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Increased ant (Hymenoptera: Formicidae) incidence and richness are associated with 
alien plant cover in a small mid-Atlantic riparian forest 

Daniel KJAR & Zachory PARK 

 

Abstract 

Alien plants have invaded forest habitats throughout the eastern United States (US) and may be altering native ant 
communities through changes in disturbance regimes, microclimate, and native plant communities. To determine if ant 
communities differ among sites with varying alien plant cover, we analyzed pitfall-traps and soil-core samples from a 
mid-Atlantic riparian forest located within a US National Park. Only one alien ant species, Vollenhovia emeryi WHEELER, 
1906 was found in this study. Total ant incidence and, to a lesser extent, richness were positively associated with the 
amount of alien plant cover. Species richness estimators also predicted more ant species within sites of greater alien 
plant cover. Increased ant incidence and ant richness appear to be the result of greater numbers of foraging ants in areas 
with greater alien plant cover rather than changes in the ant species composition. We suggest alien plant presence or 
other factors associated with alien plant cover have led to greater ant incidence and richness in these sites. 
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Introduction  

Alien plant species are invading natural areas throughout 
the world and are changing native ecosystems (MACK &  
D'ANTONIO 1998, LEVINE & al. 2003, BROOKS & al. 2005, 
V ILÀ & al. 2011, SCHOEMAN &  SAMWAYS  2013). Alien 
plant invasion may affect native ant communities by alter-
ing resource availability, habitat structure, disturbance re-
gime, and microclimate (THOMPSON &  MCLACHLAN 2007, 
LINKSVAYER &  JANSSEN 2008, SIMAO & al. 2010, LENDA & 
al. 2013, SCHOEMAN &  SAMWAYS 2013). In this study, we 
evaluate differences in ant species incidence and richness 
associated with alien plant cover in a small mid-Atlantic 
riparian forest located within a US National Park. 

Ant species rapidly respond to changing environmental 
conditions by altering their foraging behavior and moving 
their colonies (CARLSON &  GENTRY 1973, SMALLWOOD 
1982, HOLWAY &  CASE 2000, MCGLYNN & al. 2003, 
LENDA & al. 2013). Environmental factors such as habitat 
fragmentation, soil moisture, and plant community compo-
sition have strong effects on ant communities (ANDERSEN 
&  MAJER 2004, IVES & al. 2011) though the response may 
be unpredictable and context dependent (OSUNKOYA &  al. 
2011, SCHOEMAN &  SAMWAYS 2013). The response of ants 
to changing environmental conditions differs depending 
on the specific ant community. For example, studies have 
demonstrated that increased soil moisture is associated with 
increased ant diversity in a variety of habitats (TALBOT 
1934, LEVINGS 1983, LYNCH & al. 1988, SANDERS & al. 
2003), but in Eastern US deciduous forests, ant diversity 

was negatively associated with high soil moisture (WANG 
& al. 2001, THOMPSON &  MCLACHLAN 2007). Ant com-
munity response to soil moisture is likely the result of pre-
dominant soil conditions and the pool of available ant 
species that can move into an area with a particular soil 
moisture regime. In arid habitats, low soil moisture pro-
bably limits ant diversity (SANDERS & al. 2003), and in 
areas of relatively high soil moisture, the relationship will 
reverse as soil becomes too saturated for many ant species 
to nest. Few studies have examined the ant community in 
habitats with consistently saturated ground in the Eastern 
US (ELLISON & al. 2002). 

Plant communities represent both habitat structure and 
resource availability for ant species. Plants provide nest 
sites in and around fallen branches, fallen trees, litter accu-
mulation, and roots, as well as canopy nest sites for arbor-
eal species. Ants forage on trees and in tree leaf litter for 
live and dead arthropods. Some ants rely almost entirely 
on food sources derived from plants. For example, aphid 
tending is common among many subfamilies; the subgenus 
Acanthomyops tends root aphids for honeydew, and some 
Pseudomyrmex spp. consume Beltian bodies and nectar 
from Bullhorn Acacia trees (JANZEN 1966). The relation-
ships among ants and plants may be reciprocal. Plant com-
munities can determine the density of ant nests (SMALL -
WOOD 1982), and ants can influence plant communities by 
changing soil characteristics (BONTE & al. 2003), coccid 
tending (HOY 1964), herbivory (RAO & al. 2001), dispers-



 110 

ing seeds (CULVER &  BEATTIE 1978, CHRISTIAN 2001, 
CARNEY & al. 2003), and by selective poisoning of plant 
species (FREDERICKSON & al. 2005). 

