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of extant and novel parasitoids (Hymenoptera:
Braconidae) on Egyptian cotton leafworm
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Abstract

Background Cotesia marginiventris (Cresson) and Microplitis rufiventris Kok. (Hymenoptera: Braconidae) are larval
endoparasitoids of Spodoptera frugiperda (Smith) and S. littoralis (Boisd.), respectively. Cotesia marginiventris was intro-
duced in Egypt to control the recent invasive pest, S. frugiperda and local one, S. littoralis. Therefore, competition
between the two parasitoid species may occur.

Results When single females of C. marginiventris (Exp. 1), single females of M. rufiventris (Exp. 2), and one female each
of C. marginiventris and M. rufiventris (Exp. 3) were offered a choice of 60 1st, 60 2nd, and 60 3rd instars, of the tested
host species, S. littoralis and different parasitization levels were obtained. In the non-competitive context (Exps. 1, 2),
all instars were parasitized, but C. marginiventris and M. rufiventris parasitized primarily 2nd and 3rd instar host larvae,
respectively. In the competitive context (Exp. 3), the same preference pattern emerged but the percentage of parasit-
ism was lower than in each of the two non-competitive contexts.

Conclusions M. rufiventris appears to be a superior competitor when simultaneously exploiting the host

with the other parasitoid species. The knowledge of this work can be used to predict and/or understand possible
outcomes of a biological control program using the two biocontrol agents against one or the two pests species,
and to gain insight into possible biotic interference between species at the same trophic level exploiting the same
host.

Highlights

Cotesia marginiventris (Cresson) and Microplitis rufiventris Kok. parasitize young instars but differ in their degree
of host selection instar of Spodoptera littoralis (Boisd.).

Brood sex ratio (proportion of females), realized lifetime fecundity, and clutch size were relative positively to instar
preference, 2nd instar for C. marginiventris, and 3rd instar for M. rufiventris.

Extrinsic competition occurs between the two species, and M. rufiventris is typically the superior of the two
species. Some parasitized hosts resulted from parasitization by single wasp species, produced no parasites
and showed intrinsic completion
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Background

In a healthy ecosystem, diverse and balanced numbers of
species exist, constantly interacting. That interaction is a
vital part of how insects develop and change over time.
When studying species, it is important to analyze the way
they interact with their ambient environment. So, it is
important to understand the interactions between intro-
duced parasitoid insects and their coexistence with local
species that use the same resource.

Cotesia marginiventris (Cresson) (Hymenoptera:
Braconidae), formerly in the genus Apanteles Foerster
(Mason 1981), is a larval endoparasitoid that attacks
many economically important lepidoptera species such

as tobacco cutworm Spodoptera litura (Fabricius),
fall armyworm S. frugiperda (J. E. Smith), beet army-
worm S. exigua (Hiibner) Southern armyworm S. eri-
dania (Stoll), soybean looper Chrysodeixis includens
(Walker), and Heliothis spp. (Lepidoptera: Noctuidae)
in agroecosystems (Tamo et al. 2006). The parasitoid
frequently causes high mortality among these pests
(e.g., Capinera 1999). It has been used as a model
organism for studying tri-trophic interactions between
crop plants, pests and their natural enemies (Farmer
1997; Fatouros, et al. 2005). Cotesia marginiventris
was originally described from Cuba and is native to
the West Indies. It also occurs in the USA, Mexico
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and South America (Mason 1981). It was imported
to Egypt in 2016 from Switzerland but not released in
Egypt (Dr. Ted Turlings, Institute of Biology, Univer-
sity of Neuchatel, Switzerland) for trials against local
pest (S. littoralis).

Microplitis was formerly classified under the genus
Microgaster latreille, 1804 with the type species Micro-
gaster sordipes Nees (Telenga 1955). The solitary endo-
parasitoid Microplitis rufiventris Kok. (Hymenoptera:
Braconidae) oviposits and develops in several noctuid
caterpillars in Egypt, including the cotton leafworm,
Spodoptera littoralis (Boisd.) (Gerling 1969); the lesser
cottonworm, S. exigua (El-Minshawy 1963); S. late-
brosa Lederer (Hammad et al. 1965); the cotton boll-
worm, Helicoverpa armigera Hbn. (Ibrahim and Tawfik
1975) and the new invasive pest, S. frugiperda in Egypt
(Youssef 2021).

Both C. marginiventris and M. rufiventris are arrhe-
notokous koinobiont parasitoids whose hosts continue
to feed and grow during much of physiological inter-
action between parasitoid offspring and their hosts
(Harvey 2005). During oviposition, female parasitoids
inject an egg together with venom and calyx fluid con-
taining a polydnavirus that halts the host development
to pupal form (Hegazi et al. 2005).

