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ABSTRACT Effects of maternal diet, maternal age, and nymphal diet on developmental
time and survivorship of nymphs of Podisus maculiventris (Say) were studied using
Mexican bean beetle, Epilachna varivestis Mulsant as prey. Developmental time of
nymphs was shorter if nymphs were well fed and came from well fed and young mothers
than if nymphs were poorly fed and came from poorly fed and older mothers. Nymphal
survival was related to nymphal diet. Well-fed nymphs showed higher survivorship than
poorly fed nymphs. Nymphs supplied prey at the lowest rates failed to reach adulthood and
died, usually in the act of molting. Body sizes of adults from well-fed nymphs were larger
than those from poorly fed nymphs. Impact of maternal effects on population dynamics of

P. maculiventris is discussed.
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VARIOUS FACTORS INFLUENCE the development
and growth of arthropod predators, including
temperature (Chapman 1982), quantity and qual-
ity of food (Engelmann 1970), and maternal age
and diet (Mosseau & Dingle 1991). For some
spiders, the stadial duration decreases when in-
dividuals are fed well (Turnbull 1962, 1965; Mi-
yashita 1968; Vollrath 1987, Jakob & Dingle
1990); in other spider species, an increase in the
amount of food can result in a reduction in the
number of instars (Deevey 1948, Miyashita 1968,
Vollrath 1987, Jakob & Dingle 1990). Body size
of adults can be influenced by diet of immatures,
and smaller adults are often the consequence of a
nutritionally poor diet during immature instars
(Turnbull 1965).

Maternal age can influence offspring quality
and interact with factors in the offspring’s envi-
ronment (Parsons 1964). For example, in the
tenebrionid guano beetle, Zphobas atratus, lar-
vae produced from later egg clutches grew more
slowly and weighed less at eclosion than those
that were produced from earlier egg clutches.
Early-born females laid more eggs that had a
higher hatching success and lived longer than
did later-born individuals (see Mousseau &
Dingle 1991). Similar findings have been re-
ported in Tenebrio mollitor L. (Ludwig & Fiore
1960, 1961), house flies (Rockstein 1957), and
Muscoidea spp. (Barnes 1984). Because larger
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adults generally live longer and lay more eggs
than smaller individuals (Vollrath 1987), diet of
immatures not only affects immature develop-
ment and survival, but also subsequent adult re-
production and longevity.

The spined soldier bug, Podisus maculiventris
(Say), is a generalist predator found in several
crop ecosystems (Evans 1982a, McPherson et al.
1982). Measurements of atiack rates consistently
have shown that with low densities of prey in the
field, predators attack relatively few prey per
day, typically 0.4 prey attacked per predator per
day (O’Neil 1988, Wiedenmann & O’Neil 1692).
Further studies (O’Neil & Wiedenmann 1990,
Wiedenmann & O’Neil 1990, Legaspi & O’Neil
1993) have shown that this predator can survive
and reproduce with low prey inputs (less than
one prey-meal per day). Characteristically, fe-
males reduce reproductive output and maintain
fongevity as the number of days between prey-
meals increases. In previous studies of P. macu-
liventris, nymphs have been provided prey in
excess of the insect’s needs (Warren & Wallis
1971, Drummond et al. 1984), and thus the de-
velopmental response of nymphs under condi-
tions of low prey numbers is not known. No
study has examined maternal effects en imma-
ture development or survival of P. maculiventris.
The objectives of this study were to measure the
development and survival of nymphs of P. mac-
uliventris reared with low and high numbers of
prey and to identify maternal effects on nymphal
ontogeny.
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Materials and Methods

Podisus maculiventris and the prey, Mexican
bean beetle, Epilachna varivestis Mulsant (Coc-
cinellidae), used for study were taken from lab-
oratory colonies maintained following the meth-
ods described by Legaspi & (’Neil (1993). The
experiment was conducted in the laboratory from
January to April 1989, Insects were kept in an
environmental growth chamber under condi-
tions of 24°C temperature, 40-70% relative hu-
midity, and 14:10 (L:D) h photoperiod. Newly
emerged adult P. maculiventris females (75~

90 mg) were separated into plastic petri dishes
(9 cm diameter) lined with filter paper. A 2-cm

- slice of fresh green bean (Phaseolus vulgaris L.)
provided moisture and supplementary nutrition.
One day after adults emerged, females were fed
one large mealworm, Tenebrio molitor L.,
(3035 mg) for a 24-h period.

