recorded as prey 

of various species of Geocoris. Crocker and Whitcomb 

(1980) indicated that under natural conditions, Q. punc

tipes, Q. bullatus (Say) and Q. uliginosus (Say) fed on 

67 species of small prey from three classes of arthropods 

(Insecta, Arachnida, and Diplopoda). 

In a few cases Geocoris spp. have been reported 

predators of other beneficial insects. Geocoris spp. 

predation was suspected by van den Bosh, Reynolds, and 

Dietrick (1956) as the cause of a decline in Orius spp. 

populations in cotton. Whitcomb and Bell (1964) noted 

that ~. punctipes and Q. uliginosus will attack 2. 

insidiosus (Say) and 2. tristicolor, although plant bugs 

are preferred when they abundant. §.. pallens was 

discovered to be predaceous upon two species of beneficial 

weevils, Microlarenus spp. which were introduced into 



California to control the puncture vine, Tribulus terre

tris L. (Goeden and Ricker, 1967). 

While much has been reported on the predaceous 

nature and biology of Geocoris spp., few papers have dis

cussed their natural enemies. McGregor and McDonough 

(1916) observed Geocoris eggs were parasitized by a 

scelinoid, Telenomus sp. Clancy and Pierce (1966) noted 

the same species of parasite, Telenomus near opacus, 

attacked Geocoris eggs collected from alfalfa fields in 

Southern California and at Yuma, Arizona. The authors 

also reported a tachinid fly, Hyalomya aldrichii, para

sitizing adults and nymphs of Geocoris. They indicated 

that parasitization was low: only three tachinid larvae 

found in 561 ~ nymphs, but up to 11% of the 

adul ts were found to be parasitized by .!:!. aldrichii in May 

and June 1964. Other investigators had observed that 

species of Nabis and spiders occasionally fed on Geocoris 

in cotton fields (Whitcomb and Bell, 1964). The nymphs of 

Lygus hesperus Knight were observed attacking the nymphs of 

§.. punctipes, also (Champlain and Sholdt, 1967b; Dunbar, 

1967) . 

Al though Geocoris were preyed upon by these entomo

phagous arthropods, no attempt had been made to quan ti ta

tively determine the consumption of the former by the 

latter. The consumption rate of arthropod pests by 

Geocoris, however, has been reported by many researchers. 



York (l944) determined the consumption of the beet leaf

hoppers, Circulifer tenellus by ~ spp. and indicated 

that Geocoris consumed more prey daily in warm than in cold 

temperature. Butler (1967) isolated Q.. punctipes with 

different stages of lygus bugs in Petri dishes and indi

cated that the female Geocoris consumed more lygus nymphs 

than did the males. Crocker et al. (l975) fed soybean 

looper eggs, Pseudoplusia includens, to Q. punctipes 

and revealed that the number of prey consumed by Q. 

puntipes daily in the laboratory at different tempera

tures varied depending on the individual predator I s sex 

and on the developmental stage. They also stated that 

the nymphs in successively later instars tended to eat 

more prey daily than those in earlier instars and nymphs 

and adult males consumed greater numbers of prey daily 

as temperature increased. 



CHAPTER 3 

POPULATION TRENDS OF GEOCORIS AND 

NABIS IN ALFALFA FIELDS 

NEAR TUCSON, ARIZONA 

Methods and Materials 

A study was conducted to determine the seasonal 

trends of Geocoris and Nabis in two alfalfa fields on the 

Thomasson farm, near Marana, Arizona during 1979 to 1981. 

These fields, the North and the South, were adjacent, 

separated by an East-West field road and were cut at dif

ferent times. Each week from April through September, four 

samples consisting of 50 sweeps each were taken from each 

field using a standard s\<leep-net (40.6 cm in diameter I 

66.0-cm handle, and 63. 5-crn deep conical bag) swung in a 

180 0 arc. The four sets of samples from each field were 

taken at random by sweeping the alfalfa in the borders. 

Each 50-sweep sample was placed in a 3. 8-L paper carton. 

The samples were taken to the laboratory in an air-

condi tioned vehicle within 3 h after collection. There the 

adul ts and the nymphs of Geocoris and Nabis were counted. 

No attempt was made to separate the species of Geocoris 

and Nabis during counting. Other entomophagous insects 

and pests were not counted but their abundances with 



Geocoris and Nabis in the samples were noted by general 

observations. Records of the field temperature, relative 

humidity, and rainfall were obtained from a hygrothermo-

graph and recording rain gauge located near the field. 

Resul ts and Discussion 

General Observations of Abundance 
of Predators and Pests 

Observations indicated a sequence of abundance 

of the populations of various predaceous insects as the 

season progressed. The most common were the syrphids, 

coccinellids, Nabis, Geocoris, Grius, Sinea, Chrysopa, and 

Col lops. The syrphids, coccinellids, Chrysopa, and Nabis 

were conunon during the early portion of the alfalfa growing 

in the months of April and May. Later, in the 

months of June and July, Geocoris, Drius, Sinea, and Collaps 

became abundant. Toward the end of the growing season, 

August and September, only Geocoris, Nabis, and Sinea were 

observed in greater numbers than the other predators. 

Other observations indicated Geocoris and Nabis persisted 

through the alfalfa growing They responded numeri-

cally to the infestation of the aphids, Lygus, and leaf-

hoppers. 

Seasonal Trends of Abundance 

The data showing the abundance of adults and nymphs 

of Geocoris and Nabis for 1979 (Table 1), 1980 (Table 2) I 



Table l. population trends of adults and nymphs of 
Geocoris and Nabis in Thomasson north and south 
alfalfa fields near Tucson, Arizona, 1979 

Insects/50 Sweeps 

No~th 

Datea NYIEIPh Nynph Nyntph Nymph 

4/24 61.0 26.75 

5/01 6.25 0 32.0 5.50 
5/0B(CS) 0 .2S 17.25 2.25 .25 0 

5/14 1.25 1.25 1.25 0 1.0 

5/22 10.0 13.0 5.25 55.50 6.75 15.25 1.0 
5/29(CN) 13.75 

6/05 
6/12 (CS) 4.75 42.50 1.' 
6/19 23.75 6.25 45.00 1.50 
6/26 (CN) 5.75 11.50 

7/03 '.0 .25 42.30 .2S 24.00 .25 

7/10 16.25 1.75 31.25 .2S 10.50 12.50 .25 
7/17 (CS) 5.25 1.75 

7/24 10.75 0 ." IB.50 2.25 
7/31 11.25 ." 4.00 3.25 

8/07(CNS) 0 1.0 

8/14 1.75 ." 19.25 

8/21 25.75 1.00 
8/29 (CS) 62.25 23.75 3.75 

9/04 (CN) 2.50 32.00 
9/11(CSI 22.26 3.25 20.25 22.25 1.25 ." 
9/25(CSI 15.25 17.75 2.75 0 .. CN • cut of no~th f laId 

cs • cut of lIouth field 
CNS = cut of north lind liIouth fields 
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Table 2. Population trends of adults and nymphs of 
Geocoris and Nabis in Thomasson north and south 
alfalfa fieldsnear Tucson, Arizona, 1980 

4/01 

4/08 

'/13(C;S) 

4/22 

4/29 

SlOG 

5/13 

S(20(CN) 

S/27(CS) 

6/03 

6/10 

6/24 (CN) 

7/01(CS) 

7/08 

7/15 

7!22(CN) 

7/29(CS) 

S/05 

B/12(CN) 

8/19(CS) 

8/26 

9/03 

9/0a 

9/IS(eN) 

9/22 (CS) 

9/29 

North 

Nymph 

Il.. eN ~ cut of north field 
CS .. cut of south field 

Inllects/50Sweeps 

Nymph Nymph Nymph 

17.50 
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and 1981 (Table 3) are illustrated in Figures 1, 2, 3, and 

4; Figures 5, 6, 7, and 8; and Figures 9, 10, II, and 12, 

respectively. 

Geocoris and Nabis overwinter as adults (Dunbar, 

1967; Stoner et al., 1975). Males and females go into a 

reproductive diapause in the latter part of the growing 

season and do not start producing eggs until the following 

spring. After the overwintered females begin developing 

eggs, in April, the numbers of the predators are expected 

to increase and fluctuate differently through September 

depending upon the frequency of alfalfa cuttings 1 prac-

ticed, the dispersal of adult predators between the two 

fields, and the accuracy of the sweep-net sampling method 

used for quantitative study. 

In general, during 1979, populations of adults and 

nymphs of both predators were drastically reduced by 

alfalfa harvesting (Figures 1, 2, 3, and 4) and the reduc-

tion in numbers of adult predators was more obvious than 

the nymphs. In the north field, the peak densities of 

Geocoris adults occurred during the peak densities of Nabis 

adul ts in the months of May, June, and August. In the 

south field, the populations of these predators were lower 

and the peaks were less obvious during these months. 

1. Cutting: Since samples were taken weekly, the 
fields may not have been cut on the exact dates indicated 
in Tables 1 to 3. They could have been cut 1 to 6 days 
prior to sampling. 
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Table 3. Population trends of adults and nymphs of 
Geocoris and Nabis in Thomasson north and south 
alfalfa field"S'Iie'ar Tucson, Arizona, 1981 

Insect/SO Sweep 

Date" Nymph Nymph Nymph Nymph 

4/07{CS) 

4/14 14.00 

4/21 (CS) 

4/29 7.75 

5/0S 

5/12 (eN) 

5/19(eS) 273.75 

5/26 9.25 

6/02 24.00 

6/09(CN) 49.50 

6/16 (CS) 5,50 

6/23 3.75 

6/30 

7/07{CN) 24.25 

7/14 34.75 

7/21 45.00 

7/29(CS) 0.75 

8/04 

B/12 (eN) 

8/18 

6!2:'{CS) 

9/01 0.75 

9/0B 

9/15(CN) 12.50 

9/22 5.25 

.. eN m cut of north field 
cs .. ,,\It of 8o\1th field 



Figure 1. 

Figure 2. 
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population trends of Geocoris and Nabis 
adults in alfalfa Thomasson North, 1979 

population trends of Geocoris and Nabis 
nymphs in alfalfa Thomasson North, 1979 
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Figure 3. 
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Figure 4. 

Population trends of Geocoris and Nabis 
adults in alfalfa Thomasson South, 1979 

Population trends of Geocoris "and Nabis 
nymphs in alfalfa Thomasson South, 1979 
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Figure 5. Population trends of Geocoris and Nabis 
adults in alfalfa Thomasson North, 1980 

Figure 6. Population trends of Geocoris and Nabis 
nymphs in alfalfa Thomasson North, 1980 

lS 
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Population trends of Geocoris and Nabis 
adults in alfalfa Thomasson South, 1980 

Population trends of Geocoris and Nabis 
nymphs in alfalfa Thomasson South, 1980 
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Figure 9. Population trends of Geocoris and Nabis 
adults in alfalfa Thomasson North, 1981 

,I 
" .'; 
" 

.~:: 
j \ , , 

L j I J J J ,--,--------... ----.. --------,--~ 

Figure 10. Population trends of Geocoris and Nabis 
nymphs in alfalfa Thomasson North,--r98T 
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Figure 11. 

, 

Population trends of Geocoris and Nabis 
adults in alfalfa Thomasson South,l9'8T 
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Figure 12. 
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Population trends of Geocoris and Nabis 
nymphs in alfalfa Thomasson South,--n-BT 
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During this year, in April, it was observed that when the 

densi ties of the predators were starting to increase I 

Nabis adults and nymphs were always found in greater 

numbers than the densities of the Geocoris adults and 

nymphs. As the season progressed, however, the densities 

of the two predator species fluctuated in a more random 

manner. Dispersal of Geocoris and Nabis adults between 

the two fields was only obser'led during the month of April 

(Figures 1 and 3). Harvesting alfalfa of the south field 

on April 8 produced dispersal of Geocoris adults into the 

north field in the following week. 

