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Using Ant Species (Hymenoptera: Formicidae) as a Biological
Indicator of Agroecosystem Condition
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ABSTRACT Ant species assemblages have been used as biological indicators of environmental
condition in many different ecosystems. To assess the potential of using ants as environmental
indicators of agroecosystem condition, ants were collected from a stratified random sample of
agricultural fields planted in annually harvested herbaceous crops at 90 sites in North Carolina and
Virginia. The ants were identified to species and correlations with soil, management and crop
variables were examined as the 1st step in developing an environmental indicator of agroecosystem
condition. A total of 41 species of ants was found. Ant species assemblages were found to differ
significantly between the fields and the field margin. Ant species assemblages were correlated with
soil variables, tillage practices, and insecticide use, suggesting that ants have potential as a biological
indicator of agroecosystem condition.
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INSECTS HAVE BEEN used as indicators of a range of
environmental attributes since the turn of the century
(Cairns and Pratt 1993). In aquatic systems insects
have enjoyed great success in monitoring pollution
levels (Resh and McElravy 1993) and in indicating
general water quality (Terrell and Perfetti 1989).
Aquatic insects are arguably the most successfully
applied group of bioindicators. Insects are thought to
make good indicators because they respond quickly to
environmental stress, have short generation times, and
are usually easily sampled and identified. They also
meet 3 of Noss’s (1990) criteria for good biological
indicators: they are sufficiently sensitive to provide an
early warning for change, distributed over a wide
geographical area, and capable of providing a contin-
uous assessment over a wide range of stresses.
Despite the success of insects as bioindicators in
aquatic systems, they have not enjoyed the same level
of interest in terrestrial systems. However, many of the
features that make insects useful as environmental
indicators in aquatic systems carry over into terrestrial
systems and there have been several successes in this
area. Holloway and Stork (1991) used Lepidoptera as
an indicator of change in habitats in South Africa.
Kremen (1992) explored the use of butterflies as an
indicator of the health of natural areas in Madagascar
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rain forests. Kromp (1990) used carabid beetles as a
bioindicator of farm management in Austrian potato
fields and Eyre et al. (1989) used carabids and cur-
culionoids as indicators of grassland management
practices. Kremen et al. (1993) argued that terrestrial
arthropod assemblages could be used in assessing
biodiversity for conservation planning, management,
and reserve design. Samways (1996) used spatial pat-
terns of adult dragonflies as indicators of changes in
microhabitat for planning conservation ponds. Wil-
liams (1993) has used terrestrial arthropods to explore
how effective restoration of wetland forests have been
in efforts to restore sites to their original condition
after human perturbations.

One success in using insect indicators in terrestrial
ecosystems is that of ants in mine site reclamation in
Australia (Majer 1985, 1996; Andersen 1993) and in
Brazil (Majer 1994) and as an indicator of habitat
quality in Australian conservation parks (Yeatman and
Greenslade 1980). Ant species also effectively track
environmental gradients (Petal et al. 1975, Lynch
1981, Levings 1983, Andersen 1986, Lynch et al. 1988,
Heatwole 1989, Majer and Camer-Pesci 1991,
Andersen 1993). This has been found to be true in
agroecosystems. Roth et al. (1994) looked at the ef-
fects of crop management on ant diversity in Costa
Rica as did Perfecto (1990) in Nicaragua and both
found associations between ant diversity and vegeta-
tive structure and other components of crop manage-
ment. Lobry De Bruyn (1993) found that certain ant
assemblages indicated soil type in farmland and nat-
urally vegetated areas. Delabie and Fowler (1993)
found temporal correlations with several environmen-
tal factors for ants in Brazilian cocoa plantations. Tian
etal. (1993) found ant populations were related to the
nitrogen content of plant residues placed on soil sur-
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Counties in Virginia and North Carolina where sample fields were selected for ant sampling. Actual locations are

not available because of National Agriculture Statistics Service confidentiality restrictions.

faces to retain moisture and increase heat in tropical
agroecosystems. Samways (1981) found a greater
number of ant species in citrus orchards that were
under biological control than those where California
red scale, Aonidiella aurantii (Maskell), was being
controlled with insecticides. Our own experience with
a small pilot study looking at differences in ant assem-
blages in organic, and conventionally managed farms
and conservation-tilled and conventionally tilled
farms showed significant differences in the ant species
diversity found in each of the field types (S.L.P., un-
published data).

