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“The worst thing that can happen - will happen [in the 1980s] - is not energy depletion,
economic collapse, limited nuclear war, or conquest by a totalitarian government. As
terrible as these catastrophes would be for us, they can be repaired within a few
generations. The one process ongoing in the 1980s that will take millions of years to
correct is the loss of genetic and species diversity by the destruction of natural habitats.
This is the folly our descendants are least likely to forgive us.”

Wilson EO (Harvard Magazine 1980)
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EFFECTS OF FOREST EDGES, EXOTIC ANTS AND NONNATIVE PLANTS ON
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KALOYAN IVANOV

ABSTRACT

Urbanization has resulted in massive transformation of natural habitats with
profound effects on biodiversity. Addressing the problems associated with anthropogenic
deterioration of the environment requires solid understanding of the factors driving these
changes. Habitat patch size, edge effects, and the presence of invasive species are among
the key features of the urban landscape affecting local communities. My study focused on
the effects of habitat edges, the exotic ant Nylanderia flavipes, and the invasive herb
garlic mustard on local ant diversity in deciduous forest fragments of northeastern Ohio.
In addition, I explored the value of common ant collecting techniques for estimating ant
diversity.
When compared to pitfall trapping, Winkler litter extraction showed greater
species richness and higher abundance of ants and exhibited the advantage of a more
complete inventory. Winkler extraction may completely replace pitfall trapping in
temperate forests with well-developed litter layer, and inventorying programs may
benefit from the inclusion of this technique as a rapid and effective ant-collecting tool.
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Our study documents predictable edge-associated changes in species richness,
community composition and functional groups, occurring in local forest ant assemblages.
Edge effects are most pronounced within the first 25m, which may have implications for
the conservation of forest-dwelling fauna. At the sites where Nylanderia flavipes
occurred, we found a 6-fold increase in ant abundance, with 87% of the ants being N.
flavipes. The numerical dominance of this species did not lead to detectable changes in
the species richness and abundance of the native ant community, but was responsible for
decreased community evenness. This is likely indicative of a recent introduction with
populations still being in their latency period. The high local abundance of N. flavipes
may give it a competitive advantage and affect native ants through exploitative
competition. Plots invaded by garlic mustard showed significant reduction in leaf-litter
depth, correlated with increased abundance of nonnative earthworms, but no detectable
effects on ant species richness or community composition. My results suggest that
regional sylvan ant communities are unaffected by the generally presumed negative
effects of garlic mustard, or that these effects are more subtle or confounded by other
dominating factors.
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CHAPTER I

