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Summary - Egg laying and development of Hexamermis serenensis (Nematoda; Mermithidae), a parasite of the locust Dociostaurus
maroccanus (Orthoptera ; Acrididae) has been studied in laboratory. Total fecundity of females was more than 725-1089 eggs, with a
maximum rate of 125-130 eggs/day. Eggs were laid at the unicellular stage. Development was followed at 26 QC : bicellular stages
were observed 1 day after egg-laying: elongation of the embryo was seen by day 5-6, early coil stage by day 9-10, and hatching
occurred by day 26-29. Only 15-20 '% of the eggs laid were viable. Infective stages maintained at 4 "C survived 18-66 days, and
survived 7-20 days at 15 "C or 26 "C. Results suggest that H. serenensis may have only one generation per year in field conditions.

Resume - Ponte et deoeloppement d'Hexamennis serenensis (Nematoda: Mermithidae) en conditions de labora­
toire - La ponte et le dcveloppement d'Hexamermis serenenis (Nematoda' Mermithidae), un parasite du criquet Dociostaurus
maroccanus (Orthoptera : Acrididae) ont ete etudies au laboratoire. La fecondite totale des femelles a ete superieure a 725­
1 029 ceufs, avec un taux iournalier maximum de 125-130 ceufs. Les ceufs etaient pondus au stade unicellulaire. Le developpernent a
ere etudie a 26 QC : les stades bicellulaires ont ere observes un jour apres la ponte; l'allongement de l'embryon cornmencait au
cinq-sixierne jour, le stade precoce replie au neuf-dixierne jour et l'eclosion au vingt-sixieme-vingt-neuvieme jour. Seulement
15-20 % des ceufs pondus etaient viables. Les stades infestants maintenus a 4 QC ont survecu 18-66 iours, et 7-20 iours a 15 ou
26 <le. Les resultats suggercnt que H. serenensis ne pourrait avoir qu'une seule generation par an en conditions naturelles.
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Hexamermis serenensis Hernandez-Crespo & Santia­
go-Alvarez, 1997 is a parasite of the locust Dociostaurus
maroccanus and one the most obvious biological agents
regulating D. maroccanus populations in the locust
breeding area of La Serena (Spain) (Hernandez-Cres­
po, 1993). Since this parasite attacks nymph and adult
stages, killing its hosts, and since, its host range appears
to be restricted to acridoids (Hernandez-Crespo & San­
tiago-Alvarez, 1991), it might represent a good candi­
date for biological control. Studies on biology and ecol­
ogy of this species, as well as those conducted on other
species of the genus Hexamermis (Couturier, 1950 Rob­
inson et al., 1990; Herron & Baker, 1991) and of close
related genera (Poinar & Gyrisco, 1962), are of interest
in terms of understanding the host-parasite relationship
and to assess the potential of using this nematode as a
biological control agent against the Moroccan locust.
Some other mermithids have been used in insect bio­
control programs (Mongkolkiti & Hosford, 1971; Fin­
ney, 1981; Petersen, 1981; Creighton & Fassuliotis,
1983) and mass rearing has been achieved (Poinar,
1979; Creighton & Fassuliotis, 1982). In this paper we
report a study on H. serenensisdevelopment in laborato-
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ry including egg laying, embryonic development, egg
viability and infective stage survival and parasitization.

Material and methods

Postparasitic juveniles of H. serenensis leaving D. ma­
roccanus hosts captured at La Serena (Badaioz, Spain)
during the spring season of 1991 were transferred to a
Petri dish containing clean moist sand and maintained at
room temperature to facilitate the final moult to adults.
Females were individually transferred to Petri dishes in
the same conditions as above, paired with a male and
maintained at 26 ± 2 {lC and 12: 12 h photoperiod. Fe­
males showing egg-laying behaviour were transferred to
crystal-watch glasses containing tap water, and eggs
were counted daily. Every day, more than 50 % of the
eggs laid were transferred to Petri dishes (60 mm diame­
ter) containing 5 cm} of tap water and incubated at
26 QC, in darkness. Embryonic development was rec­
orded daily using a stereoscopic microscope. Terminol­
ogy and optimal rearing temperature follow that given in
Poinar and Gyrisco (1962).
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Fig. 1. Number ofeggs laid by females ofHexamermis serenen­
sis mainlailled at 26 oc. A> B : Total number ofeggs> number
ofnon viable and viable eggs laid by female A and female B
respectively.

Infective stage survival was studied with newly
hatched (less than 36 h) juveniles. Groups of 20 nema­
todes were exposed at4, 15, or 26 oC and checked every
two days for dead nematodes. Parasitisation assays were
performed with laboratary newly hatched first instar D.
maroccanus nymphs from field collected egg-pods. Fif­
teen males and fifteen females were exposed to a mix­
ture of recently hatched preparasitic stages and eggs at
the last embryonic stage in a cup with clean moist sand
maintained at 26 oC for 24 h. The nymphs were then
transferred to individual cups and fed with alfalfa leaves.