Maternal Diets. Mothers were provided one of
three diet regimens. Predators were fed either ad
lib. (about 10 E. varivestis per day) or fed a sin-
gle fourth-instar E. varivestis larva (mass 30—

235 mg) for a 24-h period either every 3 or 9 d. All
females were provided 2-cm slices of fresh green
beans ad lib. Different males were paired with
females for 24 h every 3 d to ensure mating and
avoid cannibalism. All treatments were repli-
cated 10 times. Any replicate in which a female
was found to have attacked a male was replaced.

Maternal Ages and Nymphal Diets. Egg
masses were collected from female P. maculiven-
tris that were classified into three age groups,
either young (age 6-10 d), middle-aged (age
20-23 d), or old (age 40-43 d). After eclosion
from the first instar, 20 second-instar P. macu-
liventris nymphs were individually separated
into petri dishes (9 ecm diameter) lined with filter
paper. Second-instar nymphs were used because
first instars do not feed on prey. Also, first-instar
P. maculiventris remain clustered after hatching
and suffer considerable mortality if separated
(personal observation). First- and second-instar
E. varivestis prey were provided to second- to
third-instar predator nymphs, whereas third- and
fourth-instar E. varivestis prey were provided to
fourth- to fifth-instar P. maculiventris. Predator
nymphs were fed with the same feeding treat-
ments as were their mothess. In addition, cohorts
of 20 second-instar predator nymphs were pro-
vided prey ad lib. Thus, for each maternal diet,
eggs were obtained from mothers of three age
groups and fed either similarly to their mother or
ad lib. Nymphs from mothers fed ad lib. were fed
ad lib. every 3 d or every 9 d. A piece of cabbage
was provided to the smaller second-instar pred-
ator nvmphs, whereas a 2-cm slice of fresh green
bean was provided every 2 d from the third instar
to the adult stage.

Developmental time of each nymphal instar
was recorded. Survivorship was determined by
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recording the proportion of nymphs that sur-
vived from a cohort of 20 individuals until the
adult stage. All adults that emerged were
weighed and gender was noted. Old mothers fed
every 9 d did not lay as many eggs as vounger
mothers. Therefore, a cohort of only 10 nymphs
was available for the 9-d and ad lib, nymphal diet
treatments. Mothers that were provided prey ad
lib. did not reach old age; thus, no samples of
nymphs were available from these females. Be-
cause of the availability of prey, nymphs from
middle-aged mothers fed ad lib. were not pro-
vided prey continuously ad lib. beginning with
the third instar. Consequently, this affected the
development and survival of the nymphs.

A split-split plot analysis of variance (ANOVA)
(PROC ANOVA [SAS Institute 1989]) was used
to analyze the developmental period of second
instars under different maternal diets (main plot),
maternal ages (split plot), and nymphal diets
(split-split plot). Ounly second-instar individuals
were analyzed because we lacked the complete
number of replicates to use the ANOVA proce-
dure with the other stages. Treatment means
were compared by Duncan’s new multiple range
test (DNMRT) (SAS Institute 1989). For each
maternal diet and age, one-way ANOVA (PROC
GLM [SAS Institute 1989]) was used to compare
total developmental times for nymphs fed under
different regimens and body weight of newly
emerged adults. All tests were judged at the
o = 0.05 level of significance. Survivorship of
nymphs and sex ratios of emerging adults were
not analyzed statistically, but data were exam-
ined for trends.

Results

Nymphs fed every 9 d failed to reach adult-
hood, often dying in the act of molting to the
fourth instar. Because of problems with the E.
varivestis colony, nymphs from middle-aged
mothers fed ad lib. were not provided prey con-
tinually. Consequently, these nymphs lived only
until the fourth instar (Table 1).

