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ABSTRACT

Regularly expressed fecundity occurred in always

paired Podisus maculiventris females, and in those which

had been paired for 48h, 96h, 144h, 192h. Virgin females

did not display regularly expressed feundity laying

larger egg batches less frequently. Egg cluster size

frequencies and modes were not significantly different

among females which had copulated. There were no

significant differences among the mean cumulative, or

daily fecundity rates, for any females, indicating that

fecundity was not affected by the amount of time they

were paired with males. There was no peak or subsequent

daily decline in fertility corresponding to the duration

of the experimental period. Mean fertility of never

paired females differed significantly from those paired.

The mating system of females in this study was described

as convenience polygamy.

The average life spans of always paired and virgin

females were significantly different, however, increasing

paired time from 48h - 192h did not contribute to reduced

longevity. Longevity of mobility impaired females was

not significantly different from that of non-impaired

females.
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INTRODUCTION

Podisus maculiventris (Say), the spined soldier bug,

is an indigenous predator commonly collected throughout

North America east of the Rocky Mountains. The species

is predaceous on a number of crop and forest insect pests

(McPherson 1980). Its effectiveness as a predator has

been demonstrated against the Mexican bean beetle, the

soybean and cabbage loopers, the variegated cutworm, and

several lepidopterous pests of apple (Waddill and Shepard

1974, Ignoffo et al. 1977, Marston et al. 1978, Abies and

McCommas 1982, Mukerji and LeRoux 1965).

The apparent value of P^ maculiventris as a

potential biocontrol agent stimulated evaluation of

various aspects of its life history and bionomics

(Kirkland 1897, Morrill 1906, Esselbaugh 1948, Mukerji

and LeRoux 1965). A procedure was established by Mukerji

and LeRoux (1965) to rear laboratory colonies of P.

maculiventris. Prior to that time investigations were

limited to field studies and small-scale studies of

individual laboratory specimens. Growth and development

processes of the spined soldier bug have been determined

(Landis 1937, Esselbaugh 1946, Mukerji and LeRoux 1965,

1969b, 1969c, Warren and Wallis 1971). The predatory

nature of P. maculiventris has been studied in both the

field and laboratory (Morris 1963, Mukerji and LeRoux

1969a, Coppel and Jones 1962, Waddill and Shepard 1975).
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Insects which prey upon and parasitize maculiventris

have been reviewed (Coppel and Jones 1964, Yeargan 1979).

The relationships between fecundity, fertility, longev

ity, and mating of lab-reared Pj_ maculiventris, have not

been fully investigated.

Fecundity and fertility have been considered spec

ific elements of the reproductive capacity of insects

(Harris and Todd 1980a). It has been determined that the

reproductive capacity of beneficial predators is impor

tant to their success in both field and laboratory

applications. Though reproductive capacity is largely

genetically predetermined for the species, it is 

dependent in some respects on mating and copulation

(Chapman 1982).

Longevity of beneficial predators is also important

to their success in field and laboratory applications

(Waddill and Shepard 1974, Ignoffo et al. 1977). Like

reproductive capacity, the limits are predetermined for

the species and modified by the environment. The im

position of unusual environmental stimuli may induce

significant changes in longevity.

The objectives of this study were to investigate

relationships between fecundity, fertilty, and mating of

P. maculiventris females; to investigate statistically

the possibility of reduced longevity as a function of

increased paired time in P. maculiventris females; to



determine the effect of mobility impairment on longevity

of P. maculiventris females, since previous testing

(Ignoffo et al. 1977) was done only over a short period

of time; and to assess the practical implications of this

i nformation.



CHAPTER I

LITERATURE REVIEW

The spined soldier bug was known from 1851 until

1899 as Podisus spinosus Dallas. In 1899 Scudder

reprinted an overlooked paper by Thomas Say (1831) which

contained the original description. The description

named the spined soldier bug Pentatoma maculiventris/ a

specific name which preceeded Dallas' spinosus by 20

years (Blatchley 1926). In a generic revision,

Schouteden (1907) synonymized Podisus with Apateticus.

Van Duzee (1909) disclaimed the synonymy and divided the

group into two distinct genera, Podi sus and Apatet i cus.

The species is currently recognized as Podisus

maculiventris (Say) (Blatchley 1926).

Field and laboratory evaluations were conducted on

feeding and reproductive behavior, life stages, nymphal

appearances, and seasonal activity of P_^ maculiventris

(Kirkland 1897, Morrill 1906, Whitmarsh 1916).

Esselbaugh (1948) provided additional details, resolved

discrepancies, and summarized life history data. Life

history and habits of laboratory-reared ̂  maculiventris

were later determined (Mukerji and LeRoux 1965, Warren

and Wallis 1971).

Eggs were described by Olsen (1910) and Esselbaugh

(1946) and detailed information on the external
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morphology of the spined soldier bug egg was recently

provided by Hinton (1981) and Lambdin and Lu (1984).

Nymphal development rates, mortality rates, and stadia

duration were determined using a variety of prey (Landis

1937). Duration, behavior, and qualities of the life

stages of lab-reared maculiventris were characterized

using two different rearing methods (Mukerji and LeRoux

1965, Warren and Wallis 1971). Quantitative studies on

food consumption and growth, and energetics supplemented

the data (Mu)cerji and LeRoux 1969b, 1969c).

The predaceous habits of the spined soldier bug have

been studied and numerous prey species have been refer

enced (Landis 1937, Mukerji and LeRoux 1965, McPherson

1980). The most recent host list included 111 prey

species in 41 families representing eight orders

(McPherson 1980). Predatory behavior has been documented

on several important pests (Waddill and Shepard 1975,

Ignoffo et al. 1977, Marston et al. 1978, Abies and

McCommas 1982). The process of ingestion, including

feeding and ingestion rates was described with Galleria

mellonella L. and Tenebrio molitor L. as prey species.

