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COMMUNITY AND ECOSYSTEM ECOLOGY

The Combined Effects of Exogenous and Endogenous Variability on
the Spatial Distribution of Ant Communities in a Forested Ecosystem

(Hymenoptera: Formicidae)

SENAY YITBAREK,1 JOHN H. VANDERMEER, AND DAVID ALLEN

Department of Ecology and Evolutionary Biology, University of Michigan, Ann Arbor, Michigan 48109

Environ. Entomol. 40(5): 1067!1073 (2011); DOI: http://dx.doi.org/10.1603/EN11058

ABSTRACT Spatial patterns observed in ecosystems have traditionally been attributed to exogenous
processes. Recently, ecologists have found that endogenous processes also have the potential to create
spatial patterns. Yet, relatively few studies have attempted to examine the combined effects of
exogenous and endogenous processes on the distribution of organisms across spatial and temporal
scales. Here we aim to do this, by investigating whether spatial patterns of under-story tree species
at a large spatial scale (18 ha) inßuences the spatial patterns of ground foraging ant species at a much
smaller spatial scale (20 m by 20 m). At the regional scale, exogenous processes (under-story tree
community) had a strong effect on the spatial patterns in the ground-foraging ant community. We
found signi"cantly more Camponotus noveboracensis, Formica subsericae, and Lasius alienus species in
black cherry (Prunis serotine Ehrh.) habitats. In witch-hazel (Hamamelis virginiana L.) habitats, we
similarly found signi"cantly more Myrmica americana, Formica fusca, and Formica subsericae. At
smaller spatial scales, we observed the emergence of mosaic ant patches changing rapidly in space and
time. Our study reveals that spatial patterns are the result of both exogenous and endogenous forces,
operating at distinct scales.

KEY WORDS self-organization, spatial patterns, ant mosaics

It has been widely recognized that ecosystems fre-
quently exhibit signatures of spatial self-organization
(Solé and Bascompte 2006). An important feature of
such organization is the extent to which simple local
interactions scale up to form large-scale macroscopic
patterns across ecosystems, which is to say, the degree
to which large-scale patterns depend only on locally
available information (Pascual et al. 2002, Couzin and
Frank 2003). On the one hand it is common to observe
regular spatial patterns that reßect the heterogeneity
of the underlying environment (Van de Koppel et al.
2008), an “exogenous” determination of pattern. How-
ever, the idea of spatial self-organization is that local
interactions can lead to nonrandom regional distribu-
tions of organisms in the absence of underlying habitat
variation (Vandermeer et al. 2008), an “endogenous”
determination of pattern. We are thus faced with two
forces, endogenous and exogenous, and the disartic-
ulation of the two represents a major agenda for re-
search aimed at understanding spatial pattern.

Much of the empirical work describing regular pat-
tern formationhas focusedonvegetationcommunities
(Gratzer et al. 2004), particularly in understanding
patterns arising from underlying environmental con-
ditions, referred to here as exogenous. Exogenous pat-
tern forming processes may derive from a host of

habitat factors, such as those arising from disturbances
or topographic variations. Recently there has been
great interest in the possibility of endogenous pattern
formation, arising from either physiological processes
or local population interactions (Perfecto and Van-
dermeer 2008, Allen 2010). Thus, for example, the
combination of local expansion of a prey item and the
density-dependent attack of a predator, yields clusters
of prey and predator, even in a uniform environment,
imitating the famous Turing effect (Alonso and Mc-
Kane 2002). Regular pattern formations from self-
organizing processes have been described in animal
populations (Maron and Harrison 1997, Vandermeer
et al. 2008); terrestrial plants (Klausmeier 1999, Riet-
kerk and Van de Koppel et al. 2008); and in marine
ecosystems (Wootten 2001,Van de Koppel et al. 2008),
suggesting that the formation of regular spatial pat-
terns is a general phenomenon, with important impli-
cations for the structure and functioning of ecosys-
tems (Ke" et al. 2007). For instance, recent work in a
Mexican coffee agroforesty system (Perfecto and Van-
dermeer 2008) has shown that self-organized spatial
patterns emerge as a result of both endogenous and
exogenous forces. In a 45-ha homogenous plot, con-
sisting of coffee and shade trees, researchers found
that the aggressive arboreal ant Azeteca instabilis
(Vandermeer et al. 2008) formed clusters of nests,
because of the establishment of local satellite colonies,1 Corresponding author, e-mail: senay@umich.edu.
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but were subsequently controlled from further expan-
sion by a predatory parasitoid ßy that attacked the
ants. In this speci"c case, the combined process of
local satellite expansion by the ants and the density-
dependent effect of the parasitoid ßy gave rise to the
formation of spatial pattern in the system.

