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We investigated the consequences of cannibalism for some correlates of fitness in the fall armyworm, Spodoptera frugiperda
(Lepidoptera: Noctuidae). The benefits gained by cannibals were ascertained by comparing survival, development rate, and
pupal weight of larvae that had the opportunity to cannibalize with those that did not, at two levels of food availability. Larvae
in the cannibalism treatments were provided with a conspecific one instar younger than themselves on five dates throughout
larval development. Cannibalism was frequent; given the opportunity all larvae predated at least one younger conspecific. The
frequency of cannibalism was not affected by the sex of the cannibal or by the availability of alternative food. However, cannibals
suffered a significant reduction in survival at both high and low food availability. Furthermore, cannibals had a lower pupal
weight in the high food treatment and a reduced development rate in the low food treatment. The only detectable fitness
benefit associated with cannibalism was a positive correlation between the number of victims consumed and development rate
under conditions of low food availability. On balance, cannibalism appears to be costly; alternative explanations for its occurrence
in this species are discussed. Key words: cannibalism, fall armyworm, food availability, larval development, Spodoptera frugiperda,
survival. [Behav Ecol 10:298–303 (1999)]

Cannibalism is a frequent behavior in a wide array of ani-
mal taxa, often accounting for substantial levels of mor-

tality and influencing population structure and dynamics
(Dong and Polis, 1992; Fox, 1975; Polis, 1981). Cannibalism
has been widely documented in larval Lepidoptera (Dial and
Adler, 1990; Dhandapani et al., 1993; Joyner and Gould, 1985;
Pierce, 1995; Raffa, 1987; Reed et al., 1996), although there
is considerable variation in the frequency of cannibalistic be-
havior in closely related species (Breden and Chippendale,
1989; Gould et al., 1980; Schweitzer, 1979). In many cases,
however, the selective advantages associated with cannibalism
remain to be elucidated.

Cannibalism may confer direct (nutritional) fitness benefits
in the form of increased survival, developmental rate, and
fecundity (Church and Sherratt, 1996; Duelli, 1981; Joyner
and Gould, 1985), or it may provide indirect benefits by re-
moving potential competitors and intraspecific predators
(Fox, 1975; Polis, 1981). A third possible benefit associated
with cannibalism may be a reduction in the risk of predation
and/or parasitism via decreases in local population density.
Semiochemicals released from larval Spodoptera, frass, or lar-
val-damaged plants are known to elicit prey-locating behavior
in predatory Hemiptera (Yasuda, 1997; Yasuda and Wakamu-
ra, 1996) and to elicit host-seeking in parasitic Hymenoptera
(Turlings and Tumlinson, 1992; Turlings et al., 1990, 1991).
If the odor cues released from the microhabitat of the larvae
are quantitatively diminished by a reduction in herbivore den-
sity, then cannibalism may confer a selective advantage in
terms of a lower risk of predation and parasitism.

Conversely, the costs associated with cannibalism may be
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great. First, cannibals risk injury or death from the defensive
responses of conspecifics (Dawkins, 1976; Polis, 1981). Sec-
ond, cannibalism may be costly if pathogens or parasites can
be acquired through the consumption of infected conspecifics
(Polis, 1981). Transmission of pathogens and parasites via can-
nibalism has been demonstrated in several species (Dhanda-
pani, 1993; Matuschka and Bannert, 1989; Schaub et al.,
1989). Third, intraspecific predation may cause a reduction
in inclusive fitness through the cannibalism of kin (Pfennig,
1993; Polis, 1981). The reduction in inclusive fitness may be
offset by benefits such as increased development rate (Eick-
wort, 1973). However, kin selection theory predicts that selec-
tive cannibalism of nonkin should occur if cannibals have the
ability to distinguish relatives from nonrelatives (Hamilton,
1964). Even so, sibling cannibalism is widespread in many an-
imal species (Polis, 1981; Waldman, 1988).