Many koinobiont larval endoparasitoids attack hosts
of various instars that continue feeding and grow-
ing during parasitism, and the amount of available
resources may change greatly between oviposition and
parasitoid offspring completing its larval develop-
ment (Gu et al. 2003; Elzinga et al. 2003). In the field,
both C. marginiventris and M. rufiventris preferen-
tially attack earlier instars of their hosts (Turlings et al.
1990a, b). There are plans to import C. marginiventris
from Switzerland into Egypt to control S. frugiperda
and S. littoralis. Thus for, few studies have focused on
the interaction of these two parasitoid species (Ruber-
son and Whitfield 1996), it is not known if competi-
tion between the two species may occur. Therefore,
before undertaking large-scale release of C. margini-
ventris and M. rufiventris, it is important to determine
the host instar(s) they preferentially parasitized and
whether interspecific competition reduces their com-
bined efficacy as biological control agents. Results
derived from this study are relevant and may contrib-
ute to make decision about single or multiple para-
sitoid species to control a single pest species. In this
study, the relevance of studying the interactions among
the two species of parasitoids that could be used simul-
taneously as biological control agents for one local and
can be on the invasive pest species in future.
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Methods

Maintenance of parasitoid and host colonies

Cultures of the parasitoids: C. marginiventris and M.
rufiventris were reared for several generations and kept
on young larvae of S. littoralis before experiments. The
colonies were reared following the methods of Hegazi
and El-Minshawy (1979). Both colonies of S. littoralis
and M. rufiventris originated from field crops in Egypt,
including cotton Gossypium hirsutum L. (Malvales: Mal-
vaceae). Field-collected insects were added to the colo-
nies twice a year to increase genetic diversity. Cotesia
marginiventris was imported from Switzerland. Early 3rd
instar of S. littoralis were used as hosts for both parasi-
toids. The wasp, C. marginiventris was maintained on
S. littoralis larvae according to methods used for M.
rufiventris.

Mating in both C. marginiventris and M. rufiventris
wasps occurred as soon as both sexes were present, thus
male and female wasps held together in glass vials (25 by
100 mm) for 2—4 h were presumed mated. Mated females
of 1 day old (hereafter mated females) were held together
with accompanying males throughout the test period.
The wasps were provided with droplets of honey and dis-
tilled water solution at 1:1 daily.

Host-instar preference and interspecific interaction

The study was divided into two parts. Firstly, to deter-
mine whether the host instar (host size) of S. littoralis
larvae “at the time of” parasitism had an influence on
parasitization rate, choice tests were carried out. These
were C. marginiventris+S. littoralis (Exp. 1), and M.
rufiventris +S. littoralis (Exp. 2). The wasps were offered
180 larvae of the 1st three S. littoralis instars for 3-h
exposure period/day. That was to check the preference of
female wasp for the smaller (1st), as opposed to the rela-
tively larger (2nd and 3rd) S. littoralis larvae, when they
are simultaneously offered each parasitoid species in a
choice test setting.

Secondly, in part 2, the effect of interspecific compe-
tition between C. marginiventris and M. rufiventris in a
choice test setting was investigated (Exp. 3). So, in this
experiment one female each of C. marginiventris and M.
rufiventris was offered a choice of similar number of 1st,
2nd, and 3rd instars of S. littoralis larvae. For the two tri-
als, the host larvae were grouped into instars: late first
(L1; determined by their color and weight) and newly
molted second (L2) and third (L3), (determined by the
presence of a molted head capsule). For each replicate,
S. littoralis larvae that had been food-deprived—empty
guts—for 3 h were released at the same time inside the
ventilated parasitization cage (110x110x35 mm). So,
parasitization cage in each case contained one female
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parasitoid for Exp. 1 or Exp. 2 and two wasps (one of each
species) for Exp. 3. Each parasitization cage was left for
1.5 h to get natural distribution among used hosts before
releasing the wasp(s). In each case 60 larvae/instar was
considered as unlimited number/individual wasp (Hegazi
and El-Minshawy 1979) exposure for 3-h per day.

The newly emerged adult male and female wasps used
for the experiments, were introduced in each ventilated
glass vials (70 X 30 mm) and divided into three subgroups
for the Exp. 1-Exp. 3, (n=12-15 mated females/Exp). A
sufficient supply of honey solution was maintained daily
in each glass vial of adult females and males. Tracking of
individual females and their “performance”-parasitism by
a stereoscope—on 8 consecutive bioassay days was kept.
The date of death of each tested females was recorded.

In all cases, mated females were daily used for a 3-h
exposure period/day (to minimize interspecific com-
petition in Exp. 3) and each served as a replicate. After
exposure period, the different host instars were re-sepa-
rated and each placed in a clean transparent plastic box
(155 155 x 60 mm) covered with organdy cloth and pro-
vided daily with fresh standard artificial diet for the host
larvae. Each test was replicated 10-12 times.

The host larvae were checked daily until they pupated
or died. The host larvae that died prior to pupation were
dissected to ascertain if they had been parasitized. Para-
sitism was confirmed by the presence in the cadaver of
an egg or immature parasitoid larva. The date and the
numbers of different S. littoralis instars parasitized were
recorded. The date and the number of parasitoid cocoons
and unspun larvae were also recorded. The date of death
of each tested females was recorded. All experiments
were conducted and cultures maintained at 26+1 °C,
65 +5% RH, and a photoperiod of 12:12 (L: D) hrs.

