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Introduction

Wood ants (Formica aquilonia and F. lugubris) forage in pine trees (Pinus sylvestris) for
arthropod prey and to collect honeydew from tended aphids. We investigated the
balance of these ant feeding-modes which can influence the biodiversity and
ecosystem function associated with each tree. Tending aphids for honeydew is
hypothesised to cause negative impacts on the tree as aphids are costly for the tree to
maintain, whilst the removal of arthropod herbivores is thought to be beneficial to the
tree (James ef al., 1999; Rosengren & Sundstrdm, 1991; Adlung, 1966; Barlett, 1961).
The unique feeding habit of ants necessitates a range of mutualistic interactions
(Figure 1). These
trophic  interactions
may also be
influenced via an
effect on aphids or
arthropod prey of the
abundant conifer
secondary

metabolites, the
monoterpenes, which
vary between
individual trees, and
are genetically
determined. Genetic
variability has been
suggested as having U

a possible effect on //%(\ 2
behaviour of wood
ants (Rosengren &

Sundstrém, 1991).

Figure 1. Trophic interactions in pine trees
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The objective of this study was to determine: (1) the relative importance of the two
feeding modes to wood ants; (2) whether the extent of foraging is influenced by the
trees’ monoterpene phenotype; (3) what effect any association between the tree’s
monoterpene phenotype and ant foraging has on the tree’s vigour and seed production.

Methods

Our study site was a native Caledonian pine forest situated on Deeside, NE Scotland
(56°59'N, 03°19' E). Forty-five trees were selected at random from within a population
but stratified spatially, and to cover a broad range of monoterpene compositions.
Monthly counts were made of ants descending these trees over a two year period.
Laden ants were removed from the trail and their loads identified. A random sample of



ants provided an assessment of the proportion of honeydew carried. For the analysis
trees were divided into foraged or unforaged categories.

Results and discussion

Twenty-five of the forty-five trees sampled were regularly used for ant foraging. The
pattern of ant activity across the months was unimodal, peaking in August. Comparison
of the trees’ monoterpene concentrations revealed that trees foraged by ants contain
lower levels of A’-carene (Figure 2). This monoterpene has previously been shown to
affect the numbers of herbivorous insects in pine trees (Dennis et al., in subm.) but this
is the first evidence of an effect at the next trophic level.
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We also found the proportion of honeydew in the diet to be far higher than previously
documented (e.g. Sudd & Lodhi, 1981) (Figure 3).

Figure 3. Diet composition in wood ants
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Aphids were at least three times more abundant on foraged trees compared to
unforaged trees. The consequences of this feeding activity could be costly to these
trees as the disadvantage of maintaining a high resident population of tended aphids is
offset against the benefits of limited herbivore removal by ants. Indeed, we found that
ant-foraged trees showed a significant reduction in the proportion of germinating seeds
produced (Figure 4). This may represent a cost to the tree of supporting large numbers
of honeydew-producing aphids tended by ants.
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