It is clear that some spatial patterns are the result of
underlying habitat variables (exogenous), although
others clearly show a signal of self-organization inde-
pendent of any underlying habitat spatial variation
(endogenous). It is also the case that both endogenous
and exogenous forces will frequently act simultane-
ously. Yet, combining the complex interactions be-
tween exogenous and endogenous factors in deter-
mining the distribution of organisms in ecosystems is
not straightforward (Bolker 2003).

Here, we report on spatial pattern formation of
several species of ground-foraging ants in an eastern
North American deciduous forest. The forest is con-
sidered to be a transitional forest with oak and hickory
trees dominating in the overstory, whereas the under-
story isprimarilycomposedof redmaple(Acer rubrum
L.), black cherry (Prunis serotine Ehrh.), and witch
hazel (Hamamelis virginiana L.) that form patches
apparently based on recent historical trends, espe-
cially the control of "res with the invasion of white
settlers in the late 19th century. Red maple and black
cherry were apparently much rarer previously be-
cause of Native American agricultural practices, in-
cluding controlled "re regimes enabling oaks and
hickories to dominate (Jedicka et al. 2004). Low tol-
erance to light levels by oak and hickory seedlings
enable the more shade-tolerant under-story tree spe-
cies to replace the forest in the future (Allen 2009).

The ground beneath this forest formation is home to
a variety of woodland ant species (Talbot 1975). Mi-
crohabitat differences for these various species sug-
gest that spatial patterns of the ants may follow what-
ever spatial patterns are evident in the microhabitats.
And in this particular case it is reasonable to hypoth-
esize that at least part of the salient microhabitats are
created by the discarded leaves. Thus, it could be that
the organizing processes that create the spatial pat-
terns of the three dominant understory trees, also
create the spatial pattern of the microhabitats in which
the ants live. Recent work (Allen 2010) at the E.S.
George Reserve has shown that witch-hazel forms
spatial patterns as the result of dispersal limitation and
seed predation. As seeds are being dispersed locally,
tree clumps form and reach a critical density size (i.e.,
predation attack limits the growth of the clump) that
allows other species, such as red maple and black
cherry trees, to colonize the unoccupied space. Thus,
a combination of dispersal limitation and predation
leads to the formation of endogenous spatial patterns
of understory-trees.

Thus, the unique combinations of historical pro-
cesses, exogenous, and endogenous factors make this
an ideal study system to compare the relative impor-
tance of endogenous versus exogenous origins of spa-
tial pattern. That is, does the presumably self-orga-
nized (endogenous) spatial pattern of the trees

translate into an exogenous habitat pattern to which
the ants respond? Or, are there signals of endogenous
spatial pattern formation, above and beyond the evi-
dent patch structure of the trees? This study seeks to
determine if 1) there is any signal in the ground for-
aging ant community that can be associated with the
patches of different dominant tree species (evidence
of exogenous effects), and 2) whether there are any
evident patterns that are not associated with either the
patches of dominant trees or underlying habitat vari-
ables (evidence of endogenous effects). From theo-
retical studies we expect that the evident competitive
interactions among ground foraging ant species will be
one of the major forces that generate spatial pattern
(Vandermeer and Yitbarek 2011). In pursuit of these
goals we measured 1) population changes of ants over
time and their extension in space, and 2) implicit
competitive interactions between ant species.

Materials and Methods

Study Area. The study site is located at the ES
George Reserve, a 525-ha preserve administered by
the University of Michigan in Livingston County, MI
(latitude 42.5 and longitude !83.9). The reserve is
characterized by a rugged moraine and basin topog-
raphy that receives an average annual precipitation of
76.2 cm and average temperatures ranging between
!5"C in January and 22"C in July.