The fall armyworm, Spodoptera frugiperda ( J. E. Smith)
(Lepidoptera: Noctuidae), is an economically important pest
of maize and other graminaceous crops throughout much of
tropical and subtropical America (Andrews, 1980; Sparks,
1979). Cannibalism is a frequent behavior of S. frugiperda in
laboratory culture and in the field, even when more than ad-
equate food is available (Chapman et al., in press; Chapman
et al., in preparation). We have previously demonstrated that
cannibalism of infected conspecifics may result in the trans-
mission of S. frugiperda nuclear polyhedrosis virus (Chapman
et al., in press). Other fitness consequences of cannibalism in
this species have not been determined. In the present study,
we investigated the developmental consequences of cannibal-
ism in this species. Because the adaptive benefits of cannibal-
ism may depend on the context in which it occurs (Sherratt
and Church, 1994), we quantified the fitness consequences of
cannibalism at two levels of food availability.

METHODS
Insect culture
The S. frugiperda culture used in this study originated from
wild larvae collected on maize plants in Chiapas, southern
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Mexico, during October 1996. The culture was translocated
to the insectary facilities at Southampton University, England,
and reared continuously at 27628C, 70610% relative humid-
ity, under a 12 h:12 h light:dark photoperiod. We conducted
all the experiments in the room used for culturing. The cul-
ture was maintained on maize leaves by rearing larvae in
groups of 10 in ventilated plastic boxes (18 cm310 cm36 cm)
lined with dampened tissue, until pupation. We moved adult
moths to cylindrical egg-laying cages (23 cm diam330 cm
high), where they were provided with a food source (honey
water) and oviposition material (diaper liners). We conducted
experiments during March and April 1997, when larvae had
been in the laboratory culture for between five and seven gen-
erations.

Foliage consumption

We assessed the feeding rate of larval S. frugiperda by quan-
tifying the area of maize leaf ingested by individual larvae on
each day throughout their development, so that daily food
requirements during the cannibalism studies could be deter-
mined. We removed neonate larvae from culture boxes within
6 h of hatching, after consumption of the egg cases, but be-
fore any other feeding. Thirty larvae were individually housed
in plastic pots (9 cm diameter34 cm high) lined with damp-
ened tissue paper. Each pot contained freshly excised leaves
from the uppermost region of whorl-stage maize. Leaf seg-
ments (approximately 20 cm2) were photocopied before and
after a feeding period of 24 h. Fresh maize was provided every
24 h, and larvae never exhausted their food supply. We cal-
culated leaf area consumption using an acetate photocopy of
1-mm2 graph paper. We monitored daily leaf area consump-
tion until day 14 of larval development, as by day 15 all larvae
had entered the prepupal stage and ceased feeding.

Nutritional benefits of cannibalism

We compared the survival, development rate, and pupal
weight of larvae that had the opportunity to cannibalize with
those that did not, at two levels of food availability. Cannibal-
ism is rarely observed in first and second instar S. frugiperda
(Barfield and Ashley, 1987; Chapman et al., in press). There-
fore, we initiated the experiment when larvae were at the
third instar. Before this, experimental larvae were reared in
the general culture. Individual third instar larvae (5 days old)
were housed in plastic pots (9 cm diameter34 cm high) lined
with dampened tissue paper. We randomly allocated larvae to
one of the following treatments: (1) high food with no op-
portunity for cannibalism, (2) high food with opportunity for
cannibalism, (3) low food with no opportunity for cannibal-
ism, and (4) low food with opportunity for cannibalism.

