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Figure 2. Numbers of (A) total nymphs, (B) apterous, (C) alate Rhopalosiphum spp., (D) apterous S. frageriae, (E) mites and (F) thrips on foliage of L. perenne
plants infected with different endophyte strains or uninfected (different letters denote means that are significantly different as determined by Tukey’s Honestly

Significant Difference test).

but Figures 1 and 2 and equations (1-5) permit several interesting
observations. First, different groups of herbivores respond differently
to the different endophyte strains: Rhopalosiphum spp., responded
positively to AR1, and S. nr frageriae and mites positively to AR37.
Second, different herbivores responded differently to specific alka-
loids, e.g., Rhopalosiphum spp., responded positively to peramine,
but negatively to lolitrem B. In contrast, S. nr frageriae responded
negatively to peramine. Third, for responses of thrips and mites,
alkaloids seemed to be unimportant. Although these results cannot
be interpreted to mean there are direct positive or negative effects
of these alkaloids they clearly show that population sizes of all
herbivores are predicted by concentrations of metabolites other than
alkaloids. Since we know that a large range of metabolites varies
with endophyte infection, strain and concentration, the overriding
conclusion from these results is that alkaloids are certainly not the
only factors, and may not even be the most important factor in the
endophyte-grass-herbivore story. Furthermore, we also know that in
addition to the known alkaloids, there are a range of other endo-
phyte specific metabolites that have just recently been discovered
and which may have biological activity as well,?! but were not part
of our analysis. A note of caution should be added here as well, as
we have not included possible insect species interactions into our
analysis. Thus, where populations of an insect species, particularly
an opportunistic one, are reduced by an endophyte, that niche may
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be filled opportunistically by another species that is not negatively
affected by that endophyte.

An additional complicating issue for our analysis is certainly that
aphids are phloem feeders, and that the degree to which metabolite
and alkaloid concentrations in whole blade extracts covary with those
in phloem sap is, as yet, unknown.!”?%23 There is clearly much
more work to be done to fully understand this interaction, and a
combination of transcriptomics and metabolomics approaches in an
ecological context seems likely to eventually point the way toward a
mechanistic explanation of these interactions.?4” This type of study
might also help reconcile conflicting evidence found in the literature
regarding the overall nature of the grass-Neotyphodium symbiosis,*®
30 and especially to unravel the mechanisms underlying the dynamics
of the mutualism-parasitism continuum of this association.
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