Previous studies suggest that ants may have poten-
tial as a biological indicator of soil condition and man-
agement for crop growth and ecosystem services in
agroecosystems. To develop an indicator at least 2
factors are necessary. First, the organism or group of
organisms must be sensitive to changes in the envi-
ronment that one is interested in monitoring. Second,
the response of the organism must be calibrated to
known levels of change, so that changes in biological
response can be connected to changes in the envi-
ronment. In this study we explored only the Ist factor
by asking, Do ant species assemblages reflect changes
in the components of agroecosystem health? Specif-
ically, we hypothesize that assemblages of ant species
in the agroecosystem will show significant differences

depending on management practices, soil condition,
and chemical inputs.

Materials and Methods

Collection Methods. Ants were sampled at 90 loca-
tions in a randomly chosen subset of the USDA, Na-
tional Agricultural Statistics Service (NASS) fall sur-
vey (Fig. 1) between 31 July 1995 and 12 August 1995.
The NASS enumerators took all samples after being
trained in a 2-d, hands-on workshop. The design of this
survey is explained in detail in Cotter and Nealon
(1987). In brief, agricultural fields planted with an-
nually harvested herbaceous crops in North Carolina
and Virginia were selected with probability propor-
tional to size (in hectares) from a stratified, random-
sampling design. Once the sampled field was located,
and permission obtained from the grower to sample
ants from his or her field, the field was drawn on a
piece of paper. Because both the interior of fields and
field margins were to be sampled, edges ineligible to
be sampled were marked. Areas ineligible for sampling
included, areas that were inaccessible because of
dense vegetation, such as thorny bushes or other ob-
stacles that would keep the enumerator from working
in the area. Also field edges less than a meter from
roads or water bodies were not sampled. Clearly vis-
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Fig. 2. Layout for placement of pitfall traps in the se-
lected fields. Distance between traps was 7 m. See text for
details on pitfall sampling protocols.

ible mounds of the ant, Solenopsis invicta Buren, also
made an area in the field ineligible for sampling due to
the expected reduction in ant diversity (Mann 1994).
A plastic game-spinner was then placed on the hand-
drawn map and spun repeatedly until it pointed to an
area eligible for sampling.

At the selected area, the NASS enumerator placed
a T-shaped transect (Fig. 2) of pitfall traps, with the
top crossbar of the T consisting of 8 traps laid in the
field margin and the perpendicular stem of the T
consisting of 4 traps placed in the field. Traps were 7m
apart. In every 6th field a replicate transect was placed
in the field to assess the within-field component of
variance.

The pitfall traps consisted of a 60-ml Nalgene bottle
with a 45-mm opening, filled half way with a mixture
of 25% glycerin, 60% EtOH, and 15% water. Traps were
placed in holes dug carefully with a minimum of soil
and vegetation disturbance such that the lip of the trap
was even with the surface of the soil. The traps were
left in place for 24 h. If rain was predicted to last for
>8 h, the sampling of that field was delayed. A rain
cover was provided if any rain was predicted to fall
during the 24 h period. Because this was a unique
survey, and although it was not intended for this pur-
pose originally, the location of counties where popu-
lations of S. invicta were found were noted.

The traps were collected and filled to capacity with
95% EtOH to act as a preservative. Labels with field
identifiers were placed inside and affixed outside the
trap and the samples were shipped by Federal Express
for taxonomic identification at the Agriculture Re-
search Service (ARS) Jornada Experiments range in
Las Cruces, New Mexico. Each ant was keyed to spe-
cies.

At 2 of the trapping locations in each field margin,
the density of vegetation was measured by inserting a
marked 1.5-m stick into the ground and recording the
number of times (with a maximum 4 times) the stick
was touched in areas on the stick between 0-5 cm,
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Table 1.