Results
Three female-male pairs were used for the oviposition

studies. Two females began egg laying one month after
mou1ting, the other one did not lay eggs and lived from
July 1991 to February 1992 when it was accidentally
killed. No eggs were seen in the uterus of this female.

One of the fertile females (Female A) that remained
continuously with a male laid eggs over 18 days, with a
total fecundity of more than 1089 and at a maximum
rate of 130 eggs per day. The rate of egg laying dimin­
ished markedly during the final 6 days of oviposition
(Fig. 1, A). The other fertile female (Fernale B) whose
male died early before egg-laying laid eggs over 12 days.
The total number of eggs laid was more than 725, with a
maximum rate of 125 eggs per day. The rate of laying
diminished markedly for the final 4 days of oviposition
(Fig. 1, B). Both females died a few days after the end of
egg-laying; at that time, sorne eggs still remaining in the
uterus.
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Ali the eggs were laid at the unicellular stage. First
division ta the bicellular stage appeared 24-30 h after
laying and elongation of the embryo was observed
5-6 days later. The early coil stage was seen 4 days after
hatching occurred 26-29 days after laying. Embryonic
development was fairly synchronous in the eggs laid on
the same day. In contrast, hatching was not synchronous
and sorne nematodes hatched 30 days later than other of
the same cohort. Only 15-20 % of the eggs laid by each
female showed signs of embryonic development
(Fig. 1).

The infective stages survived 18-66 days at 4 oC, and
7-20 days at 15 oC, and at 26 oc.

Two nymphs that died one day after exposition to
infective stages were dissected : they contained one and
two juveniles of a parasitic stage of the nematode. A
parasitic stage that had begun development and mea­
sured 2 cm was found in another nymph that died
9 days later.

Discussion

Females of H. serenensis can begin ta lay eggs 1 month
after the last moult and lay more than 1000 eggs under
laboratary conditions which is in the line with other
species of the genus (Couturier, 1950; Myshachkov,
1980). The fecundity of H. serenensis may be different
under field conditions given that laboratory females died
with eggs remaining in the uterus and that the transfer
from soil ta tap water greatly reduces the fertility of
other species such as H. truncata (Myshachkov, 1980).

Couturier (1950) observed that females of Hexamer­
mis laid the same number of eggs as H. serenensis but
over a longer period (8 months) and at a lower rate
(20 eggs per day). Temperature can greatly influence
the rate of egg laying. The observations of Couturier
(1950) were made at 10-28 oC reflecting natural fluctu­
ations and average temperatures in the field. Conse­
quently, field populations of H. serenensis may also show
a longer egg laying period and lower laying rate than
present data suggest.

The longevity of virgin females is greater than that of
fertile females actively ovipositing (Couturier, 1950;
Myshachkov, 1980; Bedding, 1984). We suggest that
the female which lived 5 months longer than the ovi­
positing females was not inseminated.

The embryonic development of H. serenensis is very
similar, in the morphology of the embryonic stages and
in the duration of each stage, to those described for
Amphibiomermis arvalis (Poinar & Gyrisco, 1962). The
eggs laid are unicellular, as in Hexamermis cavicola
(Welch, 1963) and H. truncata (Myshachkov, 1980).

It is difficult to explain the low viability observed in
the eggs laid by the two females, as weIl as fluctuations in
the viability of eggs laid each day. Sorne aspects of the
physiology of reproduction in mermithids remain un­
clear. Puttler and Thewke (1971) found that not aIl the
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eggs of A. arvalis developed in the laboratory and sug­
gested that they were in aestivation. The existence of
diapause or aestivation in the eggs of mermithids may be
possible but requires further studies.

H. serenensis is found parasitizing acridoids in La Se­
rena (Spain) from April to July (Hernandez-Crespo &
Santiago-Âlvarez, 1991). This large period of parasitism
is unlikely to be due to more than one generation of this
nematode, because H. serenensis develops rather slowly :
1) the parasitic larval development inside the host may
take less than one month as in other species of the genus
(Myshachkov, 1980; Herron & Baker, 1991); zï) post­
parasitic larvae emerge from the hosts and develop for
two months until the final moult (Hernandez-Crespo &
Santiago-Âlvarez, 1991); zïi) egg laying begins one
month after adult emergence; and iv) embryonic devel­
opment takes 26-29 days. Consequently, the nematode
needs at least 5 months to complete its !ife-cycle in the
laboratory, and thus only one generation seems to be
possible in field conditions. This is consistent with ob­
servations on the !ife-cycle of H. lruncala (J\1yshachkov,
1980) and the closely related species A. arvalis (Puttler
& Thewke, 1971). The extended period of parasitism in
the field may be due to the slow rate of egg-laying by
females or by the persistence of infective stages. In fact
preparasitic larvae of H. serenensis can survive for a long
time in tap water in the laboratory.
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