The predaceous behavior of ̂  maculiventris has been

further described according to various components of

functional response. Prey defense, and age of the adult

predator, had very important effects on the functional

response of the spined soldier bug. Both factors encour-



aged selective predation of smaller, younger prey.

Increased adult predator age resulted in levelling off of

cumulative predation (Morris 1963). Mukerji and LeRoux

(1969a) found similar response behavior but included in

their study the functional responses of nymphs. They

found that increased nymphal age resulted in an increased

ability to subdue prey and a faster consumption rate.

High prey densities were determined to accelerate pred

ation while low prey densities allowed survival but

resulted in the production of abnormally small spined

soldier bugs (Hokyo etal. 1975).

Fecundity, Fertlity, and Mating

Some general aspects of the reproductive capacity of

lab-reared Podisus maculiventris have been determined.

Couturier (1938) suggested that oviposition continued

until death of the female provided she was kept with a

male. Mukerji and LeRoux (1965) found that females

became sexually mature within 24 hours after adult

emergence, could mate as many as 7 - 10 times during a

life span, and were polygamous. In addition, they esti

mated the mean number of eggs/cluster to be between 18

and 31, and the mean number of egg clusters laid over a

lifetime to be between 13 and 16. Mukerji and LeRoux

(1965) predicted that the number of fertile eggs laid

depended upon the number of matings and the length of

life. Warren and Wallis (1971) supported those findings



and suggested that removal of a male from a cage which

contained a fertile female would result in decreased, and

finally cessation of fertility.

In their study on the southern green stink bug,

Nezara virulda (L.), Harris and Todd (1980a) defined

fecundity and fertility as specific elements of the

reproductive capacity of insects. The effects of mating

on fecundity and fertility under laboratory conditions

have been investigated for several stink bugs (Mithcell

and Mau, 1969; Youther and McPherson, 1975; Nilakhe,

1976; Harris and Todd, 1980a).

The relevance of multiple copulation is unclear.

Chapman (1982) suggested that for many insects a single

copulatory act provided the female with sufficient sperm

to fertilize most of the eggs she produced. A possible

selective advantage to the increased diversity of

offspring resulting from copulation with different mates

has been acknowledged (Thornhill and Alcock 1983).

Copulation appeared to stimulate both oogenesis and

oviposition in some species (Chapman 1982). A compre

hensive study of insect mating systems indicated that in

many insects, including some pentatomids, a polygamous

nature resulted from convenience not requirement

(Thornhill and Alcock 1983). Youther and McPherson (1975)

found that for Euschistus servus (Say), the brown stink

bug, multiple copulations had no effect on fecundity or
7



fertility over an eight week period. They also reported

that the fecundity of once-mated, twice-mated, thrice-

mated, and mated-for-life females was not significantly

different. No significant differences were found between

fecundity of once-mated and always-mated female rice

stink bugs, Oebalus pugnax (F.) (Nilakhe 1976). The

females laid fertile eggs long after the death of their

mates.

The fecundity of virgin stink bug females has also

been evaluated. Significant differences were found

between fecundity of mated females and unmated females

for the southern green stink bug and the brown stink bug

(Mitchell and Mau 1969, and Youther and McPherson 1975

respectively). The fecundity of virgin rice stink bug

females was not significantly different from those which

were mated (Nilakhe 1976).

Longevity and Mating

Pearl (1928) postulated an inverse relationship

between the "rate of living" and the length of life.

This relationship has been acknowledged for

p. maculiventris and other insects according to their

reproductive capacity. Couturier (1938) indicated in

creased ovarian activity as a cause of reduced longevity

in laboratory-reared P_^ maculiventris females. He

attributed the increased activity to stimuli from the

male. Other investigators have noted the discovery of

8



prematurely dead females bloated with eggs (Esselbaugh,

1948; Mukerji and LeRoux, 1965).

Unmated females of several species have longer

lifespans than their mated counterparts. Examples

include: cockroaches (Periplaneta americana (L.)),

milkweed bugs (Oncopeltus fasciatus (Dallas)), southern

green stink bugs (Nezara virulda), dermestid beetles

(Trogoderma versicolor Creutz), and brown stink bugs

(Euschistus servus), (Griffiths and Tauber 1942, Lener

1967, Mitchell and Mau 1969, Davis 1945, and Youther and

McPherson 1975). For virulda, the difference could be

as exaggerated as 50% (Mitchell and Mau 1969).

Mobility Impairment

Mass release of beneficial insects for insect pest

control is an established practice (Huffaker 1971, DeBach

1974). Efficacy of predators is often reduced by their

natural tendency to disperse (Ignoffo et al., 1977).

Beneficial insects are difficult to recapture as soon as

24 hours after their release (Waddill and Shepard, 1974).

The idea of mobility impairment, especially by dewing-

ing, was suggested by Ignoffo et al. (1977) to increase

retention of beneficials and to enhance the possibility

of additional predation by the progeny of the impaired

individuals. In that study, impaired and non-impaired

P. maculiventris females were released into test plots

and counts were made after 72 hours. More impaired

9



females were recaptured and significantly greater numbers

of eggs were found in test plots with impaired females.
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CHAPTER II

METHODS AND MATERIALS

General Rearing Conditions

Laboratory rearing of maculiventris required

constant food and water sources, suitable rearing con

tainers and regulated environmental conditions including

temperature, humidity, and photophase. Experiments were

conducted from 5 January, 1983, through 20 December,

1983, in an environmentally controlled room in an

insectary at the University of Tennessee's Plant and Soil

Sciences Farm. Experimental conditions were modified

from rearing methods of Mukerji and LeRoux (1965), Warren

and Wallis (1971), and Evans (1982a).