INTRODUCTION TO DISSERTATION

Biodiversity is defined as “the variety of forms, the ecological roles they perform
and the genetic diversity they contain” (Wilcox 1982, p.640) thus encompassing all
organismal and genetic diversity on Earth. Throughout history people have changed their
environment to make it more suitable for human life. Human overexploitation of
resources and overpopulation have threatened many species and whole ecosystems with
extinction. The current extinction rates are greater than any known in the last 100 000
years (Blaustein and Kiesecker 2002) and are hundredths to thousands times higher than
pre-human levels (Pimm et al. 1995; Singh 2002). Biodiversity loss is a pressing global
concern (CBD 2010). Biodiversity is undoubtedly negatively affected by the sum of all
human activities amongst which the primary threats are habitat destruction and
fragmentation, introduction of exotic species, pollution, and environmental shifts
(Novacek and Cleland 2001).
Biodiversity has attracted attention not only because of its massive depletion but
also because of its importance. Biodiversity is tightly connected to proper ecosystem
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functioning and ecosystem stability and is responsible for key ecosystem services such as
soil formation and soil fertility, nutrient cycling, productivity, pollination, waste
assimilation, and pollution control (Singh 2002). In addition, biodiversity offers
aesthetical values and direct economic benefits to humanity (Costanza et al. 1997). Even
though it is difficult, if not impossible, to place monetary significance on biodiversity,
Constanza et al. (1997) estimated the economic value of the ecological services for the
entire biosphere at $16-54 (US) trillion per year.
Urbanization has resulted in massive transformation of natural habitats with a
profound effect on native biota (Suarez et al. 1998; Gibb and Hochuli 2002). In 2003,
more than half of the world’s population was concentrated in urban areas (Cohn 2005)
and this trend is predicted to increase to over two-thirds of the world’s population by
2050 (United Nations 2008). As urbanization is spreading at a fast pace across the globe
there is an urgent need to understand how it affects biodiversity (McKinney 2008).
Addressing the problems associated with anthropogenic deterioration of the environment
requires deep understanding of the factors driving these changes.
Habitat patch size, edge effects, and the presence of invasive species are among
the key features of the urban landscape that affect local ogranismal communities. Urban
ecosystems, such as city parks, typically are fragmented green spaces surrounded by
residential areas, commercial space, industrial zones, and roads. Urban forests consist of
isolated patches with reduced area and high proportion of edges. The increased edge to
interior ratio in these forest patches is one of the major driving forces shaping the
physical and biological changes occurring in fragmented landscapes, as compared to
continuous habitats (Halme and Niemelä 1993; Murcia 1995; Ewers et al. 2007).
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Fragmentation may directly challenge the existence of certain species, or indirectly affect
them by limiting their food resources, breeding and nesting sites or by altering their
behavior. Smaller forest patches may contain only a subset of the existing fauna.
Alternatively, these small forest fragments may not be large enough to sustain
populations of some species, which may go extinct due to insufficient resources,
environmental stochasticity, loss of genetic diversity or increase in edge effects (Suarez
et al. 1998). Fragmentation also may decrease the colonization and immigration into the
forest fragments. There is evidence suggesting that altered abiotic factors are driving the
changes occurring in invertebrate population levels within urban forest fragments
(Didham et al. 1996). In addition, habitat edges and habitat disturbances are known to
facilitate the establishment of exotic species (Liebhold et al. 1995; Suarez et al. 1998;
King and Tschinkel 2006). Upon establishment, non-native species may displace native
taxa, change trophic structure and alter ecosystem processes (Mack et al. 2000; Ehrenfeld
2003). When introduced into a new area, they often destroy native species as they expand
in numbers and occupy native habitats or compete for available resources. What makes
them so successful in new localities is the fact that they often lack the competitors,
predators and parasites that control their abundance in their original localities.
Protecting the remaining fragments of forests within urban centers often is the
only way of preserving representatives of the original forest associated flora and fauna,
and the crucial role of urban parks in species conservation has been recognized (Adams
2005; McFrederick and LeBuhn 2006). Understanding the characteristics of the urban
environment that govern local diversity is critical for effective management, conservation
and protection of biodiversity (Niemelä 1999; Pećarevic et al. 2010).
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The global biodiversity loss has urged scientists to include biodiversity
assessment programs in the conservation planning process. Because a complete survey of
all taxonomic groups in an area is unlikely and rarely feasible, scientists agree that
research efforts should focus on selected taxonomic groups (indicator taxa; Alonso 2000).
These groups are representative for whole ecosystems and may provide early warning of
general environmental problems. They can serve as a model for understanding the global
loss of biological diversity with all of its consequences. Ants are one such group (Alonso
and Agosti 2000).
Ants are among the most ubiquitous invertebrates of terrestrial ecosystems
(Whitford et al. 1999). They occupy a wide range of habitats and their diversity is high
even in human-modified habitats. Ants play major ecological roles as predators,
scavengers, mutualists, seed gatherers and dispersers. Ants participate in a variety of
mutualistic relationships with plants, fungi and animals, and also are an important prey
item for birds, reptiles, amphibians, mammals, as well as various invertebrates
(Hölldobler and Wilson 1990; Folgarait 1998). All ants living in the soil and leaf-litter
are often termed ecosystem engineers, because of their effect on soil structure and soil
processes that indirectly affect the flow of energy and material in the ecosystem (Gunadi
and Verhoef 1993; Jones et al. 1994). Because of their soil turning activity ants are of
great importance to nutrient cycling and nutrient distribution. Worldwide ants turn and
enrich more soil than earthworms and in this way they enhance the mineralization of
nutrients and the microbial activity in the soil (Gunadi and Verhoef 1993).
Because of their important ecosystem functions, their responsiveness to
environmental modifications, relatively stationary colonies, and ease of sampling, ants
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have been used as indicators of biodiversity and disturbance (Majer 1983; Andersen
1990, 1997; Alonso 2000; Kaspari and Majer 2000; Andersen and Majer 2004;
Underwood and Fisher 2006).
The present study focused on the effects of habitat edges, plant species invasions,
and exotic ants on the forest-dwelling ant communities of northeast Ohio. In addition, we
explored the value of common ant collecting techniques for capturing ground-dwelling
ants in northern temperate forest. Choosing the appropriate technique for estimating the
abundance, richness, and composition of organisms in biodiversity assessments is of
critical importance, as different methods do not collect all species equally well and they
vary in their effectiveness across habitats and taxa (Bestelmeyer et al. 2000; Delabie et al.
2000). Revealing the differences in sampling efficiency and biases across sampling
techniques is important for the development of effective inventorying protocols for the
purposes of conservation and management.
In Chapter 2 we evaluated the performance of Winkler litter extraction and pitfall
trapping for collecting ground-dwelling ants in northern temperate forests, with two
primary objectives: 1) to compare the sampling efficiency of the two techniques, and 2)
to explore the biases introduced in the data collected by each method. In Chapter 3 we
evaluated the efficiency of the Winkler method for extracting ground-dwelling ants from
temperate forest litter using a 72 h extraction time. We addressed two main questions: 1)
are there taxonomic biases in the resulting data caused by the chosen extraction time? 2)
is the extraction time sufficient to provide an unbiased picture of the composition and the
structure of the studied community?
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In Chapter 4 we evaluated the degree of influence of hard urban edges on local
ant communities. We focused on the distribution patterns of ground-dwelling ants in
relation to edges between mixed mesophytic forest fragments and adjacent developed
areas. We investigated how local ant communities differ in terms of composition,
abundance, and species richness, depending on whether they are situated near to, or away
from, the forest edge. In addition, we explored the response of ant functional groups to
edge creation.
In chapter 5 we reported the exotic ant Nylanderia flavipes (Smith, 1874) for the
first time from the state of Ohio and reviewed its known native and introduced ranges.
The following chapter 6 was motivated by our discovery of this abundant and
reproducing species within the Doan Brook watershed of northeast Ohio and by the
general lack of ecological information in its introduced range. The objectives of this
study were to document the potential impact of N. flavipes on native ant communities and
to assess its use as a food resource by an important forest floor predator (red-backed
salamander). Toward these ends, we investigated 1) ant diversity and community
composition among sites with and without N. flavipes, 2) behavioral interactions between
N. flavipes and native ants, and 3) the extent to which N. flavipes has been incorporated
into the diet of red-backed salamanders.
The final chapter explored the potential impacts of the invasive herb garlic
mustard (Alliaria petiolata (Bieb.) Cavara and Grande) on local temperate forest ant
communities. We investigated how ant communities differ in terms of abundance, species
richness, and composition depending on whether they were situated in areas invaded or
not invaded by garlic mustard.
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CHAPTER II