Occurrence of ant species for various regions of fields

% fields where each ant
species was found by
various region, of fields

Subfamily and species of ant

Within Mareins
cultivated & Both
. (4 traps only)

portion

Sampled ant species found both in North Carolina and Virginia
Dolichonderinae

Forelius pruinosus (Roger) 21 39 (33) 19
Tapinoma sessile (Say) 4 19 (13) 2
Formicinae
Camponotus pennsylvanicus 0 7 (6) 0
(DeGeer)
Camponotus Sp. 3 9 (6) 2
Formica argentea Wheeler 3 21 (10) 2
Formica pallidefulva Latreille 8 14 (11) 4
Formica schaufussi Mayr 9 12 (9) 6
Lasius alienus (Foester) 33 63 (50) 30
Lasius neoniger Emery 3 11 (6) 2
Lasius umbratus (Nylander) 0 2 (1) 0
Paratrechina faisonensis (Forel) 2 13 (10) 2
Paratrechina parvula (Mayr) 3 7(2) 1
Prenolepis imparis (Say) 2 6 (2) 1
Myrmicinae
Aphaenogaster fulva Roger 0 3(1) 0
Aphaenogaster rudis Emery 11 31 (28) 11
Aphaenogaster treatae Forel 7 10 (8) 4
Crematogaster lineolata (Say) 3 11 (7) 3
Leptothorax pergandei Emery 2 1(1) 0
Monomorium minimum (Buckley) 20 42 (31) 18
Myrmica americana Weber 7 11 (8) 6
Myrmica sp. 2 7(4) 2
Pheidole bicarinata Forel 42 39 (44) 34
Pheidole dentata Mayr 1 4 (1) 1
Pheidole S1 13 17 (9) 9
Pheidole S2 0 1(0) 0
Pheidole S3 21 33 (24) 17
Pheidole S4 8 12 (10) 6
Solenopsis texana Buren 21 56 (39) 19
Ponerinae
Ponera pennsyltanica Buckley 4 3 (4) 1

Sampled ant species located only in North Carolina

Dolichonderinae
Conomyrma bureni Trager 8 13 (10) 7
Conomyrmma medeis Trager 3 3(3) 3
Formicinae
Brachymyrmex depilis Emery 1 1(1) 0
Formica Spl. 2 3(3) 2

Myrmicinae

Crematogaster ashmeadi Mayr 0 1(1) 0

Myrmica incompleta Provancher 0 1(1) 0

Pheidole morrisi Forel 0 3(2) 0

Solenopsis inticta Buren 18 19 (14) 16
Ponerinae

Brachyponera solitaria (F. Smith) 1 1(1) 0

Sampled ant species located only in Virginia

Myrmicinae

Crematogaster cerasi (Fitch) 0 2(1) 0

Crematogaster clara Mayr 0 1(0) 0

Tetramorium caespitum (L.) 7 11 (9) 4

Percentages broken down into species found within cropped (ie.,
cultivated) regions of field, in the field margin, or both. Because the
margin had 8 traps compared with 4 in the cropping region, the numbers
in parentheses indicate the percentage of fields with the given ant species
based on the first 4 traps in the margin only—to adjust for the sample size
differences between the 2 regions of the field.

6-15 em, 16-35 cm, 35-60 cm, and <60 cm above the
surface. The type and height of the crop also was
recorded.
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% fields where each species was found for various crops

Subfamily and

(no. of fields sampled)

