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What can ant diversity-energy relationships tell us about land use and land change
(Hymenoptera: Formicidae)?

LeticiaRios-CASANOVA & Brandon T. BESTELMEYER

Abstract

We identify and review an approach that views ant species diversity as a conseguence of energy flux through an eco-
system. In this bottom-up view, energy apportioned to trophic guilds drives ant community responses to mesoscale vari-
ation generated by land-use and other processes. We introduce a conceptual model based upon this idea, and offer an
interpretation of some data we have collected in the light of the model. Operationally, the concept focuses analysis upon
the rel ationships between species richness / composition, trophic group identity, body size, and abundance. These attri-
butes are compared among ecosystems that vary in total net primary productivity (NPP) and in how that productivity is
divided among plant functional groups. We offer a brief example of how biomass and abundance of three ant trophic
groups, large granivores, small granivores and scavengers, differed between two ecosystems that varied strongly in NPP
patterns. We emphasi ze the value of linking ant measurements directly with NPP at mesoscales.
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Introduction

Ants are important components of the Earth's biodiversity,
so it is useful to know what structures that diversity and
thereby how to conserve it (e.g., DUNN & al. 2007). In
addition, by virtue of both the functional importance and
diversity of ants, they should also tell us about status or
health of the ecosystems in which they live. Consequently,
ant communities have been used to evaluate the conse-
guences of ecosystem characteristics such as climate, soil,
vegetation, and disturbance regime (BESTELMEYER & WIENS
1996, SANDERS & a. 2003, FLOREN & LINSENMAIR 2005,
GOVE & al. 2005, RI0s-CASANOVA & d. 2006). The vaue
of an ant-based ecosystem perspective, alone or as a com-
plement to perspectives based on other taxa, has been force-
fully argued and convincingly demonstrated (MAJER 1976,
GREENSLADE & GREENSLADE 1984, ANDERSEN 1990, 1997,
2000).

In this paper our objective isto review an energy-based
approach that links ant community functions and responses
to variables including plant biomass and net primary pro-
duction (NPP; KASPARI & a. 20004) that are routinely used
to measure the health of ecosystems. This perspective views
ant species diversity as the result of energy flux through
an ecosystem that is organized by primary producers and
is subsequently apportioned to ant trophic guilds to drive
ant community structure. This approach contrasts with
habitat-based ant diversity studies addressing the role of

plant cover or vegetation structure in providing ecological
niches for ant species. The energy-based approach does not
directly consider the effects of habitat elements that af-
fect foraging, predation or parasitism, events that disrupt the
relationship between organisms and resources, or disper-
sal (ROSENZWEIG & ABRAMSKY 1993). Although it is cer-
tainly incomplete (like most individual themes), we argue
that a bottom-up view alows ants to tell us a great deal
about how ecosystems work and human impacts on those
systems.

Below, we briefly review habitat and energy-based ap-
proaches to ant community variation, introduce a concep-
tual model for the energy-based approach, and offer an in-
terpretation of some data we have collected in the light of
the model (Box 1). While energy-diversity relationships
are typically examined at global to regional scales (KAs-
PARI & al. 2004), we focus here on their consequences at
the scale of landscapes (e.g., a basin) that have been the
targets of ant studies addressing land use issues.

Habitat-based approaches

The strong impact of vegetation structure on ant diversity is
one of the central principles emerging from habitat-based
ant community studies, particularly when contrasts between
"open" and "closed" habitats are involved (HOFFMANN &
ANDERSEN 2003). In these studies, microclimate and / or



nesting sites are often the direct, proximate mechanisms
driving relationships between ants and vegetation struc-
ture. Indirect effects include competition from dominant
species favored in certain microclimates that influences the
activity patterns of subordinate species. For example, in-
creases in vegetation cover aters species composition, re-
duces richness, and favors dominant speciesin Mediter-
ranean woodlands (RETANA & CERDA 2000) and Florida
forest (LUBERTAZZI & TSCHINKEL 2003) whereas richness
alongside abundance of dominant species are favored in
open habitatsin Australian woodlands/ grasslands (ANDER-
SEN 2003, BARROW & al. 2006).