Colonies of the greater wax moth, Galleria mellonella

(L.), were maintained to provide a constant source of

live food. Wax moth larvae were reared in plastic

containers on a commercially prepared diet produced by

Bio-Serve Inc. (1983). One sixth or seventh instar

waxworm was provided daily to each spined soldier bug.

P. maculiventris specimens were reared in

100 X 15 mm Fisher Brand plastic petri dishes. The dish

es were stacked approximately 42 mm beneath an artificial

light fixture containing one 130 cm Sylvania 40W Gro Lux

and one 130 cm Sylvania 40W Cool White florescent light

bar. Each dish set-up contained a filter paper lining

11



(9.0 cm coarse texture disc) and a 12 X 35 mm shell vial

for water. The vial was filled with distilled water and

a cotton plug approximately 10 mm long. The water supply

was replenished as necessary. The order in which the

petri dishes were stacked was alternated daily throughout

the experiment. The room containing all spined soldier

bugs was maintained at 80-86°F, 40-50% RH, and 8D:16L

photophase.

Fecundity, Fertility, and Mating

Treatment groups consisted of two-day-old adult P.

maculiventris females as follows: treatment 1, 10 females

always paired with males; treatment 2, five females never

paired; treatments 3,4,5,6, five females each, paired

with males for 48h, 96h, 144h, 192h respectively. The

term "paired" refers to confinement together of female

and male, not to copulation. The sample size was doubled

in treatment 1, (compared to other treatments), to com

pensate for expected reductions in non-zero observations

since always paired females faced a greater threat of

male cannibalism. Computerized calculations resolved any

differences in sample number so that statistics were

relative to the sample size.

Eggs were removed daily by transferring the surface

they were laid on (top, bottom, or lining of petri dish,

or water vial) to a new dish set-up. The dish set-up of

12



the female was then restored. Eggs were observed daily

during a five day incubation period beneath the lights.

The experiment conformed to randomized complete

block design. Tests were run for 35 days with each test

replicated three times for a total of 3675 observations.

Data were collected daily for number of eggs laid and

number of eggs hatched. In this study, the term fecundity

refers to expressed fecundity, or the actual number of

eggs laid rather than oocyte production (a definition

confirmation by Labeyrie, 1978). Fertility refers to the

actual reproductive capacity as measured by the produc

tion of viable offspring. Observations of eggs laid and

eggs hatched for females which died during the experiment

were recorded as zero.

Longevity and Mating

Treatments and number of observations were the same

for this section as those for the fecundity, fertility,

and mating section. Longevity was determined by record

ing the number of days lived by each insect in each

treatment group.

Mobility Impairment

Treatment groups consisted of 16-day-old adult P.

maculiventris females as follows: treatment 1, 15

dewinged females; treatment 2, 15 females marked with

acryllic paint; treatment 3, 15 females both marked and

13



dewinged; treatment 4, 15 non-impaired females. Virgin,

singly reared females were examined to exclude the

possibilities of male cannibalism or increased ovarian

activity from the longevity comparisons.

The dewinging procedure involved clipping of the

wings with irridectomy scissors at the axillary region.

The marking procedure, which facilitates ease of location

for recapture, caused only limited immobility (probably

due to a weight factor). All insects were maintained in

the lab until death. Longevity was determined for each

insect in each treatment group by adding the number of

days lived after impairment to the initial age.

Analysis of Data

All statistical values were computer generated using

SAS82. Cluster size frequencies and modes were calculat

ed from the number of eggs laid using a frequency proce

dure which tabulated the number of times each cluster

size occurred. Means and ranges were calculated for each

variable (number of eggs laid, number of eggs hatched,

number of days lived, number of days lived post impair

ment). Analysis of variance was done with a general

linear models procedure which calculated an F-value for

each variable, and the probability associated with the

F-value. Least significant ranges were calculated for

each of the variables using Duncan's new multiple range

test for mean separation. Regression analysis was con-

14



ducted on fecundity and fertility data with percent hatch

the dependent variable/ and cluster size the predictor.
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CHAPTER III

RESULTS AND DISCUSSION

Fecundity> Fertility, and Mating

Cluster size frequency. Data from this study in

dicated that regularly expressed fecundity would occur in

females which had been paired for only 48h, 96h, 144h, or

192h. Expressed fecundity of those females was similar

to that of always paired females. Cluster size frequency

and cluster size mode for each of those groups was indic-

cative of the similarities (table 1, figures 1-5). Other

studies indicated cluster size modes, or typical number

of eggs/cluster for always paired females, ranging from

14 to 30 (Mukerji and LeRoux 1965, Warren and Wallis

1971, Lambdin, unpublished). The data from this study,

for females paired 48h, 96h, 144h, 192h, and always

paired females, fit that range.

A cluster size mode for females never paired could

not be readily established (table 1, figure 6). A

cluster size mode for virgin maculiventris females was

not reported in previous studies. Cluster size frequency

for never paired Euschistus servus females was determined

and a cluster size mode was established; however, the

data was significantly different from that of females

which had been paired.

16



Copulation probably stimulated females to begin

ovipositing which resulted in expressed fecundity.

Females in all of the paired groups copulated at least

once and displayed regularly expressed fecundity, whereas

the never paired females had no opportunity to copulate

and did not display regularly expressed fecundity. Their

egg clusters contained greater numbers of eggs laid less

frequently. This may have resulted from a lack of cop-

ulatory stimuli. Once oviposition began, there did not

appear to be further requirements for copulatory stimuli.