EFFECTIVENESS AND BIASES OF WINKLER LITTER EXTRACTION AND
PITFALL TRAPPING FOR COLLECTING GROUND-DWELLING ANTS IN
NORTHERN TEMPERATE FORESTS1

Kaloyan Ivanov and Joe Keiper

ABSTRACT

The sampling efficiency of pitfall traps and Winkler litter extraction in northern
deciduous forests was compared using ants. Both techniques are among the most
common methods used to measure the diversity of organisms active on the forest floor.
During 2005 – 2006, 90 Winkler and 180 pitfall trap samples from urban forest fragments
in northeastern Ohio obtained 9203 ants representing 31 species. Winklers captured all

1

Published as Ivanov, K., and J. Keiper. 2009. Effectiveness and biases of Winkler litter extraction and
pitfall trapping for collecting ground-dwelling ants in northern temperate forests. Environmental
Entomology 38:1724-1736.
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31 species, whereas pitfall traps collected a total of 24 species. Winkler samples
accumulated species more rapidly than did pitfall traps, and had greater total species
richness and higher abundance of ants recorded. Consistent with other studies, Winkler
sampling was found to catch a greater number of smaller ants, whereas pitfall trapping
caught a greater number of large-bodied ants. According to estimates of expected species
richness, the combination of the two sampling techniques allowed for the collection of
≈90% of the ants expected in the surveyed area. Site variation had little effect on the
inherent differences in sampling efficacy between the two methods. Either technique
adequately collected samples for broad comparisons and documentation of the more
typical and representative ant fauna, but Winkler extraction exhibited the advantage of a
more complete inventory. The application of both techniques should be considered if the
aims of a study require estimation of community properties, such as relative abundance.