Associations between ant diversity and tree diversity or 
tree abundance have been observed in Costa Rican coffee 
farms (PERFECTO &  SNELLING 1995), Brazilian savannas 
(RIBAS & al. 2003), and Northeastern US bogs (ELLISON 
& al. 2002). ARMBRECHT & al. (2004) found that experi-
mental bags containing twigs collected from multiple tree 
species had 80% more twig-dwelling ant species than bags 
containing twigs from only one tree species. However, in 
some cases increased tree canopy cover and vegetation 
complexity reduce the quality of ant nesting habitat or for-
aging (LASSAU &  HOCHULI 2004). This response is likely 
dependent on the characteristics of the existing ant com-
munity and the species available for recruitment to the al-
tered habitat. 

Ant communities may change if a disturbance alters 
the plant community. The general pattern is an increase, or 
very little change, in ant richness in areas of moderate dis-
turbance or fragmentation. This occurs because ant species 
which are normally excluded from a particular undisturbed 
habitat type, enter when the habitat is disturbed. This in-
creases total ant richness or offsets decreased ant rich-
ness due to a loss of habitat specialists (BESTELMEYER &  
WIENS 1996, M ITCHELL & al. 2002, BRASCHLER &  BAUR 
2003, HOFFMANN 2003, SOBRINHO & al. 2003). As ant com-
munities change, a host of trophic levels may be affected, 
causing a cascade of effects throughout an ecosystem (WIMP 
&  WHITMAN 2001, SIMAO & al. 2010). 

Although plant communities are important in deter-
mining ant community compositions, the Eastern US ant 
community may be structured, to some degree, by inter-
actions among ant species (LYNCH & al. 1980, FELLERS 
1987). Habitat changes caused by or resulting in alien plant 
invasion may increase competition from generalist ant spe-
cies such as Aphaenogaster rudis ENZMANN, 1947, Lasius 
alienus (FOERSTER, 1850), Prenolepis imparis (SAY, 1836), 
and Tapinoma sessile (SAY , 1836), and therefore result in 
ant community changes. In a recent review of competition 
and ant community structure, strong support among pre-
vious studies for competitive interactions determining ant 
community structure was found (CERDÁ & al. 2013). How-
ever, those authors also found the effects of abiotic and 
biotic factors (e.g., temperature, parasitoids, habitat com-
plexity, disturbance) may have a greater effect on ant com-
munity structure. The importance of competition in ant 
community structure in disturbed habitats has been ques-
tioned by KING &  TSCHINKEL (2006) in an experimental 
study on the red imported fire ant, Solenopsis invicta BU-
REN, 1972. After removal of S. invicta from sites in Flo-
rida, the authors did not find an increase in co-occurring 
ant species. 

Alien plants may facilitate changes in ant communi-
ties by altering ant habitats through changing disturbance 
intensity, rate, and type; reducing native plant diversity; 
changing soil moisture; and stopping usual habitat succes-
sion (MACK &  D'ANTONIO 1998). Alien vines in the Dyke 
Marsh Preserve (DMP) forest appear to reduce native plant 
diversity (KJAR &  BARROWS 2004), weaken mature trees, 
and stop usual forest succession after a tree falls by shading 
out tree saplings (THOMAS 1980). In this study, we sam-
pled ant species from sites throughout a forest invaded by 

four alien vines and five other alien plant species. The 
sampling was in a small forest (4.4 hectare area sampled) 
at a fine scale (40 sites). Here we test whether changes in 
ant incidence and ant richness are associated with alien 
plant cover. We also test whether increasing alien plant 
cover is associated with changes in the incidence of se-
lect ant species and groups of ant species. 