Developmental Time. Development times of
nymphs are shown in Figs. 1-3. In general, as
the nymphal feeding interval increased, the
number of days per stadium increased. ANOVA
of total development times of nymphs from fe-
males fed ad lib. showed that nymphs fed ad lib.
developed faster than those fed every 3 d (F =
110.07; df = 1, 13; P < 0.01; Fig. la and b).
Likewise, among nymphs from roothers fed ev-
ery 3 d, those fed ad lib. developed significantly
faster than those fed every 3 d. This was ob-
served for young (F = 13.75; df = 1, 12; P < 0.01),
middle-aged (F = 9.39; df = 1, 13; P < 0.01), and
old mothers (F = 191.5; df = 1, 20; P < 0.01) (Fig.
2a—c). Statistical analyses of other treatments
were precluded by sample sizes.
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Table 1. Preportioms of mymphs from cohorts of 20 P.
maculiventris nymphs surviving to adult siage under three
different maternal diets, maternal ages, and nymphal diets

ENVIRONMENTAL ENTOMOLOGY

Maternal diet é\ljymphal Maternal age

(days between et (days
Ny between

feedings) feedings) Young Middle age OIld

Ad lib.@ Ad lib. 0.7 0.5 b

3 0.10 0.20 e

9 0.00 0.00 —b

3 Ad lib. 0.50 0.40 0.75

3 0.15 0.35 0.35

g° Ad lib. 0.75 0.00 0.70

9 0.00 0.00 0.00

2 Nymphs did not receive prey ad lib. because of unavail-

ability of prey.

5 No sample because mothers did not live to old age.

“n = 10.

Nymphs from young (Fig. 3a), middle-aged
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Fig. 1. Developmental times of Podisus maculiven-
tris nymphs from young (a) and middle-aged (b) moth-
ers fed ad lib. Nymphs were fed ad lib. (solid bars),
once every 3 d (crosshatched bars), or every 9 d (stip-
pled bars). Prey were Epilachna varivestis larvae.
Number of emerging adults are shown above last bars.

IMMATURE STAGES

Fig. 2. Developmental time of Podisus maculiven-
tris nymphs from young (a), middie-aged (b), and old
(c) mothers fed one prey every 3 d. Nymphs were fed
ad lib. (solid bars) and once every 3 d (crosshatched
bars). Prey were Epilachna varivestis larvae. Number
of emerging adults are shown above last bars.

increased, the number of days in each stadivm
also increased. Nymphs fed one prey every 9 d
reached only the fourth instar and died soon after
molting (Fig. 3a—~c). Nymphs produced by mid-
dle-aged mothers and fed ad lib. lived only to the
fourth instar (Fig. 3b), and this is probably due to
the lack of food available to the predator nymphs
caused by logistical problems in rearing of the
prey.
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Fig. 3. Developmental time of Podisus maculiven-
tris nymphs from young (a), middle-aged (b), and old
{c) mothers fed one prey every 9 d. Nymphs were fed
ad lib. (solid bars) and once every 9 d (stippled bars).
Prey were Epilachna varivestis larvae. Number of
emerging adults are shown above last bar.

The split-split plot ANOVA showed significant
differences in the development times of second-
instar nymphs. Mecan development times were
shorter for nymphs produced by mothers fed ad
lib. (mean = 6.80 d = 0.26 SEM) than for those
whose mothers were fed one prey every 3 d
(mean = 7.60 d = 0.23 SEM). Development
times also were shorter for nymphs produced
by young mothers (6.80 d + 0.23 SEM) than
for nymphs produced by middle-aged mothers
(7.58 d = 0.26 SEM). Nymphs fed ad lib. devel-
oped significantly faster (6.49 d = 0.20 SEM)
than those fed one prey every 3 d (7.91 d = 0.26
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SEM). There was a significant interaction be-
tween maternal diet and nymphal diet (F = 6.34;
df = 1, 76; P < 0.05; ANOVA).