KEYWORDS Formicidae, Ohio, species richness, sampling methods, inventory
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INTRODUCTION

The value of arthropods in biodiversity assessment programs has long been
recognized (Wilson 1987, 1988, 1992; Raven and Wilson 1992). In recent years,
increased attention has been paid to the inventory of insect diversity patterns for tracking
environmental changes, ecosystem recovery, and for conservation purposes (Kremen et
al. 1993; Kim 1993; Lawton et al. 1998; Andersen et al. 2002; Underwood and Fisher
2006). Insect inventories ideally should be rapid, repeatable, quantitative and as costeffective as possible (Oliver and Beattie 1996; Fisher 1999). Sampling a vast diversity of
insects always has been difficult, and obtaining comprehensive lists and community-scale
data usually is achievable only on very small scales.
Unique among insects, ants (Hymenoptera: Formicidae) are a group that, more
than any other taxon, lends itself to biodiversity monitoring programs. Nearly ubiquitous
in terrestrial ecosystems, ants often achieve great abundances (Hölldobler and Wilson
1990). They play major ecological roles as predators, scavengers, mutualists, seed
gatherers and dispersers, and ecosystem engineers (Beattie 1985; Folgarait 1998; Alonso
2000; Christian 2001). Their ease of sampling, relatively low diversity, stationary
colonies, and responsiveness to environmental disturbances have made them an attractive
monitoring tool for tracking changes in ecosystem conditions (Andersen 1990, 1993,
1997; Alonso 2000; Kaspari and Majer 2000). Choosing the appropriate technique for
estimating the abundance and species composition of organisms in biodiversity
assessment studies is of critical importance. Because it is unlikely that a single collecting
method will provide unbiased and comprehensive estimates of community properties, a
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set of complementary techniques often is needed (Longino and Collwel 1997; Fisher
2005; King and Porter 2005).
Numerous established ant collecting techniques exist, each with its own
advantages and limitations (Bestelmeyer et al. 2000). The use of these techniques often is
complicated by certain aspects of ant biology. Because of their social way of life, ants
(both individuals and colonies) are non-randomly distributed across the landscape. In
addition, the relationship between forager density or activity, and colony abundance
varies greatly across species, so that comparisons of community scale parameters, such as
relative abundance, species richness, and diversity, based on forager or colony data are
not always equivalent (Bestelmeyer et al. 2000). The diversity of habitat preferences
(including microhabitats) and the behavioral differences across species often result in
different sampling probabilities, both for species and methods. As a result, different
methods do not collect all species equally well, and they vary in their effectiveness across
habitats and taxa (Bestelmeyer et al. 2000; Delabie et al. 2000).
Ant sampling techniques can be active or passive. Active sampling involves direct
searching for individuals or colonies and it often is regarded as the most effective method
for capturing maximum species richness within a study area (Fisher 1999; King and
Porter 2005; Ellison et al. 2007). However, it is time consuming and requires background
knowledge of ant taxonomy and natural history. Active sampling can introduce bias
through differences in researcher’s effectiveness and level of expertise (Underwood and
Fisher 2006). It often suffers from lack of repeatability and is rarely included, as a
primary collecting technique, in community characterization studies (Longino and
Colwell 1997) estimating differences in community scale parameters between habitats or
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sites (Fisher 1999). Nonetheless, active sampling remains indispensable for strict
inventories (Longino and Colwell 1997).
Passive sampling, including pitfall trapping, litter extraction, baiting, and fogging,
relies on ant activity at sampling points to obtain data. One of the biggest advantages of
pitfall trapping is the small time investment and the relatively low cost associated with
collecting samples (Bestelmeyer et al. 2000; Fisher 2005). Most ground-dwelling ants
usually are well represented in pitfall catches, especially in open areas with little leaf
litter (Melbourne 1999; Parr and Chown 2001; Lopes and Vasconcelos 2008). However,
this method often is biased against most of the smaller and cryptic ant species inhabiting
the leaf litter layer (Olson, 1991), and therefore can underestimate their relative
abundance. Furthermore, differences in activity between species, deliberate avoidance of
traps, the “digging in” effects, and the ability of certain species to escape from traps can
introduce additional bias in the collected data (Greenslade 1973; Andersen 1983; Marsh
1984; Bestelmeyer et al. 2000; Parr and Chown 2001).
Litter extraction usually requires greater time and monetary investment, and
because litter collection typically is performed during the day, this technique can
introduce bias against nocturnally active species. Litter extraction, however, has been
reported superior to pitfall trapping, both for the number of individuals and the number of