Materials and methods 

Dyke Marsh Preserve (DMP) is part of the George Wash-
ington Memorial Parkway (GWMP) in Fairfax County, 
Virginia, USA (latitude N 38o 46', longitude W 77o 03'). The 
GWMP is a US National Park bordering the western shore 
of the Potomac River. The DMP is 3.5 km long; 500 m 
wide at its widest point on an east-west transect, and lo-
cated 15 km south of the Ronald Reagan Washington Na-
tional Airport. The preserve has areas of flood-plain forests, 
open tidal freshwater marsh, and swamp forests (JOHNS-
TON 2000, BARROWS & al. 2005). All of our sampling 
sites were within the DMP forest (Fig. 1). The part of the 
forest used in this study is 1 - 2 m above sea level, had 
standing water only during floods, and may be consid-
ered a flood-plain forest, or low forest. This forest type is 
common along tidal rivers in the mid-Atlantic. The mid-
Atlantic region of the US includes the District of Colum-
bia and the states of: Delaware, Maryland, New Jersey, 
New York, Pennsylvania, Virginia, and West Virginia. 

The study forest is dominated by Liquidambar styra-
ciflua L. (Sweetgum) and a dense understory of Lindera 
benzoin (L.) BLUME (Spicebush) and Viburnum dentatum 
L. (Smooth Arrowwood). Other trees common in the forest 
include Acer negundo L. (Boxelder), Acer rubrum L. (Red 
Maple), Fraxinus americana L. (White Ash), Liriodendron 
tulipifera L. (Tulip Tree), Nyssa sylvatica (MARSH.). (Tu-
pelo), Quercus palustris MÜNCHH. (Pin Oak), Quercus 
phellos L. (Willow Oak), Quercus rubra L. (Red Oak), 
Sassafras albidum (NUTT.) NEES (Sassafras), and Ulmus 
americana L. (American Elm) (KJAR 2005). 

A plant survey of 60 sites (including the 40 used for 
this study) found nine alien and 42 native forest-floor plant 
species (excluding trees over 1 m tall), and 16 native tree 
species. Alien plants made up more than 40% of all plant 
cover (KJAR 2005). The most common alien plant, Loni-
cera japonica THUNB. (Japanese Honeysuckle), was found 
in 80% of the study sites (Fig. 1). 

We selected 60 random sites within the DMP using a 
geographical information system (GIS) and aerial photo-
graphy with the cooperation of the National Park Service 
GIS coordinator of the GWMP. We used the computer 
program ArcView™ 3 (ESRI 2001) and the National Park 
Services' AlaskaPak extension (NATIONAL PARK SERVICE 
2002), which randomly selects any number of points with-
in a polygon and creates a list of coordinates for each point. 
Sites were in a predefined area of the forest whose borders 
were at least 10 m from trails or roads. This area was 
bordered by the Mt. Vernon Trail on the west, Haul Road 
and the Potomac River on the east, a large tidal channel 
on the south, and an area overtaken by Ampelopsis brevi-
pedunculata (MAXIM .) TRAUTV. (Porcelainberry) vines on 
the north. 

We used a Trimble™ backpack global positioning sys-
tem (GPS) to locate each of the sites in the forest. Forty 
of the 60 sites in the plant census were used in this study.       
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Fig. 1: Plant cover in study sites in a riparian forest of 
Dyke Marsh Wildlife Preserve, VA: (a) all alien plants, 
(b) Ampelopsis brevipedunculata, (c) Celastrus orbicula-
tus, (d) Lonicera japonica, (e) Clematis terniflora. Alien 
plant cover is in four categories: not present 0% (trian-
gle), low 1 - 33% (light circle), medium 34 - 66% (grey 
circle), high 67 - 100% (black circle). The tidal channel bi-
secting the study site is represented by the greyed in area 
of the map. 
 
Sites were chosen if they were not saturated with water 
and at least 3 m from any other site (Fig. 1). Twenty sites 
were excluded from the analysis presented here due to 
their location near a tidal channel that floods during high 
tides. Although the statistical analysis based on 60 sites 
produced identical models with a better fit, we used the 
more conservative analysis based on 40 sites due to the im-
pact of tidal flooding on trap sampling. 