In 1980, the densities of both adults and nymphs 

of Nabis and Geocoris were comparatively higher than the 

densities in the previous year (Figures 5, 6, 7, and 8). 

Alfalfa cuttings also reduced populations of adults more 

than nymphs of each predator. In the north field, five 

clear peaks of Geocoris abundance occurred between May and 

September and these peaks exceeded the peak densities of 

Nabis. The abundance of adults and nymphs of Geocoris 

fluctuated above that of Nabis (Figures 5 and 6). In the 

south field, the densities of Geocoris adults and nymphs 

also exceeded the densities of ?labis (Figures 7 and 8). 

Only in April did Nabis populations exceed Geocoris, 

although populations of both predators were low. Several 



peaks of Geocoris occurred abruptly betwen May and July 

and the increase between the two fields was transient and 

staggered (Figures 5 and 7). This occurred during the 

middle portion of the growing season when temperatures 

were relatively high (Table 4) and during the abundance 
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of attractive prey of lygus and leafl1oppers. This would 

seem to suggest the hypothesis that populations of Geocoris 

adults dispersed between the two fields after alfalfa 

cuttings. 

In general, during 1981 populations of adults of 

each predator were drastically reduced by alfalfa cuttings. 

The reduction of populations of each predator was more 

obvious with the adults than with the nymphs after every 

alfalfa cutting (Figures 9, 10, 11, and 12). The popula-

tions of Geocoris adults and nymphs higher than Nabis 

in the north field betwen May and August (Figures 9 and 10), 

but in April the reverse trend of abundance occurred. In 

the south field, Nabis were always found in lower numbers 

than Geocoris after April (Figures 11 and 12). On one 

occasion, there was an abrupt increase of population of 

Geocoris adults in the south field which was brought about 

by cutting of the north field on May 12; the sudden 

increase of Geocoris populations occurred on May 19. This 

was largely attributed to the dispersal of adults brought 

about by cutting of the north field a week before. 
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Table 4. Mean monthly temperature, relative humidity, 
and rainfall at Thomasson Weather Station 

Mean Monthly Mean Monthly Rela-
Temperature ti ve Humidity Mean 

('C) (%) Monthly 
Rainfall 

Month Maximum Minimum Maximum Minimum (em) 

1979 

April 29.8 7.3 79 23 0 
May 35.0 13 .3 50 15 2.2 
June 39.4 19.4 45 16 1.3 
July 40.6 20.6 57 19 3.2 
August 38.9 15.0 69 18 5.3 
September 37.2 18.3 60 21 0.3 
October 31.4 8.3 48 16 0.6 

1980 

April 27.9 7.8 69 2l 0.7 
May 33.9 6.8 39 10 0 
June 40.0 16.7 34 11 1.0 
July 28.9 23.3 61 18 7.9 
August 41.1 23.9 81 26 1.2 
September 40.1 18.3 72 24 2.2 
October 30.6 11.7 78 22 0.8 

1981 

April 30.7 7.9 63 20 0.6 
May 30.6 10.8 53 19 0.4 
June 38.0 19.3 43 15 0 
July 40.5 22.2 66 21 1.6 
August 40.6 21. 9 77 27 0.4 
September 37.3 16.3 85 26 0 
October 31.2 8.2 69 22 0 
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It should be emphasized that during the 3 yr of 

field population studies of Geocoris and Nabis, alfalfa 

harvesting consistently reduced populations of adults more 

than nymphs of both predators (Figures 1 to 12). Block 

harvesting of alfalfa of the two fields occasionally caused 

dispersal of adults as described previously. The dispersal 

of adults between the fields was more obvious with Geocoris 

than Nabis, and this occurred when their nymphal densities 

were abundant, temperatures were relatively high (Table 4), 

alfalfa was attractive, and abundant prey such as ~ 

and leafhoppers were present. However, the dispersal of 

Geocoris adults frequently detected in 1980 and 

1981 than in 1979. This indicates that sweep-net sampling 

used to detect dispersal of the predator will only be 

effective when population is relatively high. 

The differential development of the two predators 

closely related to the objective of this study were sug

gested by several workers in Arizona and California. The 

increasing abundance of Geocoris relative to Nabis as the 

season progressed resulted from differences in mortality 

of eggs caused by cutting the alfalfa. Most of the Nabis 

eggs, which are laid in the upper portions of alfalfa stems 

(Graham and Jackson, 1982), would be removed by cutting, 

while those of Geocoris, which are in the ground litter 

(Dunbar, 1967), would be much less affected. 
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Another factor that should be considered is the 

diapause termination of the two predators. The time of 

diapause termination in Geocoris spp. is still not known. 

In California, Dunbar (1967) indicated Geocoris probably 

began producing eggs in early May. In southern Arizona, 

Stoner et al. (1975) indicated Nabis spp. diapaused invari

ably: some years diapause started in September and lasted 

into February, whereas during otr.er years diapause was 

shorter, from Octoher through December. Beck (1968) 

stated that diapause in most insect species is not termi

nated by photoperiod, but by exposure to cold temperatures 

for long periods of time. It may be possible, therefore, 

that the cold periods in Tucson, especially during 1979 

and 1980, are sufficient to terminate diapause in Nabis 

earlier than Geocoris. With increased temperature in April 

and May conditions are then optimum for Nabis and Geocoris 

to outnumber each other differently without any obvious 

effects of interspecific predation noticed as the season 

progressed. 

Some of the results of the laboratory experiments 

discussed in the following sections do in fact suggest 

that predaceous insects which are larger than Geocoris, 

especially Nabis and Sinea that are ususa11y known to 

supress arthropod pests of alfalfa, can be a part of the 

factors in regulating the population of Geocoris in the 

field. 



CHAPTER 4 

SURVEYS OF PARASITES OF GEOCORIS 

NYMPHS AND ADULTS 

Methods and Materials 

Attempts were made to determine the species of 

parasites that attacked the Geocoris in alfalfa and cotton 

fields near Tucson during the 3-year period, 1979 to 1981. 

The method employed was collecting the host individuals, 

Geocoris, and rearing them for the emergence of any para

sites. 

Every week, four sets of samples, each consisting 

of 50 sweeps, were collected from the crops and locations 

indicated in Tables 5, 6, and 7. Each sample containing 

the 50 sweeps was transported to the laboratory in a 3. 8-L 

paper carton. Upon arrival, the Geocoris adults and 

nymphs were separated by aspiration and counted. After 

aspiration into glass bottles, any other insects and 

debris were removed from the container before the Geocoris 

were isolated and held for emergence of the parasites. The 

adults and nymphs of Geocoris were held separately in 3.8·~L 

paper cartons with diets of beet armyworms and green beans. 

The insects were kept for approximately 3 wk during which 

they were inspected for parasites every other day. 
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Table 5. Parasitism of Geocoris adults by Hyalomya 
aldrichii 1979----

Alfalfa Fields 

Bowden Thomasson South Bowden 

Parasi- Parasi-
200 tized 200 tized 200 

Date Sweeps (%) Sweeps (%) Sweeps 

6-19 14 72 5.6 

6-26 25 8.0 65 1.5 22 

7-03 25 20.0 lOR 1.2 

7-10 22 84 1.2 23 

7-24 30 

7-31 29 76 

8-07 81 

8-14 125 

8-21 256 

8-28 

9-06 10 

9-13 53 

25 

Cotton 

Paras i-
tized 

(%) 
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Table 6. Parasitism of Geocoris adults and nymphs by 
Hyalornya aldrichii, 1980 

Thomasson Alfalfa 

Bowden Afalfa North Field South Field 

Paras i- Parasi- Paras i-
200 tized 200 tized 200 tized 

Date Sweeps (%) Sweeps (%) Sweeps (%) 

4-01 0 1 
4-08 20 15 
4-15 83 198 
4-22 21 66 
4-29 17 58 

5-06 28 7.14 431 0.46 216 0.93 
5-13 16 6.25 479 1. 46 579 0.34 
5-20 104 0 179 1. 68 923 -.43 
5-27 33 3.03 234 0 69 1.45 

6-3 21 0 314 0.32 34 2.94 
6-10 85 4.71 692 0.58 751 1. 07 
6-17 22 0 815 0.61 692 2.02 
6-24 5 0 345 0.29 758 0.92 

7-01 24 466 0 39 0 
7-08 79 1,041 0.67 556 0 
7-15 43 542 0.55 313 0 
7-22 8 118 0 169 Q.59 

8-05 31 756 298 0.34 
8-12 7 63 114 0 
8-19 41 143 60 0 
8-26 14 578 60 

9-03 144 287 89 
9-08 46 154 55 
9-15 369 17 174 
9-22 25 1 0 
9-29 59 28 1 

10-06 91 8 8 
10-14 3 3 0 
10-20 0 0 0 
10-27 5 0 0 

11-03 
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Table 7. Parasitism of Geocoris adults and nymphs by 
H. aldrichii, ~ 

Thomasson Alfalfa 

Bowden Alfalfa North Field South Field 

Parasi- Paras i- Parasi-
200 tized 200 tized 200 tized 

Date Sweeps (%) Sweeps (%) Sweeps (%) 

2-03 0 2 
2-11 1 3 
2-17 13 39 
2-24 8 41 

3-10 67 39 11 
3-17 69 47 5 
3-24 37 27 11 
3-31 317 16 9 

4-07 1,072 14 29 
4-14 1,392 33 65 
4-21 413 27 19 
4-28 135 116 140 

5-05 159 132 597 
5-12 9 205 
5-19 99 1,209 
5-26 297 67 

6-02 580 241 
6-09 63 214 
6-16 21 25 
6-23 159 31 
6-~0 181 26 

7-07 36 107 
7-14 99 147 
7-21 662 207 
7-28 384 22 

8-04 191 55 
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In 1979, the search for parasites included rearing 

Geocoris from cotton and alfalfa. Samples were taken from 

June 19 through September 13. Because sampling was more 

difficult in cotton than in alfalfa, especially during the 

later portion of the growing season, and relatively few 

Geocoris and no parasites were collected, sampling on 

cotton was discontinued in 1980 and 1981. In 1979, only 

the adult Geocoris were reared for their parasites. How

ever, in 1980 and 1981, parasitism of both adults and 

nymphs was determined. 

R€5ul ts and Discussion 

Only the tachinid fly, Hyalornya aldrichii Townsend I 

was reared from the Geocoris. This parasite emerged as a 

late instar larva from the anal plate of Geocoris adults 

and pupated immediately. The parasites were frequently 

attacked by the Geocoris when they pupated, and a consider

able mortality of the pupae was observed in the rearing 

cages. The pupae emerged into adult flies ca. 4 dafter 

pupating. Observations indicated that the contents of 

the abdomen of the host from which the parasite emerged 

were totally consumed, thus killing the host. 

1. The parasite was identified by C. W. Sabrosky, 
Research Scientist, Systematic, Entomology Laboratory, 
IIBIII, ARS, USDA, Beltsville, Maryland. 
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During the course of the study, several pupae were 

collected and held in other rearing cages of 3. B-L paper 

cartons for rearing. The flies that emerged were provided 

wi th sugar water from from vials with sponge wick and 

lived for a week. Those flies that were not fed lived only 

3 d. These flies of different ages were also given some 

Geocoris adults and nymphs to parasitize, but the flies 

were all attacked and killed by the Geocoris. The biologi

cal study of the parasite failed and was discontinued. 

In 1979, no tachinid was reared from Geocoris 

adul ts collected from the Bowden cotton (Table 5). There 

were a few tachinids, however, reared fron the Geocoris 

adul ts from Bowden and Thomasson alfalfa fields. Para

sitization of Geocoris adults by the tachinid ranged 

between 1% and 20% in the two alfalfa fields. It occurred 

in the months of June and July. 