Table 1. Egg Cluster Modes, Ranges, and Totals
for Podisus maculiventris (Say) Females

TRT EGGS/CLUSTER CLUSTERS/35 DAYS

PAIRED MODE RANGE NO.

always 14,15 1-52 15.4

never — 1-41 10.0

48h 21 1-47 17.8

9 6h 14 1-47 16.6

144h 15,17 2-65 18.1

192h 14 1-57 14.9

17



 

 

TRT 1

** 30

«

3

U

® 301

o

10

lu'l-l'--
1 2 3 4 S « 7 • 9 W 11 12 13 14 IS IS 17 IB It 20 21 22 23 24 2S 26 27 2t 2« X 31 32 33 34 3S 34 42 45 $3

No. Of eggs/clustor

Figure 1. Cluster size frequency for
Podisus maculiventris (Say) females
always paired



 

40

o

o

o

TRT 3

2 4 S « 7 a » 10 11 12 U 14 IS 16 17 U l» 10 21 22 23 24 2S 26 27 28 26 30 31 }2 33 34 3S 37 36 40 40 64

No. of oggs/cluster

Figure 2. Cluster size frequency for
Podisus maculiventris (Say) females
paired 48 hours



 

3

U

o

o

hJ

o

TRT 4

1411J
4 5 6 7 6

ll
H W II I 16 16 17 W IV 20 21 22 6 26 2 7 26 26

No. of eggs/clustor

Figure 3. Cluster size frequency for
Podisus maculiventris (Say) females
paired 96 hours



*<

«

9

U

e

•

o

z

TRT 5
10

.. I.U
2 3 5 6 7 a t W 11 12 13 14 15 16 <7 21 22 33 34 35 36 3 7 41 46 47

No. Of oggs/ciustor

Figure 4.
Podisus

Cluster size

maculiventris
paired 144 hours

frequency for
(Say) females



 

N5
to

•
k

C
•«

0

3

O

Z

TRT 6

Hi1 i3 4 5 6 7 8 13 14 15 16 17 1 74 35 26 27 28 29 31

No. of eggs/cluttor

Figure 5. Cluster size frequency for
Podisus maculiventris (Say) females
paired 192 hours



20

U)

w

3

O

o

10

TRT2

ullllj u12 3« 5 8 7 8 0 10 11 12 13 14 15 18 17 18 19 20 21 2 2 23 24 25 26 27 28 29 30 31 32 30 34 35 36 38 38 41 47

No. of eggs/cluster

Figure 6. Cluster size frequency for
Podisus maculiventris (Say) females
never paired



Cluster size data exposed a general trend in the

relationship between fecundity and fertility of lab-

reared P. maculiventris females which had copulated

(females always paired, and females paired 48h, 96h,

144h, and 192h). Larger egg clusters contained greater

numbers of infertile eggs. This tendency was especially

pronounced during the beginning (day 1-3) of the test

period. The inverse relationship between cluster size

and percent hatch was not nearly as pronounced throughout

the duration of the experimental period. Fertility

records for the final period (day 30-35) were distorted

as several females had died and therefore were not

producing viable offspring. When the data for dead

females was excluded, the inverse relationship between

hatch and cluster size also appeared diminished in the

final period. Regression analysis of the predictability

of percent hatch from cluster size produced a negative

parameter estimate which was indicative of the inverse

relationship between cluster size and fertility. The

estimate was non-significant and resulted at least in

part from the diminishing of the inverse relationship.

Virgin females were excluded from this trend since they

never laid fertile eggs.

Other possible factors which influenced the rela

tionship between cluster size and cumulative fertility of

females which had copulated, included infertility and
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periodic productivity. Infertile females produced egg

batches throughout the experiment, but never produced

viable offspring. There were infertile females in all

groups which had been paired with males (table 2). Those

factors contributing to infertility were not evaulated.

A major possibility was unsuccessful sperm transfer which

can result from incapability of either male or female.

Table 2. Number of Infertile Podisus maculiventris
(Say) Females per Treatment Group for 35 Days

TRT N NO. of INFERTILE % INFERTILITY

PAIRED FEMALES

always 30 5 16

never 15 15 100

48h 15 3 20

96h 15 3 20

144h 15 4 26

192h 15 5 33

The length of paired time probably didn't influence

infertility since all of the females had sufficient time

to copulate and were observed doing so. Though variation

among individual fertility rates was high, error calcula

tions did not suggest significant experimental error.
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Infertile females in this test were probably the result

of random occurrence which should be accounted for if

mass rearing is being considered. From these observa

tions, infertility of about 20% of females throughout the

test could be expected, as well as possible infertile

periods at the begining of the test, and reduced

offspring production due to female death toward the end

of a 35 day period.

All females had periods of productivity interspersed

with nonproductivity during the 35 day test. Average

productivity periods for all females ranged from 1-16

days during which egg clusters were laid. Average non-

productivity periods generally lasted only 1-2 days after

which oviposition resumed (except for never paired fe

males where it could become quite extended). Virgin

females had fewer productive days than any paired females

(figure 7). Always paired females, and those paired 96h

and 192h respectively, had productivity rates slightly

lower than the females paired 48h and 144h. The rates

corresponded with the slightly reduced longevity for

those females. All observations for females which died

during the experiment were recorded as zero.
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Average fecundity and fertility rates. Mean

fecundity and fertility rates for the paired females in

this study differed somewhat from fecundity and fertility

rates reported in other studies (table 3). Mukerji and

LeRoux (1965) observed higher fecundity and fertility

rates, as well as longer life spans for ̂  maculiventris

females. Their insects were maintained in the lab at

70°F which was determined, in the same study, to double

the average life span compared to insects reared at 80°F.

(The average life span of the insects in the Mukerji and

LeRoux study was nearly 4X longer than the insects in

this study; however, the total fecundity of the insects

was only about 25% greater.) The longer life spans of

the females apparently allowed for higher fecundity

rates. Warren and Wallis (1971) reported fecundity rates

very similar to the data obtained in this study. No

previous data was available for comparison of fecundity

rates of virgin females. Previously recorded rates for

mean daily fecundity (Mukerji and LeRoux 1965, Warren and

Wallis 1971) were not significantly different from those

produced in this study (table 4).