species collected, especially in canopy-closed areas with plentiful leaf litter (Olson 1991;
Fisher 1999; Groc et al. 2007; Lopes and Vasconcelos 2008). Both techniques have the
potential to distort relative abundance data if ant colonies are located near or within the
sampling points (Andersen 1983; Bestelmeyer et al. 2000; Parr and Chown 2001; King
and Porter 2005). This shortcoming, however, can be corrected by using the species
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frequency of occurrence rather than the total abundances in the data analysis (Longino
2000; Longino et al. 2002).
It seems logical that a combination of these two methods is likely to result in data
that (1) are both quantitative and qualitative, (2) have the potential to provide
community-scale parameters, (3) are as complete as possible within a relatively short
time period, and (4) are less biased than are data provided by either technique alone. As a
result, pitfall trapping and Winkler litter extraction have been implemented as primary
collecting techniques in recently developed standard protocols for sampling ground
dwelling ants in tropical areas (Agosti and Alonso 2000; Fisher 2005).
A number of mostly tropical studies have explored the intrinsic differences in the
capture efficiency and biases between pitfall trapping and Winkler extraction. Olson
(1991), Fisher (1998, 1999), Kalif and Moutinho (2000), Groc et al. (2007), and Lopes
and Vasconcelos (2008) have reported Winkler litter extraction superior to pitfall
trapping in both the number of individuals and species collected in forested areas. Parr
and Chown (2001), and Lopes and Vasconcelos (2008) found pitfall trapping to be more
efficient for collecting ground dwelling ants in open savanna ecosystems, and Groc et al.
(2007) in temperate causse habitat. These studies only highlight the notion that the
efficiency of these collecting methods depends primarily on the structure and complexity
of the habitat.
Only a handful of comparative studies between litter extraction and pitfall
trapping have been undertaken in northern temperate forests. To our knowledge, only
three of these studies have implemented the use of Winklers as tools for extracting ants
from the leaf litter. Martelli et al. (2004) found Winkler litter extraction to be more
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effective in capturing both individuals and species compared with pitfall trapping in
mixed deciduous forests of Tennessee. Similarly, in hardwood hammocks of northern
Florida, King and Porter (2005) found litter extraction with Berlese funnels to capture
more ant species than did pitfall traps. Lessard et al. (2007) conducted a study in northern
hardwood forests in Tennessee and North Carolina and found more species in pitfall
traps, with approximately the same number of individuals collected by the two methods.
Using hand removal of ants from sifted litter, Ellison et al. (2007) found comparable
effectiveness between the two techniques. Groc et al. (2007) reported Winklers to capture
greater species richness in an oak grove habitat in southern France. Neither of these
studies, however, has shown a single collection method to effectively capture all species
within a study or a research area.
Showing the differences in sampling efficiency and biases across ant sampling
techniques is important for the development of inexpensive, rapid inventorying protocols
for the purposes of conservation and management. The prevailing majority of the antsampling protocols and inventory programs have been developed for and executed in
tropical areas, with temperate forests clearly lagging in the number of studies and in the
number of researchers involved (King and Porter 2005; Underwood and Fisher 2006;
Ellison et al. 2007; Groc et al. 2007). As a result, much less is known about the relative
performance of ant-collecting techniques in northern forest habitats and their implication
in regional inventorying programs.
Our intent is to evaluate the performance of ant collecting techniques developed
for, and primarily applied in tropical studies (especially true for Winkler litter extraction),
and to build on the sparsely explored topic of their application in temperate forested
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areas. As such, this study should be considered complementary to the only few previous
studies that have explored this issue. Although Winkler extraction is, and has been for
many years, a common and highly valued ant collecting technique in tropical areas, it has
found only limited application in other terrestrial ecosystems. The value of Winkler
extraction for collecting rare leaf-litter and top soil ant inhabitants in temperate forests is
yet to be determined. The goal of our study is to explore the value of using these
techniques for collecting ground-dwelling ants, and to encourage their application for
capturing local ant diversity in forested areas well outside the tropics.
We evaluated the performance of Winkler litter extraction and pitfall trapping for
collecting ground-dwelling ants in a northern temperate forest, with two primary
objectives: 1) to compare the sampling efficiency of the two techniques and 2) to explore
the biases introduced in the data collected by each method.