We conducted a plant census in early August 2002 
and 2003. A 12-cm-diameter pitfall trap located at the 
center of each site provided a reference point for each 
plant census. We counted all plants within a 1 m × 1 m qua-
drat of the pitfall trap using a frame of nine equal qua-
drats. The frame was aligned to the north and south during 
both surveys to make sure the same areas were surveyed 
during both years. The frame was placed over the site and 
the presence or absence of any plant species below 1.5 m 
tall was recorded, yielding a score of 0 - 9 for each plant 
species at each site. This method of determining coverage 

is advantageous because it produces a proportional cover-
age estimate, as well as a coverage estimate for each plant 
species independent of the scores of other species. Per-
cent invasion by alien plant species was determined as the 
proportion of alien plant coverage to the total plant cov-
erage at a site (Fig. 1). 

All tree species with a diameter at breast height (DBH, 
130 cm from the ground) greater than 3 cm and within 3 m 
of the center of each site were recorded during the August 
2002 plant census. The number of each species and their 
DBHs were recorded. 

A cylindrical soil core (70 mm diameter × 70 mm deep) 
was taken 1.5 m from each site in the third week of June, 
August, and October of 2002 and 2003. The samples were 
stored in sealed plastic bags until wet weights were taken 
approximately 1 - 3 h after removal from the forest. Arthro-
pods were extracted from the soil cores in Berlese funnels 
containing a 5 mm mesh plastic screen and allowed to air 
dry for five days in a room under 24 h of fluorescent light-
ing. Heat was not applied during extraction because test 
runs had found unacceptable mortality of diplurans, sym-
phylans, and other soft-bodied arthropods before extraction. 
Examination of test core material found all ants moved 
down into jars of killing fluid (95% ethanol) by the end of 
the extraction period. The soil was then placed in a dry-
ing oven at 80 °C for 5 h and weighed. Percent soil mois-
ture was then averaged for each sample site across the 
three sampling events for each year (n = 6 soil samples for 
each site). Soil moisture is highly variable among sample 
sites within the DMP forest. This is due to the presence of 
a tidal channel in the forest that parallels the river and the 
contours of the forest floor, rather than proximity to the 
river's edge. 

Forty pitfall traps were run for 24 h, on the same clear 
day in the last week of June, August, and October during 
2002 and 2003. A single collar and funnel pitfall trap was 
used at each study site (KJAR &  BARROWS 2004). This pit-
fall trap design results in a high arthropod-per-trap-hour 
catch (KJAR 2002), and prevents non-target vertebrates from 
injuring themselves or damaging the trap. All pitfall traps 
were in position one month before the study began and re-
mained capped and in place throughout both years of the 
study. The killing fluid used in the pitfall traps was 95% 
ethanol. All species were classified as either rare or com-
mon, and were also classified as multiple-habitat or forest 
species based on a survey of published studies and species 
lists for the eastern US (KJAR 2009). KJAR (2009) con-
tains a detailed description of the trap catches from this 
study and distribution of these ants in the DMP and mid-
Atlantic region. Ants were identified using published keys, 
the US National Museum of Natural History ant collec-
tion, and with the help of Dr. David Smith (formerly of 
the USDA), and Terry Nuhn (USDA). Voucher specimens 
were deposited with the GWMP. Due to the current unre-
solved taxonomic issues associated with Aphaenogaster 
rudis we will refer to the form that we collected at the DMP 
as A. rudis complex (UMPHREY 1996). 

We used all subsets regression, generalized linear mod-
els, and the Akaike Information Criterion (AIC) to deter-
mine the model that best fit the dependent variables: ant 
richness, ant incidence, Aphaenogaster rudis complex inci-
dence, Prenolepis imparis incidence, Nylanderia faisonensis 
(FOREL, 1922) incidence, multiple-habitat ant incidence,    
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Tab. 1: Ant species nest locations, feeding behaviors, and habitats, Dyke Marsh Preserve, Virginia. The group identity 
abbreviations are: C, common ant species; R, rare ant species; F, forest ant group; MH, multiple-habitat ant group. Within 
nest location, cavity includes spaces within twigs, fruits, fallen logs and branches, and any arboreal ant nest. Solenopsis 
molesta and Vollenhovia emeryi are not included in either the common or rare ant group due to their alien status or habitat 
preference. Abundance is the abundance of a species in all samples combined. Incidence is the number of samples in 
which a particular species occurred. 