In 1980, samples were taken earlier in the month 

of April to determine the earliest time when the parasites 

were attacking the Geocoris. The data indicated that 

parasitization could occur as early May and as late 

August (Table 6). The tachinid was first recovered from 

the Geocoris on May 6. Since the density of Geocoris was 

relatively low prior to this date, it was probably the 

overwintering hosts that were initially attacked. Through 

the season, the parasites continued to parasitize the 

hosts, although the build-up in their density was not 
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noticeable. The percentage parasitism of Geocoris was 

comparatively low in the Bowden and Thomasson alfalfa 

fields. The continued presence of the flies from May 6 

through July 29 was observed in the Geocoris from 

Thomasson, but they were relatively infrequent in their 

hosts from the Bowden field. This was probably the result 

of the comparatively higher host density observed in the 

samples from Thomasson, which was more favorable for 

parasite reproduction and made a greater probability of 

recovering them in these samples than in those from the 

Bowden field. Al though cutting of the hay caused remark

able changes in the density of their hosts I the trend of 

parasitism between the localities was not apparent. The 

parasitism that is shown in Table 6 is mostly contributed 

by parasitized adults. Only 2 out of 8 nymphs isolated 

from Bowden samples on May 6, and 2 out of 89 nymphs 

collected from Thomasson on May 20 were parasitized. 

These parasitized nymphs were of the late instars. No 

tachinid was recovered after August 12 and the holding of 

the hosts was discontinued. 

In 1981, no parasite of Geocoris was recovered 

from the nymphs or adults observed (Table 7). 

Observations indicated that no parasites emerged 

from the Geocoris collected as early instar nymphs. Either 

these young nymphs are incapable of sustaining parasites, 

or the parasite will not attack the younger nymphs. The 



size of the parasites that pupated and later emerged was 

directly proportional to the size of their hosts. Larger 

flies developed from the females and smaller flies from 
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the male hosts. The tachinids that developed from the late 

nymphal Geocoris instars were the smallest and the least 

successful in emerging to adulthood. The parasites have 

been noted to attack other hosts including Nysius raphanus 

(Howard) (Clancy and Pierce, 1966) and Nabis spp. (Stoner 

et al., 1975). These hosts were observed in some samples, 

but parasitism was not determined. It is possible that 

the parasites develop wi thin these hosts in the alfalfa. 



CHAPTER 5 

PARASITES OF Geocoris EGGS 

Field Surveys 

Methods and Materials 

In May 1980, surveys of the egg parasites of 

Geocoris were started in the alfalfa fields of Bowden and 

Thomasson South. Initially, Geocoris eggs collected in 

the laboratory were incubated in order to ascertain their 

incubation period. The preliminary testing procedure was 

necessary not only to allow the maximum time of exposure 

to parasitization before hatching, but to synchronize 

with the sampling of Geocoris population density. The 

eggs hatched within approximately 12 d when they were 

incubated in the laboratory at 27°C, which suggested that 

they could be introduced and left in the field for 1 wk 

or longer without hatching. Two methods of collecting the 

eggs to recover the parasites were employed: (1) Intro

ducing cotton balls l (ca. 2.5 cm diameter) to a laboratory 

stock culture of Geocoris or (2) introducing section of 

cheesecloth (ca. x 4 cm) to the insects. Both methods 

1. Cotton balls--clinically used white cotton 
fibers purchased from a drugstore and made into balls with 
ea. 2.5 em diameter. 
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of egg collection were found suitable; however, the latter 

method was preferred mainly because of the ease in indent i

£ying,I counting, and tagging the eggs. 

To determine the most favorable number of eggs and 

the location on the alfalfa plant to place them, the eggs 

were introduced at different heights on the plant. Samples 

on taller plants were occassionally lost by cutting and 

not parasitized. The most parasitized eggs, however, 

recovered from the shorter alfalfa. Hence, the 

samples were wired to the bases of the alfalfa stems on 

the optimal site for parasite recovery and to prevent the 

eggs from being removed by cutting and rodents. Each week, 

samples of four groups of eggs, approximately 50 eggs per 

group were exposed at the Thomasson South and Bowden 

fields, and the eggs exposed the preceeding week were 

removed. This coincided with the sampling of Geocoris 

density. The eggs were taken to the laboratory to deter

mine parasitism. Parasitized eggs were counted after the 

unparasitized hatched (newly hatched Geocoris nymphs did 

not feed on parasitized eggs). The parasitized eggs, 

black in color, were separated from newly hatched nymphs 

and held in 29. 6-ml plastic containers for emergence of 

the parasites. 



Resul ts and Discussion 

The only parasite recovered from the Geocoris 

eggs was Telenomous sp. 1 Since the number of eggs intro-

duced was not always equal to the nutnbers recovered, due 

to the disturbance by rodents and destruction of eggs by 

other predators, the percentage parasitism would only 
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partially indicate the abundance of the parasites. It was 

observed that there were more eggs lost in the Bowden 

field than in the Thomasson South field from the middle of 

July through early August. This was largely attributed to 

the disturbance by rodents that chewed the cheesecloth 

with eggs. Parasitism of Geocoris eggs in the Bowden and 

Thomasson South fields ranged from 2% to 23% and 1% to 18% I 

respectively (Table 8). 

Occasionally, Telenomus adults were collected 

while oviposi ting on Geocoris eggs wi thin the cheesecloth. 

This suggests that they not only search and parasitize the 

newly laid eggs but also those at least l-wk-old. The time 

of emergence of parasites from the field-recovered eggs 

after they were incubated in the laboratory ranged from 

17 to 20 d. Observations indicated death of some of the 

parasites within the hosts. This might have been the result 

1. The parasites were submitted to the System"tic 
Entomology Laboratory, ARS, USDA, for identification of 
species, but the identity has not been reported at this 
writing. 
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Table 8. Recovery of Telenomus from Geocor is eggs intro-
duced into alfalfa fields near Tucson, Arizona, 
1980 

Bowden Field Thamasson South Field 

Parasi- Parasi-
Number Eggs tized Number Eggs tized 

Date l Recovered (%) Recovered (%) 

6-03 70 10.0 91 

6-10 124 12.1 153 

6-17 127 96 

6-24 (ct) 309 5.8 307 17 .5 

7-01 210 5.2 176 1.1 

7-08 (cb) 73 17.8 52 

7-15 96 2.1 170 1.2 

7-22 (ct) 7B 108 2.8 

7-29 67 3.0 92 

8-05 72 11.1 95 

8-12 (ct) 90 95 6.3 

8-19 (cb) 124 9.7 133 0.7 

8-26 121 15.7 85 2.2 

9-02 92 16.3 79 11.4 

9-09 (etd) 

9-16 (cbd) 159 22.6 153 5.9 

9-23 35 309 1.9 

1. cb cut of Bowden field 
cbd cut of Bowden field on September 22nd 
ct cut of Thomasson field 

ctd cut of Thomasson field on September 15th 
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of parasitizing of Geocoris eggs of different ages or 

the environmental conditions in the field or the laboratory. 

Table B also presents data showing the effects of 

alfalfa cuttings on the number of eggs parasitized. In the 

Bowden field, cutting on June 10, July 8, and September 22 

considerably reduced the number of parasites recovered from 

eggs. However, the August 19 cutting produced increased 

parasi tism by Telenomus in the following weeks. Cutting 

the hay of Thomasson on June 24, July 22, August 12, and 

September 15 severely reduced parasi tisrn. The increased 

parasitism after the August 19 cutting of the Bowden field 

is not understood. Possibly more parasites were present 

during this time than during other weeks, and the intro

duced eggs were more easily found and parasitized by the 

parasites. 

Biology of Telenomus sp. 

Laboratory Rearing 

Materials and Methods. The culture of Telenomus 

reared on Geocoris eggs in the laboratory. Sufficient 

Geocoris were reared on coddled beet armyworms and green 

beans to provide about 300 pairs of adults needed to main

tain the culture and to provide eggs for the Telenomus 

cuI ture, field survey, and other studies. The adul ts were 

held in six 3. 8-L paper cartons with nylon organdy tops, 
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each containing about 50 pairs of Geocoris. To prevent 

cannibalism of their own eggs and to collect as many eggs 

as possible, the Geocoris adults were provided with newly 

laid eggs of beet armyworm in addi ticn to the diets of the 

coddled armyworms and green beans as described by Champlain 

and Sho1dt (1966). 

Two methods of collecting the Geocoris eggs were 

employed, as described in the section on field surveys. 

Cheesecloth with eggs was used for parasite surveys as 

noted previously i cotton balls were used for laboratory 

culture. The cotton balls with eggs were collected and 

replaced with new ones every 48 h. The eggs on cotton 

balls were stored in the refrigerator until used to propa

gate the parasites. 

Field-collected parasites were kept in several 

rearing cages especially made to culture them in the 

laboratory. The cages were made from 3. 8-L paper cartons 

that had the bottom portions removed and replaced with 

organdy cloth .. The seams were glued to prevent any para

sites from escaping. The lids were modified with replace

able covers of nylon organdy cloth. Sugar water was pro

vided in a small vial with a sponge wick. These vials 

were inserted into the rearing cages through tight fitting 

holes in the side. vials were changed regularly to pre

vent microbial contamination. 



When the parasites emerged, they were provided 

groups of the Geocoris eggs on cotton balls. oviposition 

by the parasites was allowed to continue for 2 to 3 days 

depending on the amount of Geocoris eggs introduced and 

the number of female parasites available. Then, these 
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eggs were removed and replaced with new groups of Geocoris 

eggs. The exposed eggs were kept in a different rearing 

cage where all the unparasitized Geocoris eggs were allowed 

to hatch. These nymphs were collected and put into the 

Geocoris culture. The parasitized eggs were transferred 

to another rearing cage for the emergence of the adult 

parasites. The parasites upon emerging were provided with 

new batches of Geocoris eggs from the refrigerator. 

Parasitism of Eggs of Q.. punctipes 
and ~. pallens 

Methods and Materials. A study on preference of 

Telenomus sp. for eggs of the predominant Geocoris spp. 

from the alfalfa fields of Thomasson was carried out in 

the laboratory. Host eggs of the two species I §.. punctipes 

and Q.. pallens, were collected on cheesecloth (9 x 4 em) 

and held for the desired ages of 1 through 7 d in 0.24-L 

paper cartons. The paper cartons were kept in a rear ing 

room with controlled temperature (27°C), relative humidity 

(30%), and photophase (14 h). Because of the low number 

of ~. pallens collected from the field samples and rela-

tively few adults that survived from rearing them in the 
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laboratory, only enough eggs were collected from this 

species for two replications. Although~. punctipes eggs 

of various ages were available for more replications, for 

comparison ·purposes, only two replications for every treat

ment of each age of §.. punctipes eggs indicated in Table 9 

were used. 

Female parasites aged 4-d from the laboratory 

cul ture were used for the tests. The female parasites 

were easily separated from the males by the presence of 

clubbed antennae on the former. Fourteen ovipositional 

cups (9-cm high with top diameter 7.5 em and bottom dia

meter 9 em) were used during each of the two phases of 

the experiment. During each phase, groups of each age of 

eggs of the two Geocoris spp. were introduced into ovi

positional cups by hanging the cheesecloth that contained 

eggs from the top with a bent pin. Then one female para

site was introduced into each cup for oviposition. The 

number of §.. pallens and §.. punctipes eggs introduced were 

9 and 18, respectively. The parasites were also provided 

sugar water from vials with sponge wicks inserted through 

tight fitting holes made in the side of cup. After 24 h 

of exposure to the parasite in the rearing room, the eggs 

were removed and incubated in O.24-L paper cartons to 

determine parasitism. Eggs that turned black were con

sidered parasitized. 