species of ant Hay Corn* Soybean Cotton Wheat Barley Tobacco Corn® Peanuts Idle
17 an (10) (9) (6) €)) 3) (3) (2) (3)
Sampled ant species found both in North Carolina and Virginia
Dolichonderinae
Forelius pruinosus (Roger) 12 18 20 33 3 0 33 0 0 33
Tapinoma sessile (Say) 12 6 1} 0 0 0 0 0 0 33
Formicinae
Camponotus pennsylvanicus (DeGeer) 0 0 0 0 ] 0 0 0 0 0
Camponotus sp. 12 0 0 0 0 0 0 0 0 0
Formica argentea Wheeler 6 0 0 0 0 0 0 6 0 0
Formica pallidefulva Latreille 12 6 0 11 25 0 0 0 0 33
Formica schaufussi Mayr 29 12 0 0 0 0 0 0 0 33
Lasius alienus (Foester) 71 35 10 11 17 0 67 67 50 67
Lasius neoniger Emery 12 0 0 0 0 25 0 33 0 0
Lasius umbratus (Nylander) 0 0 0 0 0 0 0 0 0 0
Paratrechina faisonensis (Forel) 6 0 0 0 0 0 0 0 0 33
Paratrechina parvula (Mayr) 12 0 0 0 0 0 0 0 0 0
Prenolepis imparis (Say) 6 0 0 0 0 0 0 0 0 0
Myrmicinae
Aphaenogaster fulva Roger 0 0 0 0 0 0 0 0 0 0
Aphaenogaster rudis Emery 41 12 0 0 0 0 0 0 0 0
Aphaenogaster treatae Forel 24 6 0 0 0 0 0 0 0 0
Crematogaster lineolata (Say) 6 0 0 0 0 0 0 0 0 67
Leptothorax pergandei Emery 12 0 0 0 0 0 0 0 0 0
Monomorium minimum (Buckley) 41 12 0 0 33 75 0 33 0 0
Myrmica americana Weber 30 0 0 0 0 0 0 33 0 0
Myrmica sp. 6 6 0 0 0 0 0 0 0 0
Pheidole bicarinata Forel 35 35 40 67 83 73 67 0 100 67
Pheidole dentata Mayr 0 0 0 0 0 0 0 0 0 0
Pheidole S1 41 12 20 0 0 0 0 0 0 0
Pheidole S2 0 0 0 0 0 0 0 0 0 0
Pheidole S3 18 35 20 11 33 25 0 0 0 33
Pheidole S4 24 6 0 0 17 23 (] 0 0 0
Solenopsis texana Buren 33 18 0 11 17 0 33 67 0 0
Ponerinae
Ponera pennsylvanica Buckley 0 18 0 0 0 0 0 0 0 33
Sampled ant species located only in North Carolina
Dolichonderinae
Conomyrma bureni Trager 0 0 10 33 17 0 0 0 0 0
Conomyrima medeis Trager 0 6 10 0 0 0 0 0 0 0
Formicinae
Brachymyrmex depilis Emery 6 0 0 0 0 0 0 0 0 0
Formica Spl. 0 6 0 11 0 0 ] 0 0 0
Myrmicinae
Crematogaster ashmeadi Mayr 0 0 0 0 0 0 0 0 0 0
Myrmica incompleta Provancher 0 0 0 0 0 0 0 0 0 0
Pheidole morrisi Forel 0 0 0 0 0 0 0 0 0 0
Solenopsis invicta Buren 0 24 50 22 33 0 0 0 0 0
Ponerinae
Brachyponera solitaria (F. Smith) 6 0 0 0 0 0 0 0 0 0
Sampled ant species located only in Virginia
Myrmicinae
Crematogaster cerasi (Fitch) 0 0 0 0 0 0 0 0 0 0
Crematogaster clara Mayr 0 0 0 0 0 0 0 0 0 0
Tetramorium caespitum (L.) 12 6 0 0 0 0 33 33 0 0

Data is based on sampling within the cropped portion of the field only and for crops where >1 sample field was included in the survey. Entries

in table are percentages.
@ Field corn.

In November 1995, the USDA-NASS enumerators
returned to the selected field and the grower com-
pleted a questionnaire on cropping history, pesti-
cide use, fertilizer use, tillage, integrated pest man-
agement, and irrigation. At that time extensive soil
sampling was conducted, as explained in detail in
Schumacher (1994a, b). Tillage was divided into 2

categories: conservation tillage (which included no-
till, strip-till, ridge-till, and mulch-till) and conven-
tional tillage.

Statistical Methods. Because traps were placed 7 m
apart, we assumed for some analyses that the traps
were far enough apart that the catches in different
traps were from different colonies of ants.
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Table 3. The number of fields sampled and the median number
of ant species found in each crop type

No. fields Median no.
Crop sampled ant species
(25th, 75th percentile)®

Non-alfalfa hay 17 4 (4,6)
Field corn 17 2(1,3)
Sovbeans 10 1.5(1,3)
Cotton 9 2 (1, 3)
Wheat 6 3(2,4)

Barley 4 2.5 (2,35)
Tobacco 3 3(0,3)
Corn-silage 3 3(1,6)
Peanuts 2 15(1,2)

“ Ant species found with the cultivated region of the field.

Nonparametric median tests of species richness be-
tween traps in the field and those in the field margins
were done after adjusting for the larger sample size by
using only 4 traps from the field margin (Dixon and
Massey 1951). Mixed model analysis of variance
(ANOVA), which uses both fixed and random effects,
was used to explore the variance components of spe-
cies richness within the trapping location (field or
margin), within the cropped region of the field, and
between states. The field was considered the basic
sampling unit on which the data were taken. Because
this study was not an experiment with randomized
treatments, the ANOVA is interpreted in that light.