Anthropogenic effects on ant communities also appear
to be mediated largely by microclimate / nesting and relat-
ed effects. For example, studies in which grazing-induced
change in vegetation is not believed to significantly alter
microclimate, such asin deserts, have found weak effects
on ant communities (WHITFORD & a. 1999, BESTELMEYER
& WIENS 20014a), but when grazing produces strong changes
in vegetation structure and microclimate, effects on ant
species composition can be large (BESTELMEYER & WIENS
1996). Similarly, fire-induced increase in the abundance of
dominant species in Patagonian shrublands was associated
with more xeric microhabitat conditions after fire (FARJI-
BRENER & al. 2002).

Fragmentation-induced changesin species composition
in woodlands (DEBUSE & a. 2007) or reductions of species
richness in tropical forest (CARVALO & VASCONCELOS
1999) have been directly attributed to increasingly open /
xeric microclimate. Fragmentation edge effects in tropical
forest may be ameliorated in older fragments surrounded
by recovering vegetation (VASCONCELOS & al. 2006). Frag-
mentation effects can also be indirectly mediated by micro-
climate. Increases of an exotic ant (Linepithema humile)
alongside competition-induced reductions in natives were
related to fragmentation and specifically to increased mois-
ture availability associated with urbanization (SUAREZ & dl.
1998, MENKE & HOLWAY 2006). Similarly, increasing in-
solation in unshaded coffee monocultures can increase the
dominant Solenopsis geminata and decrease ant diversity
(PERFECTO & SNELLING 1995, PERFECTO & VANDERMEER
1996).

Ener gy-based approaches

A distinct set of studies have considered the relationship
between ant communities and variables reflecting energy
flux in ecosystems, typically taking place at regional to
global scales. Inaclassica study, DAVIDSON (1977) found
a strong positive relationship between granivorous ant di-
versity and rainfall (considered as a surrogate of produc-
tivity) at a regional scale in North American deserts. Re-
cent studies have echoed this relationship and found that
the abundance of ant colonies increases with productivity
and mean temperature at global scales (KASPARI & al.
2000b) but that variation in NPP may be especially im-
portant in regions of generally low NPP (KASPARI & al.
2000a). GOTELLI & ELLISON (2002) found that latitude (a
proxy for energy availability) is the most significant pre-
dictor of ant density across even a narrow range of lati-
tude in New England, USA. The importance of elevation
(SANDERS 2002, SANDERS & al. 2003) and latitude (BEs-
TELMEYER & WIENS 20013, b, PFEIFFER & d. 2003) on ant
diversity has also been illustrated in other studies.
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SANDERS & al. (2007), however, showed that produc-
tivity did not predict litter ant richness within the Great
Smoky Mountains, USA, although temperature did. In a
unigue study of temporal patterns at a single site, KASPARI
& VALONE (2002) found that the previous year's seed pro-
duction was correlated to the abundance of granivorous
ants, but that temperature determined the availability of that
production to ants. These latter two interpretations indi-
cate that energy has two distinct and interacting impacts
on ant communities, via environment (specifically micro-
climate) on the one hand and via trophic relationships (pro-
ductivity) on the other.

General conceptsfor an ener gy-based approach at
landscape scales

Below we review a set of questions and concepts that can
be used to consider the energy-based approach at the scales
of landscapes typically considered in habitat-based stud-
ies of ant diversity. In doing so, we emphasize mechanisms
that we suspect may be particularly important in such stud-
ies, and describe how habitat- and energy-based approach-
es can be linked. We also describe how questions can be
framed based on this model.

How do ecosystemsvary in energy capture?

