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Abstract

Half-plaques from egg masses of Lymantria dispar in diapause were placed aboard the Endeavor space shuttle, as part of the NASA SEM program, for the space mission of December 5-17, 2001.  Control half-plaques from the same egg masses remained in our laboratory in Rabat, Morocco.  Both groups were sealed in plastic containers on 12 July 2001, which were not opened until the return of experimental samples to Rabat on 15 February 2002. The space mission (with exposure to weightlessness) resulted in the dispersal of hatching dates in experimental animals as well as a one-month delay in their peak hatching period relative to controls.  Additionally, experimental groups exhibited shorter larval durations and fewer days to attain adulthood.  Our results thus demonstrate a vulnerability of gypsy moth eggs to environmental challenge in space during diapause.  In view of the insect’s harmful effects on cork oak trees in the Maamora forest in Morocco, these findings suggest that biological measures to combat the moth should be oriented towards extending diapause.

Gypsy moth (Lymantria dispar, lepidoptera, lymantriidae) is a major defoliator of oak trees.  As such, it constitutes a threat to one of the most important cork oak forests in Morocco, the Maamora.  The present study was designed to determine the influence of a mission in space on the life cycle of this insect and, more importantly, to identify phases of its life cycle or organs that may be particularly susceptible to environmental challenge. Such vulnerability may be used to identify better biological strategies to combat the spread of the insect.  They may also be of interest to environmental protection efforts in several other countries since Lymantria is also widespread in Asia, Europe and North America. 

The life cycle of Lymantria dispar begins with the laying of eggs (June-July) in the form of egg masses, each containing several hundred eggs.  After a 15-day embryonic development period, eggs enter into diapause, a phase of relative inactivity lasting about 9 months.  Hatching thus takes place the following spring, and coincides with the bud break of cork oak trees.  As a result, caterpillars are the more destructive phase of the life cycle since they feed on the buds of young leaves.  Larval development lasts about six weeks; males transit through 5 larval stages whereas females have an additional stage.  Nymphosis then lasts for two weeks before emergence of the adult moth.

During diapause, midgut content and histological appearance of the midgut epithelium undergo significant changes, as do neurosecretory dynamics and ecdysteroid titers.

Methods

Biological material

The eggs used in this study were laid by moths raised in the laboratories of the Faculty of Science of Mohammed V University after an initial capture in the Maamora forest (NE of Rabat).Three half-plaques of moth eggs were placed separately in air-tight circular plastic containers (Curver, ref. 07570-554-40, max dia 10.5 cm, height just under 7 cm) and served as experimental samples.  The remaining halves of the three plaques served as controls, maintained in our laboratory in similar sealed containers at ambient atmospheric conditions.  Control containers were sealed at the same time as the experimental ones and were not opened until the latter were returned to our laboratory after completion of the space mission.

Procedure

All containers were initially sealed on 23 July 2001 and the three experimental containers were shipped by air courier to the NASA Wallops Flight Facility, Wallops Island, VA.  The experimental samples were placed aboard the Endeavor space shuttle, which was launched 5 December 2001 on a 12-day mission in space. It is our understanding that the experimental canister in which the containers were placed aboard the shuttle was purged with dry nitrogen before shuttle launch and subsequent exposure to weightlessness in space for 12 days. The containers were returned by courier to our laboratory, still sealed, on 15 February 2002, two months after the end of the shuttle’s mission.

In both experimental and control containers, no food or substrate of any kind was available for the duration of the study, and air was not renewed until all containers were opened at the same time upon receipt of the experimental samples at the end of the study (15 February 2002).

Upon arrival of the experimental sample in our laboratory, eggs were examined daily to determine the impact of weightlessness on hatching, the duration of larval development, and the time from hatching to attainment of the adult phase.  This set of measures constituted the initial analyses of the experiment.  Later (in spring 2003), we will examine fertility of the eggs of female moths previously exposed (during diapause) to weightlessness in space.