The potential competition between the two parasitoid
species was only assessed in a single pest species (S. lit-
toralis) and did not on the invasive pest species (S. fru-
giperda) due to quarantine measures. The experiments by
C. marginiventris were carried out in 2016 and the para-
sitoid still was under laboratory containment facility. At
present, the S. frugiperda is already an established species
in several regions in Egypt and neighboring countries.

Remaining eggs at death

Microplitis rufiventris females have two ovaries, each
with two ovarioles that are in contact with each other
throughout their length. The distal portion of each ovari-
ole forms a gourd-shaped structure for storing mature
eggs. The commencement of the lateral oviducts is swol-
len and referred to as a calyx where a water-soluble fluid
of bluish hue (calyx fluid) is found. The two lateral ovi-
ducts unite medially into the common oviduct, which
extends close to the base of the ovipositor. Mature
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ovarian eggs were found in the calyx and reservoir
regions. Cotesia marginiventris wasp has almost simi-
lar ovaries. The ovaries of both wasps at death were dis-
sected under a binocular dissecting microscope.

To standardize counting the eggs, only mature eggs
were counted. To test the importance of host instar inter-
action on egg load, the ovaries of both female wasps (M.
rufiventris and C. marginiventris) at death at the end of
the test were dissected (Khafagi & Hegazi 1998) under
a binocular dissecting microscope and mature reservoir,
and calyx eggs were counted. To standardize counting
the eggs, only mature eggs were counted.

Statistical analysis

Where appropriate, data were subjected to one-way anal-
ysis of variance to determine differences between means.
Student’s t test was used for statistical analyses. Percent-
ages of data were transformed to arcsin square root of
proportions before statistical analysis, but the untrans-
formed means+SEM were presented for comparison
(SAS Institute 1989).

Results

Host-instar preference and interspecific competition

The reproductive longevity (mean + SD) of the wasps was
89+1.6 and 8.3+0.3, days (n=8 females) for C. mar-
giniventris and M. rufiventris, respectively. The difference
was non- significant (t=1.9, P<0. 05), so the parasitiza-
tion activity of each wasp was limited for the 1st 8 ovi-
positional period. Figure 1 shows the life time of total
number of parasitized S. littoralis larvae (mean + SE) by
C. marginiventris (Exp. 1) and by M. rufiventris (Exp. 2)
adult females (=10 females/Exp.). When a single female
of C. marginiventris was given a choice among three
equally available host instars of S. littoralis, the mean
total number of parasitized hosts varied significantly
(F=34.5; df=2, 27; P<0.05) among the host stages. The
total number of parasitized S. littoralis larvae/host instars
by the female reached up: L1 (76.8 +8.9), L2 (109.2 +4.5),
L3 (59.8+£3.4). The wasp significantly parasitized more
2nd instars than larger or smaller instars.

When a single female of M. rufiventris (Exp. 2) was
given the same choice among the host instars of S. [it-
toralis, the total number of parasitized hosts varied sig-
nificantly among the host instars, but with different
figures and trend. The mean total number of S. littoralis
larvae parasitized by the female increased significantly
(F=126.7; df =2, 27; P<0.05) with increasing size of host
instar: L1, L2 and L3. The wasp accepted more L3 than
L2 or L1.

However, when both C. marginiventris and M. rufiven-
tris were given the same choice with same instars of S.
littoralis larvae in one arena (Exp. 3), the same pattern
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Fig. 1 Lifetime mean number (+SE) of parasitized S. littoralis larvae by C. marginiventris (Exp. 1) and M. rufiventris (Exp. 2) adult females (n=10/
Exp.) when each wasp given 180 host larvae of 1st-3rd instars “during 8 consecutive days! Letters above the bars of each set represent significant

differences among the different instars (one-way ANOVA, P<0.05)

of parasitism was obtained, but with lower figures. For
C. marginiventris, the number of S. littoralis parasitized
by a female wasp did not increase significantly (F=11.1;
df =2, 27; P<0.05) with 3rd host instar: L1 (45.2+3.3),
L2 (76.0+£7.3), L3 (45.0+3. 7) and with same pattern of
parasitism level of Exp. 1 (Fig. 2). However, parasitism by
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M. rufiventris parasitoid varied significantly (F=171.7;
df=2, 27; P<0.05) with the number of S. littoralis para-
sitized increasing significantly with increasing age of host
instar: L1 (14.0+£1.7), L2 (52.6 £5.3), L3 (111.4+ 3.2).
Figure 3 shows the mean daily parasitization by C.
marginiventris female when introduced alone and when
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Fig. 2 Lifetime mean number (+ SE) of parasitized S. littoralis larvae by coexisted wasps of C. marginiventris and M. rufiventris (Exp. 3) adult females
(n=10/Exp.) when wasps given 180 host larvae of 1st-3rd instars “during 8 consecutive days! Letters above the bars of each set represent significant