Fertility rates recorded by Mukerji and LeRoux

(1965) represented the percent hatch of 10 select batches

of eggs ranging from 78% - 100%. The cumulative fert

ility rates in this study represented a percentage of

eggs hatched from all eggs laid over a 35 day period per
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treatment group (table 3). Fertility rates for insects

within treatment groups ranged between 78% - 100% on

select days, but the overall fertility rates for 35 days

were lower (around 50%). Daily fertility rates for the

data in this study were calculated (table 4), but none

were available for comparison from other studies.
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Table 3. Mean Cumulative Fecundity and Fertility
Rates, and Fecundity and Fertility Ranges tor
Podisus maculiventris (Say) Females

TRT FECUNDITY FERTILITY PERCENT
PAIRED MEAN RANGE MEAN RANGE HATCH

always 270.2 a 38-526 135.2 a 0-395 50

never 197.3 a 14-464 b — 0

48h 334.5 a 147-483 140.3 a 0-401 42

9 6h 292.9 a 66-504 162.7 a 0-469 56

144h 367.0 a 79-577 136.6 a 0-475 37

192h 257.4 a 31-196 102.8 a 0-409 40

Table 4

and

Mean Daily Fecundity and Fertility Rates
Ranges for Podisus maculiventris Females

PAIRED AVG. LAID/DAY RANGE AVG. HATCHED/DAY RANGE

always 7.7 a -15 3.8 a 0-11

never 5.3 a -13 0.0 b

48h 9.6 a -14 4.0 a 0-13

96h 9.6 a -14 4.6 a 0-13

144h 9.8 a -16 4.0 a 0-14

192h 7.3 a -14 3.0 a 0-12

Note: Any two means followed by the same letter are
not significantly different {P<0.05 Duncan's New
Multiple Range Test).
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Analysis of variance—fecundity. Analysis of

variance for fecundity indicated no significant differ

ences among means of the six treatment groups, for daily

fecundity rates or overall fecundity, at the 5% level of

significance. The fecundity of maculiventris females

in this study was not affected by the amount of time they

were paired with males.

No other data for fecundity of maculiventris

females with restricted paired time was available for

comparison. However, expressed fecundity tor paired

p. maculiventris females can be compared to that of its

phytophagous relatives, the southern green, brown, and

rice stink bugs. Fecundity rates of brown stink bug

females with restricted mating exposures were not found

to be significantly different from females which had

always been mated (Youther and McPherson, 1975).

Fecundity of always mated female rice stinkbugs, Oebalus

pugnax, and of those which were exposed long enough for

only a single copulation was not significantly different

(Nilakhe, 1976).

Virgin spined soldier bug females in this study were

equally as fecund as their mated counterparts. They laid

fewer egg clusters, less frequently, but the clusters

tended to be larger than those of paired females. Their

cumulative fecundity was less than that of any other

group but not small enough to be significantly different.
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This was also observed for the rice stink bug (Nilakhe,

1976). The fecundity of virgin brown and southern green

stink bugs was significantly different from those which

were allowed to copulate (Youther and McPherson, 1975 and

Mitchell and Mau, 1969).

Analysis of variance--fertility. Mean fertility of

never paired females was significantly different from all

other females at the 5% level of significance. No

significant differences occurred among the mean fertility

rates of the paired females (table 3). The fertility

data obtained in this study reflected the ability of P.

maculiventris females paired for restricted times to

maintain their fertility relative to always paired

females. Previous studies suggested that the presence of

males was necessary for continued fertility in the lab,

and that a decline in fertility would be evidenced if the

male was removed from the female (Couturier 1938, Mukerji

and LeRoux 1965, Warren and Wallis 1971). Though some

females had marked periods of infertility near the end of

the test, and some were infertile throughout, there was

not a noticeable peak or subsequent daily decline in the

fertility of the insects in this study corresponding to

the duration of the experimental period.

Although no fertility data on P_^ maculiventris was

available for comparison, fertility rates of other

pentatomids have been examined. Youther and McPherson
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(1975), found no significant differences in the fertility

of females of ̂  servus with restricted mating exposure

and those mated for life. Harris and Todd (1980a, 19B0b)

observed numerous copulations by the southern green stink

bug, but similar fertility rates between always mated

females and females isolated after one copulation.

The fact that ̂  maculiventris females can and will

copulate more than once probably does not necessitate

their doing so. Results from this study suggested their

polygamous nature was one of convenience. P.

maculiventris females seem to exemplify insects which

display polygamous behavior even though limited exposure

to one male can provide sufficient sperm for continued

fertility (Thornhill and Alcock 1983). This was not

uncommon for other pentatomids (Harris and Todd 1980b),

or for species in other hemipteran families. Polygamous

behavior appears to result from lack of a preventative

mechanism. It may also allow for additional input of

sperm if an original fertilization attempt fails. Added

benefits may be the contribution of additional oviposi-

tional stimuli. Convenience polygamy does not require

repeated copulation. It does not necessarily add to

genetic diversity of the progeny either, as any success

ful sperm transfer probably serves to fertilize all eggs

that the female produces (Thornhill and Alcock, 1983).
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Longevity and Mating

Mean longevity. Previous longevity records for

paired P. maculiventris females were quite variable, but

encompass the records generated in this study (table 5).

Mukerji and LeRoux (1965) recorded longevity for lab

reared, paired females ranging from 115 to 191 days at

70°F. Warren and Wallis (1971) recorded mean longevity

for paired females as 84.7 days at 70°F. Mukerji and

LeRoux also recorded mean longevity for lab reared,

paired females as 61.3 days at SCF. Field collected

females had much shorter average life spans, ranging from

1-26 days, at 80°F (Mukerji and LeRoux 1965).