Larvae were provided with fresh maize leaves every 48 h
until pupation. We calculated the food requirements for each
48 h period by referring to the mean daily consumption rates
obtained in the previous experiment. Larvae in the high food
treatment were given 33% more maize than the mean daily
consumption rate, while larvae in the low food treatment were
given 33% less maize. In the cannibalism treatments, a poten-
tial cannibalistic victim (2 days and 1 instar younger than the
larger experimental larva) was added every 48 h with the
maize leaves. When cannibalism occurs between two S. frugi-
perda larvae of different ages, the early instar larva is always
the victim ( J. W. Chapman, unpublished data). We provided
victims at the first five feeding points (days 5, 7, 9, 11, and 13
of larval development). Larvae were not added after day 13
to prevent cannibalism of the experimental larvae during the
prepupal stage, when they are quiescent and vulnerable to
attack from younger conspecifics. Experimental larvae in the

no-cannibalism treatments were not provided with additional
conspecifics. At 48-h intervals we recorded the presence or
absence of cannibalism (missing larvae were presumed can-
nibalized) and then removed potential victims that had not
been consumed. Direct observations verified the occurrence
of cannibalism. Two days after pupation, we weighed and
sexed all pupae. All treatments were replicated 37 or 38 times.

The number of larvae surviving to pupation in each food
quantity and cannibalism treatment were analyzed using
GLIM (generalized linear interactive modeling; McCullagh
and Nelder, 1989) with binary error structure, according to
treatment (plus pairwise interaction). Within the two canni-
balism treatments, the number of victims consumed were ana-
lyzed using GLIM with binomial error structure, according to
food quantity and sex of the cannibal (plus pairwise interac-
tion). The maximum level of cannibalism possible (five vic-
tims) was used as the denominator for these binomial data.
We analyzed the effects of food quantity and/or opportunity
of cannibalism on development rate and pupal weight with
two-way ANOVAs. Data for development rate significantly de-
parted from normality and were therefore log transformed
and retested for normality before analysis. Model simplifica-
tion was conducted by removing redundant interaction terms
from all two-way analyses (Crawley, 1993). Within the two can-
nibalism treatments, the relationships between the number of
victims consumed and larval development parameters (pupal
weight and larval duration) were examined with Spearman
rank correlation.

RESULTS

Foliage consumption

Mean daily foliage consumption gradually increased through-
out larval development, with a substantial increase during the
final instar (day 11 onward; Figure 1). Consumption rates de-
creased during days 13 and 14, as larvae began entering the
prepupal stage.

Nutritional benefits of cannibalism

Cannibalism occurred frequently at both levels of food avail-
ability (Table 1) and was not significantly influenced by food
quantity (x2 5 0.89, df 5 1, p ..05) or the sex of the cannibal
(x2 5 0.22, df 5 1, p ..05). The proportion of larvae surviv-
ing to pupation in each treatment was not affected by feeding
regime (x2 5 0.30, df 5 1, p ..05), but was significantly de-
creased in treatments where larvae had the opportunity to
cannibalize (x2 5 6.7, df 5 1, p ,.01; Figure 2). The inter-
action between feeding regime and opportunity to cannibal-
ize was not significant (x2 5 0.20, df 5 1, p ..05), indicating
that the reduction in survival associated with the presence of
conspecifics was uniform across both levels of food availability.

Larval development time (the number of days to pupation)
was significantly longer in the low food treatments (F1, 112 5
122.4, p , .001; Figure 3). Opportunity for cannibalism also
produced a significant increase in larval development time
(F1, 112 5 5.3, p 5.02). Larvae developed most slowly when
reared at low food availability and provided with younger lar-
vae, whereas the provision of conspecifics to larvae in the high
food treatment had no effect on development rate (Figure 3).
There was a significant interaction between food availability
and opportunity for cannibalism (F1, 112 5 7.1, p ,.01), indi-
cating that the effect of the additional larvae on development
rate was significantly greater at low food availability.

To investigate the influence of cannibalism on development
rate, we examined the relationship between the number of
victims consumed and the time to pupation. Spearman rank
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Figure 1
Mean area (6 1 SE) of maize
leaves consumed by single lar-
val S. frugiperda provided with
an abundant food supply every
24 h throughout larval devel-
opment (n 5 30).

Figure 2
Percent survival to pupation of S. frugiperda larvae reared at two
levels of food availability (high 5 33% more maize than mean daily
requirements; low 5 33% less) with or without the opportunity for
cannibalism. Larvae in the cannibalism treatments were provided
with a younger conspecific larva every 48 h on five separate feeding
dates from day 5 of development onward.