differences among the different instars (one-way ANOVA, P<0.05)
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Fig. 3 Daily percentage (Mean + SE) of parasitism of S. littoralis larvae by C. marginiventris female alone or when combined with M. rufiventris wasp
and introduced each time to 180 1st-3rd host larvae (60 larvae/instar) into the parasitization cage. Points with the same uppercase or lowercase

letter are not significantly different (P>0.05)

combined with M. rufiventris in the same cage. Generally,
the percentage of larvae parasitized daily by C. margini-
ventris changed significantly with female age when the
wasp introduced alone (F=41.7; df=7, 56; P<0.05) and
when combined with the other species (F=28.1; df=7,
56; P<0.05). The number of parasitized hosts produced
was related the day that the females were exposed to
hosts. Peak parasitization activity occurred from day one
to day three (58.1% of total parasitism) and then gradu-
ally decreased to its minimum on day 8 (age dependent
parasitization). Percentage of total parasitism of wasps
introduced alone in the parasitization cage was signifi-
cantly higher (¢=2.9, P<0. 05) than wasps combined
with M. rufiventris. This suggests that the interspecific
competition between the two wasps’ species reduced the
total parasitism of C. marginiventris by 30.1%.

Figure 4 shows the mean daily percent of parasit-
ism by M. rufiventris when introduced alone and when
combined with C. marginiventris into the parasitization
cage to different host instars. Like C. marginiventris, the
percentage of larvae parasitized daily by M. rufiventris
changed significantly with female age when the wasp
introduced alone (F=52.0; df=7, 56; P<0.05) and when
combined with the other species (F=80.1; df=7, 56;
P<0.05). Peak parasitization activity occurred from day
one to day four (57.6% of total parasitism) and then grad-
ually decrease to its minimum on day 8 (age dependent

parasitization). However, percentage of total parasit-
ism of the single wasp was significantly higher (¢=3.1,
P<0. 05) than wasps combined with C. marginiventris
(Table 1). Also, the interspecific competition between the
two wasps reduced the total parasitism of M. rufiventris
by 31.1%.

Table 1 shows the effect of non-competitive context
(Exps. 1 and 2) and competitive context (Exp. 3) by C.
marginiventris and M. rufiventris wasps on the female
percentage of total progeny and remaining mature eggs
in the oviducts of the wasps. In Exp. 1, females of C.
marginiventris attacked and accepted more the rela-
tively medium (2nd) instars, i.e., this instar preferred
over equally available smaller (1st) or larger instars (3rd).
However, when C. marginiventris wasps were introduced
in combination with M. rufiventris wasps (Exp. 3), the
wasp accepted significantly more median size 2nd instar,
than smaller or larger instars. The sex ratio of total prog-
eny was significantly in favor of females for those wasps
developed in L2 (for Exp. 1, F=15.9; df=2, 27; P<0.05 or
Exp. 3, F=8.4; df=2, 27; P<0.05). The highest percent-
age of females were produced by L2, 45.5 and 40.3%, in
Exps.1 and 3, respectively. In case of M. rufiventris, the
females attacked and laid eggs in all three larval instars
of S. littoralis and they always accepted more the rela-
tively larger (3rd) instars (Table 1). The preference for
L3 was influenced by the relative difference in larval size
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Fig. 4 Daily percentage (Mean + SE) of parasitism of S. littoralis larvae by M. rufiventris female alone or when combined with C. marginiventris wasp
and introduced each time to 180 1st-3rd host larvae (60 larvae/instar) into the parasitization cage. Points with the same uppercase or lowercase

letter are not significantly different (P> 0.05)

between the available host stages. The same table shows
that the life time preference and female % of total prog-
eny of M. rufiventris introduced alone (Exp. 2) or in
combination with other wasps (Exp. 3) were significantly
greater among the 3rd instar (for Exp. 2, F=36.7; df =2,
27; P<0.05 or for Exp. 3, F=12.4; df=2, 27; P<0.05). The
highest percentage of females were produced by L3, 43.1
and 49.9%, in Exps. 2 and 3, respectively.

Realized and potential fecundity

The parasitization schedule (single species vs combined
species) of female parasitoids significantly affected their
lifetime fecundity (i.e., the number of eggs laid for an
entire lifetime): for both wasps used singly (¢=13.7, P<0.
05) and combined wasps (¢=9.1, P<0. 05) (Fig. 5). This
consequently affected daily parasitism by wasps used
singly (Figs. 3 and 4). The lifetime fecundity of singly
parasitization by C. marginiventris wasps (Exp. 1) was
240.2£2.0 eggs and reduced into 166.2+9.6 eggs when
M. rufiventris introduced in the parasitization cage (Exp.
3).