The study was conducted in a oak!hickory wood-
land in the northeastern part of the E. S. George
Reserve, where an 18-ha permanent plot has been
monitored for the past decade. The woodlot is a tran-
sitional forest composed of oak!hickory trees more or
less uniformly distributed in the over-story. The un-
der-story is dominated by saplings of Hamamelis vir-
giniana (witch hazel), Acer rubrum (red maple), and
Prunus serotina (black cherry), which are expected to
replace the oak-hickory forest in #100 yr (Voss 1985).
All trees $10-cm girth at breast height have been
identi"ed and georeferenced within the 18-ha study
plot. The spatial distribution of the under-story spe-
cies is clearly nonrandom (Fig. 1), whereas the over-
story of oaks and hickories (not shown) are either
random or uniform, thus contributing nothing to the
obvious patchwork created by the other three domi-
nant species in the sub canopy.
FieldSurveys. In total, six rectangular plots (40 m by

20 m) were established along the borderlines of
patches of dominant under-story tree species: Red
Maple!Witch Hazel, Red Maple!Black Cherry, and
Black Cherry!Witch Hazel (Fig. 1). Each of the six
plots straddled a border of the tree species patches,
such that a 20-m by 20-m plot was located in an ef-
fective monoculture of tree leaves. These 40-m by
20-m plots are referred to as “combination plots.” Us-
ing standard tuna baiting methods (Agosti et al. 2000),
baits were placed at 2-m intervals to observe the pres-
ence and absence of foraging ants totaling 100 tuna
baits per plot (10 by 10 baits in each 20-by 20-m plot).
Ants were sampled and identi"ed to morpho-species
in the "eld and processed in the laboratory for iden-
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ti"cation to species. Ant sampling occurred at two
different time intervals, once during the spring (May
2009) and once in late summer (August 2009) to assess
any evident seasonal changes. Each sampling was
done twice, #1 h apart, enabling an approximate as-
sessment of possible competitive replacements at bait
sites.
Statistical Analysis. We used a Monte Carlo simu-

lation methodology to compare the frequencies of bait
occupancies among plots for individual ant species. To
detect any differences in bait occupancy, we divided
each of the combination plots within the forest stands
into four subparcels, demarcating each combination
plot at the 10 m, 20 m, 30 m, and 40 m x-coordinates,
such that two 10-m by 20-m plots were located in
monocultures and two 10-m by 20-m plots were lo-
cated near the border of the two monocultures (see
Fig. 3a). For our analysis, we compared frequencies of
bait occupancies within the 0- to 10-m and 30- to 40-m
regions to minimize confounding overlapping inßu-
ences from the two habitat types, because ant foragers
may extend into the region between the forest stands
(10!30 m). For each individual ant species occurring
in the two subparcels (0!10 m, 30!40 m), we pooled
together all of our observations (number of bait oc-
cupancies for that species) and repeatedly drew two
samples (n % 10,000 pairs). Each time, we computed
the statistic (d), the difference between the means
from the two samples, which gives us a simulated null
distribution from which we computed thePvalue. The
P value was a count of the number of times the sim-
ulated difference was greater or equal to the observed
difference, divided by the total number of repeated
samples (n % 10,000). We report the P values gener-
ated from the Monte Carlo simulation for the months
of May and August samples pooled together.
Neighborhood Analysis. We used a nearest neigh-

bor statistical approach to quantitatively assess the
endogenous mosaic spatial patterns that emerge
within the individual forest stands. To assess the mo-
saic spatial patterns created by individual species, we
imposed a grid (8 by 8 squares) at the center of each

of the 20- by 20-m forest stands (we excluded the outer
rows and columns to avoid edge effects). We then
counted how many conspeci"c neighbors surrounded
the Moore neighborhood (the eight squares surround-
ing a given square on the grid) of each of the individual
species and subsequently computed the average cell
occupancy for each species. We then computed the
expected average cell occupancy for each of the in-
dividual species by counting the number of species
occupying the grid as a whole, divided by the total
number of possible cells that could be occupied (n %
64), giving the probability that any cell is occupied for
each species. This calculation then allowed us to com-
pute the expected average number of cells by multi-
plying the occupancy probability times the eight cells
in the surrounding Moore neighborhood. We ran a
simple t-test to compare the differences between the
conspeci"c average and the expected average for each
of the species.

Results

Species Composition. Results of the combination
plots for the spatial patterns of individual ant species in
the black-cherry!red-maple, witch-hazel!black-cherry,
and witch-hazel!red-maple plots for each baiting period
(2 hr apart), and for each season (spring and summer)
are summarized in Figs. 2 and 3. We encountered 10
different species in total belonging to three subfamilies
(Formicinae, Myrmicinae, Dolichoderinae), almost all
of which were distributed quite unevenly among the
sampling locations.Onlyonespecies,Aphenogasterrudis,
was found in all plot types (Coovert 2005).