Species richness and diversity alone tend to obscure
much of the community structure (Schluter and Rick-
lefs 1993); thus, using methods that retain information
about the species assemblage itself is important. Fur-
thermore, looking for multivariate relationships
among processes of extremely high dimension, such as
management practices, soil variables, and plant struc-
ture, is best approached through statistical procedures
that reduce the dimensionality of the data. To explore
these relationships, a species-field matrix was con-
structed such that the rows of the matrix indicate the
field and the columns of the matrix represent number
of times that a species was found in the field. The
entries into the matrix were the number of pitfall traps
in which each particular species (column) were found
in a given field (row). To reduce the dimensionality,
the principal components were obtained (Johnson
and Wichern 1982). The eigenvectors of the principal
components that explained 50% of the total variance
were then used in general linear models (GLM) (lo-
gistic and least squares) to look for relationships
among the ant data and the soil and management
variables. For example, to determine if ant species
were tracking tillage, the first 6 eigenvectors from the
species matrix were used as independent predictors of
conservation versus conventional tillage in a logistic
model. Conversely, to see if the ant communities were
being structured by soil variables, each of the eigen-
vectors was used as the dependent variable in a model
containing the soil variables. Switching back and forth
between ant species being a predictor and a depen-
dent variable is consistent with the goal of looking for
relationships that are correlative in nature. SAS sta-
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tistical software was used for all analyses (SAS Insti-
tute 1997).

Results and Discussion

Forty-one species of ants were found in the agro-
ecosystems of North Carolina and Virginia (Table 1).
S. invicta were found in 16 counties in North Carolina
(Fig. 1).

There were significant differences found between
the cultivated portion of a field and the field margin.
In the cultivated portion of the field the median num-
ber of ant species sampled was 3 (quartiles [1, 4],
range [0, 17]). However, in the field margins the
median number of species found in 4 adjacent traps
(to adjust for sample-size differences between margin
and cultivated portion sampling) was 4 (quartiles [3,
6], range [0, 13]). These medians are significantly
different (P = 0.001). The most common species in the
cropped part of the fields was Pheidole bicarinata
Forel, which was found in 42% of the cropped part of
the fields and 59% of the margins. Lasius alienus
(Foester) was found in 33% of the cropped fields; this
species also was found in 63% of the margins. S. invicta,
an imported species of fire ant, was found more fre-
quently in the field than in the field margin (18 versus
14% of the sampled fields, respectively), most other
species were found preferentially in the field margins
rather than the cultivated portion. This is not unex-
pected as the cultivated portion is generally more
disturbed due to crop management, tillage, and insec-
ticide use than is the field margin.

The median numbers of species per field found in
each crop (in the cultivated portion of the selected
field only) were different from one another (P =
0.03), as tested with the nonparametric Median test.
The greatest diversity of ants was found (Table 2) in
non-alfalfa hay (a total of 26 species of ants in the 2
states, with a median of 4 species of ants per field),
followed by field corn with 18 species in the 2 states,
with a median of 2 species of ants per field. Lasius
alienus (Foester), Forelius purinous (Roger), Mono-
morium minumum (Buckley), Solenopsis texana Em-
ery, and Phiedole bicarninata Forel seemed best able
to inhabit the widest variety of crop types, or were at
least more common regardless of field type. It may be
that these species are better colonizers and can more
quickly adapt to the management regime imposed on
cropping fields. Despite there being a greater number
of ant species on a regional basis in these 2 crops, the
median number of ant species found on a per-field
basis did not vary extensively (Table 3). This may be
because ants colonies are over dispersed (Bernstein
and Gobbel 1979) and given the sampling distances
between pitfall traps the numbers of species found in
a transect were fairly constant.