Also, the lifetime fecundity of M. rufiventris females
when used singly (Exp. 2) was 255.8+7.8 eggs and
reduced to 178.0+6.3 eggs in the presence of C. mar-
giniventris wasp (Exp. 3). Percentage of female progeny
was higher for hosts parasitized during their 2nd instar
for C. marginiventris and 3rd instar for M. rufiventris.
Also, potential fecundity (i.e., the number of eggs laid
for entire life time + remaining eggs in the oviducts) was

parasitization method-dependent, i.e., releasing single
wasp species vs releasing both species together (Table 1,
Fig. 6). The remaining mature ovarian eggs at death were
higher in combined wasps comparing with wasps used
singly.

Discussion

Cotesia marginiventris is new to Egypt and has been
found to parasitize the larvae of S. [ittoralis in the labo-
ratory M. rufiventris is one of the most common and
widely distributed solitary endoparasitoid of S. littoralis
larvae in Egypt. Also, C. marginiventris (generalist) and
M. rufiventris (specialist) are parasitoids of lepidopteran
larvae and differ in their degree of host specificity. Both
wasp species are very promising candidates in an aug-
mentation program for control of the invasive pest, S.
frugiperda and local one, S. littoralis, in Egypt. However,
little is known about the individual or combined effects
of intrinsic and extrinsic competition on the effectiveness
of both parasitoids as biological control agents.

It is well known that plant and host cues attract par-
asitic wasps (Hymenoptera) to host plants and host
insects. Frass and host larvae are the other two compo-
nents among complete plant-host complex (Chen and
Fadamiro 2007). To determine whether the host instar of
S. littoralis larvae at parasitism has an influence on instar
selection, we had to minimize the effect of chemical
information of some of these factors that attract the para-
sitoids. This was done by fasting host larvae for 1.5 h to
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Fig. 5 Remaining eggs at death in the oviducts and potential fecundity ((Mean £ SE, remaining eggs +eggs laid for entire lifetime) of C.
marginiventris and/or M. rufiventris (control) when each introduced alone to 180 of 1st three instars of S. littoralis larvae
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Fig. 6 Remaining eggs at death in the oviducts and potential fecundity (remaining eggs, (Mean + SE) +eggs laid for entire lifetime) of C.
marginiventris and M. rufiventris when both females coexisted together against 180 of 1st three instars of S. littoralis larvae

almost exclude frass during exposure period and by using
clean and one-time use of empty parasitization cage to
exclude larval food cues and using unlimited hosts for
short exposing periods of only 3 h a day.

In this work, we first described daily host instar selec-
tion by single newly emerged mated female of C. margin-
iventris, and M. rufiventris or both wasps when combined
together. We showed that first, second and third instars
of S. littoralis were parasitized by either C. marginiventris
or M. rufiventris, respectively. Choice tests revealed that
there were significant differences in parasitism among

the three susceptible instars, with the highest percent-
age of parasitism found in second instars for C. margini-
ventris (Exp. 1), and third instars for M. rufiventris (Exp.
3). Accordingly, in both cases of wasps, parasitism was
instar-specific. So, these wasps in the field are important
for minimizing damage through biological control. The
C. marginiventris was introduced to Egypt in contain-
ment facility but not released in the field. Introduction
was only for laboratory experiments.

Importing this wasp may be good for biological con-
trol of both, the new invasive pest, S. frugiperda and local
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one, S. littoralis. However, more evaluations on many
native and non-target noctuid species are needed before
introducing an exotic biocontrol agent.

Parasitization levels by C. marginiventris on the first
three instars indicated preference for the 2nd instar hosts
avoiding both smaller (1st) and larger (3rd) hosts. First
instar may be suboptimal for the immature development
and production of less female progeny, and third instar
(larger) hosts may be risky to attack and less effective in
subduing and handling for the female and production of
more male offspring. Time costs for C. marginiventris
increased with Spodoptera large instars. So, host choice
is affected by host size. Parasitizing proportionally more
L2 than L1 or L3 instars. Cotesia marginiventris may
need more time for parasitizing L3 than 2nd instars for
host handling and oviposition. So, parasitoid preference
reflects differences in handling costs, oviposition success
and sex ratio among host types (Harvey et al. 1994).

Both of C. marginiventris (Mattiacci and Dicke 1995a)
and M. rufiventris (Hegazi et al. 1977) are both synovi-
genic and well-studied parasitoids. In non-ovipositing
Microplitis wasps, females normally reach a peak of egg
maturation rate at first day of emergence. Egg matura-
tion slowed down once the maximum oviduct egg load
was reached on second post eclosion day (Hegazi et al.
2014). This can impact biocontrol, i.e., before the host
larvae become larger, including the short lifespan of the
females. Constant releases would be required to keep the
pests under control as there are overlapping generations
of the pests.

In the present study, C. marginiventris accepted sig-
nificantly more median size (2nd instar) than smaller or
larger instars, indicating the following ranked order of
preference: L2>L1>L3. M. rufiventris accepted signifi-
cantly more 3rd instar than smaller ones, indicating the
following ranked order of preference: L3>L2>L1. Also,
percentage of female progeny was significantly higher
when females of C. marginiventris were associated with
second instars and when females of M. rufiventris were
associated with third instar. It seems that C. marginiven-
tris and M. rufiventris laid eggs preferentially on 2nd and
3rd instars, respectively. Larger hosts (L3) may contain
more nutritional resources for offspring development
and growth. Both female wasps can distinguish between
instars and use this information to optimize their prog-
eny and sex allocation.