Biodiversity is ultimately based on the energy fixed by
plants and made available for biomass (growth, reproduc-
tion) and then to other trophic levels (net primary produc-
tion or NPP; g of carbon m-2 yr-1). The amount of energy
captured over time in a specific area depends on a host of
factors including incident radiation, temperature, nutrient
availability, and the capacity of plants to use those nutri-
entsin production. Global variation in NPP isdriven largely
by differences in radiation, temperature, and climate. In
contrast, landscape variation, nested within areas of simi-
lar global and regional radiation, is determined by 1) slope,
aspect and therefore local radiation and water redistribu-
tion, 2) soilsthat determine water infiltration, storage, and
uptake by plants, and 3) the history of land use or other
disturbances that lead to persistent changes in plant com-
munity composition and sometimes soil properties (MON-
GER & BESTELMEYER 2006). Classifications of vegetation
to alternative states within soil types coupled to widely
available soil maps and hydrological models can be used to
map landscape variation in NPP.

How isavailable energy apportioned to ant functional
groups and species?

Differences in available energy in an ecosystem determine
anumber of key diversity patterns and subsequent feed-
backs to ecosystems (WRIGHT & a. 1993). At global scaes,
energy may affect diversity through two mechanisms. In-
cident solar radiation (i.e., kinetic energy) governs environ-
mental temperature and evapotranspiration, that in turn af-
fects environmental suitability (e.g., viathermal tolerances)
and metabolism. Alternatively, energy and water together
govern NPP (potential energy) that determines resources to
support organism abundance and body mass. The relative
importance of these co-acting influences varies with lati-
tude (HAWKINS & al. 2003) and also with scale. Following
from the NPP patterns discussed above, one mechanism
that is likely to produce variation within landscapesiis cap-
tured in the "more individuals hypothesis” (SRIVASTAVA



Box 1: Contrasting ant communities between high and low productivity states in the Jornada Basin.

We compared the biomass and abundance of three functional groups of ants between two classes of vegetation states oc-
curring at the Jornada Basin in the Chihuahuan Desert (southern New Mexico): shortgrass grassland (SG), and shrub-
invaded bunchgrass grassdand (SIBG; Box-Figs.). These two states are not alternatives of one another because they occur
on different geomorphic settings, but they represent two very different environments with respect to NPP and plant
functional groups for this example.

SG is dominated by burrograss (Scleropogon brevifolius PHIL.). It occurs on silt loam soils with well-devel oped biolog-
ica and physical soil crusts that limit infiltration and production, while deeper clay horizons limit shrub invasion. SIBG
occurs on loamy sand soils that impart high productivity when not degraded and diverse plant functional groups. The dom-
inant grassesin this state are Boutel oua eriopoda TORR. and Sporobolus flexuosus THURB., and the dominant shrub isthe
mesguite Prosopis glandulosa TORR. Overall peak standing crop biomass (a proxy of NPP) estimated for fall 2007 (fol
lowing HUENNEKE & al. 2001) ranged between 3.2 - 57.7 g/m? in four SG sites sampled, and between 107.8 - 155.6 g/m?
in five SIBG sites sampled.

Ants were trapped over a2-day period in September 2007 using agrid of 20 pitfall traps, 10 m spacing, at each site (9 total
sites). Representatives of all ants were oven-dried and weighed using an analytical balance to 0.0001 g. We recorded a
total of 22 speciesin SG and 24 speciesin SIBG. Each species was assigned to one of three functional groups according
to SCHOOLEY & al. (2000): large granivores including Aphaenogaster cockerelli ANDRE, 1893 and Pogonomyrmex deser-
torum WHEELER, 1902; small granivores including several speciesin the genus Pheidole and Solenopsis; and scavengers
including Dorymyrmex bicolor WHEELER, 1906, Forelius pruinosus (ROGER, 1863), and Myrmecocystus mimicus WWHEE-
LER, 1908. The species composition of the functional groups differed between the two states studied; they shared the most
common species. Large granivores, small granivores and scavengers share respectively 50 %, 58 % and 26 % of species
between both states.