Species Group Nest location Feeding behavior Habitat   Abundance Incidence 

Soil Litter  Cavity Generalist Specialist Forest Field 

Aphaenogaster rudis complex C, MH × × × ×  × × 1011 187 

Prenolepis imparis C, MH ×   ×  × × 829 99 

Nylanderia faisonensis R, F  × × ×  ×  717 168 

Pyramica rostrata R, F  ×   × ×  114 21 

Lasius alienus C, MH × × × ×  × × 83 61 

Myrmecina americana C, F ×  ×  × ×  77 25 

Temnothorax curvispinosus C, F   × ×  ×  65 28 

Ponera pennsylvanica C, MH ×  × ×  × × 60 35 

Tapinoma sessile C,MH × × × ×  × × 51 32 

Stenamma brevicorne R, MH × × × ×  × × 35 28 

Aphaenogaster fulva R, F  × × ×  ×  28 13 

Brachymyrmex depilis R, MH ×   ×  × × 27 7 

Myrmica punctiventris C, MH ×  × ×  × × 21 12 

Camponotus chromaiodes R, F   × ×  ×  18 6 

Pyramica ohioensis R, F  ×   × ×  13 8 

Crematogaster cerasi R, MH × × × ×  × × 8 8 

Lasius umbratus R, MH ×  × ×  × × 7 2 

Solenopsis molesta MH × × × ×   × 5 2 

Stenamma impar R, F ×  × ×  ×  4 4 

Proceratium silaceum R, F   ×  × ×  3 3 

Vollenhovia emeryi MH   × ×  × × 3 3 

Camponotus pennsylvanicus R, MH   × ×  × × 2 1 

Crematogaster pilosa R, F   × ×  ×  2 2 

Aphaenogaster tennesseensis R, F   × ×  ×  1 2 

Stigmatomma pallipes R, F ×    × ×  1 1 

Camponotus castaneus R, MH   × ×  × × 1 1 

Camponotus nearcticus R, MH   × ×  × × 1 1 

 
forest ant incidence, common ant incidence and rare ant 
incidence (R STATISTICS PACKAGE 2015). Ant incidence was 
used rather than abundance due to behavioral effects in ant 
pitfall trap catches (LONGINO &  al. 2002). Incidence is a 
measure of absence or presence at a site during any sam-
pling event. Incidence of each ant species was then summed 
across all sampling events (n = 6 sampling events). The 
independent variables in our analysis included: native plant 
cover, total plant cover, invasive plant cover, tree num-
ber, and soil moisture. Native plant cover, total plant cover, 
and invasive plant cover were transformed using the na-
tural log before analysis. We determined the top three 
models for each dependent variable using the Bayesian In-

formation Criterion (BIC) values of the all subsets regres-
sions (R STATISTICS PACKAGE 2015). Bayesian Information 
Criterion penalizes models more heavily as the number 
of variables increases; whereas, Akaike Information Cri-
terion does not penalize models as the number of vari-
ables grow (DZIAK  & al. 2005, VRIEZE 2012). 

The variables from these models were then used to cre-
ate Generalized Linear Models in R. We selected the best 
model for each dependent variable using AIC. If the AIC 
values of two models were within two points of each other, 
the model with fewer independent variables was chosen. 
We used multiple regressions to determine the adjusted R2 
and statistical significance of the final models. Linear re- 
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Tab. 2: The nine models that best fit each dependent vari-
able based on Bayesian and Akaike Information Criterion. 
Adjusted R2 and significance were determined using a gen-
eral linear model regression. 

Dependent variable Model Adjusted  
R2 

P 

Total ant richness Alien plant cover 0.113 0.018 

Total ant incidence Alien plant cover 0.248 0.004 

 Tree number 

 Soil moisture 

Aphaenogaster rudis 
complex incidence 

Total plant cover 0.262 0.003 

 Alien plant cover 

 Tree number 

Prenolepis imparis 
incidence 

Soil moisture 0.171 0.005 

Nylanderia faisonensis 
incidence 

Alien plant cover 0.201 0.006 

 Tree number 

Multiple-habitat ant 
group incidence 

Alien plant cover 0.275 0.002 

 Tree number 

 Soil moisture 

Forest ant group 
incidence 

Alien plant cover 0.215 0.004 

 Tree number 

Common ant group 
incidence 

Soil moisture 0.173 0.004 

Rare ant group 
incidence 

Alien plant cover 0.221 0.004 

  Tree number 

 
gressions were used to evaluate relationships among pairs 
of variables. We created rank abundance curves using in-
cidence values of each ant species for areas of high alien 
plant cover and low alien plant cover. All data and R code 
used in this analysis is available for download (Appendix 
S1 - S5, as digital supplementary material to this article, at 
the journal's web pages). 

