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differences in regional species pools can be discounted.
Second, does the latitudinal gradient persist after sta-
tistically controlling for differences among sites in the
composition of vegetation? If so, then the latitudinal
gradient in species density cannot be attributed solely
to correlations with habitat structure and complexity.
Finally, how do patterns in our data compare with those
from three other studies of ant species diversity in the
New World (Jeanne 1979, Kaspari et al. 2000, Gotelli
and Arnett 2000)? Such comparisons reveal generali-
ties that cannot be discerned from individual studies.

MATERIALS AND METHODS

Field sampling

We sampled 22 high-grade, undisturbed bogs and
their surrounding forests in Vermont, Massachusetts,
and Connecticut (Appendix A). At each site, we sam-
pled ants in bogs and forests using a standardized pro-
tocol that included pitfall traps, tuna fish baits, leaf
litter samples, and hand-collection from vegetation; all
ants were counted and identified to species (Appendix
B). For an ‘‘ant’s-eye’’ view of vegetation and light,
we used small-quadrat surveys to quantify vegetation
composition, and hemispherical canopy photography
to estimate light availability (global site factor [GSF])
and leaf area index (LAI; Appendix B).

Statistical analyses

The response variable in all of our analyses was spe-
cies density, the total number of species collected in
the sampling grid (64 m2) at each site. Measures of
species density reflect both the underlying species rich-
ness of the community and the number of individuals
collected or sampled (Gotelli and Colwell 2001). This
problem may be especially acute in ant surveys, be-
cause ant catches are affected by trap design, local
temperature conditions, and activity patterns of ants
(Andersen 1991). We used rarefaction (Gotelli and
Entsminger 2000) and multiple regression of pitfall ant
abundances to ensure that the differences we detected
in species density were not due solely to differences
in the number of individual ants collected at each site
(Appendix C). Because our sample size was relatively
small (N 5 22 sites) and the number of predictor var-
iables in our multiple regression analysis was large
(seven for bogs, eight for forests), we examined them
carefully for multicollinearity and report their partial
regression coefficients and regression diagnostics. Pre-
dictor variables were largely uncorrelated with one an-
other (Appendix F), which increases the reliability of
the final regression models.

We used principal components analysis (PCA) to de-
rive plant species loadings for forest and bog habitats
at each site (Appendix D). Corresponding scores for
each habitat (PC axis 1 and PC axis 2; Appendix A)
were entered as independent variables in stepwise mul-
tiple regression analyses. Ant species density was re-

gressed on latitude, longitude, elevation, and plant
composition. Analyses of bog ant species density also
included bog area as a possible predictor variable.
Analyses of forest species density also included LAI
and GSF as possible predictor variables.

In a separate analysis, we compiled raw data from
three other studies of latitudinal gradients in ant species
density: Jeanne (1979), Gotelli and Arnett (2000), and
Kaspari et al. (2000). In each of these studies, ant spe-
cies density was measured in the field using standard-
ized pitfall and baiting methods (Bestelmeyer et al.
2000) at multiple sites in the New World. We used an
analysis of covariance with latitude as the covariate to
ask two questions (1) Do the slopes of the latitude
diversity curves differ significantly among the four
studies (study 3 latitude interaction term)? (2) Do the
slopes of the latitude diversity curves differ consis-
tently between open and closed canopy habitats (habitat
3 latitude interaction term)? After conducting the over-
all ANCOVA, we calculated individual slopes for each
of the regressions.

RESULTS

Forest and bog species density

In total, just over 10 000 individual ants were col-
lected, 6163 of which came from pitfall traps. We iden-
tified 24 species of ants in nine genera from the bogs,
and 37 species in 14 genera from surrounding forests
(Appendix E). Species density per bog site averaged
4.9 6 0.63 species/64 m2 (mean 6 1 SE) with a range
of 2–14 species, whereas species density per forest site
averaged 9.2 6 0.92 species/64 m2 with a range of 4–
18 species (matched pairs t 5 5.98, df 5 21, P ,
0.0001). The bog ant fauna was dominated by Myrmica
lobifrons and Dolichoderus pustulatus, and the forest
ant fauna was dominated by Aphaenogaster rudis (s.1.),
Camponotus pennsylvanicus, and Leptothorax longis-
pinosus. Whereas D. pustulatus is a generalist that oc-
curs in a variety of open habitats, M. lobifrons is a
specialist of boreal bogs and other humid microsites
(A. Francoeur, personal communication). Twenty-two
species were common to both habitats, with two species
collected only from bogs and 15 species collected only
from forests. Our species list for forest sites is typical
for New England forests (Jeanne 1979, Herbers 1989,
Weseloh 1995).

Geographic gradients in ant species density

Species density of bog ants declined significantly (P
5 0.041) with increasing latitude, and was marginally
associated (P 5 0.081) with vegetation composition.
Only these two predictor variables, latitude and the
second PC score for vegetation, emerged from the step-
wise regression model for species density of bogs.
These two predictor variables were uncorrelated (r 5
20.20), and together explained 30% of the variance in
species density of bog ants (Fig. 1a). Full regression
diagnostics are reported in Appendix F.
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APPENDIX A

A table presenting physical characteristics of the study sites is available in ESA’s Electronic Data Archive: Ecological
Archives E083-025-A1.

APPENDIX B

A description of sample methods is available in ESA’s Electronic Data Archive: Ecological Archives E083-025-A2.

APPENDIX C

A description of statistical methods is available in ESA’s Electronic Data Archive: Ecological Archives E083-025-A3.

APPENDIX D

A table presenting PCA loadings for vegetation data is available in ESA’s Electronic Data Archive: Ecological Archives
E083-025-A4.

APPENDIX E

A table of presence–absence matrices for bog and forest ants is available in ESA’s Electronic Data Archive: Ecological
Archives E083-025-A5.

APPENDIX F

Tables and descriptions of diagnostics for multiple regression analyses of geographic gradients in ant species diversity are
available in ESA’s Electronic Data Archive: Ecological Archives E083-025-A6.


