




example, higher abundance of the filter-feeding larvae of the

pitcher-plant mosquito, Wyeomyia smithii (Coq.), is known to

reduce the abundances of protozoa and rotifers (Addicott, 1974;

Miller et al., 2002; Trzcinski et al., 2005a,b; Hoekman, 2007) but

to have more variable effects on the abundance of microbes

(Kneitel & Miller, 2002; Hoekman, 2007; Peterson et al., 2008).

Therefore, if this pattern scales up to the geographic scale, we

should observe a strong relationship among pitchers and among

sites between the abundance of W. smithii and the composition

and richness of protozoa, rotifers and, to a lesser extent, bacteria.

On the other hand, the addition of resources to this system has

been shown to increase the abundances of mites, rotifers, pro-

tozoa and bacteria (Kneitel & Miller, 2002; Hoekman, 2007).

Therefore, similarly, if this pattern scales up, we should observe

strong correlations between food-web richness and composition

and the size and morphology of pitchers, which control habitat

volume (Gotelli & Ellison, 2006), and environmental variables

related to resource availability.

Ours is the first study of a single community type at a conti-

nental scale. Community theory predicts that we should see

variation in community patterns with latitude (Buckley et al.,

2003), and we expected sites to vary more than individual pitch-

ers within sites in species richness and composition of food

webs, because the broad geographic range of S. purpurea encom-

passes large differences in climate, historical factors and bog

characteristics. We investigated the following question: What

drives the distribution and abundance of species at the within-

and among-Sarracenia





variables. Species richnesses of the three groups were normal-

ized by a natural log transformation. Species composition, as

measured by PCoA axis scores, was normally distributed for the

three groups. Both species richness and composition were

modelled as Gaussian processes with identity-link functions.

Although richness is a count variable and therefore more cor-

rectly modelled as untransformed values with a Poisson distri-

bution, the methods for calculating the variance explained (see

below) are only available for models that assume a Gaussian

distribution. We used non-informative priors for all parameters

in all models (Gelman & Hill, 2007). Species richness and com-

position were modelled separately for the three different groups.

Each dependent variable (y), richness or composition at the

pitcher level, was modelled as a function of pitcher-level predic-

tor variables, x, and site-level predictor variables, u. The pitcher-



of the variation in occurrence of arthropods + rotifers, 40% in

occurrence of protozoa and 21% in occurrence of bacteria. The

variation accounted for by these first two axes primarily reflected

variation in the presence of the more common species within

pitchers. For example, for the arthropods + rotifers, the loadings

on the first PCoA axis were positively related to the presence of

W. smithii and



sphagnum cover surrounding pitchers (vegetation PC 1;

Fig. 3e). Bacterial PCoA 2 was negatively related to the density of

midge larvae in pitchers and positively associated with pitchers

that were pitcher-like in morphology (pitcher PC 3) and greater

tree cover surrounding the plant (vegetation PC 2). This axis was

also marginally negatively related to plant size (pitcher PC 1;

Fig. 3). As with the species-richness models, the variance

explained by the hierarchical models was low and never

exceeded 36% (Table 1).



variable at small spatial scales (Buckley et al., 2004) and that

spans such a large geographical range, but contrary to our

initial prediction, variation in food-web composition was





especially by noctuid larvae (Atwater et al., 2006), eventually

damages the leaf’s ability to hold water.

Few previous studies have found results similar to ours, in

which the variance in food-web richness and composition is

primarily within, rather than among, sites. Most studies, which

have been of single taxonomic groups, have found significant

among-site variation associated with climate and latitude (e.g.

Rahbek & Graves, 2001; Andrew & Hughes, 2004; Willig &

Bloch, 2006), and others have found significant effects of local

environmental variables on community structure (e.g. Ellingsen

& Gray, 2002). Perhaps the most relevant comparison would be

with widespread tree-hole and bromeliad-inhabiting aquatic

food webs that are detritus-based and have mosquitoes as top

predators. Contrary to our results, tree-hole invertebrate assem-

blages have high among-site variation (see, e.g., Kitching, 2000;

Srivastava, 2005), which may be related to the high variation in

the regional pool of available species (Srivastava, 2005). Brome-

liads have a comparatively small geographic range, with some

variation in trophic structure (Srivastava et al., 2008), but the

biogeography of bromeliad food webs has not been well studied

(García-Robledo et al., 2005).

The relative homogeneity at large spatial scales of these

pitcher-plant inquiline communities, as compared with tree-hole

and other similar communities, may be due to the nature of the
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SUPPORTING INFORMATION

Additional Supporting Information can be found in the on-line

version of this article:

Appendix S1 Diagram of the food web occurring within the

pitchers of the North American purple pitcher plant, Sarracenia

purpurea.

Appendix S2 The 56 taxa that occurred in >1% of 780 pitcher-

plant (Sarracenia purpurea) leaves sampled at 39 sites through-

out the plant’s North American range.

Appendix S3 Abundance–occupancy relationships for (a)

arthropods + rotifers, (b) protozoa, and (c) bacteria.

Appendix S4 Results from the principal components analysis of

pitcher and plant morphology variables (pitcher level), vegeta-

tion variables measured within a 1-m2 quadrat centred on each

plant (pitcher level) and site-level environmental variables.
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