Table 1
Mean number (6 SE) of larvae cannibalized by male and female S.
frugiperda larvae surviving to pupation, at two levels of food
availability

High food

n
No.
cannibalized

Low food

n
No.
cannibalized

Males 14 3.1 6 0.3 10 2.6 6 0.2
Females 13 2.8 6 0.2 16 2.6 6 0.3
Both sexes 27 2.9 6 0.2 26 2.6 6 0.2

Experimental larvae were offered a potential cannibalistic victim (1
instar and 2 days younger) every 48 h on five dates throughout
their development.

correlation indicated that there was no relationship in the
high food treatment (rs 5 .011, n 5 26, p 5.96), but in the
low food treatment the number of days to pupation was sig-
nificantly negatively correlated with the number of victims
cannibalised (rs 5 2.498, n 5 26, p 5.01). Therefore, larvae
that cannibalized most frequently in the low food treatment
had the shortest development times (Figure 4).

Larvae reared in the high food treatments produced sig-
nificantly heavier pupae than those in the low food treatments
(F1, 112 5 14.9, p ,.001; Figure 5). The addition of conspecific
victims did not significantly affect pupal weight overall (F1, 112

5 2.36, p 5.14). However, pupal weight of larvae with the
opportunity for cannibalism at high food availability was sub-
stantially less than larvae in the high food, no cannibalism
treatment (Figure 5). There was a significant interaction be-
tween food availability and opportunity for cannibalism (F1, 112

5 7.2, p ,.01), indicating that the effect of conspecifics on
pupal weight was significantly greater in the high food treat-
ment. We investigated the relationship between pupal weight
and the number of conspecifics consumed with Spearman
rank correlation. In the high food treatment there was no
correlation between pupal weight and cannibalism (rs 5
2.115, n 5 26, p 5.58). However, the pupal weight of indi-
viduals in the low food treatment was negatively correlated
with the number of victims consumed (rs 5 2.413, n 5 26, p
,.05). Therefore, larvae that cannibalized most frequently in
the low food treatment produced the smallest pupae (Figure
6).

DISCUSSION

Survival of S. frugiperda larvae was not influenced by the
amount of food available. However, there were developmental
consequences associated with low food availability in terms of
longer larval development (an increase of approximately 1.5
days) and lower pupal weight (a reduction of approximately
10%). These effects of low food on developmental parameters
may have profound repercussions for an individual’s fitness.
Larval mortality from natural enemies can be high in the field
(Castro and Pitre, 1989; Gardner and Fuxa, 1980), and thus
prolonged larval development may be very costly. Small fe-
males will have reduced reproductive success, as pupal weight
is positively correlated with fecundity (Leuck and Perkins,
1972; Lynch, 1984). The fitness costs, if any, of reduced pupal
weight in males are unknown. Larger (more fecund) females
take longer to develop than small females (Pashley et al.,
1995), and it seems probable that development time is the
result of a trade-off between maximizing adult size and min-
imizing larval mortality. One possible means by which herbi-
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Figure 3
Mean (6 SE) developmental time to pupation of larval S.
frugiperda reared at two levels of food availability with or without
the opportunity for cannibalism. Larvae in the cannibalism
treatments were provided with a younger conspecific larva every 48
h on five separate feeding dates from day 5 of development
onward.

Figure 5
Mean (6 SE) pupal weight (g) of S. frugiperda reared at two levels
of food availability with or without the opportunity for cannibalism.
Larvae in the cannibalism treatments were provided with a younger
conspecific larva every 48 h on five separate feeding dates from day
5 of development onward.

Figure 4
The relationship between the
number of larvae cannibalized
and the time taken to reach
pupation by larval S. frugiperda
reared at low food availability
(rs 5 2.498, n 5 26, p 5.01).
Individual data points of the
same y value have been shifted
slightly to the left and right for
clarification.

vorous larvae might improve on this trade-off is by gaining
extra nutritional benefits through cannibalism ( Joyner and
Gould, 1985; Polis, 1981).