Overall ant biomass estimated in SG was 1.49 + 0.61 g and in SIBG was 0.96 + 0.41 g and did not differ (Wilcoxon W
=21, two tailed P = 0.41). Total abundance was 845.5 + 238.18 in the SG and 3928.4 + 1651.96 in SIBG; the high
variability precluded a statistical difference (Wilcoxon W = 0.14, two tailed P = 0.19). However, there were significant
differences in the abundance and biomass of certain functional groups of ants between these states. Large granivores did
not differ with respect to abundance (Wilcoxon W = 19.5, two tailed P = 0.19) although biomass was marginally higher
in SG (Wilcoxon W= 17, two tailed P = 0.06). Small granivores were similar in biomass (Wilcoxon W = 16, two tailed
P = 0.41) and numbers between states (Wilcoxon W =14, two tailed P = 0.19). In contrast, scavengers had significantly
higher numbers (Wilcoxon W = 10, two tailed P = 0.014) and biomass (Wilcoxon W= 12, two tailed P = 0.05) in SIBG,
as we expected based on the presence of homoptera-bearing shrubs and stem-succulents (Yucca spp.).

Although vegetation of SIBG produces much more biomass than the vegetation of SG, neither ant biomass nor abundance
differed systematically between the two states. Overall, we see that total ant and vegetation biomass are uncorrelated (R2
=0.02, P =0.07, N = 9). This suggests that ants might be appropriating a larger fraction of available energy in the
SG thanin SIBG.

Differences emerge at the leve of trophic functional groups. Large granivores, epecidly A. cockerelli and Pogononyrmex
rugosus EMERY, 1895, dominate the biomass in SG. These are species with large body sizes (0.002 - 0.003 g/ individual)
so they do not contribute much to overall forager abundance. These species are able to exploit the large seeds of certain
perennias and annuals in this grasdand. In contrast, dominant scavengers such as D. bicolor, Forelius mecooki (McCOOK,
1880) and F. pruinosus are small (0.00003 - 0.0002 g/ individual) but numerous in SIBG where they tend Homoptera
primarily on mesquite bushes. Thus, our analysis points to the idea that shiftsin ant functional group biomass may be
related to shifts in the plant functional groups, but the total biomass of ants supported remains invariant (even as plant
biomass varies between states). This assertion, of course, depends on the assumption that pitfall traps provide a reason-
able comparative assay of ant biomass.

Box-Figs.: A burrograss (Scleropogon brewfohu<) grassl and on silt Ioam soils (Ieft panel) and a black grama (Bouteloua
eriopoda) - honey mesquite (Prosopis glandulosa) savanna on sandy loam soils (right panel), both located on the USDA-
ARS Jornada Experimental Range, near Las Cruces, New Mexico in the Chihuahuan Desert, USA.
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& LAWTON 1998); the more energy in NPP that is harvested
by a taxon, the more individuals are supported, and that
leads to more diversity and ecological dominance of that
taxon. Recent concepts under the umbrella of the " metabolic
theory of ecology” further highlight the role of body size,
environmental temperature, and stoichiometry in mediat-
ing the relationship between NPP and abundance (BROWN
& a. 2004). lllustrating some of these relationships, EN-
QUIST & al. (1998) found that plant productivity per unit
area is a function of temperature but not the composition
and size of plants; similar levels of productivity may oc-
cur in plant communities of vastly different species com-
position and plant mass if the temperature and rate of re-
source supply are similar among communities. Similar pat-
terns related to "energetic equivalence” have been found
in an animal community occupying asingle site: loss of a
large rodent species was compensated by a smaller species
such that total energy use by rodents was similar over time
(ERNEST & BROWN 2001).

The preceding ideas suggest three levels at which we
can ask about how ataxon such as ants appropriates ener-
gy. First, we can ask how ecosystems vary in the propor-
tion of energy flux through ants vs. other taxa as part of a
total ecosystem budget. There were early attempts to do
thisin the International Biological Program in the 1960s -
1970s, but comparative data are limited. STAFFORD SMITH
& MORTON (1990) speculated that the ecological domi-
nance of ants and termitesin Australiais driven by its char-
acteristically low and variable resource availability that
favors animals able to exploit such patterns. Unfortunately,
however, we know of no contemporary efforts to estimate
how the fraction of energy flux through ants versus other
animals varies among ecosystems; all-taxon inventories
should be able to accomplish this.