MATERIALS AND METHODS

Study Area
The study was conducted in the formerly glaciated, greater Cleveland area of
northeastern Ohio. Nine forest fragments, ranging in size from ≈20 to 1400 ha (Table
II.1), were sampled during the summer of 2005 and 2006, the period of late May to late
August being the time of maximal ant activity in the region.
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Table II.1. Size and location of the nine study sites.
Site

Size (ha)

County

Management institution

Richmond

20

Cuyahoga

CMNH

Huntington Reservation

41

Cuyahoga

Cleveland Metroparks

Garfield Park Reservation

85

Cuyahoga

Cleveland Metroparks

Bradley Woods Reservation

320

Cuyahoga

Cleveland Metroparks

South Chagrin Reservation

582

Cuyahoga

Cleveland Metroparks

North Chagrin Reservation

855

Cuyahoga, Lake

Cleveland Metroparks

Bedford Reservation

890

Cuyahoga

Cleveland Metroparks

Hinckley Reservation

915

Medina

Cleveland Metroparks

Brecksville Reservation

1406

Cuyahoga

Cleveland Metroparks

The predominant land use type in the area is urban land, both industrial and
residential. The deciduous forests that virtually covered the region prior to human
settlement now are represented by fragments embedded in the highly modified urban
landscape. All sites included in this study are part of the Cleveland Metroparks System
and the Cleveland Museum of Natural History natural areas program (Table II.1) and
were selected for the largely forested areas that remain within their boundaries. The
results reported in this paper are a part of a larger study examining the response of the
local ant communities to habitat fragmentation.
The climate of the area is temperate continental, modified by its proximity to
Lake Erie. Soils are derived from glacial till, and the underlying bedrock is sandstone and
shale (Musgrave and Holloran 1980). The elevation of all sampling locations ranges
between 180 and 370 m a.s.l.
Ten sampling plots were selected at random from a large dataset using an
extension of ArcView 3.2 (ESRI, Redlands, CA) and located within each fragment. Plots
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were selected at least 25 m away from the nearest forest edge (where possible) to avoid
edge effects, away from paved corridors, picnic areas and open water sources. Plots that
did not meet these requirements were excluded.
All sampling points were located within mixed mesophytic forest types,
dominated by combinations of red and white oak (Quercus rubra L. and Q. alba L.),
sugar and red maple (Acer saccharum Marshall and A. rubrum L.), American beech
(Fagus grandifolia Ehrh.), tulip tree (Liriodendron tulipifera L.), and hickories (Carya
spp.), with the more mesic sites dominated by sugar maple and beech, and the more xeric
ones by oak species (Quercus spp.). This basic group is supplemented to varying degrees
by the addition of associated species, such as black cherry (Prunus serotina Ehrh.),
cucumber tree (Magnolia accuminata (L.), and basswood (Tilia americana L.). The
understory, sparse at most locations, is characterized by seedlings and saplings of the
dominant canopy trees; the shrubs Lindera benzoin L., Hammamelis virginiana L., and
Viburnum spp.; the vines Toxicodendron radicans (L.), Parthenocissus quenquefolia (L.),
and Smilax spp.; various herbaceous species such as Podophyllum peltatum L., Arisaema
triphyllum (L.), Claytonia virginica L., Trillium spp., Viola spp., and graminoids (grasses
and sedges); and the ferns Polystichium acrostichoides (Michx.), Thelypteris
noveboracensis (L.), and Dryopteris spp. Plant nomenclature follows Gleason and
Cronquist (1991).

Ant Sampling, Processing, and Measurements
Ants were sampled using pitfall traps and Winkler litter extraction (a modified
version of the Ants of the Leaf Litter protocol, Agosti and Alonso 2000). Ten plots (20 by
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10 m) were randomly distributed within each of the forest fragments, located on the
ground with a GPS unit (Garmin 12; Garmin International, Olathe, KS), and permanently
marked with a metal tag. A 20 m transect was established through the midline of each
plot in east-west direction. One 1-m2 litter sample was taken at the center of each transect
(10 m away from edge of plot) and two pitfall traps were positioned 5 m away, on both
sides, from the litter sample (e.g., 5 m away from edge of plot). Pitfalls were offset by 1
m on opposite sides of the transect. Thus, 10 litter and 20 pitfall samples were collected
in each fragment, for a total of 90 Winkler and 180 pitfall samples.
Litter samples were obtained by collecting the surface material enclosed within a
1-m2 plastic frame at each sampling point. Litter here is defined as the layer of leaves and
detritus that can be scraped easily from the more compact soil. The collected litter was
sifted on the spot through a sieve with 1-cm grid size to exclude larger fragments and
debris. The fine siftate was transported to the laboratory, where it was loaded in flat mesh
bags and suspended inside Winkler extractors for 72 h. Three days is sufficient for the
extraction of the majority of ant species in a sample (Bestelmeyer et al. 2000; Krell et al.
2005). All extracted materials were stored in 95% EtOH. Litter collection was conducted
between 1000 and 1600 hours and at least 1 d after a heavy rain to ensure reliable
extraction. We manually removed any ants remaining in the dry leaf litter inside the mesh
bags after the 72 h extraction time. The results of the Winkler extraction efficiency
(percentage of individuals extracted after 72 h) for north temperate ant assemblages will
be discussed elsewhere.
Pitfall traps were plastic cups, 95mm in diameter and 130mm in height, buried
flush with the surface of the ground. Traps were filled with ≈150 ml of 70% EtOH and
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operated for 72 h. Ethanol is not known to significantly attract or repel ants (Greenslade
and Greenslade 1971). Trap contents were collected in the field and fixed in 95% EtOH
on arrival in the laboratory. Traps were placed at the sampling locations after the litter
collection was performed to avoid disturbance to the site.
All samples were sorted, counted and identified to species using available
taxonomic keys. Challenging specimens were sent to experts for confirmation. Vouchers
are deposited at the CMNH, Department of Invertebrate Zoology, and the remaining
materials are in the first author’s collection. Nomenclature follows Bolton et al. (2006)
and an ongoing revision of the North American Myrmica spp. by A. Francoeur.
The maximum head width of each species was measured to the nearest 0.1 mm
with an ocular micrometer mounted on an Olympus SZ30 dissecting microscope
(Olympus America, Center Valley, PA). Head width provides a standard and reliable
measure of overall body size (Höldobler and Wilson 1990; Kaspari 1993), and usually is
easier to measure than is overall body length. Where possible, five individuals of each
species were measured. Head width measurements were averaged across individuals for a
single value for each species. All measurements were placed in 0.20-mm size classes as
follows: minute (<0.50 mm), small (0.51-0.70 mm), medium-small (0.71-0.90 mm),
medium (0.91-1.10 mm), and large (>1.10 mm).