The results of this and other studies (Chapman et al., in
press) clearly demonstrate that cannibalism is a prevalent be-
havior of S. frugiperda larvae. It is possible that the increased
density of the laboratory culture, compared to field condi-
tions, may have selected for cannibalistic behavior. However,
several considerations suggest that the high rates of cannibal-
ism observed in our experiments were not an artifact of lab-
oratory rearing conditions. Maize is the favored host of S.
frugiperda; the larvae feed primarily within the wrapped leaves
of the whorl (Labatte, 1993; Morrill and Greene, 1973) and
hence will be in close contact with cohabiting larvae. Several
small S. frugiperda larvae are frequently observed feeding in
the same whorl, whereas large larvae almost never cohabit
(Carvalho and Silveira, 1971; Vickery, 1929; J. W. Chapman,
unpublished data). Furthermore, field cage experiments in-
dicated that cannibalism accounted for considerable levels of
mortality when maize plants were artificially infested with two
or more fourth instar S. frugiperda (Chapman et al., in prep-
aration).

The nutritional benefits accrued from cannibalism in many
species include increased survival, accelerated development,
and increased body mass (Polis, 1981). Therefore, it follows
that when cannibalism confers such benefits, the propensity
for cannibalism should be greater when food availability is
low. Also, the risk of injury involved with cannibalism may
inhibit the behavior unless a deficiency of alternative food
makes it a viable strategy (Polis, 1981). Indeed, cannibalism
frequently occurs as a response to low food levels (Banks,
1968; Church and Sherratt, 1996; Duelli, 1981; Istock, 1966),
and we have previously demonstrated that cannibalism among
S. frugiperda larvae was more prevalent when food was scarce
(Chapman et al., in press). However, the results of our present
study indicated that food availability had no effect on the in-
cidence of cannibalism. This discrepancy in our results is
probably due to the stage of the victim relative to the cannibal:
in the previous study of S. frugiperda, all experimental larvae
were the same instar (Chapman et al., in press), whereas in
the present study victims were an instar younger than the can-
nibals. The risk of retaliation is reduced in cannibalistic en-
counters that are asymmetric in respect to age (Polis, 1981).
Thus, when presented with younger (and hence more vulner-
able) potential prey, larvae may have less incentive to avoid
cannibalism, even when food is not limiting. This probably
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Figure 6
The relationship between the
number of larvae cannibalized
and the pupal weight of larval
S. frugiperda reared at low food
availability (rs 5 2.413, n 5 26,
p ,.05).

explains why larvae were equally cannibalistic at both levels
of food availability.

Unlike a number of other studies (Duelli, 1981; Joyner and
Gould, 1985; Osawa, 1992; Church and Sherratt, 1996), our
results provide little evidence for detectable fitness benefits
associated with cannibalism. Larvae provided with the oppor-
tunity to cannibalise had lower survival in both food treat-
ments, lower pupal weight in the high food treatment, and a
longer development time in the low food treatment. However,
it is difficult to tease apart the effects of the presence of con-
specifics from the effects of the act of cannibalism. Many stud-
ies document negative consequences of increasing rearing
density on larval developmental parameters (Breden and
Chippendale, 1989; Ferguson et al., 1994; Goulson and Cory,
1995; Kazimı́rová, 1992). One method of separating the ef-
fects of crowding from the effects of cannibalism is to com-
pare variation in development within each cannibalism treat-
ment according to the number of larvae cannibalized. Larvae
that cannibalized little are presumably subject more to the
effects of crowding, whereas larvae that consumed many con-
specifics will have been affected less by crowding and more
by the direct consequences of cannibalizing. This approach
reveals that larvae engaging in greater amounts of cannibal-
ism had a lower pupal weight but a faster development time
than less cannibalistic larvae when food availability was low.
From this, we tentatively conclude that the presence of con-
specifics that are not cannibalized may decrease development
rate, but that the act of cannibalism seems to result in reduced
pupal weight. The adverse effect of cannibalism on size may
be explained by one or more of the following processes. De-
fensive responses from victims may have inflicted injuries, thus
reducing the fitness of the cannibals. Furthermore, consump-
tion of conspecific tissues may be maladaptive if the victim
contains high levels of toxins or is infected with harmful mi-
croorganisms. Indeed, we have previously demonstrated that
cannibalism of infected larvae may lead to transmission of
pathogens (Chapman et al., in press).