We used EstimateS (COLWELL 2013) to evaluate fur-
ther the connection between invasive plant cover and ant 
species richness. Three different species accumulation curves 
were done with EstimateS; the first contained all of the ant 
richness data (27 species and 40 observations), the second 
only those sites where plant invasion was greater than or 
equal to ten (based on the plant census) (27 species and 
21 observations), and the third only those sites where inva-
sive plant cover was less than ten (27 species and 19 obser-
vations). We compared multiple species estimators (Chao 2, 
ICE, and the first order Jackknife) to determine the esti-
mated species richness for each grouping. The same group-
ing of sites was used in generating ant species rank abun-
dance curves, however, average ant incidence per site was 
used rather than simple summation due to the difference 
in group size. 

Results 

We obtained 3193 ants from 27 species in pitfall traps and 
soil cores during this two year study (Tab. 1). The reduc-
tion of the dataset to 40 sites resulted in the loss of two 
species from the analysis: Brachymyrmex depilis EMERY, 
1893 and Crematogaster pilosa EMERY, 1895. Eight spe-
cies were included in the common ant group, 17 species 
in the rare ants, 15 species in the multiple-habitat ants, and 
12 species in the forest ants (Tab. 1). We found nine alien 
plant species during the plant census; none of the trees were 
alien species. The four alien plants with the most cover-
age at the sample sites were Ampelopsis brevipedunculata, 
Celastrus orbiculatus THUNB., Lonicera japonica, and Cle-
matis terniflora L. (Fig. 1). KJAR (2005) contains detailed 
information on the plant and tree survey results. All alien 
plant species found in this study are common invasive spe-
cies in urban forests in the mid-Atlantic region. 

In all models produced in this study invasive plant cover 
and tree number, when present in a model, had a positive 
coefficient, although no model for any dependent variable 
exceeded an R2 value of 0.275 (Tab. 2). Soil moisture had 
a negative coefficient in all models where this variable was 
present. Although foraging may not be greatly influenced 
by soil moisture, it does influence nest site selection in 
many ant species (TALBOT 1934, ELLISON & al. 2002) and 
in all cases soil moisture had a negative effect on ant in-
cidence and richness in this study. Tree number was posi-
tively associated with ant incidence and ant species rich-
ness in all models that included it as a variable. Due to the 
strong connection between tree richness and the number 
of trees in a site (linear regression, R2 = 0.85, P < 0.001, 
n = 60), the variable tree number likely represents a vari-
ety of correlated environmental variables such as canopy 
cover, resource abundance, and resource diversity. 

The model that best explained Aphaenogaster rudis 
complex incidence contained the variables total plant cover, 
invasive plant cover, and tree number. In this model total 
plant cover had a negative effect on A. rudis complex in-
cidence, but invasive plant cover and tree number had a 
positive effect. The models for Prenolepis imparis and the 
common ant group contained only soil moisture. The mod-
els for forest ants, rare ants, and Nylanderia faisonensis 
included invasive plant cover and tree number. The model 
for multiple-habitat ants included invasive plant cover and 
tree number as well as soil moisture. The model with the 
best fit for ant incidence included invasive plant cover, tree 
number, and soil moisture. The model for ant richness con-
tained only invasive plant cover. Of the nine models in-
cluded in this study, invasive plant cover was present in 
seven (Tab. 2). The incidence of the common ant group was 
not negatively associated with the incidence of the rare ant 
group (linear regression, R2 = 0.031, P = 0.274, n = 40). 
The mean, standard deviation, and range of all variables 
measured at each site in this study are included in Table 3. 

Species accumulation curves based on all sites resulted 
in an ant species richness estimate that is close to previ-
ous estimates in this forest based on these data combined 
with an earlier survey (KJAR 2005). The total species list 
for the study site (based on multiple surveys) includes 31 
species, but four species were not found in this study; La-
sius claviger (ROGER, 1862), Myrmica latifrons STÄRCKE, 
1927, Camponotus subbarbatus EMERY, 1893, and Lasius 
subumbratus VIERECK, 1903 (KJAR 2009). EstimateS ana- 
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Tab. 3: Mean, standard deviation, and range of all varia-
bles measured at each site. 