Results

Hatching

When experimental containers were opened on 15 February 2002, 4 caterpillars were found, of which one was dead. Remaining eggs hatched at later dates, and resulted in living caterpillars.  The hatching of control eggs showed the normal peak during the 18 March to 17 April time period (n=244), with some eggs (n=104) hatching during the 18 April to 17 May period (Fig. 1).  In comparison, the hatching of experimental eggs was seriously disrupted, with a delayed peak (266 eggs hatched 18 April to 17 May instead of 18 March to 17 April).  In fact, experimental eggs hatched as early as 18 February to 17 March (n=13) and as late as 18 May to 17 June (n=80).  As noted above, four of the experimental eggs from the Endeavor were found hatched on February 15, though one caterpillar were dead, probably because of the lack of food in the containers.  

Larval development

As was expected, the duration of larval development was longer in females than in males.  In controls, larval development lasted on average 41.3 days in males, and 45.5 days in females.  The experimental groups tended to exhibit shorter durations, with males at 37.1 and females at 41.9 days (Fig. 2).  It should be noted that later hatching generally means warmer ambient temperatures.

Attainment of the adult phase

Male and female experimental groups apparently did not differ in number of days from hatching to attainment of the adult phase (52.2 days for males, 52.9 days for females).  These groups in fact required fewer days to reach this stage of development than their same sex controls (54.5 days for male controls and 60.7 days for female controls).  The effect was more pronounced in females, where the experimental group attained adulthood a week before controls (Fig 3). 

Discussion
In the present experiment, Lymantria dispar eggs in diapause were sent aboard the NASA space shuttle Endeavor in December 2001.  For experimental purposes, these eggs were placed in airtight containers, which remained sealed from 23 July 2001 to 15 February 2002. Control eggs from the same plaques were maintained under the same conditions in our laboratory in Rabat.  In spite of the limited air supply in the containers for both groups, both control and experimental eggs survived these conditions to hatch during the months after 15 February 2002. 

It may be noted that moth eggs were first sent to NASA facilities in July 2001 (early in diapause), were launched in early December of the same year (four and one half months later, mid-diapause) and were not returned to our labs until mid-February 2002 (7 months after entry into diapause). Nevertheless, the experimental eggs were able to survive all the conditions related to the space mission, including weightlessness.  It is probable that because the eggs were in diapause, a prolonged period of reduced metabolism during the life cycle of the moth, they were able to better face these environmental challenges in space.  It remains to be seen whether the moths would be as resistant to space travel during embryonic development and early diapause (July-August).

Although experimental conditions did not seem to influence mortality, they did affect the timing of egg hatching.  Whereas the hatching of experimental eggs was widely dispersed temporally, extending from February through May-June, the hatching of control eggs was limited to March-April.  Moreover, hatching of control eggs peaked in March-April, but was delayed in experimental eggs to April-May (see Fig. 1).  It thus seems that the timing of events associated with duration of and exit from diapause may have been disrupted in the experimental group, resulting in a generally extended diapause phase and a shorter duration from hatching to adulthood (Fig 3). 

These initial results confirm the relative resistance of Lymantria dispar to the environmental challenges faced during the space mission.  The remarkable survival capacity of this insect in fact renders it a major threat to the economically important yet environmentally fragile Maamora forest, with its 65,000 hectares of cork oak trees.  This forest currently produces 12,000 tons of cork and 350,000 m​3 of wood per year, providing 300,000 work days each year.  In addition to the harmful effects of Lymantria dispar, the Maamora is also threatened by overgrazing, desertification and demographic pressure.  The major effort currently underway to preserve the site, must include the development of biological measures to combat harmful insects, such as Lymantria.  Our results suggest that these efforts may best be oriented towards identifying factors that extend diapause, thereby limiting the length of the harmful caterpillar phase of the insect’s life cycle.

The current study has identified diapause as a susceptible phase during to the life cycle of Lymantria dispar. We hope to better understand the functional basis for this phenomenon through further analyses. We also intend to examine the effects of the space mission on subsequent filial generations.
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