If cannibalism is costly, then why are larval S. frugiperda
such voracious intraspecific predators? It appears that the
mere presence of conspecifics slowed down larval develop-
ment, particularly when alternative food was scarce. Canni-
balism may therefore confer indirect benefits through the re-
moval of competitors, consequently alleviating the detrimen-
tal effects of increased density. In this study, rearing density

was kept constant by successive additions of fresh larvae, thus
possibly obscuring any beneficial effects of the removal of con-
specifics. Further work is required to elucidate whether other
fitness benefits may accrue from cannibalism (such as reduced
predation and parasitism) to explain the high incidence of
cannibalism in S. frugiperda.

Our results demonstrate that the rate of cannibalism of
younger conspecifics by S. frugiperda larvae was not depen-
dent on the sex of the cannibal. Previously, we also demon-
strated a lack of a sexual bias in cannibalism rates among
cohorts of same age larvae (Chapman et al., in press). Spo-
doptera frugiperda is unusual in this respect, as females were
found to be more cannibalistic than males in 86% of species
studied (reviewed in Polis, 1981). It has been suggested that
the greater incidence of cannibalism by females of many spe-
cies is related to their higher energetic requirements, partic-
ularly egg maturation and oviposition (Church and Sherratt,
1996). However, we failed to reveal an increase in body mass
associated with cannibalism, which may explain the lack of a
sexual bias in this species.
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presentados al Prima Congreso Latinoamericano de Entomologı́a,
Cuzco, Peru, pp. 92–93.



303Chapman et al. • Fitness consequences of cannibalism

Castro MT, Pitre HN, 1989. Populations of fall armyworm, Spodoptera
frugiperda ( J. E. Smith), larvae and associated natural enemies in
sorghum and maize cropping systems in southern Honduras. Trop
Agric 66:259–264.

Chapman JW, Williams T, Escribano A, Caballero P, Cave RD, Goulson
D, in press. Age-related cannibalism and horizontal transmission of
a nuclear polyhedrosis virus in larval Spodoptera frugiperda. Ecol
Ent.

Church SC, Sherratt TN, 1996. The selective advantages of cannibal-
ism in a Neotropical mosquito. Behav Ecol Sociobiol 39:117–123.

Crawley MJ, 1993. GLIM for ecologists. Oxford: Blackwell Science.
Dawkins R, 1976. The selfish gene. Oxford: Oxford University Press.
Dhandapani N, Jayaraj S, Rabindra RJ, 1993. Cannibalism on nuclear

polyhedrosis-virus infected larvae by Heliothis armigera (Hubn.) and
its effect on viral-infection. Insect Sci Appl 14:427–430.

Dial CI, Adler PH, 1990. Larval behavior and cannibalism in Heliothis
zea (Lepidoptera: Noctuidea). Ann Entomol Soc Am 83:258–263.

Dong Q, Polis GA, 1992. The dynamics of cannibalistic populations:
a foraging perspective. In: Cannibalism—ecology and evolution
among diverse taxa (Elgar MA, Crespi BJ, eds). Oxford: Oxford
Science; 13–37.

Duelli P, 1981. Is larval cannibalism in lacewings adaptive? (Neurop-
tera: Chrysopidae). Res Popul Ecol 23:193–209.

Eickwort KR, 1973. Cannibalism and kin selection in Labidomera cliv-
icollis (Coleoptera: Chrysomelidae). Am Nat 107:452–453.