Variables Mean  
± SD 

Minimum  Maximum 

Native plant cover 9.69  
± 6.40 

1.00 25.53 

Invasive plant cover 10.75  
± 5.00 

4.00 27.90 

Total plant cover 20.48  
± 7.50 

7.03 43.38 

Tree number 2.10  
± 1.75 

0.00 08.00 

Soil moisture (in %) 0.26  
± 0.04 

0.20 00.34 

Aphaenogaster rudis 
complex incidence 

4.48  
± 1.88 

0.00 07.00 

Nylanderia faisonensis 
incidence 

4.00  
± 1.88 

0.00 08.00 

Prenolepis imparis 
incidence 

2.45  
± 1.48 

0.00 06.00 

Total ant richness 7.10  
± 1.74 

3.00 11.00 

Total ant incidence 17.15  
± 5.18 

4.00 25.00 

Forest group incidence 0.52  
± 1.28 

0.00 08.00 

Multiple-habitat group 
incidence 

0.76  
± 1.53 

0.00 08.00 

Common group  
incidence 

1.36  
± 1.76 

0.00 07.00 

Rare group incidence 0.38  
± 1.13 

0.00 08.00 

 
lysis of all 40 sites together resulted in a Chao 2, first-
order Jackknife (Jack), and ICE of 34, 31, and 31 species 
respectively compared to the 25 observed species (Fig. 2). 
The group of sites with high alien plant cover (alien plant 
cover ≥ 10) had 22 observed species, while the group with 
low alien plant cover (alien plant cover < 10) had 20 ob-
served ant species. Sites with high alien plant cover re-
sulted in a higher estimate of ant species richness than 
those sites with low alien plant cover. For the high alien 
plant cover group, ICE and Jack estimators both plateau 
at 29 total species, but Chao2 does not reach an asymp-
tote. The low alien plant cover group resulted in species 
estimates near 23 species for all estimators (Fig. 2). Ob-
served ant richness was 21 species in the ≥ 10 alien plant 
cover group and 22 species in the < 10 alien plant cover 
group. Ant species rank abundance curves were similar for 
both alien plant cover groups and the low alien plant cover 
group had lower incidences for most ant species (Fig. 3). 

Discussion 

The DMP forest ant community is predominantly com-
posed of the more common mid-Atlantic US ants (KJAR 
2009). The ant species in the study forest are common in 
degraded forest habitat, forest, and in open fields. Species     

   

 

Fig. 2: EstimateS (COLWELL 2013) species accumulation 
curves generated using the estimators Chao 2 (solid line), 
Jack 1 (dotted line), and ICE (dashed line). 
 
found only in forests are much less abundant, and many 
rare forest species were not present in our samples (see 
KJAR 2009 and Tab. 1). We believe the ant community in 
this study reflects the frequent large-scale forest disturb-
ance in the DMP (e.g., hurricanes), which may restrict the 
ant community to more generalist species regardless of 
alien plant invasion. Such species are more likely to do 
well in areas that are invaded by alien plants than forest 
specialists. MITCHELL & al. (2002) and SOBRINHO & al. 
(2003) suggest that increased diversity in disturbed or frag-
mented forest may be due to the establishment of such 
generalist ant species. 

Habitat changes resulting in the displacement of nor-
mally competitive ant species may be a mechanism for an 
increase in ant richness in areas of alien plant invasion. 
In this study, the incidence of the common ant group was 
not associated with the amount of alien plant cover, and 
incidences of rare and forest ant groups were positively 
associated with the amount of alien plant cover. Nylande-
ria faisonensis, the only individual species of the rare ant 
group with great enough trap capture for individual ana-
lysis, had increased incidence in areas of high alien plant    
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Fig. 3: Ant species rank abundance 
curve based on average ant incidence 
per site in areas of high (dashed line) 
and low alien plant cover (dotted line). 

 

 

 

 
cover (Tab. 2). The common ant group in this study con-
sists of species that recruit quickly and frequently in great 
numbers, particularly when compared to the rare ant group. 
If competitive interactions between groups are structur-
ing this community we would expect the rare ant group to 
increase in incidence as the competitive common ant group 
decreases. However, in this study the rare ant group was 
not associated with changes in the common ant group (lin-
ear regression, R2 = 0.031, P = 0.274, n = 40). 