The differences in conservation tillage and conven-
tional tillage were striking (Table 4). In those species
that were found in >5% of the cropped fields (Table
1), 13 out of 17 species were more common in fields
where conservation tillage was practiced than in fields
where conventional tillage was used. For example, M.
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Table 4. Occurrence of ant species for various regions of fields managed with conservation tillage versus conventional tillage

% fields where each ant species was found by location and tillage

Subfamily and

In cropped field

In field margin

species of ant

Conservation Conventional Conservation Conventional
tillage tillage tillage tillage
Sampled ant species found both in North Carolina and Virginia
Dolichonderinae
Forelius pruninosus (Roger) 10 29 28 49
Tapinoma sessile (Say) 10 20 23 12
Formicinae
Camponotus pennsylvanicus (DeGeer) 0 0 6 4
Camponotus Sp. 6 2 9 6
Formica argentea Wheeler 0 6 38 10
Formica pallidefulva Latreille 16 2 16 16
Formica schaufussi Mayr 19 4 19 6
Lasius alienus (Foester) 48 28 71 59
Lasius neoniger Emery 10 2 19 8
Lasius umbratus (Nylander) 0 0 3 3
Paratrechina faisonensis (Forel) 3 2 21 10
Paratrechina parcula (Mayr) 3 2 6 8
Prenolepis imparis (Say) 0 2 6 2
Myrmicinae
Aphaenogaster fulva Roger 0 0 6 2
Aphaenogaster rudis Emery 23 4 56 12
Aphaenogaster treatae Forel 12 2 21 0
Crematogaster lineolata (Say) 6 2 9 10
Leptothorax pergandei Emery 3 2 0 2
Monomorium minimum (Buckley) 41 8 59 33
Myrmica americana Weber 13 4 18 6
Myrmica Sp. 3 2 12 2
Pheidole bicarinata Forel 38 53 50 65
Pheidole dentata Mayr 0 0 3 2
Pheidole S1 19 10 22 12
Pheidole S2 0 0 0 2
Pheidole S3 23 22 28 39
Pheidole S4 16 4 25 4
Solenopsis texana Buren 29 16 69 45
Ponerinae
Ponera pennsylvanica Buckley 6 4 12 2
Sampled ant species located only in North Carolina
Dolichonderinae
Conomyrma bureni Trager 0 10 3 18
Conomyrma medeis Trager 0 6 0 6
Formicinae
Brachymyrmex depilis Emery 0 2 3 0
Formica Spl. 0 4 0 4
Myrmicinae
Crematogaster ashmeadi Mayr 0 0 0 2
Myrmica incompleta Provancher 0 0 0 2
Pheidole morrisi Fore] 0 0 0 4
Solenopsis inticta Buren 6 29 9 27
Ponerinae
Brachyponera solitaria (F. Smith) 0 2 3 0
Sampled ant species located only in Virginia
Myrmicinae
Crematogaster cerasi (Fitch) 0 0 6 0
Crematogaster clara Mayr 0 0 0 2
Tetramorium caespitum (L.) 13 2 13 6

The percentages are broken into species found within cropped region of field versus in the field margin. There were 4 pitfall traps in the
cropped portion of the field and 8 traps in the margin. A total of 81 fields was sampled; 32 of these fields were managed with conservation tillage

and 49 fields were managed with conventional tillage.

minimum was found in 41% of the cropped region of
conservation-tilled fields compared with 8% of the
conventionally tilled fields. The exceptions, where the
species were more common in conventionally tilled
fields, were species in disturbed environments such as
S. invicta and Pheidole bicarinata Forel. These same
patterns were observed in the field margins as well,

presumably where tillage does not take place. Out of
the 27 species that were found in at least 5% of fields
(Table 1), 22 were found more abundantly in fields
where conservation tillage was used. Conservation
tillage may allow more stability in nesting sites, allow-
ing interactions with other species to structure the
community, rather than disturbance from farm man-
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Table 5. Results from mixed model analysis of variance on Table 6. Wilks lambda statistic for testing the hypotheses that
species richness of ants the given soil variable has no overall effect on the principal com-

ponents of the species assemblage matrix

Effect Estimate? dfr 7% or P P
- Soil variable Wilkes A df F P
Components of variance for random effects

Field 0.069 _ 4.05 <0001  Cation exchange capacity 0.74 6 4.45 0.001
Transect 0.012 — 0.64 0520  Base saturation 0.88 6 1.80 0.110
Residual (traps) 0.192 — 20.76 <0001 Electrical connectivity 0.81 6 3.03 0.128
Organic carbon 0.81 6 1.71 0.010
The tests for fixed effects Nitrogen 0.65 6 6.97 <0.001
State — 1 10.4 0013 PH 0.84 6 2.43 0.033
Crop — 16 15 0.090  Sand 0.78 6 3.61 0.003
Margin — 1 20.6 <0.001 Clay 0.73 6 4.65 <0.001
Vegetation density — 12 14 0.147  Soil moisture 0.77 6 397 0.002

Variance components of the ants sampling testing the mixed model;
field, replication transect within field, and individual traps as sub-
samples within a transect were all random effects. State (NC, VA),
crop, vegetation density, and field margin were all considered to be
fixed effects.