Table 9. :!~!Oi~ ~~e T~~~~~~~~r~n (~702~n~~~p~~h~~d a~d i::~e~~o~~~~a~!) ~i~!~rent 
replicates of each species-age 

Geocoris Eggs Telenomus 

X Number of 

X Number Adults 
Progeny/ 
Replicate X. Developmental 

Age of Eggs Exposed/ Parasi tized Emerged Period 
(d) Replicate % % (d) 

G. punctipes Eggs 

20.0 27.5 81. 8 1.0 3.5 16.0 
21.0 31.0 69.2 1.0 3.5 16.0 
18.5 27.0 70.0 1.5 2.0 17.0 
16.5 27.3 88.0 1.5 2.5 16.5 
19.5 12.8 80.0 0.5 1.5 16.5 
10.5 30.0 100.0 2.5 0.5 17.5 
20.0 0 0 0 0 0 

G. pallens Eggs 

8.5 52.0 55.6 2.5 2.5 18.0 
8.5 82.4 85.7 1.5 1.5 14.5 

13.0 11.6 0 0 0 0 
9.0 5.6 0 0 0 0 
8.0 62.5 80.0 0.5 0.5 16.0 
8.0 25.0 100.0 1.0 1.0 15.0 
7.5 6.7 100.0 0 0 17.0 

... 
0 



Resul ts and Discussion. It was determined that 

under laboratory conditions the eggs of ~. punctipes 

hatched within 12 d after oviposition, whereas those of 

Q. pallens hatched within 8 d. All ages of ~. pallens 

eggs, from I to 7 d, were susceptible to attack by the 

parasite, but attack on ~. punctipes eggs was only observed 

on eggs that were I to 6-d-old (Table 9). The 7-d-old 

eggs of §.. punctipes were not parasitized. The parasites 

successfully developed in eggs of the two species of 

Geocoris regardless of maturity, although parasites totally 

failed to emerge from eggs of Q. pallens that were 3- and 

4-d old. The male parasites were produced more often than 

females and the developmental period varied from 15 to 18 

d in either Geocoris sp. 

The searching behavior of parasites was observed 

during the time they were exposed to the Geocoris eggs. 

When the parasites were released there was an increase in 

flying activity. They inunediately landed on Geocoris eggs. 

Several eggs were visited and tapped intermittently with 

the clubbed antennae. After a suitable one was found, the 

parasite parasitized the egg. 

Development of Geocoris-Telenomus 
as Influenced by Temperature 

Methods and Materials. Q. punctipes eggs collected 

in cotton balls were separated from the cotton by removing 
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fibers with the eggs attached using forceps. This was 

done to prevent damage to the eggs so that they would be 

suitable for parasitism. The eggs used were the freshly 

laid ones derived from the laboratory culture of Geocoris. 

Four replicates of eggs, each consisting of 100 eggs, were 

used for exposure to a group of ten female parasites in 

the ovipositional plastic cups described previously. The 

eggs were distributed in the bottom of the cup and exposed 

to the parasites for 24 h in the rearing room under condi

tions described previously. Then, the eggs were removed, 

put in 9-cm diameter Petri dishes and incubated under three 

temperature treatments until the emergence of the adult 

parasites. The incubators were set to control tempera

tures of 20 oe, 25°e, and 30°C with a relative humidity of 

ca. 50% and 12 h photophase. The percentage parasitism, 

the percentage of emergence and the developmental periods 

of the Geocoris and parasite, and the emergence of parasite 

PI progeny were recorded. The developmental periods of 

Geocoris and parasites were determined by the first emer

gence of the insects, then, the nymphs of Geocoris that 

hatched were separated from the parasitized eggs. 

Resul ts and Discussion. The developmental periods 

of §.. punctipes eggs observed in three temperature regimes 

of 20 oe, 25°e, and 30 0 e were 22, 12, and 10 d, respectively 

(Table 10). In contrast, the developmental periods of 



Table 10. The effects of temperature on developmental time and on the emergence 

of ~ and ~. -- Four replicates/temperature. 1 

Temp 
(0C) 

20 

25 

)0 

Geoc:oris ~ Telenomus 

Unparasitized 
X Number Deve1opmenta1 2 Adults Developmental Number Emerged 
Exposed to Hatched Period Emerged Period 
Parasites (%) (%) (d) (d) 

100 54.3 76.3 a 22 94.3 b 27 20.5 b 22.3 ab 

100 45.8 100.0 b 12 96.0 b 16 20.8 b 31.3 b 

100 69.5 99.2 b 10 40.3 a 11 7.0 a 7.0 a 

1. Any mean within a column followed by the same letter are not signific:ant1y different at 0.05 
level Duncan Multiple Range test, 

2. X days to first hatch. 

~ 

w 
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Telenomus at those respective temperatures were 27, 16, and 

11 d. It was evident that the developmental periods for 

both Geocoris eggs and Telenomus decreased as temperature 

increased from 20 D C to 3Q D C. At those respective tempera

tures, the difference between the developmental periods of 

Geocoris eggs and Telenomus decreased from 5 d to 1 d as 

the temperature increased. Champlain and Sholdt (1967b) 

stated that lower threshold for development of Q.. punctipes 

eggs was between 15 DC and 20 D C and the upper threshold was 

between 35°C and 40 oC. They found the mean developmental 

periods of the eggs at lSDC, 20°C and 25 D C were 47, 16 and 

11 d, respectively, which is somewhat shorter than in this 

study, especially at 20°C. The only difference from theirs 

noticed in this study was that the Geocoris nymphs that 

hatched at 20°C looked slimy, were inactive, and had legs 

and antennae stuck together. The parasites that emerged 

at this temperature regime were in good condition, but were 

not active. Hatching of Geocoris nymphs was also observed 

to be slow and erratic, but the parasites emerged imme

diately. The Geocoris nymphs and the parasites that were 

produced at the higher two temperatures were in good 

conditions and active. These latter nymphs were seen 

feeding on each other after hatching and the parasites 

flew about in the Petri dishes. 

Onparasitized eggs incubated at 25°C and 30°C did 

not significantly differ in percentage of hatching, 



although they produced significantly more Geocoris nymphs 

than those at 20°C (Table 10). The percentage of parasites 

emerging from parasitized Geocoris eggs was significantly 

lower at 30°C than at the other temperatures. Observations 

indicated that most parasitized eggs that did not produce 

parasi tes at higher temperatures were darker than those at 

20°C and some contained dead adult parasites. Higher 

temperatures might be more detrimental to the development 

of the parasite than the development of the host (Table 10). 

Although both sexes of parasites were produced in signifi

cantly lower numbers at 30°C than at lower temperatures 

(Tables 10, 11, and 12), females outnumbered males at the 

highest temperature, which the reverse was true at the 

lower temperatures. 
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Table 11. ANOVA of effect of temperature on emergence of 
Telenomus females 

Source of 
Variation 

Replications 

Treatments 

Error 

DF 

Totals 11 

SS MS 

12.92 4.31 

495.17 247.59 

104.83 17 .47 

612.92 

Required F 
Calculated 

F1 .05 .01 

0.25(n5) 4.76 9.78 

14.17 ** 5.14 10.92 

I. Data transformed using arcsine (percentage (Steel and 
Torrie, 1960) • 

2. ""Significant at ,as level of F test. 
*"'Highly significant at ,01 level of F test. 

Table 12. ANOVA of effect of temperature on emergence of 
Telenomus males 

Source of 
Variation 

Replications 

Treatments 

Error 

Total 

DF 

11 

SS MS 

176.34 58.78 

1,370.17 655.09 

541.16 90.19 

2,027.67 

1. *Significant at .05 level of F test 

Calculated 
F1 

0.65(ns) 

7.26* 

** Highly significant at .01 level of F test. 

Required F 

.05 .01 

4.76 9.78 

5.14 10.92 



CHAPTER 6 

PREDATORS OF GEOCORIS 

Interactions of Geocoris and Nabis 

To understand more about the population regulation 

of Geocoris in the alfalfa ecosystem it is necessary to 

investigate their interactions with other entomophagous. 

In the discussion of the field study on population trends 

of Geocoris and Nabis, §.. punctipes and N. alternatus were 

abundant during the entire growing season. These two 

species of predators were suspected of feeding on each 

other, based on tr.e observations that they feed on common 

prey such as aphids, leafhoppers, and ~, which could 

cause competition betwen the predators. Laboratory experi-

ments of interactions between the predators were conducted 

to verify speculations of the field interactions. 

Consumption of G. punctipes 
and N. alternatus ~ 
Laboratory 

Methods and Materials. Three series of tests were 

conducted to study predator interactions between ~. alter

natus and §.. punctipes (hereafter referred to as Nabis and 

Geocoris in this section). The tests were designed to 

determine the inherent capacity of Nabis nymphs and adults 
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to consume the individuals of selected life stages of 

Geocoris. The stock culture of Geocoris was propagated 

for desired stages as prey for Nabis. since the culture 

of Geocoris was rather small, because of limited labor 

available, only eggs, first and third instar Geocoris 

nymphs were tested. The nymphal instars of Nabis were 

reared in 3. 8-L paper cartons and were occasionally fed 

48 

wi th green beans, coddled armyworms, pea aphids and undenti

fied leafhopper nymphs. Upon hatching, the nymphs of both 

Geocoris and Nabis were transferred to cartons separate 

from those with eggs, and subsequent nymphal instars were 

rctransferred to ensure the desired stages would be avail

able for the tests. It should be mentioned that 

problems existed in verifying the predation of Geocoris 

nymphal instars that were fed to~: (I) separating 

Geocoris that were actually killed by Nabis from those 

that were killed by other Geocoris and (2) determining the 

numbers of nymphs of various ins tars to be offered to the 

Nabis. These problems were solved by including three 

replications of checks in each test by offering ten and 

five individuals of each of the first and third stages to 

every Nabis every 24 h and by observing predation for 72 h. 

Individuals of Geocoris in the checks without Nabis were 

provided with a slice of green bean about I-em long and 

one coddled armyworm to prevent them from feeding each 

other. All series of tests were conducted in the rearing 
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room at ideal temperature (27°C), relative humidity (30%), 

and photoperiod (14 h). 

In the first series tests I the egg predation test, 

freshly laid eggs of Geocoris and pink bollworm, Pecti

nophora gossypiella (Saunders), were offered to every 

nymphal ins tar and adult Nabis. Each nymphal instar of 

Nabis was either given Geocoris eggs alone or with pink 

bollworm eggs indicated in Table 13. Three replications 

per treatment were used in each test and each day, the 

seven treatments were run simultaneously during each 

replicate. Geocoris eggs were collected on cotton balls 

from which individual eggs were separated by pulling the 

fibers with eggs attached using forceps. Pink bollworm 

eggs were collected on a brown tissue paper. Eggs were 

counted under a microscope and only good were used 

in the tests. In the test in which only Geocoris eggs 

were offered to nymphal Nabis, 20 eggs were distributed in 

the bottom of the 9-cm diameter Petri dish. A slice of 

green bean about l-cm long was placed at the center so 

that it was surrounded by eggs. No coddled beet armyworm 

was introduced in the dish. Then, one individual of the 

desired stage of Nabis was introduced in a dish. In the 

test in which Nabis received the combination of Geocoris 

and pink bollworm eggs together, 20 eggs of each insect 

were distributed in each dish. The eggs were examined 

under a microscope to determine consumption (punctured 



Hean Number of Eggs Consumed/Nabis 1 

Geocor is and Pink 
Bollworm Eggs 

50 

Stages 
of Nabis 

Geocoris 
Eggs Alone 2 

Pink 
Bollworm" 

Nymphs 

First 0 a 
17.3 

Second 3.0 be 14.7 

Third 3.7 be 
1.3 b 24.7 

Fourth 2.7 b 0.7 ab 20.0 

Fifth 1.7 ab o a 14.7 

Adults 

Male 6.0 d 1.0 b 14.0 

Female 6.7 d 0.7 ab 28.0 

1. Any mean within a column followed by the same 
letter are not significantly different at 0.05 
L.S.D. 

2. L.S.D. 1. 87 .05 

3. L.S.D. 0.92 
·05 

4. L.S.D. 
·05 

4.60 

ab 

b 



and collapsed eggs) daily for 3 d. New groups of 20 eggs 

were given daily. 
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In the second series of tests, predation of first 

nymphal ins tar Geocoris by Nabis, both a slice of green 

bean and one coddled beet armyworm were offered with the 

Geocoris. This series included checks without Nabis. Ten 

individuals of first instar Geocoris were released in 9-cm 

diameter Petri dish with one Nabis and checked for mor

tality daily for 3 d. Ten live first instar Geocoris were 

maintained in the dish daily. 

