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There is little empirical evidence for competitive exclusion resulting from antagonistic interactions between species exploiting a similar ecological niche. One robust framework of competition and coexistence theories states that spatial or temporal fluctuations in resource availability may consistently relax interspecific competition and thus favour species coexistence. However, if divergences in life-history traits between interacting species lead to asymmetrical abilities for resource exploitation, one would expect the more efficient species to be favoured whatever the level of resource availability and the less efficient one to be outcompeted. In southeastern France, the true cedar Cedrus atlantica displays years of large seed crops alternating with years of low or null seed crops, a phenomenon referred to as mast-seeding. The invasion of French cedar forests by the specialized seed chalcid Megastigmus schimitscheki Novitzky (Hymenoptera: Torymidae) in the mid 90's resulted in antagonistic interactions with a closely related resident species, M. pinsapinis Hoffmeyer, for the exploitation of such temporally variable seed resource. Here, we aimed at investigating if temporal fluctuations in cedar fructification may promote coexistence or competitive exclusion of M.schimitscheki and M. pinsapinis, which significantly diverge in their life-history.

A spatio-temporal demographic survey of M. pinsapinis (1977-2009) and M. schimitscheki (1994-2009) was conducted across the known ranges of these species in southeastern France. The demography of wasp species was assessed using annual seed infestation rates (SIR) in a total of 37 sampled sites. The pattern of temporal fluctuation in seed production was also characterized in 23 stands of C. atlantica from 2006 to 2011. We then developed a temporal population dynamics model for both M. schimitscheki and M. pinsapinis, integrating interannual variation in seed supply and earlier phenology, higher propensity to prolonged diapause and higher fecundity in M. schimitscheki than in M. pinsapinis. From 2006 to 2011, we found significant variation in inter-annual cedar seed production levels, with 2011 and 2009 being high seed production years whereas seed production was very low in 2010 and 2007. During the period preceding M. schimitscheki introduction (1977)(1978)(1979)(1980)(1981)(1982)(1983)(1984)(1985)(1986)(1987)(1988)(1989)(1990)(1991)(1992)(1993), the mean SIR of M. pinsapinis was estimated to 16% ±2.12%. During the period following invasion (1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009), the mean SIR of M. pinsapinis in sympatric areas with M. schimitscheki displayed a drastic decline (3.2% ± 0.5%) and reached the extremely low value of 0.19% (±0.12) in 2009. Parallely, SIR of M. schimitscheki had reached locally 79% during the same period. Our modelling approach suggested that propensity to prolonged diapause may directly influence the response of these wasps to fluctuations in resource availability. We thus describe here a very likely competitive exclusion of M. pinsapinis in sympatric areas with the invasive. Divergences in life histories may have a key role in the success of M. schimitscheki and the decline of M. pinsapinis despite a context of highly fluctuating resources. Key words: Interspecific competition, competitive exclusion, prolonged diapause, pulsed resource, Megastigmus, Cedrus.
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