Statistical Analyses
Reproductives were excluded from the analyses because their presence in the
collected samples does not necessarily denote presence of an established colony in the
study area (Fisher 1999). Moreover, there are almost no reliable taxonomic keys for both
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males and females, and for many taxa, species-level identifications of reproductives are
questionable.
The data, consisting of replicated collections of individuals identified to species,
were used to assess quantitatively the relative sampling efficiency of pitfall traps and
Winkler samples. Three different statistical methods were used to estimate and to
compare the species richness between the two collecting techniques: rarefaction,
asymptotic richness estimators, and similarity analyses.
Rarefaction methods allow for direct comparison of the expected number of
species between techniques (or sites) by standardizing the sampling effort through
random sub-sampling of the existing data pool (Colwell et al. 2004). Rarefaction thus
provides the expected number of species for a given number of samples or individuals
based on the number of species actually discovered. Sample-based rarefaction curves
were created using the analytical method of Colwell et al. (2004), implemented in
EstimateS 8.0 (Colwell 2006). Sample-based rarefaction curves were scaled to a common
axis of number of samples to allow for comparison of species density (number of species
per sample) between collecting methods. In addition, curves were re-scaled to a common
x-axis of incidence (number of samples in which a species occurs) to allow for
comparison of species richness (Gotelli and Colwell 2001). Using incidence and not
abundance data is necessary as the sociality of ants often leads to high clumping of
individuals within samples that can skew species-richness comparisons and speciesabundance relationships (King and Porter 2005). In addition, visual inspection of the
shape of the rarefaction curves was used to assess the completeness of sampling for each
of the methods.
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Species-richness estimators are nonparametric methods that provide a
conservative estimate of the number of species that are present, but not collected in the
samples (Colwell and Codington 1994). If the richness estimates rise continuously with
sample size, or are unstable, they are not reliable estimates of the total richness. However,
if an estimator stabilizes above a certain number of samples, thus making it independent
of sample size, then it can be deemed a reliable estimate of the total species richness
(Longino et al. 2002). To estimate the asymptotic species richness we used the secondorder jackknife (Jack 2; Burnham and Overton 1978, 1979), and the Chao2 (Chao 1987)
estimators, as calculated by EstimateS 8.0, using 100 randomizations of sample
accumulation order (Colwell 2006). Both estimators use the number of species that occur
in exactly one (unique species), and exactly two (duplicates) samples to estimate the
number of species that are present but not sampled (Colwell and Codington 1994; see
also Colwell 2006), and therefore rely only on presence / absence, and not abundance
data. These two estimates have been found to be overall the least biased and the most
precise estimation methods on various occasions (Colwell and Codington 1994; Chazdon
et al. 1998; for a full review, see Walter and Moore 2005). However, both estimators
perform poorly in assemblages containing many rare species (Poulin 1998). The latter is
the rule in highly diverse tropical and subtropical communities but is rarely the case in
northern temperate forest ant communities. For the analyses, data were pooled for all
replicate traps within each collection method. Both estimators also were used to assess
the completeness of sampling across techniques. In addition, the number of uniques and
duplicates were examined as indicators of inventory completeness. If the number of
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uniques and duplicates increased with an increase in the sampling intensity, then an
inventory was considered incomplete.
A plethora of similarity indices have been used to assess compositional similarity
of species assemblages. The classic Jaccard similarity index (Jij) is one of the oldest
(Jaccard 1901) and among the most widely used measures of compositional similarity
between assemblages (sites or samples). Estimates of Jij range between 0 (no species in
common between the two samples / assemblages) and 1 (all species are shared). Such
similarity indices, based on presence-absence data have been shown to be strongly
influenced by species richness and sample size. Moreover, they are likely to
underestimate severely the true similarity between two samples, as they do not take into
account rare species that were not represented in either of the two samples (unseen shared
species) (Chao et al. 2005; Ellison et al. 2007). To correct for these biases, Chao et al.
(2005) developed an abundance-based Jaccard index, which is available in EstimateS 8.0.
We used Chao’s estimate to assess the degree of similarity between Winkler and pitfall
catches, and applied 1,000 bootstrap samples to calculate the 95% CIs for this index. If
the calculated 95% CIs encompassed 1, then the species composition was not
significantly different between the two assemblages (collecting techniques). The
abundance-based Jaccard Index also was calculated for each of the study sites and
compared across sites using the 95% CIs in order to assess the effects of site on the
relative differences in sampling efficiency between the two techniques. For the sake of
simplicity, in these similarity comparisons, the two pitfall traps within each plot were
pooled together and treated as a single pitfall sample.
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Statistical comparisons of relative abundance, and ant body size between
collecting techniques were performed with the nonparametric Mann-Whitney U test,
because data were not normally distributed. A paired design is not necessary because
samples situated ≥5m, apart can be considered independent (King and Porter 2005).
Rank-abundance plots were constructed for each of the collecting methods and
both methods combined, in order to assess the structure and the composition of the ant
community. The differences in species rank abundances between Winklers and pitfalls
were compared with the nonparametric Kolmogorov-Smirnov (K-S) test (Gotelli and
Ellison 2004; Ellison et al. 2007). All analyses were performed with SPSS 16.0 (SPSS,
Chicago, IL).