In the third series of tests, predation of third 

nymphal instar Geocoris by Nabis, no Geocoris was offered 

to the first and second instar Nabis nymphs. This was 

because preliminary observations indicated the Geocoris 

attacked those stages of Nabis. Because of the larger 

size of Geocoris offered to Nabis, the number of the former 

offered to Nabis was reduced from ten to five to prevent 

the Geocoris from feeding on each other. Three replica

tions were used in each treatment, including checks that 

contained only five Geocoris in each dish. The Geocoris 

killed were counted daily and the numbers in every dish 

maintained at five daily for 3 d. 

Results ane Discussion 

Consumption of Geocoris Eggs by Nabis. Fewer 

Geocoris eggs were consumed by Nabis when they were fed 



52 

eggs of both the pink bollworm and Geocoris than when they 

were fed only Geocoris (Table 13). Given only Geocoris 

eggs, all Nabis nymphal instars, except the first, fed on 

eggs. However, when given pink bollworm and Geocoris eggs, 

the first, second, and fifth nymphal instars did not feed 

on Geocoris eggs. The rest of the nymphal ins tars fed on 

Geocoris eggs, but the consumption of these was lower than 

when they received only Geocoris eggs. All stages of Nabis 

preferred pink bollworm to Geocoris eggs. 

Given only Geocoris eggs, both male and female 

Nabis adults consumed significantly higher number of eggs 

than their nymphs. When given pink bollworm and Geocoris 

eggs, these adults and some nymphs of the third and fourth 

ins tar consumed very few Geocoris eggs and the consumption 

between them was not significantly different. The first, 

second and fifth nymphal ins tar , and adult male Nabis 

consumed significantly fewer pink bollworm eggs than did 

the other stages. 

Comsumption of First Nymphal Instar Geocoris by 

Nabis. All stages of Nabis except the first nymphal instar 

consumed first ins tar Geocoris nymphs (Table 14). The 

first instar Nabis nymphs did not feed on Geocoris nymphs. 

The larger stages of Nabis, especially the third instar 

through adult, killed significantly more Geocoris nymphs 

than the second ins tar . No significant difference in 



Table 14. Consumption of first and third Geocoris E.!:!.!!.Q
tipes nymphs by Nabis a1 ternatus stages wi thin 
72 h 

Mean Number Geocoris of Indi
cated Instar ConsumedjNabis l 
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First Nymphal Thi~~s~;~~hal Stages of Nabis Instar 2 

Nymph 

First 0 a _4 

Second 6.3 b 

Third 13.7 0.3 

Fourth 13.3 1.7 

Fifth 12.0 5.7 

Adult 

Male 12.0 8.0 

Female 13.0 9.0 

1. Any mean within a column followed by the same 
letter are not significantly different at 
0.05 level of L.S.D. 

2. L.S,D"os 2.40 

3. L.S.D. 1.87 

b 

4. No third nymphal instar Geocoris was offered to the 
Nabis after preliminary tests showed that those 
Geocoris attacked and killed the Nabis. 



consumption between larger Nabis from the third through 

adul t stages was observed. The reason for this equal 

consumption was not understood; however, it is possible 

the Geocoris nymphs were able to escape the Nabis since 

nymphs that were not killed were seen climbing up the 

innerwalls and covers of Petri dishes, and some nymphs 

hiding under the bean were not attacked. Probably the 

larger Nabis, especially the adults, could have consumed 

S4 

Geocoris nymphs if they could have found those hiding. 

Consumption of Third Nymphal Instar Geocoris by 

Nabis. The number of third instar Geocoris nymphs killed 

increased as the size of Nabis increased from the third 

nymphal instar to the adult (Table 14). Significantly 

more third ins tar Geocoris were killed by the adult male 

and female Nabis than by their nymphs. Observations from 

regular inspections indicated that many times the Nabis 

were seen feeding on Geocoris, but the latter were not 

observed feeding among themselves. Because of the larger 

size of Geocoris nymphs, they could not climb up the inner 

walls and covers of the dishes, as did the first ins tars I 

but were only capable of escaping from Nabis by hiding 

under the beans. Thus I probably a relatively constant 

number of Geocoris nymphs were available to be killed by 

Nabis. Larger Nabis that required more food therefore 

were able to kill more Geocoris nymphs. 



Predation between N. a1 ternatu5 
and ~. punctipes on Alfalfa 
Plants in the Greenhouse 
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One of the objectives was to study the interactions 

of the two predators in the presence of alfalfa plants to 

aid in understanding the influence of interspecific preda-

tion on the dynamics of Geocoris in the field. 

Methods and Materials. Wooden cages, 20 x 20 x 30 

em with three sides of nylon screen and one side of glass 

were used to house clusters of alfalfa stems and the 

predators. Each cluster, consisting of ten stems ca. 28-em 

tall, was placed in a cage with urethane sponge sealing off 

the base to contain the predators. Selected life stages 

of Nabis and Geocoris studied were the large (adult male 

and female), medium (fourth instar), and small (second 

instar). Three experiments conducted in three different 

phases were as follows: 

Experiment I. A. Large Nabis versus small Geocoris. 

B. Medium Nabis versus small Geocoris. 

C. Small Nabis versus small Geocoris. 

Experiment 2. A. Large Nabis versus medium Geocoris. 

B. Medium Nabis versus medium Geocoris. 

C. Small Nabis versus medium Geocoris. 

Experiment 3. A. Large Nabis versus large Geocoris. 

B. Medium Nabis versus large Geocoris. 

c. Small Nabis versus large Geocoris. 
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All categories of Nabis, except the small (second instar), 

were collected from the field and then reared in the labo

ratory for 2 d on diets described previously before they 

were caged with Geocoris. All ~ stages were derived 

from the laboratory culture. The basis for using the mixed 

field or laboratory culture for Nabis was to obtain the 

number of standard stages needed to carry out the experi

ment as planned since the larger nymphs of Nabis were 

difficul t to rear in large numbers in the laboratory. The 

second nymphal ins tar Nabis were easily produced by hatch

ing large numbers of Nabis eggs that were laid in green 

beans in 3. 8-L paper cartons. Their first nymphal ins tars 

were given the diets of green bean and coddled beet army

worm (they also fed on each other). After they molted to 

second ins tars they ''lere used for the tests. 

Each experimental series was replicated five times 

and included three densities of Nabis and Geocoris: 2 and 

3, 4 and 9, and 8 and 27. The three series of predator 

stages and three densities of each series were run simul

taneously during each replicate. Geocoris and Nabis were 

put in 3. 8-L cartons and brought into the greenhouse. From 

there, they were aspirated from cartons into the cages at 

the required densities. A coddled beet armyworm was intro

duced into every cage as additional food for the predators 

during the tests. The coddled beet armyworm was replaced 

daily. The greenhouse temperature ranged from 21.1 °C to 



32.2°C with 30% relative humidity. Mortality counts 

taken 72 h after caging. The average number of predators 

that were preyed upon was counted as well as the number 

that died. This was done by vigorously shaking the sterns 

and counting the dead specimens collected in the cages. 

Nymphs that were killed with the exoskeletons shrunken 

were considered consumed. They could be easily separated 

from nymphs that died from natural causes, the latter 

looked plump and their exoskeletons had not dried out. 

Adults that were killed and consumed had hollow abdomens 

and were lighter in weight than adults that died from 

other causes. These were the criteria used to determine 

the predation during the counts. 
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Resul ts and Discussion: Experiment 1. The second 

instar Geocoris on the alfalfa stems were vulnerable to 

attack by small, medium and large Nabis (Table 15). This 

attributed to the relative size of Nabis which were 

all larger than these Geocoris, thus giving them an advan

tage of capturing the Geocoris. A significantly lower 

percentage of second ins tar Geocoris was killed by small 

than by large Nabis regardless of the densities (Tables 

16 and 17). 

No mortality of adult Nabis occurred when they were 

caged with the second instar Geocoris, but as the size of 

Nabis became smaller, the percentages of these Nabis killed 



Table 15. Average number of predators fallen prey after 72 h of interaction of 
of adult, fourth instar and second instar Nabis with second instar 
Geocoris at three different densities in 20X2D x 3D-em wooden cages 

Means ± SD of Predators Fallen Prey/72 h 
Stage of 
Predator Number /Cage Nabis Geocoris 

Nabis Geocoris Nabis Geocoris Number Number 

Adult Second 
Instar 

Fourth Second 
Instar Instar 

Second Second 
Instar Instar 

EXEeriment I-A 

3 2.40 ± 0.55 
9 8.20 ± 0.81 

27 24.40 ± 2.30 

EXEeriment 1-B 

3 1.80 ± 0.84 
9 4.20 ± 2.28 

27 1.40 ± 0.89 20.40 ± 4.77 

Experiment l-C 

1.00 ± 0.71 
2.60 ± 0.55 65.00 ± 13.75 6.00 ± 1.87 

27 4.00 ± 1.41 50.00 ± 17.63 20.00 ± 2.42 

80.00 ± 18.33 
91.11 ± 9.00 
90.37 ± 8.52 

60.00 ± 28.00 
46.67 ± 25.33 
65.56 ± 17.67 

33.33 ± 23.67 
66.67 ± 20.78 
74.07 ± 8.96 

en 
00 
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became prevalent at the higher densities (Table 15). The 

analysis of variance of these data (Table 18) shows the 

percentage of Nabis killed was significantly affected by 

the stages I densities, and their interaction. The smallest 

Nabis although they were somewhat larger than the Geocoris, 

were more vulnerable to cannibalism than the medium and 

large (Table 19). The percentage of the three stages of 

Nabis killed was significantly less at the lowest than at 

the higher two densities of predators (Table 20). There 

a significant increase in percentage Nabis killed with 

increased densities of Nabis when size of Nabis became 

smaller (Table 21). It was observed that a large percen

tage of Geocoris and Nabis were killed around the bases of 

the alfalfa stems, presumably the sites where most were 

hiding. 

Results and Discussion: Experiment 2. As the size 

of Geocoris was increased from the second to the fourth 

instar, the three stages of Nabis killed fewer of the 

Geocoris individuals (Tables 22 and 15). The percentage of 

fourth ins tar Geocoris killed was significantly affected 

by the stage of Nabis and the densities as shown in the 

analysis of variance (Table 23). The percentage of fourth 

instar Geocoris that were killed decreased significantly 

as the Nabis caged with these Geocoris became smaller 

(Table 24). The killing of the medium Geocoris was 



Table 18. ANOVA of percentage 1 of Nabis killed at three 
densities of Nabis to Geocoris: 2 and 3, 
4 and 9, and 8 and 27 ----
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Required F 

Source of Calculatf'd 
Variation DF SS MS F2 .05 

Stages 8,542.04 4,271.02 50.95** 4.12 

Densities 3,098.04 1,549.42 18.48** 4.12 

Stages X Densities 6,510.89 1,627.72 19.42*1' 2.64 

Error 36 3,017.59 

Total 44 21,169.37 

1. Data transformed using arcsine Ipercentage (Steel and 
Tarrie, 1960) . 

2. "'Significant at .05 level of F test. 
**Highly significant at .01 level of F test. 