Prenolepis imparis and Aphaenogaster rudis complex 
are common, generalist ants found throughout the US in 
forested habitats (HEADLEY 1943, TALBOT 1965, HERBERS 
&  al. 1985). The incidence of A. rudis complex, an ant 
species likely to compete throughout the warm season with 
all other generalists (LYNCH & al. 1980, FELLERS 1987, LU-
BERTAZZI 2012), was positively associated with the amount 
of alien plant cover. Alien plant cover did not predict the 
incidence of the abundant and competitive ant species, P. 
imparis (Tab. 2). Of all ant species in this study, P. imparis 
has the largest range and is found in many diverse habitats 
across North America (TALBOT 1943, CREIGHTON 1950, 
LYNCH & al. 1980, FELLERS 1987, TSCHINKEL 1987). It is 
therefore not surprising that it appears unaffected by alien 
plant cover in this study. In this forest it appears that the 
displacement of competitive species in areas of alien plant 
invasion allowing for greater densities of less competitive 
species cannot explain the increase in ant incidence and 
richness in areas of alien plant invasion in this forest. 

The ant species rank abundance curves for areas with 
low versus high alien plant cover demonstrate that the 
members of the ant community do not appear to be chang-
ing. Instead the incidence of most ant species increases in 
areas with greater alien plant cover (Fig. 3). There was 
turnover at the tail of the curve where trap incidences 
were less than three, but the absence from traps with this 
low overall incidence makes analysis of these species ques-
tionable. We believe more intensive trapping would have 
resulted in the eventual capture of those rarer species. 
Greater trap effort would shift the curves upward and add 
a longer tail (predicted by the species estimators), but we 
do not believe increased trapping effort would change the 
ant species rank order. We did not find species turnover 
or large rank abundance differences between groups for 
those ants whose trap incidences were greater than four 

(Fig. 3). Therefore, we believe these data show that the in-
creased ant incidence and richness we are observing in 
areas with greater alien plant cover is simply a greater inci-
dence of all foraging ants rather than changes in ant spe-
cies composition. 

Areas that have been invaded by alien plants in the 
DMP forest are often covered by a dense growth of alien 
vines, possibly increasing the surface area available for ant 
foraging. However, total plant cover was not a significant 
predictor of incidences of any ant species or group besides 
Aphaenogaster rudis complex, and in that case it had a 
negative coefficient (Tab. 2). Therefore, if alien plants are 
facilitating increases in ant incidence and richness, it seems 
likely that the presence of alien plants may represent in-
creased resource availability or some other correlated fac-
tor rather than simply more plant cover. The more common 
alien plant species in this study produce large numbers of 
fruits and nectar-containing flowers. In areas with a low 
abundance of alien plants, the herbaceous ground cover of 
this forest is sparse and tends to be dominated by Lindera 
benzoin L. (Spicebush) and Toxicodendron radicans (L.) 
KUNTZE (Poison Ivy). The addition of plants which flower 
several times a year (Lonicera japonica), and have num-
erous fruits (Ampelopsis brevipedunculata; Celastrus orbi-
culatus), may be used directly by some ant species or may 
increase prey species abundance in areas with these alien 
plants. However, due to the observational nature of this 
study we cannot use these data to determine if alien plant 
cover is directly facilitating the increased incidence of ants. 
We believe observations on the use of alien plant resour-
ces by native ants (including plant feeding homopterans 
tended by these ants) and isolating disturbance from alien 
plant cover in analysis will be a critical part of any fur-
ther study aimed at understanding the relationship of in-
creased incidence of ant species in areas of high alien 
plant cover. 

Conclusion 

Total ant incidence and to a lesser extent, richness, were 
positively associated with the amount of alien plant cover. 
The findings of this study also suggest that these changes 
are not the result of release from competitive ant species 
in such areas or the addition of generalist ant species. In-
creased ant incidence and ant richness appears to be the 
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result of greater numbers of foraging ants in areas with 
greater alien plant cover rather than changes in the ant spe-
cies composition. These differences may be the result of 
increased resource availability, disturbed habitat, or some 
other factor correlated with alien-plant cover. 
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