Ferguson HJ, Eaton JL, Rogers CE, Simmons AM, 1994. Rearing den-
sity effects on pupal weight, wing width, development, and female-
adult activity of the fall armyworm (Lepidoptera: Noctuidae). Ann
Entomol Soc Am 87:823–830.

Fox LR, 1975. Cannibalism in natural populations. Annu Rev Ecol
Syst 6:87–106.

Gardner WA, Fuxa JR, 1980. Pathogens for the suppression of the fall
armyworm. Fla Entomol 63:439–447.

Gould F, Holtzman G, Rabb RL, Smith M, 1980. Genetic variation in
predatory and cannibalistic tendencies of Heliothis virescens strains.
Ann Entomol Soc Am 73:243–250.

Goulson D, Cory JS, 1995. Responses of Mamestra brassicae (Lepidop-
tera: Noctuidae) to crowding: interactions with disease resistance,
colour phase and growth. Oecologia 104:416–423.

Hamilton WD, 1964. The genetical evolution of social behaviour. I,
II. J. Theor Biol 7:1–52.

Istock CA, 1966. Distribution, coexistence and competition of whirli-
gig beetles. Evolution 20:211–234.

Joyner K, Gould F, 1985. Developmental consequences of cannibalism
in Heliothis zea (Lepidoptera, Noctuidae). Ann Entomol Soc Am
78:24–28.

Kazimı́rová M, 1992. The role of physical contact in the induction of
phase polymorphism of Mamestra brassicae (Lepidoptera, Noctui-
dae). Acta Entomol Bohemoslov 89:87–95.

Labatte JM, 1993. Within-plant distribution of fall armyworm (Lepi-
doptera: Noctuidae) larvae on corn during whorl-stage infestation.
Fla Entomol 76:437–447.

Leuck DB, Perkins WD, 1972. A method of estimating fall armyworm
progeny reduction when evaluating control achieved by host plant
resistance. J Econ Entomol 65:482–483.

Lynch RE, 1984. Effects of ‘‘coastal’’ bermudagrass fertilization levels
and age of regrowth on fall armyworm (Lepidoptera: Noctuidae):
larval biology and adult fecundity. J Econ Entomol 77:948–953.

Matuschka FR, Bannert B, 1989. Recognition of cyclic transmission of
Sarcocystis stehlinii N. Sp. in the Gran Canarian giant lizard. J Par-
asitol 75:383–387.

McCullagh P, Nelder JA, 1989. Generalized linear models. London:
Chapman and Hall.

Morrill WL, Greene GL, 1973. Distribution of fall armyworm larvae.
1. Regions of field corn plants infested by larvae. Environ Entomol
2:195–198.

Osawa N, 1992. Sibling cannibalism in the ladybird beetle Harmonia
axyridis: fitness consequences for mother and offspring. Res Popul
Ecol 34:45–55.

Pashley DP, Hardy TD, Hammond AM, 1995. Host effects on devel-
opmental and reproductive traits in fall armyworm strains (Lepi-
doptera: Noctuidae). Ann Entomol Soc Am 88:748–755.

Pfennig DW, Reeve HK, Sherman PW, 1993. Kin recognition and can-
nibalism in spadefoot toad tadpoles. Anim Behav 46:87–94.

Pierce NE, 1995. Predatory and parasitic Lepidoptera: carnivores liv-
ing on plants. J Lepid Soc 49:412–453.

Polis GA, 1981. The evolution and dynamics of intraspecific preda-
tion. Annu Rev Ecol Syst 12:225–251.

Raffa KF, 1987. Effect of host plant on cannibalism rates by fall ar-
myworm (Lepidoptera: Noctuidae) larvae. Environ Entomol 16:
672–675.

Reed DJ, Begon M, Thompson DJ, 1996. Differential cannibalism and
population-dynamics in a host-parasitoid system. Oecologia 105:
189–193.
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