.01 

7.41 

7.41 

3.91 

Table 19. Percentages of the small, medium, and large Nabis 
killed when caged with small Geocoris --

Stage of Nabis 

Small (second instar) 

Medium (fourth instar) 

Large (adul t male and female) 

Percentage of 
Nabis Killed 1 

33.00 b 

10.38 

a 

1. Any mean wi thin a column followed by the same 
letter is not significantly different at .05 level 
Duncan Multiple Range test. 
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Table 20. Percentages of the small, medium, and large 
Nabis killed at three densities of Nabis and 
Geocoris: 2 and 3, 4 and 9 I and 8 and 27 

Densi ties of Nabis 
and Small GeoC"OrTS 

2 and 3 

4 and 

and 27 

Percentage of 
Nabis Killed I 

3.00 

18.00 b 

22.38 b 

1. Any mean within a column followed by the same 
letter is not sifnificantly different at .05 level 
Duncan Multiple Range test. 

Table 21. Percentages of three stages of Nabis that were 
killed at three different densities of Nabis and 
small Geocoris 

Stage of Nabis 2 and 4 and Band 27 

Small (second instar) 54.00 d 45.00 

Medium (fourth ins tar) 9.00 ab 22.14 b 

Large (adult male and female) o a o a 

1. Any mean wi thin the rows and columns followed by the 
same letter is not significantly different at .05 
level of Duncan Multiple Range test. 



Table 22. Average number of predators fallen prey after 72 h of interaction 
of adult, fourth ins tar and second instar Nabis with fourth ins tar 
Geocoris at three different densities in 20X20 x 30-cm wooden cages 

Means ± of Predators Fallen Prey/n h 
Stage of 
Predator Number/Cage Nabis Geocoris 

Nabis Geocoris Nabis Geocoris Number Number 

EXEeriment 2-A 

Adult Fourth 3 1.40 ± 1.14 46.67 ± 3B.00 
lnstar 9 0.40 ± 0.55 10.00 ± 13.75 5.40 ± 0.B9 60.00 ± 9.B9 

27 O.BO ± 0.45 10.00 ± 5.63 20.60 ± 1.52 76.30 ± 5.63 

EXEeriment 2-B 

Fourth Fourth 0.60 ± 0.55 20.00 ± 27.50 0.40 ± 0.55 13.33 ± lB.33 
lnstar Instar 9 0 0 3.20 ± 1.64 35.56 ± 18.22 

27 0 0 17.60 ± 3.58 65.59 ± 13.26 

EXE:eriment 2-C 

Second Fourth 3 0.60 ± 0.55 30.00 ± 27.50 0.40 ± 0.55 13.33 ± IB.33 
Instar Instar 9 1.20 ± 1.30 30.00 ± 32.50 0.20 ± 0.45 2.22 ± 5.00 

27 5.80 ± 1.30 72.50 ± 16.25 11.40 ± 5.73 42.22 ± 31.22 

~ 
w 
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Table 23. ANOVA of percentage 1 of medium Geocoris killed 
at three densities of Nabis to Geocoris: 
2 and 3, 4 and 9, and 8 and 27 ----

Required F 
Source of Calculated 
Variation OF 55 M5 F' .05 

Stages 7,818.69 3,909.35 15.27** 4.12 

Densities 6,433.11 3,216 12.57** 4.12 

Stages X Densities 1,884.57 471.14 1. 84 (ns) 2.64 

Error 36 9,215.02 255.97 

Totals 4425,351.39 

1. Data transformed using arcsine Ipercentage (Steel and 
Torrie, 1960) . 

2. *Significant at ,OS level of F test. 
**Highly significant at .01 level of F test. 

.01 

7.41 

7.41 

3.91 

Table 24. Percentage of medium Geocoris killed when caged 
wi th small, medium, and large Nabis 

Stage of Nabis 

Small (second instar) 

Medium (fourth instar) 

Large (adult male and female) 

Percentage of 
Geocoris killed 1 

19.35 

34.81 ab 

51. 63 b 

1. Any mean within a column followed by the same 
letter is not significantly different at .Ot level 
Duncan Multiple Range test. 



significantly less at the higher two densities of Nabis 

and ~ (Table 25). 
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When the three stages of Nabis were caged with 

medium Geocoris, the percentage of Nabis killed was signi

ficantly affected by the stages of Nabis, but not the 

densi ties; however, the percentage of Nabis killed was 

dependent on the densities of Nabis within the stages 

(Table 26). The percentage of Nabis killed was signifi

cantly higher among the small than among medium and adult 

(Table 27). Since the size of the smallest Nabis was 

relatively smaller than the fourth ins tar ~, the 

percentage killed was largely accredited to predation by 

the latter. The results in Table 28 indicated that there 

a significant increase in percenta0€ of Nabis 

killed with the increased densities of Nabis and Geocoris 

when the size of Nabis became smaller. The equal percent

ages killed among the medium and large ~ (Table 27) 

which are significantly lower than for small Nabis, is 

attributed to cannibalism of Nabis. In the previous sec

tion on consumption of Geocoris by Nabis in laboratory 

tests indicated that over a 72-h period one adult Nabis 

killed eight or nine third instar Geocoris and one fourth 

instar Nabis killed two third ins tar Geocoris nymphs. By 

comparison, the numbers of fourth ins tar Geocoris offered 

to adult and medium Nabis (l. 5 to 3.4 per individual) were 



Table 25. Percentage of the medium Geocoris killed at 
three densities of Nabis to Geocoris: 
2 and 3, 4 and 9, a~and -2-7---
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Densi ties of Nabis 
and Medium Geocoris 

Percentages of 
Geocoris Killed I 

2 and 

and 9 

8 and 27 

23.75 

30.30 ab 

51. 74 b 

1. Any mean within a column followed by the same 
letter is not significantly different at .05 level 
Duncan Multiple Range test. 