The black-cherry!red-maple combination plots
were predominately occupied by A. rudis, Prenolepis
imparis, Myrmica americana, Camponotus novebo-
racensis, Formica fusca, Lasius alienus, Camponotus
chromaiodus,andFormica subsericae species (Fig. 3A).
Three species, C. noveboracensis, Formica fusca, and
Lasius alienus were exclusively found in the black
cherry plots (considering only the black cherry!red
maple pairs). Within the individual red-maple plots,
two species, C. chromaiodus and F. subsericae, were
exclusively found within the individual red-maple
plots.

The black cherry!witch-hazel combination plots
contained all 10 species (Fig. 2b). M. americana, F.
fusca, F. subsericae, and C. noveborecensis were exclu-
sively present in the witch-hazel plots. Aphenogaster
tennessee andC. noveborecensiswere exclusively found
in the individual black-cherry plots.

The witch-hazel!red maple combination plots were
primarily occupied by A. rudis, Camponotus pennsyl-
vanica, L. alienus, Prenolepis imparis, F. fusca, C. chro-
maiodus, and C. noveboracensis species (Fig. 3c).
Within the individual red maple plots, F. fusca and C.
chromaiodus were found exclusively, whereas in in-
dividual witch-hazel plots only C. noveboracensis was
found exclusively albeit in both cases with low abun-
dances.

Monte Carlo estimates of p in the black-cherry!
red-maple plots revealed signi"cant differences in oc-

Fig. 1. Distribution of the six combination plots (40 by
20 m) in an 18-ha forest plot in Southeastern Michigan.
Individual trees in the plot are coded as black % black cherry
trees; red % red maple trees; green % witch-hazel trees.
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cupation of baits by L. alienus (preference for black
cherry, P % 0.02); F. subsericae (preference for red
maple, P% 0.0004); andC. noveborecensis (preference
for black cherry, P % 0.0002) species. For the witch-
hazel!black cherry plots, analyses showed signi"cant
differences of bait occupancy byM. americana (pref-

erence for witch hazel, P % 0.0002); F. fusca (prefer-
ence for witch hazel, P % 0.00005); and F. subsericae
(preference for witch hazel, P % 0.0009) species. In
the witch-hazel!red-maple plots, bait occupancy of
any species was not found to be signi"cant (P$ 0.05).
Thus, all signi"cant differences were associated with
comparisons with black cherry stands.
Mosaic Spatial Patterns. Results of the neighbor-

hood analysis provide a quantitative assessment of the
mosaic spatial patterns of individual ant species en-
countered in the forest stands for each of the baiting
periods and seasonal periods. Results of the statistical
analysis of individual ant species are highlighted in
Table 1. We report the P values related to signi"cant
clustering for individual ant species encountered in
each of the habitat patches after 1- and 2-h baiting
periods. (P & 0.05, Table 1).

In the black cherry!red maple forest stands, mosaic
spatial patterns were formed by A. rudis, C. chromaio-
dus, F. fusca, andL. alienus species.A. rudis andF. fusca
exclusively formed mosaic spatial patterns after 2 h of
baiting period, whereas the mosaic patches formed by
C. chromaiodus and L. alienus quickly disappeared
after 1 h.

In the witch-hazel!black-cherry forest stands, mo-
saic spatial patterns were formed by A. rudis, C. Penn-
sylvanica, F. fusca, P. imparis, M. Americana, and L.
alienus. Both the A. rudis and M. americana species
formed "xed mosaic spatial patterns after 2 h. How-
ever, for C. pennsylvanica, P. imparis, and L. alienus
species we did not detect a clear temporal pattern
within each of the forest stands.

In the witch-hazel!red maple forests stands, mosaic
spatial patterns were formed by A. rudis, C. pennsyl-
vanica, andP. imparis.A clear temporal mosaic pattern
emerges after 2 h for C. pennsylvanica. However, mo-
saic patterns formed forA. rudis and P. imparis did not
show a clear temporal preference.