Two types of competitions can occur between the
wasps: intrinsic and extrinsic competition. Intrinsic com-
petition occurs inside the larval host body. By contrast,
extrinsic competition occurs between adult parasitoids
outside the host body (Ode et al. 2022). Parasitization by
single species vs combined species significantly affected
their daily parasitism and consequently their lifetime
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fecundity, indicating that extrinsic competition occurs
between the two species, and M. rufiventris was typically
the superior of the two species. Also, parasitism level
was always higher when each wasp was introduced sin-
gly into the parasitization cage, compared with parasiti-
zation level resulted from combined wasps. On the other
hand, in all experiments, some hosts exhibited arrested
development and reduced growth and showed no wasp
emergence after 10—12 days. When they were dissected
in Pringle’s (1938) saline solution to verify that parasiti-
zation had occurred and to check that teratocytes were
present. These hosts contained 2-3 no living parasitoids
(nonfunctional wasps) and were considered as “pseudo-
parasitized,” i.e., these hosts were accidentally parasitized
more than once (superparasitism, in Exp. 1 or Exp. 2),
showing intrinsic competition (Harvey et al. 2013).

Multiparasitism occurs when C. marginiventris attacks
a host that has been already attacked by M. rufiventris
(Exp. 3) (Godfray 1994). This interaction involves strong
intrinsic competition, because individual hosts are suf-
ficient for the development of one parasitoid only (Har-
vey et al. 2013), and the competition was in favor of M.
rufiventris. Also, in both parasitoids’ species, the aver-
age daily parasitism of S. littoralis by a single wasp was
always higher than introducing combined wasp species,
due to some factors including extrinsic competition.

The results obtained showed that host instar at para-
sitism influenced both daily parasitization rate, total
fecundity and sex ratio of female progeny. Percentage
parasitism by C. marginiventris in Exp. 1 (single spe-
cies) or Exp. 3 (two species) was significantly higher and
in female favor for second instar than for the other two
host instar classes. Also, percentage parasitism and sex
ratio of female progeny by M. rufiventris in Exp. 2 or Exp.
3 was significantly higher for third instars than for the
other two host instar classes, indicating that host instar
influenced both parasitization rate and sex ratio by both
wasps. Also, percentage parasitism by M. rufiventris in
all Exp. 3 was significantly higher than those recorded
for C. marginiventris wasp which could account for the
observed preference pattern and interspecific interaction
(extrinsic competition) between the two wasps in pres-
ence of the different instars of Spodoptera larvae. High-
est parasitization by C. marginiventris occurred when the
adult female introduced alone into the parasitization cage
(Exp. 1) comparing with female combined with another
female species (Exp. 3) indicating extrinsic competi-
tion and intrinsic competition as mentioned above. In
short, sex progeny was significantly in favor of females
when wasp females of C. marginiventris were associ-
ated with second instar and when females of M. rufiven-
tris were associated with third instar. So, brood sex ratio
(proportion of females), realized lifetime fecundity, and
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clutch size were relative positively to instar preference,
2nd instar for C. marginiventris, and 3rd instar for M.
rufiventris.

Parasitoid survival is highest when parasitism is initi-
ated in earlier host instars, due to age-related changes in
internal (physiological) host defense and their suitability
for a parasitoid development (Ode et al. 2022). Most par-
asitoids have the ability to determine host quality during
the parasitism process, and hosts will often be accepted
or rejected according to their species, size, and develop-
mental stage (Li et al. 2006). For a specific parasitoid, host
stage preference can occur for a range of reasons. Pref-
erence may be based on increased survival of offspring
or ease of increased survival of offspring (Mattiacci and
Dicke 1995a). The present work demonstrates the role of
host size regarding in parasitoid’s host selection.

There are differences in host quality associated with the
age of the host that influence the developmental perfor-
mance of the larval parasitoid. Also, as the developing
host grows in size, it increases its capacity for physi-
cal and behavioral defenses, which would potentially
increase risks for the parasitoid (Mattiacci and Dicke
1995b). Cotesia marginiventris exhibited a marked pref-
erence for a specific instar larva; especially second instars
followed by the smaller instars, both are generally less
mobile (ease of parasitism), take less handling time, and
have fewer effective anti-parasitoid defenses than older
instars (3rd instar), which are larger and more active.
Also, it was observed that when third instar offered to the
wasp female, the reproductive capacity of the wasps was
reduced, and “pseudoparasitized =unsuccessfully para-
sitized hosts” risks for the parasitoid’ larvae increased the
risks for the parasitoid increased. Result of this behavior
is to optimize the percentage of parasitism, parasitoid
development, females’ progeny. Selecting third instar
in M. rufiventris exhibited a marked preference, where
the percentage of successful parasitism was higher and
pseudoparasitism was lesser than females attaching the
younger instars. Second and third instars of S. littoralis
were better hosts for C. marginiventris and M. rufiventris,
respectively than other instars. Therefore, it is recom-
mended to use the obtained information in mass cultures
of both wasps. Later on a future study on S. frugiperda
will be extended.