Survivorship of Nymphs. Table 1 presents pro-
portions of P. maculiventris nymphs surviving to
the adult stage. Survivorship of nymphs seemed
to reflect their feeding regimens. Nymphs fed
more often seemed to survive in higher propor-
tions than nymphs fed at longer intervals. None
of the nymphs fed one prey every 9 d lived to the
adult stage. For mothers fed every 3 or 9 d,
nymphs from middle-aged mothers tended to
have lower survivorship than nymphs from ei-
ther young or old mothers. Examination of
nymphal survivorship across relative maternal
age groups (e.g., younger versus older), within
maternal and nymphal diets, yvielded 15 compar-
isons. Of these 15, four showed that nymphs from
younger females survived better than nymphs
from older females. Six such comparisons
showed that nymphs from older females sur-
vived better. Four of the five comparisons that
showed no difference in survivorship were be-
tween nymphs that failed to live to the adult
stage. Across maternal diets, for the same
nymphal diet and maternal age, higher nymphal
survivorship was seen in five cases when moth-
ers were fed more often. In four cases, nymphs
from less well-fed mothers showed higher survi-
vorship. In two cases, no effect was noted, again
in nymphs that failed to survive to adulthood. It
must be noted that statistical analyses were not
made on survivorship, but data were examined
for trends.

Adult Emergence and Body Weight. Average
body weights of newly emerged adults are
shown in Table 2. In general, adult body weights
reflected nymphal diets. For similar maternal
ages and diet, nymphs fed more often weighed
more as adults. Comparison of body weights of
males across relative maternal ages showed that
in five of nine comparisons, males from younger
mothers weighed more at eclosion than males
from older mothers. In four cases, heavier males
were produced by older mothers. For females,
there were four cases of heavier offspring pro-
duced by younger mothers and four cases of
heavier offspring produced by older mothers.
With respect to diet, mothers fed more often pro-
duced heavier female offspring in two cases,
whereas in three cases, heavier female offspring
were produced by less well-fed mothers. For
males, well-fed mothers produced heavier males
in two cases, whereas less well-fed mothers pro-
duced heavier males in five cases.

Overall, more females were produced (58)
than males (45) (Table 2). Sex ratios (male/
female) were confounded by low sample size,
but tended to be female biased. Younger females
produced female-biased broods in six compari-
sons. In one instance, older females produced
female-biased broods, and there was one com-
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Table 2. Mean body weights (mg) of males (M) and females (F) of P. maculiveniris reared under varieus dietary

regimes (pumber of replicates [n] and SEM are below means

Maternal diet

Maternal age

Nymphal diet

(days between (days between Young Middle age Old
feedings) feedings) M M F M F
Ad lib. Ad lib. 48.0 62.9 48,3 57.7 No sample?® No sample
n==6 n=8 n=35 n=6
13.3 4.6 5.9 12,0
3 32.3 0 28.0 0 No sample No sample
n=1 n=4
— 1.3
9 0 0 0 0 No sample No sample
3 Ad lib. 45.8 481 38.4 73.0 48.6 375
n=4 n=7 n=1 n=7 n==6 n=9
9.7 16.8 [0} 13.2 3.8 7.4
3 39.9 32.5 44.6 43.1 34.1 36.6
n= n=2 n=3 =4 n=3 n=4.
— 0 74 13.6 3.6 5.2
9 Ad lib. 57.2 53.4 0 0 48.1 60.6
n=6 n=9 n=235 n=2
11.1 14.1 7.9 12.6
9 0 0 0 0 0 0

% No sample because mothers did not live to old age.

parison in which the sex ratios were the same
across maternal ages. Female-biased breods
were produced by well-fed mothers twice and by
poorly fed mothers three times. In two of three
comparisons, nymphs that were better fed pro-
duced female-biased broods. Similar to data on
survivorship, data on sex ratio were examined for
trends and not analyzed statistically.