Discussion

Our results demonstrate that the presence of under-
story ants follows, to some extent, the spatial patterns
of under-story tree species. Some forest ant species
tend to co-occur in both habitat patches, whereas
other species only occurred in single habitat patches.
In general, we found that the speci"c arrangements of
the combination plots in large part determined the ant
associations found within each of the forest stands.
Although most of the species were found in all of the
forest stands, abundances (i.e., number of baits occu-
pied) varied considerably. In the black cherry!witch-
hazel combinations plots we found that the number of
baits occupied remained low as compared with some
of the same species found in the black cherry!red
maple plots where we observed increasing trends of
bait occupancy. In particular, we found high abun-
dance levels for F. fusca and M. americana species in
the black cherry!red maple as compared with the
other forest stand combinations. Meanwhile, we
found high abundance levels for A. rudis and C. penn-
sylvanicus species in the witch-hazel!red maple forest

Fig. 2. Total ant abundance found in a). Black cherry!
red maple. b) Black cherry!Witch-hazel. c) Witch-hazel!red
maple combination plots. Species codes are AR % Apheno-
gaster rudis, AT %Aphenogaster tennessee, CC %Camponotus
chromaiodus, CN % Camponotus noveboracensis, CP % Cam-
ponotus pennsylvanica, FF % Formica fusca, FS % Formica
subsericae, LA % Lasius alienus, MA % Myrmica americana,
PI % Prenolepis imparies.
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stands. This observation suggests that the combinato-
rial arrangement of the forest stands has important
implications for ant habitat preferences.

For some of the ant associations within the individ-
ual forest stands, our results suggest that exogenous
forces are important in determining ant preferences.
In the case of the black cherry!red maple plots, we
found that C. noveboracensis, F. fusca, and L. alienus
occurred only in black cherry plots, while C. chro-
maiodes and F. subsericae species occurred in red ma-
ple plots. One explanation for these species occur-
rences in the black cherry plots can be explained by
the sheer abundances of extra-ßoral nectaries re-
sources. C. noveboracensis and L. alienus species have
been widely reported to forage on foliage for the
consumption of honeydew, plant juices, and insects

(Coovert 2005). Similarly, F. fusca species consume
nectar from extra-ßoral nectaries as well as arthropod
prey found on black cherry trees (Ayre and Hitchen
1968). In one study, Tilman (1978) found that F. ob-
scuripes were attracted by extra-ßoral nectaries on
black cherry trees, which are in turn protected by the
ants from defoliation by tent caterpillars. In this case,
the evolutionary timing of bud outbreaks by black
cherry trees is believed to coincide with the defolia-
tion by tent caterpillars. In the black cherry!witch-
hazel plots, we observed relatively large abundances
ofM. americana and F. fusca, and lower abundances of
F. subsericae and C. noveboracensis that only occurred
in the witch-hazel plots. Witch-hazel patches most
likely have greater soil-moisture levels because of the
increased surrounding leaf litter and lower light avail-

Fig. 3. Distribution of the ant species in the 20 by 40 m in all three combination plots, with each plot divided into 10-
by 20-m subplots, two of which are in one habitat type the other two in the other habitat type. a. The two red maple!black
cherry plots (Species codes as explained in Fig. 2). b. The two witch-hazel!black cherry plots (symbols as in a). c. The two
witch-hazel!red maple plots (symbols as in a).
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ability, providing a clearly distinct ground-level hab-
itat background. M. americana is known to have a
wider range of tolerance to extreme temperature
changes (Talbot 1946). During the duration of the
study, the forest reserve received most of its precip-
itation during the month of June, whereas the warmest
period was recorded in the month of August. There-
fore, M. americana individuals could have been phys-
iologically adapted to maintain foraging activity at
high temperature levels.

At the "ner spatial scale, we observed the formation
of mosaic ant patches. Here, the formation of mosaic
patches appears to be driven primarily by endogenous
forces. For instance, we found that F. fusca, A. rudis,
and P. imparis dominated in one individual witch-
hazel plot during the month of June. However, in the
month of August a shifting pattern took place whenA.
rudis expanded out territorially by replacing F. fusca.
This shift can be explained by the fact that F. fusca
haverestricted seasonal foragingpatternsascompared
with A. rudis, because they are found to forage
throughout the summer period and are therefore
physiologically adapted to cope with environmental
stress (Fellers 1989).

In contrast, in one black cherry plotC. noveboracen-
sis dominated the plot during the month of June, but
thisdominancewaned in themonthofAugustwith the
territorial take-over ofA. rudis (t% 1 h) and P. imparis
(t % 2 h). This observed difference between A. rudis
and P. imparis corresponds with the temporal separa-
tion hypothesis whereby ant species forage during
different parts of the day because of microclimatic

conditions. For instance, the foraging activities of P.
imparis are primarily limited by high temperature lev-
els, for which foraging typically takes during the
cooler parts of the day (Fellers 1989).