Table 26. ANOVA of percentagelof small, medium, and large 
Nabis killed at three densities of Nabis to 
GeoCoris: 2 and 3, 4 and 9, and 8 ail'd27. 

~~~~ 

Required F 
Source of Calculated 
Variation OF SS MS F' .05 

Stages 8,103.26 4,051.63 16.17** 4.12 

Densities 1,136.70 586.35 2.13(ns) 4.12 

Stages X Densities 5,474.28 1,368.57 5.12** 2.64 

Error 9,617.53 267.15 

Totals 44 24.331. 77 

1. Data transformed using arcsine 'percentage (Steele and 
Torrie, 1960). 

2. *Significant at .05 level of F test. 
**P.ighly significant at .Cll level of F test. 

.01 

7.41 

7.41 

3.91 



Table 27. Percentages of small, medium, and large Nabis 
killed when caged with medium Geocoris --
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Stage of Nabis 
Percentages of 
Nabis Killed I 

Small (second instar) 37.72 b 

Medium (fourth instar) 9.00 

Large (adult male and female) 9.52 

1. Any mean within a column followed by the same 
letter is not significantly different at .05 level 
Duncan Multiple Range test. 

Table 2B. The effect of stages of Nabis and densities of 
the percentage killed of Nabis 

Densities (~: ~) 

Stage of Nabis 2:3 4: 9 8: 27 

Stage X Density Means I 

Small (second instar) 27.00 b 27.00 b 

Medium (fourth instar) 27.00 bOa 

Large (adult male and female) 0 a 12.00 

59.17 

o a 

16.56 ab 

1. Any mean wi thin the columns and rows followed by 
the same letter is not significantly different at 
.05 level of Duncan Multiple Range test. 
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less than the consumptive capacity of the Nabis. Nabis 

probably fed on each other either because of the shortage 

of prey or they could not find the remaining Geocoris that 

hiding at the bases of alfalfa stems. 

Results and Discussion: Experiment 3: When the 

Geocoris adults were caged with the three stages of Nabis 

some of the large I medium and small Nabis as well as the 

Geocoris were killed (Table 29). Nabis adults were 

observed feeding on some adult Geocoris as well as Geocoris 

feeding on the medium and small Nabis. Some Geocoris 

adul ts were also killed when caged with smaller Nabis, but 

the reason for this was not understood. In the following 

section on the foraging behavior of starved Geocoris caged 

wi th Nabis adults, the former were found to avoid Nabis 

and it is possible that smaller Nabis nymphs could avoid 

Geocoris by hiding in territories not occupied by Geocoris, 

thus causing Geocoris to starve to death, and consequently 

being fed on by other Geocoris. Table 30 shows that the 

percentage of adult Geocoris killed was affected by the 

stage of Nabis with which they were caged but the mean 

percentages of Geocoris adults killed were not signifi

cantly different by virtue of the variability of Geocoris 

killed between and wi thin the treatments. 

Al though the percentage of Nabis killed was signi

ficantly affected by stage of Nabis and predator densities 



Table 29. Average number of predators fallen prey after 72 h of interaction of 
adult, fourth instar and second ins tar Nabis with adult Geocoris at 
three different densities in 20 x 20 x '3"O=Cin wooden cage-s---

Means ± SD of Predators Fallen Prey/72 h 
Stage of 
Predator Number/Cage Nabis 

Nabis Geocoris Nabis Geocoris Number 

Adult Adult 

Fourth Adult 
Instar 

Second Adu1 t 
Instar 

3 
9 

27 

3 
9 

27 

27 

Experiment 3-A 

0.20 ± 0.45 
0.80 ± 0.84 
2.20 ± 0.45 

10.00 ± 22.50 
20.00 ± 21.00 
27.50 ± 5.63 

Experiment 3-B 

0.40 ± 0.55 
0.60 ± 0.89 
3.40 ± 0.89 

20.00 ± 27.50 
15.00 ± 22.25 
42.50 ± 11.13 

Experiment 3-C 

1.40 ± 0.55 
2.60 ± 1.10 
7.20 ± 0.84 

70.00 ± 27.50 
65.00 ± 27.50 
90.00 ± 10.50 

Number 

0.40 ± 0.89 
1.00 ± 0.71 
5.40 ± 2.07 

0.20 ± 0.45 
o 

1.40 ± 1.52 

o 
1.00 ± 0.25 
1.80 ± 1.30 

Geocoris 

33.33 ± 29.67 
11.11 ± 7.89 
20.00 ± 7.67 

6.67 ± 15.00 
o 

5.19 ± 5.63 

11.11 ± 2.78 
6.67 ± 4.81 

'" <D 
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Table 30. ANOVA of percentage killed of large Geocoris 
killed at three densities of Nabis to Geocoris: 
2 and 3, 4 and 9, and 8 and 2-7-. - ----

Required F 
Source of Calculated 
Variation DF 55 MS F2 .05 

Stages 1,198.39 599.19 4.30* 4.12 

Densities 821.81 410.90 2.95ns 4.12 

Stages X Densities 846.77 211.69 1.52ns 2.64 

Error 36 5,020.29 139.45 

Totals 44 7,887.26 

1. Data transformed using arcsine (percentage (Steel and 
Torrie, 1960). 

2. *Significant at .05 level of F test. 

.01 

7.41 

7.41 

3.91 

as shown by analysis of variance (Table 31) and was signi-

ficantly higher among the small and medium-sized than 

larger Nabis (Table 32), the percentage of Nabis killed 

when tested with DUncan Multiple Range test at .05 did not 

reveal differences of mortality among the stages of Nabis. 

This was attributed to the variability in percentage of 

the stages of Nabis killed which are capable of avoiding 

attack of either predator. 

Observations revealed adult Nabis occasionally 

preyed upon adult Geocoris and also among themselves, but 

Geocoris was not observed to attack adult Nabis. It should 
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Table 31. ANOVA of percentage l killed of small, medium, and 
large Nabis at three densities of Nabis to 
Geocoris: 2 and 3, 4 and 9, and 8---ari'd27 

Required F 
Source of 
Variation 

Stages 

Densities 

Stages X Densities 

Error 

Totals 

DF 

36 

44 

SS 

20,121.17 

3,226.89 

536.50 

13,294.06 

37,178.61 

MS 

10,060.58 

1,613.44 

134.12 

369.28 

Calculated 
F 

27.24** 

4.37* 

o .36ns 

.05 

4.12 

4.12 

2.64 

1. Data transformed using arcsine 'percentage (Steel and 
Tarrie, 1960) • 

2. *Significant at .05 level of F test. 
**Highly significant at .01 level of F test. 

.01 

7.41 

7.41 

3.91 

Table 32. Percentages of small, medium, and large Nabis 
killed when caged with large Geocoris --

Stage of Nabis 

Small (second instar) 

Medium (fourth instar) 

Large (adult male and female) 

Percentages of 
Nabis killed 1 

67.24 

24.52 

20.52 b 

1. Any mean within a column followed by the same 
letter is not significantly different at .05 level 
Duncan Multiple Range test. 
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be mentioned that there was no way of telling which species 

did the killing from examination of the dead specimens 

because both fed by sucking the abdominal content. 

Observations were made on the behavior of adult 

Nabis attacking these stages of Geocoris. When a Geocoris 

was near, the Nabis became excited, but it remained sta

tionary to ambush the Geocoris. Movement of _the antennae 

to locate the prey occurred slightly before the attack. 

The adult up to capture the ~ with its foreleg 

and feeding occurred concurrently, with the insertion of 

the stylet into the abdominal region of Geocoris. Host 

times the ~ that was captured was held within the 

forelegs of the adult Nabis until it was killed. After 

the prey was killed, Nabis fed by lifting the prey in its 

beak, and often it moved to carry the prey to a different 

place. Nabis fed on the abdominal content of the Geocoris 

nymphs and adults. 

It was also observed that feeding time varied with 

the size of the~: longer on larger Geocoris, 

shorter on smaller Geocoris. The nymphs of ~ 

were easily caught by Nabis. The adult Nabis was also 

observed feeding on the adult Geocori~, but with difficulty. 

Nabis captured the adult Geocoris by pouncing on the back 

of the Geocoris and quickly inserting its stylet between 

the thorax and the abdomen of the~. Prey struggle 



was seen, but the Geocoris ceased struggling after the 

abdominal content was consumed by Nabis. 

Foraging Behavior of Starved N. 
a1 ternatus and §.. punctipes on 
Alfalfa Stems in the Greenhouse 

This experiment was conducted to provide informa-

tien on the influence of the time of day on foraging 
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activities of these predators on alfalfa. This observation 

was necessary in order to speculate the conditions under 

which either predator would be vulnerable to attack of 

each other. It is apparent that the differences in the 

searching activities of these predators will provide 

information on their activities in the field during the 

time when samples were collected. This would also deter-

mine where and when they could be collected. 

Methods and Materials. Studies were conducted in 

the greenhouse in which temperature ranged from 21.1 cc to 

32.2 C C with 30% relative humidity. Four pots, each contain-

ing a plant with a cluster of 20 alfalfa stems ca. 60-cm 

tall were placed in a l-cu m transparent screen cage. The 

pots were arranged in a rectangular fashion so that they 

were diagonally equidistant. A transparent and reclosable 

observation window was constructed on one side of the cage. 

Field-collected Nabis and Geocoris were starved in a 

refrigerator (ca. SCC) for 48 h, then, after their removal 

they were marked with fluorescent paint to facilitate the 
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night observation of their behavior. Nabis were streaked 

wi th the red paint whereas the Geocoris were streaked 

with blue paint. Two experiments, each in one cage were 

conducted: one on the foraging behavior on the Nabis alone, 

the other with the Nabis and Geocoris combined. Four Nabis 

were released for the first experiment and four each of 

Nabis and Geocoris were released for the second. The 

foraging behavior of these predators was observed at 

different times during the morning, the afternoon and 

during dusk. In both cases I the alfalfa plant sepa-

rated into three foraging strata consisting of the lower, 

the middle and the upper thirds. 

Resul ts and Discussion. Nabis caged alone on 

alfalfa preferred searching the upper rather than the 

middle or the lower one-third of the plant (Table 33). 

They exhibited a high preference for searching the upper 

stratum in the morning and afternoon, but at dusk searching 

of the lower sections increased. When they were caged 

wi th the Geocoris, Nabis also preferred the upper one

third at all times, while the Geocoris preferred the upper 

one-third of the plant only in tr.e morning. In the after

noon and at dusk, the latter searched the lower section of 

alfalfa. 

In the morning and afternoon, Nabis searched the 

leaf margins, the axils, the stems, the branches, and the 



Table 33. Location of searching behavior of starved Nabis and Geocoris on alfalfa at 
different times of the day (four individuals/observation) 

Percentage of Total Predators on Indicated Plant Strata 

Nabis with Geocoris 

Nabis Alone Nabis Geocoris 
Period 
of Day Time Upper Middle Lower Upper Middle Lower upper Middle Lower 

Morning 7,00 75 25 75 25 50 25 25 
30 50 50 75 25 100 0 0 
00 100 0 100 0 50 25 25 
30 75 25 100 0 100 0 0 
00 75 .22 !'. 100 --.Il. !'. 100 --.Il. --.Il. 

x 75 25 90 10 80 10 10 

Afternoon 2,00 100 0 0 100 0 0 0 0 100 
30 75 25 0 100 0 0 0 0 100 
00 75 0 25 75 25 0 25 25 50 
30 75 0 25 75 25 0 25 25 50 
00 100 --.Il. --.Il. 100 --.Il. !'. 25 .22 50 

85 10 90 10 15 20 65 

Dusk 7 :00 75 0 25 100 0 0 25 0 75 
30 75 25 0 75 25 0 25 25 50 
00 25 50 25 100 0 0 25 0 75 
30 25 50 25 100 0 0 25 0 75 

9 :00 --.Il. --.Il. 100 .2l --.Il. 25 -"--- --.Il. 100 

40 30 30 90 5 20 5 75 

-' 
~ 
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nodal and internodal regions of the upper parts of the 

plants. They searched the upper surface of the leaves less 

frequently, except when they were foraging in the terminal 

region of alfalfa where the leaves were slightly erect. 

Ocasionally, Nabis exhibited quick lateral movements from 

the underside of the upper surface, then they abruptly 

positioned to ambush prey. This behavioral pattern was 

only exhibited on the vertical and the drooping leaves, and 

where the clustered leaves adjoined. At dusk, Nabis 

remained stationary on stems in the lower section of 

alfalfa but the rest appeared patrolling the middle and 

upper strata of alfalfa plants. 

When Nabis and Geocoris were combined, they divided 

their searching territories on the alfalfa stems: most 

Nabis were seen in the upper sections of the alfalfa in 

the mornings, afternoon and dusk, but Geocoris were mostly 

on the lower parts in the afternoon and dusk. In the 

morning, Geocoris searched by encountering their prey in 

the upper sections of alfalfa, but Nabis ambushed theirs. 

The latter, however, usually searched theirs by encounter 

rather than by ambush during the late afternoon and at 

dusk. Repeated searching of leaves already searched was 

not observed with Geocoris, but was prevalent with Nabis 

at all times. At dusk I Nabis exhibited repeated searching 

of the areas already patrolled. Geocoris were not observed 



to fly to the plants that were occupied by Nabis, but 

Nabis searched plants previously occupied by Geocoris. 

Labroratory Observations on Some Other 
Predators of Geocoris spp. 
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As previously stated observations were made on the 

development of population of several entomophagous insects 

in samples taken from the Bowden and Thomasson alfalfa. 

Nabis I Drius, Chrysopa, and Sinea were the most common 

predaceous insects frequently samples with the Geocoris. 

These predators were probably the enemies of Geocoris. 

Other entomophagous species such as the syrphids, coccinel-

lids and Cal lops , although present, seemed not to synchro

nize with the abundance of Geocoris. The syrphids and 

coccinellids appeared earlier in the season before the pop-

population of Geocoris was starting to build up. Collops 

appeared in the late season when Geocoris were in low 

numbers. Hence, some entomophagous species that synchro-

nized their presence in relatively higher numbers with 

Geocoris were collected and given Geocoris nymphs to 

determine their predatory abilities. 

General Observations 

Methods and Materials. Several arthropod predators 

collected from the alfalfa fields were brought to the 

laboratory and individually caged with the selected 

Geocoris nymphal instars in 9-cm diameter Petri dishes. 
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Table 34. Selected stages of various insects from alfalfa 
that were predators on selected states of 
Geocoris 

Chrysopa ~ versus Geocoris: 

Third ins tar larva vs. second-fourth ins tar 

Drills tristicolor versus Geocoris: 

Adul t vs. first and second instar 

Hippodamia convergens versus Geocoris: 

Small larva vs. first instar 

Medium larva vs. first and second instar 

Large larva vs. first ins tar 

Sinea versus Geocoris: 

Adul t vs. first-fifth ins tar 

Second instar nymph vs. fifth instar 1 

1. Fifth ins tar Geocoris attacked second instar Sinea. 



The specimens and stages tested are shown in Table 34. 

The test conducted was brief and only used to determine 
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the consumption and the feeding behavior of these predators 

on selected stages of Geocoris. The predators selected 

for testing were larger than the Geocoris except for the 