Table 5. Mean Longevity of Podisus maculiventris
(Say) Females

PAIRED N MEAN NO. DAYS LIVED

always 30 25.7 c

never 15 35.0 a

48h 15 31.9 ab

96h 15 28.3 be

144h 15 33.5 ab

192h 15 28.1 be

Note: Any two means followed by the same letter
are not significantly different (P<0.05 Duncan's
New Multiple Range Test).
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Analysis of variance—longevity. Analysis of

variance for mean longevity did not indicate significant

differences among the means of the four groups which were

paired for restricted periods. However, a significant

difference between always paired and never paired females

was indicated (table 5). Mean longevity of females pair

ed for 48h and 144h was similar to that of the never

paired females, whereas mean longevity of females paired

for 96h and 192h was similar to that of the always paired

females. There was no indication that increasing paired

time contributed to reduced longevity. However, the

slightly reduced longevity apparently affected fecundity

and fertility rates (table 3, note always paired, 96h

paired, 192h paired groups). Only the always paired and

never paired conditions had distinct effects on lon

gevity .

Significant difference in longevity between virgin

and always paired females was not unexpected. Couturier

(1938), and Mukerji and LeRoux (1965), noted a consid

erable difference between the life spans of virgin and

mated ̂  maculiventris females; they did not express the

difference in statistical terms. Three related insects

(the milkweed bug, southern green stink bug, and brown

stink bug) have demonstrated significantly different life

spans as a result of their sexual activity.
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Mobility Impairment

Longevity breakdown. Longevity data for mobility

impaired females was broken down into periods for con

sideration of field application (table 6). The first

period, 0-10 days, represented premature death since the

average longevity of lab-reared virgin insects is between

60 and 80 days. Premature deaths in this case, were

limited to the treatment groups and should be compensated

for if field release is the goal. A small percentage of

impaired females (especially dewinged) may die as a

result of improper impairment. The second period, 11-30

days, represented a stage where insects might be used to

help suppress pest populations in short season crops (eg.

snapbeans). It is noteworthy that at least one-half of

the spined soldier bugs remained alive throughout the

period regardless of impairment. The third period, 31-50

days, represented a stage where the predator might be

used to help suppress a pest population which had second

or staggered generations. The final period, >51 days,

included those individuals considered to be long-lived.

Because the insects were 16 days old when the impairment

occurred, they had lived upwards of 70 days. All 60 of

the insects died within 76 days after impairment.
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Table 6. Longevity Breakdown tor Mobility Impaired,
Virgin Podisus maculiventris (Say) Females

NUMBER DEAD

TREATMENT 0-10 DAYS 11-30 DAYS 31-50 DAYS >51 DAYS

DEWINGED 3 4 4 4

MARKED 1 6 5 3

MARKED/
DEWINGED

1 7 2 5

CONTROL 0 7 3 5

Note: The table represents the number of females
dying during each period.

Longevity comparisons. The actual number of days

the insects lived varied (note ranges in table 7).

Calculation of the mean and median for each group sug

gested that overall lifespans of the groups were very

s imilar.
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Table 7. Longevity Comparisons for Mobility
Impaired, Virgin Podisus maculiventris Females

TREATMENT MEAN RANGE MEDIAN

CONTROL 35.6 days 1-70 days 34.5 days

DEWINGED 30.8 days 1-67 days 33.5 days

MARKED 34.3 days 1-72 days 36.0 days

MARKED/
DEWINGED

37.5 days 1-76 days 38.0 days

Analysis of variance. No significant differences

were indicated among the mean longevities of the four

treatment groups at the 5% level of significance. This

suggested that imposed conditions of mobility impairment

did not significantly reduce longevity. Ignoffo et al.

(1977) did not indicate reduced longevity as a result of

mobility impairment for any of the experimental insects

(P. maculiventris, Campoletis flavicincta (Ashmead), and

Hippodamia convergens Guerin-Menevilie) although their

tests were conducted over a shorter period. The long

term effect of impairment was important as the insects

were no longer functioning under normal conditions. The

spined soldier bugs in this test were hearty predators

which withstood impairment without the duration of life

being significantly reduced.
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CHAPTER IV

SUMMARY AND CONCLUSIONS

Cluster size frequencies and the cluster size modes

of Podisus maculiventris females with limited paired

time, and females always paired, were very similar. A

cluster size mode for females never paired was not

readily determined. Copulation probably provided a

stimulus for the regularly expressed fecundity of the

paired females, and the lack of it may have contributed

to the lack of regularly expressed fecundity in the never

paired females.

Cluster size data analysis indicated an inverse

relationship between fecundity and fertility of

P. maculiventris females which had copulated. Larger egg

clusters contained greater numbers of infertile eggs.

The relationship was especially pronounced during the

begining of the test, and diminished thereafter.

Infertile females and periodic productivity affected

the relationship between fecundity and fertility of P.

maculiventris females in this study. About 20% of the

paired females in this study were infertile throughout

the experimental period. This result appeared to be a

random occurrence and should be compensated for if mass

rearing is attempted. ^ maculiventris females had

productive periods, during which eggs were laid, inter-
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spersed with nonproductive periods, during which no eggs

were laid. Virgin females had fewer productive days than

any of the paired females. Productivity did not appear

dependent upon copulation or presence of males.

Fecundity of the ̂  maculiventris females in this

study was not affected by the amount of time they were

paired with males. Virgin spined soldier bug females

were as fecund as their mated counterparts though their

cluster size frequencies and their productivity periods

were somewhat different. Fertility of females paired for

restricted times was not significantly different from the

fertility of always paired females. Results from these

tests indicated that for at least 35 days fertility could

be maintained as the result of only limited exposure to a

male in the lab. The results also suggested that the

polygamous nature of maculiventris probably resulted

from convenience and lack of a preventative mechanism,

rather than requirement.