Second, we can ask how energy availability correlates
with variation in ant mass, abundance, and diversity, sim-
ilar to the approaches of Kaspari and colleagues (KASPARI
& al. 2000a, b, 2004, KASPARI 2005) discussed earlier.
Such correlations within landscapes, however, have rarely
been examined (e.g., SANDERS & al. 2007). Work in other
systems suggests that the nature and form of the relation-
ship between NPP and diversity may differ across scales
(CHASE & LEIBOLD 2002).

Third, we can ask how variation in energy produces
variation in ant functional groups. This has not yet been
examined. It would be fruitful to consider the relationship
between NPP and ant abundance / diversity using various
functiona grouping schemes (ANDERSEN 2000, SCHOOLEY
& al. 2000) considering the strategies that distinct groups
use to exploit NPP. Ant researchersin tropical forests have
used stable isotopes of N to demonstrate that the unex-
plained high abundance of arbored ants is supported largely
by the consumption of plant resources via homopteran exu-
date feeding and extrafloral nectaries, rather than predation
(BLUTHGEN & a. 2003, DAVIDSON & d. 2003). The ecolo-
gical dominance of these ants (e.g., the dominant dolicho-
derines of ANDERSEN 2000) may, in turn, be driven by the
large amount of carbohydrates consumed to obtain suffici-
ent N from N-poor exudates. This energy is used in domi-
nant behaviors and production of chemical weaponry (DA-
VIDSON 1998) that aids in the specialized use of homo-
pteran populations to provide a steady supply of exudates
(BLUTHGEN & al. 2004). Changes in trophic position (and
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therefore sources of energy exploited) over time may under-
lie the increasing dominance of some invasive ants (TILL-
BERG & al. 2007). In general, these studies suggest that
stable isotope studies of ants aongside studies of changes
in ant functional groups, the production in different plant
functional groups, and specific resources such as insect prey
and homoptera may provide a powerful way to understand
how landscape variation structures ant diversity.

How islandscape change affecting the apportionment
of energy to and within ants?

The energy-based approach asks how land-use practices af-
fect total energy flux or energy flux through natural eco-
systems and if there are conseguences for biodiversity (Vi-
TOUSEK & a. 1986, WRIGHT 1990). Within Austrian agricul-
tura landscapes, for example, HABERL & d. (2004) showed
that human appropriation of net primary production was
negatively correlated with species diversity.

Change in NPP within human-exploited natural systems,
such as in forests, grasslands, or desert rangelands, may
have a number of manifestations. Where soil degradation
has occurred, NPP may be reduced (D.P.C. Peters & al.,
unpubl.) because water and nutrients become unavailable
to plants where plant-soil feedbacks break down (RIET-
KERK & al. 2004). On the other hand, following from the
concept of energetic equivalence, shifts to alternative states
may alter the plant species and plant physiognomy contri-
buting to NPP without much change in overall NPP. Fin-
ally, human impacts may alter the spatial distribution or
size of plants and how their NPP is packaged, without sub-
stantially altering the composition of plants or NPP (e.g.,
MCCLARAN & ANGEL 2007).

These types of NPP changes may lead to changesin the
energy available to support community-level abundance of
heterotrophs (ALLEN & a. 2007). Changes in how that en-
ergy is packaged may lead to changesin ant diversity. Such
changes may be mediated by the effects of NPP on food
resources or on other habitat elements that determine access
to those resources (such as nesting sites). These relation-
ships suggest a profitable research avenue that links animal
community and ecosystem ecology: (1) stratify a landscape
or region in terms of potential NPP or how it is packaged in
different plant functional groups (e.g., climate or soil gra-
dients), (2) stratify areas of potential productivity into dif-
ferent land uses or alternative states (reflecting a legacy
of past land-use impacts), (3) collect data on the NPP of
those land-uses/ states, (4) examine correlations among NPF
of whole ecosystems or plant functional groups and met-
rics of ant abundance, body size, biomass, and species and
functional group composition, and (5) identify key species or
groups within which to conduct detailed analysis of trophic
ecology via stable isotopes or to examine other interactions.