Conclusion

Main results showed that parasitoid wasps exhibited
a marked preference for a specific host larval stage and
these stages are different for each parasitoid species.
Further, host larval stage at parasitism influences para-
sitization rate and sex ratio of the progeny of both para-
sitoid species. Percentage of female progeny was higher
for hosts parasitized during their 2nd instar for C.
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marginiventris and 3rd instar for M. rufiventris. Finally,
M. rufiventris appears to be a superior competitor when
simultaneously exploit the host with the other parasitoid
species. The knowledge generated from this work may
increase our knowledge on performance of a new bio-
control agent in Egypt if released with the extant para-
sitoid M. rufiventris. If the study was conducted with S.
frugiperda, probably that C. marginiventris would be the
winner for that pest as they origin from the same area.
We do not know how the 2 parasitoids will interact with
S. frugiperda and S. littoralis in the field as this study is
limited to S. littoralis, due to strictly quarantine measures
for S. frugiperda. Competitive and non-competitive stud-
ies on the two parasitoid species (C. marginiventris and
M. rufiventris) with the rationale to determine the pos-
sibility of classical biological control against S. frugiperda
will be conducted.

Acknowledgements

Hegazi thanks the Alexander-Von-Humboldt-Foundation for the research sci-
entific donation used in this work and Miss Fedaa Yehia for typing the article.
No funding sources were available to conduct this work

Author contributions

Hegazi conceived the idea, wrote the first draft of the manuscript and general
supervision of the research group, and was a major contributor in writing

the manuscript. Khafagi collected the data and participated in its design and
coordination and aided to draft the manuscript.

Funding
No funding sources were available to conduct this work.

Availability of data and materials
The data sets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
The manuscript has not been published in completely or in part elsewhere.

Competing interests
No conflict of interest. We all unanimously agreed to publish in the journal.

Author details

'Department of Economic Entomology, Faculty of Agriculture, Alexandria
University, Alexandria, Egypt. 2Plant Protection Research Institute, Alexandria,
Egypt.

Received: 7 August 2023 Accepted: 22 January 2024
Published online: 05 February 2024

References

Capinera JL (1999) Fall Armyworm, Spodoptera frugiperda (J.E. Smith) (Insecta:
Lepidoptera: Noctuidae). Featured Creatures from the Entomology and
Nematology Department, Florida Cooperative Extension Service. http://
entomology.ifas.ufl.edu/creatures.


http://entomology.ifas.ufl.edu/creatures
http://entomology.ifas.ufl.edu/creatures

Hegazi and Khafagi Egyptian Journal of Biological Pest Control

Chen L, Fadamiro HY (2007) Differential electroactinogram response of
females and males of two parasitoid species to host related green leaf
volatiles and inducible compounds. Bull Entomol Res 97:515-522

El-Minshawy AM (1963) Studies on the morphology and biology of Spodoptera
exigua Hb. and Spodoptera latebrosa Led. M.Sc. thesis, Faculty of Agricul-
ture, University of Alexandria

Elzinga JA, Harvey JA, Biere A (2003) The effects of host weight at parasitism
on fitness correlates of the gregarious koinobiont parasitoid Microplitis
tristis and consequences. Entomol Exp Appl 108:95-106

Farmer EE (1997) New fatty acid-based signals: a lesson from the plant world.
Science 276:912-913

Fatouros NE, Loon JA, Hordijk KA, Smid HM, Dicke M (2005) Herbivore- induced
plant volatiles mediate in-flight host discrimination by parasitoids. J
Chem Ecol 31(9):2033-2047

Gerling D (1969) The parasites of Spodoptera littoralis (Boisd.) (Lepidoptera;
Noctuidae) eggs and larvae in Israel. Isr J Entomol 4:73-81

Godfray HCJ (1994) Parasitoids: behavioral and evolutionary ecology. Princeton
University Press, Princeton, p 473

Gu H,Wang Q, Dorn S (2003) Superparasitism in Cotesia glomerata: response of
hosts and consequences for parasitoids. Ecolo Entomol 28:422-431

Hammad SM, El-Minshawy AM, Salama A (1965) Studies on Microplitis rufiven-
tris Kok. (Hym.; Braconidae). Bull Soc Entomol Egypte 49:215-219

Harvey JA (2005) Factors affecting the evolution of development strategies in
parasitoid wasps: the importance of functional constraints and incorpo-
rating complexity. Entomol Exp Appl 117:1-13

Harvey JA, Harvey IF, Thompson DJ (1994) Flexible larval growth allows use of
a range of host sizes by a parasitoid wasp. Ecology 75:1420-1428