There were no significant differences in longevity

of females paired for restricted periods and there was no

indication that increasing the time spent paired with a

male (up to 192h) would reduce longevity. The always

paired and never paired conditions had distinct effects

on longevity. Always paired females had significantly

shorter life spans than their virgin counterparts.

40



Relationships between fecundity, fertility, lon

gevity, and mating may have important practical

implications. Results from these tests suggested no

advantages in rearing continuously paired spined soldier

bugs in the lab. Fecundity and fertility were not

significantly increased as a result of constant exposure,

and longevity was significantly reduced. Maintaining

females without males (after copulation) requires less

food. Maintaining insects at higher temperatures, though

decreasing lifespans somewhat, allows for less energy

input (spring, summer, temperate areas) without consider

able reduction of progeny. The threat of cannibalism and

increased ovarian activity are reduced by minimal paired

time. The incidence of infertility, which appeared

nearly constant for all pairing times, probably won't be

increased as a result of restricted paired time. The

fecundity and fertility rates, incidence of infertility,

and average lifespans recorded in this study could be

utilized to estimate potential production of offspring

from a predator colony mass reared at 80°-86°F, with

restricted paired time.

Mobility impairment did not cause reduced longevity

in the lab. Further testing is necessary to determine

its effects in the field. If those effects are negligi

ble, as they are in the lab, then mobility impairment

which limits or discontinues flight can be used to help
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reduce dispersal. Predators restricted to walking, which

is more time consuming, might leave more progeny to

strengthen predation contributions to control situations.

42



REFERENCES CITED



REFERENCES CITED

Abies, J. R. and McCommas, D. W. 1982. Efficiency of
Podisus maculiventris as a predator of variegated
cutworm on greenhouse cotton. J. Ga. Entomol. Soc
17(2):204-206.

Blatchley, W. S. 1926. Heteroptera or true bugs of
Eastern North America. Nature Publ. Co.

Indianapolis, 1116 pp.

Chapman, R. F. 1982. The Insects Structure and Function,
Harvard Univ. Press, Cambridge. 885 pp.

Coppel, H. C. and Jones, P. A. 1964. Bionomics of
Podisus spp. associated with the Introduced Pine
Sawfly, Diprion simulus (Htg.), in Wisconsin.
Wis Acad. Sci., Arts and Letters Trans. 51:31-56.

Coppel and Jones, P. A. 1964. A note on Hemyda aurata
R. D. a parasite of Podisus maculiventris. Entomol.
News. 75:191-94.

Couturier, A. 1938. Contribution a 1'etude biologique de
Podisus maculiventris (Say) predateur Americain du
doryphore. Ann. des Epiphyties et de Phytogenetique.
N.S. 4:95-165.

Davis, M. B. 1945. The effect of population density on
longevity in Trogoderma versicolor Cruetz. Ecology.
26:353-62.

DeBach, P. ed. 1974. Biological Control by Natural
Enemies. Cambridge Press, London. 323 pp.

Esselbaugh, C. 0. 1946. A study of the eggs of the
Pentatomidae. Ann. Entomol. Soc. Amer. 39:667-691

Esselbaugh, C. 0. 1948. Notes on the bionomics of some
midwestern Pentatomidae. Entomol. Amer. 28:1-73.

44



Evans, E. W. 1982a. Consequences of body size for
fecundity in the predatory stinkbug, Podisus -
maculiventris. Ann Entomol. Soc. of Amer.
75(4):418-420.

Gallopin, G. C. and Kitching, R. L. 1972. Studies on the
process of ingestion in the predatory bug Podisus -
maculiventris. Can. Entomol. 104:231-237.

Griffiths, J. T. and Tauber, 0. E. 1942. Fecundity,
longevity, and parthenogenesis of the American
roach, Periplaneta americana. L. Physiol. Zool.
15:196-209.

Harris, V. E. and Todd, J. W. 1980a. Comparative
fecundity, egg fertility and hatch among wild-type
and three laboratory reared generations of the
southern green stinkbug Nezara virulda (L.)
(Hemiptera:Pentatomidae). J. Ga. Entomol. Soc.
15(3);241-245.

Harris, V. E. and Todd, J. W. 1980b. Temporal and
numerical patterns of reproductive behavior in the
southern green stinkbug Nezara vi rulda
(Hemiptera:Pentatomidae). Entomol. Exper.
et Appl. 27:105-116.

Hinton, H. E. 1981. Biology of insect eggs. vol. II
Pergamon Press. N.Y. 475-778.

Hokyo, N. and Kawauchi, S. 1975. The effect of prey size
and prey density on the functional response,
survival, growth and development of a predatory
pentatomid bug, Podisus maculiventris (Say). Res.
Popul. Ecol. 16:207-218.

Huffaker, C. B. ed. 1971. Biological Control. Plenum
Publ. Co., New York. 511 pp.

Ignoffo, C. M., Garcia, C., Dickerson, W. A.,
Schmidt, G.T., and Biever, K. D. 1977. Imprisonment
of entomophages to increase effectiveness: evaluation
of a concept. J. Econ. Entomol. 70(3):292-294.

45



Insect Diet Catalog,
mellonella (L.).

1983. Diet for

Bio-Mix #9623.

Galleria -

Bio-Serve Inc.

Kirkland, A. H. 1897. Notes on the life history of
certain predaceous Heteroptera. State Bull. Agr.
extermination of the Gypsy Moth. Appendix:51-59.

on

Labeyrie, V. 1978. The significance of the environment
in the control of insect fecundity. Ann. Rev.
Entomol. 23:69-89.