Viewed in this light, the use of ants as bioindicators can
have new meaning. For example, when it is concluded that
ants are poor indicators of land change because ant abun-
dance and diversity are similar between "healthy" and "de-
graded" land types (e.g., WHITFORD & al. 1999), perhaps
this indicates that in spite of changes in an ecosystem's
appearance, the fluxes of energy in it have not changed
substantially for ants. We can then ask a number of ques-
tions. Has overall NPP actually been reduced? If it has, has
the proportion of this energy flux appropriated by ants (vs.
other animals) increased to compensate for thisloss? If so,
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Fig. 1: Conceptua model of ant diversity-energy relation-
ships for the Jornada Basin, New Mexico, USA. Thelarge
boxes are general classes of factor / processes and the smal-
ler boxes within them represent subclasses specific to the
Jornada Basin.

by what mechanism is this accomplished, by a shiftin the
plants used for food or nesting sites or the loss of a com-
peting taxon? Studies in which ant communities reveal
strong changes in species among land uses can be inter-
preted similarly. For example, we can ask if energy flux
through the ant community has changed substantially, in
spite of differences in species composition or ant numbers
that is mediated by changesin ant body size.

Of course, there is a number of challenges to such re-
search. Perhaps the greatest relates to our ability to esti-
mate NPP of plants and the biomass and numbers of ani-
mals. Estimates of plant NPP are usually based on above-
ground plant parts. NPP below ground may be substantial
such that aboveground NPP may underestimate total NPP.
This might be especially important for antsif they exploit
bel ow-ground resources (e.g., DAUBER & WOLTERS 2004).
Similarly, alarge proportion of ant biomassis found below-
ground, often in deep nests, and conventiona methods for
ant community sampling miss this fraction. Until suffici-
ent work is performed, we can only hope that variation ob-
served in ground-foragers or surface-nesting ants via pitfall
traps or intensive sampling adequately reflects differences
in ant biomass. Finally, we often have little understanding
of how the biomass of related consumers changes along-
side ants, which can be difficult to estimate. In spite of these
limitations, examining the relationships of ant diversity and
NPP at landscape scales will broaden our interpretations of
ant diversity data. We feel it would be productive to ex-
pand the conceptual basis of ant diversity responses from
the traditional habitat and competition-based focus to em-
brace a broader spectrum of relationships.

A specific conceptual model for the Jornada Basin

Weiillustrate here how we are now thinking about ant com-
munities in a Chihuahuan Desert ecosystem, the Jornada
Basin in southern New Mexico, in light of the general con-
cepts discussed above (Fig. 1). Although the details neces-
sarily vary in different landscapes, we offer this model to
show how the concepts can be assembled in aparticular case.

The landscape we studied is about 100,000 ha compris-
ing a variety of soils, from mid-Pleistocene, wind-worked
sandy river deposits with thick petrocalcic horizonsto Holo-
cene calcareous or hon-cal careous aluvium from two adja-
cent mountain ranges, respectively. Differencesin soil tex-
ture and surface soil horizons cause differencesin water in-
filtration and water holding capacity (DUNIWAY & a. 2007),
and such differences can result in substantial differencesin
NPP.

As a function of land-use history and soils, overall
NPP is represented by different functional groups of plants.
Shrub-invasion and grass loss on sandy soils is well docu-
mented in the Jornada Basin as a consequence of historical
heavy grazing and drought periods (PETERS & a. 2006).
Consequently, grass-dominated, shrub-dominated, and mix-
ed functional group states occur depending on land-use his-
tory. Soils condition the shift among states and how those
shifts affect plant functional groups. Soils with clayey soil
horizons, for example, seem to resist shrub invasion (BEs-
TELMEYER & a. 2006) and instead witness a shift in peren-
nial grasses during state changes.

The spatia grain of soil and vegetation state-derived het-
erogeneity encompasses whole ant communities. Although
states may be patchy at fine scales, there are extensive areas
10sto 1000s of hain size representing alternative statesin
the Jornada Basin (and throughout the southwestern USA).
Thus, the energy flux through an ant population and com-
munity can reasonably be assumed to derive from the en-
ergy captured in the focal state whereit is extensive.