Harvey JA, Poelman EH, Tanaka T (2013) Intrinsic inter- and intraspecific-com-
petition in parasitoid wasps. Annu Rev Entomol 58:333-351

Hegazi EM, EI-Minshawy AM (1979) Laboratory technique for mass rearing
of Microplitis rufiventris Kok. (Braconidae; Hymenoptera) and internal
parasite of the cotton leafworm, Spodoptera littoralis (Boisd.) (Noctuidae;
Lepidoptera). Boll Lab Entomol Agrar Filippo Silvestri 36:205-210

Hegazi EM, EI-Minshawy AM, Hammad SM (1977) Suitability of Spodoptera
littoralis larvae for development of Microplitis rufiventris. J Agric Sci Camb
29:659-662

Hegazi EM, Abol Ella SM, Bazzaz A, Khamis O, Abo Abd-Allah LMZ (2005)

The calyx fluid of Microplitis rufiventris parasitoid and growth of its host
Spodoptera littoralis larvae. J Insect Physiol 51:777-787

Hegazi EM, Khafagi W, Schlyter F (2014) Pattern of egg maturation and oviposi-
tion for Microplitis rufiventris (Hymenoptera: Braconidae) wasps given
different schedules of host availability and food resources. Ann Entomol
Soc Am 107(4):878-885

Ibrahim M, Tawfik K (1975) A report on the survey of natural enemies attacking
the American bollworm. Agricultural Research Center, Plant Protection
Research Institute, Cairo (in Arabic)

Institute SAS (1989) SAS/STAT user’s guide, version 6, vol 1. SAS Institute, Cary

Khafagi WE, Hegazi EM (1998) General morphology of the reproductive and
digestive systems of adult Microplitis rufiventris Kok. (Hymenoptera; Braco-
nidae). Alex J Agric Res 43(1):57-66

Li JC, Pan W, Liu X, Lu Z, Zhang Q (2006) Host age preference of Microplitis
mediator (Hymenoptera: Braconidae), an endoparasitoid of Mythimna
separata (Lepidoptera: Noctuidae). Biol Control 39:257-261

Mason WRM (1981) The polyphyletic nature of Apanteles Foerster (Hymenop-
tera: Braconidae): a phylogeny and reclassification of Microgastrinae.
Mem Entomol Soc Can 115:1-147

Mattiacci L, Dicke M (1995a) Host-age discrimination during host location by
Cotesia glomerata, a larval parasitoid of Pieris brassicae. Entomol Exp Appl
76(1):37-48

Mattiacci L, Dicke M (1995b) The parasitoid Cotesia Glomerata (Hymenoptera:
Braconidae) discriminates between first and fifth larval instars of its host
Pieris brassicae on the basis of contact cues from frass, silk and herbivore-
damaged leaf tissue. J Insect Behav 8:485-497

Ode PJ, Vyas DK, Harvey JA (2022) Extrinsic inter-and intraspecific competition
in parasitoid wasps. Annu Rev Entomol 67:305-328

Pringle JHW (1938) Proprioception in insects. J Exp Biol 15:101-103

Ruberson J, Whitfield JB (1996) Facultative egg-larval parasitism of the beet
armyworm, Spodoptera exigua (Lepidoptera: Noctuidae) by Cotesia mar-
giniventris (Hymenoptera: Braconidae). Fla Entomol 79(3):296-302

(2024) 34:10

Page 12 of 12

Tamo C, Roelfstra LL, Guillaume S, Turlings TCJ (2006) Odour-mediated long-
range avoidance of interspecific competition by a solitary endoparasi-
toid: a time-saving foraging strategy. J Anim Ecol 75:1091-1099

Telenga NA (1955) Braconidae, subfamily Microgasterinae, subfamily Agath-
idinae. Fauna USSR, Hymenoptera. USSR Academy of Sciences Publisher,
Russia, p. 312.

Turlings TCJ, Scheepmaker WA, Vet LEM, Tumlinson JH, Lewis W (1990a) How
contact foraging experiences affect preferences for host related odors
in the larval parasitoid Cotesia marginiventris (Cresson) (Hymenoptera:
Braconidae). J Chem Ecol 16:1577-1589

Turlings TCJ, Tumlinson JH, Lewis J (1990b) Exploitation of herbivore-induced
plant odors by host seeking parasitic wasps. Science 250:1251-1253

Youssef MAM (2021) The first report to record the parasitoids of the fall army-
worm, Spodoptera frugiperda in Egypt. Int J Agric Sci 2:52-57

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Host-instar selection, interspecific competition, and reproductive capacity of extant and novel parasitoids (Hymenoptera: Braconidae) on Egyptian cotton leafworm
	Abstract 
	Background 
	Results 
	Conclusions 

	Highlights 
	Background
	Methods
	Maintenance of parasitoid and host colonies
	Host-instar preference and interspecific interaction
	Remaining eggs at death
	Statistical analysis

	Results
	Host-instar preference and interspecific competition
	Realized and potential fecundity

	Discussion
	Conclusion
	Acknowledgements
	References