Lambdin, P. L. and Lu, G.
of eggs of the spined
maculiventris (Say).
86:374-377.

Q. 1984. External morphology
soldier bug, Podisus -
Proc. Wash. Entomol. Soc.

Lambdin, P. L. and Lu, G. Q. Unpublished. A test of
threshold of growth and the summation of effective
temperature of spined soldier bugs.

Landis, B. J. 1937. Insect hosts and nymphal
development of Podisus maculiventris (Say) and
Perillus bioculatis F Bur. Entomol and

PI. Quar., USDA. No 4 252-259.

Lener, W. 1967. Sexual activity and longevity in the
large milkweed bug, Oncopeltus fasciatus
(Hemiptera:Lygaeidae). Ann. Entomol. Soc. Amer.
60(2):484-485.

McPherson, J. E. 1980. A list of the prey species of
Podisus maculiventris. Great Lakes Entomol.
13(1):17-24.

Marston, N. L., Schmidt, G. T., Biever, K. D., and
Dickerson, W. A. 1978. Reaction of five species
soybean caterpillars to attack by the predator
Podisus maculiventris. Environ. Entomol.
7(1):53-56.

of

46



Mitchell, W. C. and Mau, R. F. L. 1969. Sexual activity
and longevity of the southern green stinkbug,
Nezara virulda. Ann. Entomol. Soc. Amer.

62:1246-1247.

Morrill, A. W. 1906. Some observations on the spined
soldier bug Podisus maculiventris (Say). U. S.
Div. Entomol. Bull. (N.S.) 60:1009-1020.

Morris, R. F. 1963. The effect of predator age and prey
defense on the functional response of Podisus -
maculiventris (Say) to the density of Hyphantria -
cunea Drury. Can. Entomol. 95(10):1009-1020.

Mukerji, M. K. and LeRoux, E. J. 1965. Laboratory
rearing of a Quebec strain of the Pentatomid
predator, Podisus maculiventris (Say).
Phytoprotection. 46:40-60.

Mukerji, M. K. and LeRoux, E. J. 1969a. The effect of
predator age on the functional response of Podi sus-
maculiventris to the prey size of Galleria -
mellonella. Can. Entomol. 101:314-327.

Mukerji, M. K. and LeRoux, E. J. 1969b. A quantitative
study of food consumption and growth of Podisus -
maculiventris (Hemiptera:Pentatomidae). Can.
Entomol. 101:387-403.

Mukerji, M. K. and LeRoux, E. J. 1969c. A study on
energetics of Podisus maculiventris (Hemiptera:
Pentatomidae). Can. Entomol. 101:449-459.

Olsen, C. E. 1910. Notes on breeding Hemiptera. N.Y.
Entomol. Soc. 28:39-42.

Nilakhe, S. S. 1976. Overwintering, survival, fecundity,
and mating behavior of the rice stinkbug. Ann.
Entomol. Soc. Amer. 69:717-720.

47



Pearl, R.

Inc. ,

1928. The Rate of Living,
New York. 185 pp.

Alfred A. Knopf,

Say, T. 1831. Descriptions of new species of North
American insects, found in Louisiana by Joseph
Barabino. School Press. New Harmony. 19pp.

Scudder, S. H. 1899. An unknown tract on American
insects by Thomas Say. Psyche. 8:306-8.

Shouteden, M. 1907. Heteroptera, Family Pentatomidae
Genera Ins., Fasc. 52, p.72.

Thornhill, R. and Alcock, J. 1983. Evolution of Insect
Mating Systems. Harvard Univ. Press. Cambridge,
547pp.

Van Duzee, E. P. 1909. Synonymical and descriptive notes
on North American Heteroptera. Can. Entomol.
41:369-75.

Waddill, V. and Shepard, M. 1974. Dispersal of
Podisus maculiventris nymphs in soybeans.
Environ. Entomol. 4(2):233-234.

Waddill, V. and Shepard, M. 1975. A comparison of
predation by the pentatomids, Podisus -
maculiventris (Say) and Stiretrus -

theanchorage ), on Mexican bean beetle,

Epilancha
of Amer. 68(6

(F.
varivestis Mulsant.

1023-1027.

Ann. Entomol Soc

Warren, L. O. and Wallis, G. 1971. Biology of the spined
soldier bug, Podisus maculiventris (Hemiptera:
Pentatomidae). J. Ga. Entomol. Soc. 6(2):110-115.

Whitmarsh, R. D. 1916. Life history notes on
Apateticus cynicus and maculiventris. J. Econ.
Entomol. 9:51-53.

48



Yeargan, K. V. 1979. Parasitism and predation of
stinkbug eggs in soybean and alfalfa fields.
Environ. Entomol. 8(4):715-719.

Youther, M. L. and McPherson, J. E. 1975. A study of
fecundity, fertility, and hatch in Euschistus -
servus {Hemiptera:Pentatomidae) with notes on
precopulatory and copultory behavior. Trans. Ill
State Acad. Sci. 68:321-338.

49



VITA

Anita Maxine Baker was born in Miami, Florida, on 5

January, 1961. She attended South Miami Senior High

School, South Miami, Florida, graduating early admissions

in 1979. In 1982 she received the B.A. degree in

Biology, with a minor in Chemistry, from Maryville

College, Maryville, Tennessee. She entered the

Department of Entomology and Plant Pathology at the

University of Tennessee, Knoxville, in the summer of 1982

where she served as a graduate research assistant. In

June 1984 she received the M.S. degree with a major in

Entomology.

Anita Baker is a member of the Tennessee

Entomological Society, the Entomological Society of

America, the agricultural honor society. Gamma Sigma

Delta and the biological honor society. Beta Beta Beta.

50