@ Estimate and Z apply to random effects.

b Degrees of freedom and F apply to fixed effects.

agement. That the influence of tillage is felt in the
margin indicates that disturbances of this type may
have effects beyond the boundaries of the disturbed
area.

The between-transect component of variance was
not significant (P = 0.520, Table 5), as would be ex-
pected. Significant differences in the number of ants
species were found between the 2 states (P = 0.013)
and between the cropped region of the field and the
field margin (P < 0.001). Differences in the density of
vegetation in the field margin were not significant
(P = 0.147).

When the first 6 eigenvectors of the species-field
matrix were regressed on tillage (conservation tillage
[n = 39] versus conventional tillage [n = 55]) in a
logistic model, the model likelihood chi-square was
184 (df = 6, P = 0.005) and the second principal
component was a significant predictor (P = 0.003) for
the ants in the field. For the ants in the field margin,
the model likelihood chi-square was 22.7 (df = 6, P =
0.001) and the first principal component was signifi-
cant at P < 0.001. When the first 6 eigenvectors of the
species-field matrix were regressed on a dichotomous
variable indicating whether insecticides were used
(n = 57), or not (n = 43) the model likelihood chi-
square was 29.1 (df = 6, P < 0.001) within the field and
289 (df = 6, P < 0.001) within the field margin, and
the first principal component was significant (P <
0.001). Within the field none of the principal compo-
nents were significant predictors of insecticide use at
the P = 0.05level; however, in the field margin the first
principal component was a significant predictor of
insecticide use (P < 0.001). Because insecticide use
and conventional tillage were not independent (y,> =
12.3, P < 0.001) the same eigenvectors were predictive
of both insecticide use and conventional tillage. The
loadings on these 2 eigenvectors suggested that the
following species assemblage may be an indicator of
tillage and insecticide use in the field margin: Brachy-
myrmex depilis Emery, Paratrechina faisonensis
(Forel), Prenolepis imparis (Say), Aphaenogaster trea-

Based on their loadings in the principal component found to predict
tillage.

tae Forel, Leptothorax prergandei Emory, and Pheidole
Spl.

The Wilks lambda statistic was used to test the
hypothesis that a given soil variable had no overall
effect on the first 6 principal component vectors from
the ant assemblage matrix (Table 6). We found that
ant species assemblages were significantly correlated
to certain soil variables. Indeed, only base saturation
(P = 0.110) and electrical connectivity (P = 0.128)
were not predictors of the ant species assemblage.

These results suggest that ants have potential as an
environmental indicator in agroecosystems. Ant spe-
cies assemblage was related to management factors,
soil variables, and cropping practices. This study can-
not fully establish ant assemblages as an indicator
because all relationships explored through this survey
are correlative in nature only. To use ants as an en-
vironmental indicator, species assemblages will have
to be calibrated to known levels of disturbances that
can affect agroecosystem conditions. However, this is
a first step in indicator development and provides
evidence that ants may be a good place to start in
exploring biological indicators for agroecosystems.
For example, The Environmental Protection Agency’s
Environmental Monitoring and Assessment Program
was interested in developing environmental indicators
for several ecological systems (Heck et al. 1991, Hun-
saker and Carpenter 1990). Because they are ubiqui-
tous in agroecosystems, easily sampled, taxonomically
well understood, and as demonstrated in this survey,
correlated with soil, cropping, and management vari-
ables, ants may be the best place to start for the
development of a terrestrial indicator in agroecosys-
tems. In addition, many of the attributes of ants that
make them useful as a potential indicator in agroeco-
systems, may make them useful in other systems—
there are few ecological systems where ants are not
present. We hope that this 1st step in developing ants
as an indicator may spur further work and interest in
developing this family of insects as a terrestrial indi-
cator of environmental condition.
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