fifth nymphal instar Geocoris that was introduced to the 

second instar Sinea. A slice of green bean was introduced 

into the Petri dish as moisture for the predators. After 

24 h the consumption of either predator was recorded. 

Results and Discussion. All of the predators 

tested fed upon Geocoris (Table 34), with the early stages 

of Geocoris especially vulnerable to attack. None of the 

Geocoris nymphs selected were capable of feeding on other 

predators because of the smaller size of the Geocoris, 

except the fifth instar Geocoris that fed on other instar 

Sinea. This stage Geocoris was also vulnerable to Sinea 

nymphs. The larger species of other predators would 

probably also be enemies of Geocoris. 

Feeding habits of several of these predators were 

observed. The third ins tar Chrysopa larvae fed readily 

on the second, third and fourth instar Geocoris. The 

feeding behavior consisted of the larvae rapidly chasing 

the Geocoris from behind. The piercing mandibles were 

used to catch and puncture the abdominal region of the 

escaping Geocoris. Feeding occurred immediately when the 
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~ was escaping. (There was no indication that the 

saliva of the Chrysopa would paralyze the Geocoris.) 

Eventually the abdominal region of Geocoris was mutilated 

and the entire abdominal content consumed. The larva was 

also observed piercing the intersegmental membrane between 

the thorax and the abdomen. Upon the death of the Geocoris 

nymph, the Chrysopa larva was observed clasping and 

piercing the head to proceed feeding on the contents in 

the head capsule. When the entire body fluid of Geocoris 

consumed, the hyperactive Chryopsa larva lifted, turned, 

and thrashed the dead Geocoris with its mandibles to feed 

on any fluid that remained. When feeding was completed, 

the larva left the prey quickly with its mandibles moving 

rapidly. This feeding process on the third ins tar Geocoris 

completed wi thin 6 min. 

Drius adults fed readily on the first instar 

Geocoris. Feeding consisted of insertion of its stylet 

into the abdominal region of the Geocoris, then Geocoris 

was lifted on the beak of the Drius so that it could not 

escape by running. The adult Drius usually walked with 

the prey stuck in the beak. 

Sinea usually ambushed smaller Geocoris nymphs. 

Sinea momentarily became motionless with the antennae 

extended upon encountering the Geocoris nymphs. The prey 

was captured with the foreleg and killed with the proboscis. 

Adul t Geocoris were captured by adult Sinea, hut with 
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difficulty. Other observations indicated that the fifth 

nymphal instar Geocoris attacked sinea nymphs which were 

smaller than its own size. The observation was recorded 

during an encounter of a fith nymphal instar Geocoris with 

a second nymphal instar Sinea. The attack on sinea began 

when Geocoris walked forward and stalked the Sinea. The 

Geocoris extended its proboscis laterally forward and 

attacked the proboscis of Sinea at the intersegmental mem

branes. The Geocoris frequently withdrew its proboscis 

and reinserted at several intersegmental membranes of 

Sinea' 5 proboscis. This was done by rapidly walking back 

and forth about the Sinea with the proboscis extended 

laterally forward. Then, the Geocoris attacked one of the 

front legs of the Sinea. At the site where the proboscis 

of Sinea was punctured, tiny droplets of secretions (pre

sumably the Geocoris I s saliva or hemolymph of Sinea) were 

noticed and later the proboscis of Sinea ceased moving. 

It is believed that the Geocoris either injected the venom 

into the proboscis of Sinea or that the prey's proboscis 

was physically harmed. The subsequent attack on one of the 

front legs of Sinea was by sticking its proboscis into the 

intersegmental membrane between the femur and tibia, and 

pulling the attacked leg away from the other unattacked 

leg of Sinea. As the droplets appeared on the leg, the 

Geocoris retreated and withdrew its proboscis. It then 

rapidly circled around Sinea from the back and quickly 
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inserted its proboscis into the abdomen of the prey. 

Geocoris fed the abdominal contents of Sinea and no feeding 

was observed on other parts from the thorax forward to the 

head. The fifth nymphal ins tar Geocoris took about 15 min 

to feed the second nymphal ins tar Sinea from the time the 

prey was captured. It was observed that paralysis 

attacked by Geocoris was only localized around the site 

attacked. Attack on the other front leg was never observed. 

The attack behavior of the ladybeetle larva on the 

Geocoris nymphs was not observed, but a few of the first 

nymphal ins tars were chewed to unidentifiable pieces during 

the overnight exposure period. 

Consumption of §.. punctipes by 
§.. confusa in the Laboratory 

Since these two predators were frequently sampled 

together from the alfalfa stubble as well the taller 

alfalfa, especially in the middle portion of the growing 

season, a study on predation of selected nymphal stages 

and eggs of Geocoris by Sinea was carried out in the 

laboratory. 

Methods and Materials. Sinea adults were collected 

from the alfalfa fields of Bowden and Thomasson I and all 

stages were raised in 3. 8-L paper cartons on diets of green 

beans, beet armyworms, pea aphids, and leafhoppers. The 

eggs and nymphal stages of Geocoris used as prey for Sinea 
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were derived from the stock culture in the laboratory. 

The prey consisted of the eggs, first, second, third, and 

fifth nymphal instars of Geocoris. 

Five series of tests were conducted to verify the 

predation of selected stages of Geocoris by Sinea. In the 

first series on predation of eggs, Sinea were given 

Geocoris eg9s that were separated on fibers from cotton 

balls. Twenty Geocoris eggs were distributed around a 

slice of green bean ca. I-em long in the Petri dish ca. 

9-cm in diameter. Then, an individual of the desired 

stage of Sinea was introduced into the Petri dish. Three 

replications were used for each test on egg predation for 

each nymphal instar and adults of Sinea. In the other 

four series on predation, of nymphal stages of Geocoris by 

Sinea, ten individuals of each of the nymphal stages of 

were offered to an individual of Sinea of each life stage 

every 4 h. Three replications were used in this test 

also. The number of Geocoris individuals were maintained 

at 10 per dish daily and the total number of Geocoris 

individuals killed after 72 h was recorded. All tests were 

conducted in the laboratory at 27°C, relative humidity 30%, 

and photoperiod 14 h. 

Results and Discussion. Very few Geocoris eggs 

were punctured by the third and fifth nymphal ins tars of 

Sinea. The first, second, and fourth nymphal instars of 
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Table 35. Consumption by Sinea confusa of the eggs and 
the selected nymphal stages of Geocoris within 
72 h ----

Consumption 1 of Geocoris 

Nymphs 

Stage of Sinea Eggs 1 

N~mEhal Instar: 

First +++ +++ + 

Second ++++ ++++ + 

Third + ++++ ++++ ++ 

Fourth ++++ +++ +++ 

Fifth + ++++ +++ +++ 

Adult: 

Male + ++++ +++ +++ 

Female + ++++ ++++ ++++ 

1. Consumption - number of Geocor is consumed 

No consumption 
Geocoris attacked Sinea 

+ 1-5 1ndl.vidual Geocorrs 
++ 6-10 ----
+++ 11-15 
++++ 16-30 

+ 

++ 

++ 

++ 

++ 

++++ 
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Sinea did not attack the Geocoris eggs at all. Adult male 

and female Sinea consumed few Geocoris eggs (Table 35). 

Many individuals of the first ins tar Geocoris were 

killed by the Sinea (Table 35). The first instar sinea 

killed between 11 and 15 Geocoris first ins tars . Other 

stages of Sinea killed between 16 and 30 individuals. 

The first, fourth, and fifth nymphal instars and 

adul t male Sinea consumed between 11 and 15 second ins tar 

Geocoris. The second, third nymphal instars I and adult 

females of Sinea killed between 16 and 30 Geocoris. 

More of the third nymphal instar Geocoris were 

killed by older than by younger stages of Sinea. The first 

through third instars of sinea only attacked 1 to 10 

Geocoris, but the fourth ins tar through adult female stages 

attacked between 11 and 30 individuals. 

Many fifth nymphal instar Geocoris were killed by 

adul t Sinea females. Other stages of Sinea killed between 

1 and 10 individuals of fifth instar Geocoris. The fifth 

instar Geocoris attacked and killed the first nymphal 

ins tar Sinea. 



CHAPTER 7 

SUMMARY AND CONCLUSIONS 

Geocoris and Nabis were found to be among the most 

abundant predatory insects in alfalfa fields during the 

3-year period in which they were studied. In general, 

Nabis was more abundant than Geocoris in the Spring, with 

the latter becoming more abundant later. Alfalfa har 

vesting severely reduced populations of adults than the 

nymphs of each species I and this was consistent in all 

3 years. The dispersal of adult ~ between the 

two fields was more obvious than Nabis adults during some 

months in 1980 and 1981 than in 1979. The occurrence of 

interspecific predation among the nymphs of each species 

was only verified in the laboratory in the absence of 

other prey. The discrepancies of the sweep net sampling 

method used in the quantitative study of the two predators 

and influx of adults from the adjacent field affected their 

abundance. At least part of this difference in abundance 

is attributed to the preference of Nabis to lay their eggs 

in the upper parts of the alfalfa stems which are removed 

at cutting, while Geocoris which oviposi ts in the lower 

strata in the litter of alfalfa are less affected by cut

ting, therefore Geocoris are able to outnumber Nabis after 
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spring. These predators were observed to have qualities 

that were well adapted to frequent alfalfa harvesting: 
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1. They reproduce and complete development in a rela

tively short period of time. 

2. They are long-lived in the adult stage and 

have strong dispersal ability. 

3. They are excellent competitors of other entoroo

phagous in alfalfa. 

Studies the parasites of adult and nymphal 

Geocoris indicated that !!. aldrichii did not numerically 

respond to the density of Geocoris and had only minor 

impact on the populations. They were not found in high 

numbers when the population of Geocoris was abundant 

between May and September I although they were found 

attacking the Geocoris as early as May and as late as 

August. During the 3 years of field studies parasitism of 

Geocoris by these parasites was low during 1979 and 1980, 

and nil in 1981. Studies of other researchers indicated 

the occurrence of several hosts that were attacked by!!. 

a1drichii (Clancy and Pierce, 1966; Stoner et al., 1975; 

Benedict and Cothran, 1978), including false chinch bugs, 

Nysius raphanus, and damsel bugs, Nabis spp., besides 

Geocoris spp. Due to the failure of rearing the parasite 

in the laboratory, the relative preferences of the parasite 

for their hosts could not be determined. However, based 
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on the references cited, it is speculated that the para

sites were attacking the other hosts when they were not 

attacking the Geocoris and the other hosts may have been 

more preferred. In addition, the cutting systems used in 

hay production, leaving only a 5- to IS-em stubble I prob

ably adversely affected the populations of the parasite 

greatly. After cutting, the parasite puparia in the soil 

thrash would be exposed to very high temperatures during 

mid-summer. Also, irrigation could possibly kill the pupae 

in the ground trash. 

Studies on the egg parasite of Geocoris indicated 

that Telenomus spp. attacked both §.. punctipes and Q.. 

pallens, the two species commonly found in the alfalfa 

fields in Tucson, Arizona area. No parasite other than 

Telenomus was found attacking the Geocoris eggs in the 

alfalfa; however r rodents and predaceous insects fed on 

Geocoris eggs introduced in the field. Cutting alfalfa 

severely reduced the parasite population, thus decreasing 

parasitism of Geocoris eggs. In the laboratory, the para

site was successfully reared from Q. punctipes eggs. A 

constant temperature of 30 Q C was deleterious to the emer

gence of the parasite r but not of Geocoris. 

The greenhouse studies of interaction of the two 

most common predators in alfalfa near Tucson, Geocoris and 

Nabis, indicated that most adult predators were distributed 



in the upper portion of the plants in the morning, appar

ently seeking prey that inhabited that stratum of the 

alfalfa. In the afternoon and dusk, Nabis also preferred 

the upper sections of alfalfa stems, but the Geocoris 

avoided Nabis by moving down to the lower sections. 

In consumption tests in the laboratory, Nabis 

nymphs that were larger than Geocoris preyed upon the 

latter readily. In the tests on alfalfa plants in a 

greenhouse, Nabis fed 

Nabis. 

Geocoris as well as Geocoris 

Laboratory experiments on consumption of Geocoris 

by some predators from alfalfa indicated that predator 

complexes that synchronize their presence with Geocoris 

such as the ladybeetle larvae, Hippodamia convergens, the 

green lacewing larvae, Chrysopa ~, the damsel bugs I 

Nabis spp. the insidious flower bugs, Drius tristicolor, 

and the assassin bugs, Sinea confusa were enemies of the 

Geocoris. It is believed that the sequence of abundance 
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of the predators will determine the relative importance of 

the kinds of entomophagous species that will be enemies to 

the Geocoris. Near Tucson, the larger species of predators 

such as Sinea confusa and Nabis spp. that are known to 

prey upon alfalfa pests can be more important than the 

parasi tes in regulating the population of Geocoris in 

alfalfa fields. 
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In conclusion, parasites of Geocoris had minor 

impact on populations of those predators in alfalfa fields 

near Tucson. A number of predatory insects that were 

common in the alfalfa were found to prey upon Geocoris 

in the laboratory, but some of these, when in stages 

smaller than Geocoris, were preyed upon by the Geocoris. 

Detailed studies on interactions of adults of g. punctipes 

and ~. alternatus on alfalfa plants demonstrated that there 

is a degree of avoidance between these predators, decreas

ing the chance of interspecific predation. However, the 

nymphs of each species fed on each other on alfalfa plants 

in the greenhouse. The predators in alfalfa, especially 

Nabis and Sinea confusa, are the main biotic factors 

regulating Geocoris populations in the alfalfa fields. 

However, they may also be a source of food to enable 

Geocoris to survive periods when other prey are scarce. 
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