Although temporal separation is considered to be
the primary driver in forming mosaic ant patches at
"ner spatial scales, another contributing factor to the
mosaic patterns can be explained by the fact that
subdominant ants tend to avoid dominant ants during
periods of competitive interactions. In a classic study
Fellers (1989) investigated the daily and seasonal for-
aging activities of woodland ant species. Although the
majority of subdominant ant species in the study over-
lapped with the foraging activities of dominant ant
species, some ant species displayed seasonal separa-
tion. For instance, the subdominant A. rudis andMyr-
mica species were primarily active from late spring to
early fall, whereas the dominant P. imparis species
were found to be active in the fall and early spring.
However, during competitive contests where overlap
does occur, subdominant ants can use alternative com-
petitive strategies to avoid dominant ants. ItÕs well-
known that evolutionary trade-offs exist between ants
in which some species are strong “discoverers”
whereas other species are strong “dominators” as they
seek available food resources (Fellers 1987, Davidson
1998, Vandermeer & Yitbarek 2011). Thus, the par-
ticular balance of discovery and dominance of this
collection of species might be an additional contrib-
uting factor that determines the way in which com-
petition can indirectly drive the formation of mosaic
patchworks.

Our study suggests that self-organization operates at
different spatial and temporal scales in this forest eco-
system. At a larger scale (the level of the 18-ha plot),
we found that certain ant species only occurred in
single habitats, whereas other ant species co-occurred
in multiple habitats. We believe that ant associations
with tree patches are likely the result of exogenous
factors, such as the availability of extra-ßoral nectary
and soil moisture conditions. However, more studies
are needed to elucidate the direct relationship be-
tween ant associations and exogenous factors. Future
studies should include topographical variation and
light availability as contributing factors to the ob-
served spatial patterns. At "ner spatial scales (100 by
100 m), we observed temporal separation among ant
species that resulted in the formation of mosaic
patches. Temporal shifts in ant occupancy within hab-
itat patches can be attributed to physiological condi-
tions. Although our study showed temporal differ-
ences on a daily basis (1 h and 2 h) and within the
summer season (May and August), more studies are
needed to assess whether the observed transient mo-
saics maintain themselves.

In summary, our study suggests that both exogenous
and endogenous forces are involved in the creation of
spatial patterns in these woodland ants. It is particu-
larly interesting that the exogenous forces responsible
for some of the pattern are themselves partially de-
termined by biological self-organizing processes (the
expansion of tree species from particular nuclei), sug-

Table 1. List of ant species found to have a non-random clus-
tered spatial pattern after either 1 h or 2 h or both. Significant P
values are highlighted in black (P < 0.05)

Species Habitat Time: 1 h Time: 2 h Season

Aphenogaster rudis RM-BC 0.71 0.003 May
' RM-BC 0.7 0.03 May
' RM-BC 0.14 0.001 Aug.
' RM-BC 0.28 0.007 May
' WH-BC 0.35 0.02 Aug.
' WH-BC 0 0.01 Aug.
' WH-BC 0.92 0.009 Aug.
' WH-RM 0.26 0.005 May
' WH-RM 0.005 0.66 Aug.
' WH-RM 0.004 0.03 Aug.
Camponotus chromaiodus RM-BC 0.04 0.14 Aug.
Camponotus pennsylvanica WH-BC 0.008 0.36 May
' WH-BC 0.91 0.009 Aug.
' WH-BC 0 0.01 Aug.
' WH-RM 0.23 0.007 Aug.
' WH-RM 0.15 0.0005 May
' WH-RM 0 0.001 Aug.
Formica fusca RM-BC 0 0.02 Aug.
' WH-BC 0.0007 0.35 May
Prenolepis imparis WH-BC 0.01 0.5 May
' WH-BC 0.14 0.03 Aug.
' WH-RM 0 0.02 May
' WH-RM 0.02 0.01 May
Myrmica americana WH-BC 0 0.02 May
' WH-BC 0.16 0.02 Aug.
' WH-BC 0 0.01 Aug.
' WH-BC 0.03 0.5 Aug.
Lasius alienus RM-BC 0.006 0 May
' WH-BC 0.96 0.01 May
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gesting the possibility that a cascade of spatial pattern
organizing processes is operative.
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