State and soil-based differencesin plant functional group
composition result in different production of foods for func-
tional groups of ants. Although soils and plants also affect
nesting, foraging, and mating by microclimatic conditions
(e.g., JOHNSON 2006), we can deemphasize these effects be-
cause a the Jornada site 1) we have observed that most ants
(with exceptions, such as Crematogaster) can nest in awide
variety of places, 2) most ants, even thermophiles, can be
crepuscular-nocturna to avoid the heat of day in summer.
We have focused on three plant functiona groups that domi-
nate Jornada communities and arid and semi-arid deserts of
North Americaand Mexico in general: annuals, graminoids,
and shrubs/ succulents. Annua and large-seeded graminoid
plants represent the main source of food to many larger grani-
vore ants (PULLIAM & BRAND 1975, DAVIDSON 1977, FRICE
& JOYNER 1997), whereas the small-seeded graminoids (that
dominate Jornada plant communities) are used by small gran-
ivores (SCHOOLEY & al. 2000). Shrubs and succulent plants
are among the most important sources of food to scavenger
ants. Scavengers consume arthropods and insect cadavers op-
portunigticdly (e.g., after termite alate emergences), but most
species feed continuously as herbivores, deriving carbo-
hydrates and nitrogen from insect secretions and plant exu-
dates. Shrubs and succulents are the source of these two
resources (WI1SDOM & WHITFORD 1981, BESTELMEYER
2005). Consequently, the distribution, abundance and pro-
ductivity of these three groups of plants thus are likely to
be correlated with the functional groups of ants compris-
ing an ant community in predictable ways (Box 1).

Conclusions

The study of ant communities can be approached from
varying points of view, and it islikely that habitat-based
and energy-based factors act together to structure ant com-
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munities. In measuring the latter factors, we feel thereis
great value in linking ant diversity metrics, and particu-
larly metrics of functional groups, to core ecosystem met-
rics such as plant biomass and NPP. We also advocate the
consideration of ant biomass alongside measurements of
abundance and richness and a greater consideration of ant
trophic ecology in the interpretation of these interrelation-
ships. Thistraditionally "macroecologica" perspective may
be especially useful at the landscape scale and lead to the
recognition of interesting patterns that are not apparent in
purely habitat-based perspectives.
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Zusammenfassung

Wir beschreiben einen Forschungszugang, der die Diversi-
tat von Ameisenarten a's Resultat des Energieflusses durch
ein Okosystem betrachtet, und bieten dazu einen Uberblick
Uber den aktuellen Kenntnisstand. Gemal? dieser "bottom-
up"-Sichtweise bedingt die, auf die trophischen Gilden auf-
geteilte, Energie die Reaktionen der Gemeinschaft auf Ver-
anderungen in einem mittleren raumlichen Mal3stab, die
auf Landnutzung und andere Prozesse zurlickgehen. Wir
stellen ein konzeptuelles Modell vor, das auf dieser Idee
beruht, und présentieren die Interpretation von Daten, die
unter dem Gesichtspunkt des M odells zusammengetragen
wurden. Die Vorgangsweise des Konzepts ist, Analysen
auf die Beziehungen von Artenreichtum / Artenzusammen-
setzung, ldentitét trophischer Gruppen, Korpergréfze und
Abundanzen auszurichten. Diese Charakterisierungen wer-
den zwischen Okosystemen verglichen, die sich in der Ge-
samtnettoprimérproduktion (NPP) unterscheiden, sowie da-
rin, wie NPP auf funktionelle Gruppen von Pflanzen auf-
geteilt ist. In einem kurzen Beispiel zeigen wir wie sich
die Biomasse und Abundanz dreier trophischer Gruppen
von Ameisen — grofie Granivore, kleine Granivore und Aas-
fresser — zweier Okosysteme mit stark unterschiedlichen
NPP Mustern unterscheiden. Wir betonen, wie wichtig es
ist, Daten zu Ameisen direkt mit NPP und in eéinem mittle-
ren raumlichen Mal3stab in Beziehung zu setzen.
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