Discussion

Nymphal development was influenced by ma-
ternal diet, maternal age, and nymphal diet.
Young mothers had offspring with shorter devel-
opment times. As the time between meals in-
creased, for either nymphs or mothers, the devel-
opment times of nymphs increased (Figs. 1-3).
No nymphs fed every 9 d lived to the adult stage,
and these individuals usually died in the act of
molting to the fourth instar. Nymphal diet
seemed to influence nymphal survival and sub-
sequent body weight (Tables 1 and 2). Although
not statistically amalyzed, examination of data
trends suggested that nymphs fed more often
showed higher survivorship and weighed more
at eclosion. Maternal effects on nymphal survival
were less obvious. For some maternal diets, mid-
dle-aged mothers produced nymphs with lower
survivorship. However, comparison of nymphal
survival across relative maternal ages and diets
yielded no consistent pattern. Likewise, mater-
nal effects on sex ratio and body weights of
newly emerged adults were unclear. Maternal
age appeared to have little effect on offspring
weight and sex ratio, although younger females
tended to produce female-biased broods. Analy-
sis of maternal effects on nymphal survival and

adult weight and sex need increased replication
of treatments to be more definitive.

Although nymphal survival appeared to im-
prove with feeding frequency, nymphs can reach
aduithood when fed one prey every 3 d. Further,
although nymphs fed every 8 d failed to reach
adulthood, they were capable of living =20 d on
this regimen (Legaspi 1991). Thus, nymphs can
survive extensive periods of starvation during
times of low prey availability. In the study re-
ported here, predators were continually supplied
plant material. Although not directly tested, ac-
cess to plant material probably kept predators
alive in the absence of prey (see Ruberson et al.
1986). Thus, the predators can use plants to
bridge times of low prey densities and perhaps
maintain their population in the field longer.

Qur results agree with findings by other work-
ers. In general, food level and maternal effects
influenced the development time of each instar.
Evans (1982b) reported that adult body size of P.
maculiventris depends upon the rate at which
nymphs consume prey. He found that a decrease
in food supply as the season progressed resulted
in smaller newly molted adult P. maculiventris.
Jakob & Dingle (1990) found that both sexes of
the pholcid spider Holocnemus pluchei (Scopoli)
reached maturity more quickly with higher food
levels. For example, development time from egg
to adult was 20 d longer in the low-feeding group
than in the high. They also found that spiders fed
less food had longer stadia and were more likely
to undergo an additional instar than spiders fed
more food. Similar results were found in the spi-
der Linyphia triangularis (Clerck) by Turnbull
(1962). He reported that spiders supplied prey at
the lowest rates died in the early stages, usually
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_ in the act of molting, whereas those supplied at
higher rates all matured. In our study, P. macu-
liventris underwent only five stadia before
- emerging as an adult. The differences in total
immature development of the nymphs resulted
mainly from whether they completed the fourth
- and fifth instars before reaching the adult stage.
In most cases where nymphs died, they were
. able to molt to the fourth instar but died soon
- after molting, presumably from lack of food. We
. found that during later nymphal development, it
is possible that food reserves from the mother
. may have been depleted and the nymphs relied
_on food in their environment to complete their
development.
 Female P. maculiventris are known to adjust
 their reproductive output as a function of prey
- availability (Wiedenmann & O'Neil 1990, Le-
gaspi & O’Neil 1993). As prey numbers decline,
. predators reproduce less often and later in life.
For nymphs, fewer prey means longer develop-
~ment times and lowered survival. As prey avail-
_ability increases, females respond by increasing
reproductive output, and nymphs respond by de-
veloping faster and surviving better. Our data
- suggest that maternal diet also affects nymphal
-development and possibly survival. If such ma-
ternal effects are further documented, the conse-
‘quences to predator population growth will need
to be studied with models that incorporate cross-
generational effects. Practical applications of
these results await further study of maternal ef-
fects on predator ontogeny. However, if the re-
sults of this study have general applicability,
~young, well-fed predators should produce more
offspring, faster, in both mass-rearing and release
rograms. Finally, because P, maculiventris is but
oone of a small group of common generalist pred-
ators found in a number of crops (see O'Neil &
Wiedenmann 1987, Wiedenmann & O’Neil 1992),
we suggest that the life history characteristic we
have outlined here may be applicable to similar
types of predators as well.
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