RESULTS

Observed and Expected Species Richness and Completeness of Sampling
A total of 9203 ants were collected, including 244 reproductives and 1266
workers manually extracted from the leaf litter inside the mesh bags after the 72 h
extraction time that were excluded from all analyses. Therefore, 7693 ants (6511 from
litter samples and 1182 from pitfalls) were included in the statistical analyses.
These individuals represent 851 species occurrences of 31 species from 15 genera and 5
subfamilies (Table II.2). All 31 species were present in the Winkler samples, whereas
pitfalls collected a total of 24 species. The 31 ant species collected include three uniques
(species known from a single sample), and one duplicate (species known from only two
samples), with all three uniques found in Winkler samples. Nearly 99% (89/90) of all
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Winkler samples contained at least one individual and 83% (149/180) of the pitfall traps
contained at least one ant.
Rarefaction showed significantly higher species density in Winkler samples as
compared to pitfall traps (Fig. II.1). When the data were scaled to incidences, the number
of species was higher for litter samples, but the overlap of the 95% CIs between the two
methods showed that this difference was not significant (Fig. II.2). In general, Winklers
accumulated more species, and accumulated species more rapidly than did pitfalls, on
both per sample and incidence bases. The sample-based rarefaction curves, scaled to
samples (i.e., smoothed species-accumulation curves), did not reach a clear asymptote.
The rate of accumulation of new species however decreased with the addition of new
samples, with both curves showing a tendency towards leveling off. Approximately 94%
(28.5 of 31 species) and 92% (22 of 24) of the species were captured within the first twothirds of the samples collected for Winklers and pitfalls, respectively. The additional
samples only added three species for Winklers and two species for pitfall traps. Fifty
percent of the species captured by Winklers (15.50 species) occurred in the first 8
samples, and in the first 53 samples for pitfall traps (11.99 species).
Winklers captured significantly more species per sample (5.54 ± 0.2 SE) as
compared to pitfall traps (1.95 ± 0.1 SE), (P<0.01, Mann-Whitney U test). More than
55% of the Winkler samples contained six or more species, whereas only 2% of the
pitfall traps contained as many species. The majority (≈ 87%) of the pitfalls collected no
more than three species per sample, with 14% of the Winkler samples having as few
species (Fig. II.3).
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Table II.2. List of the collected ant species arranged by subfamily.
Subfamily / species

Pitfall Traps

Winklers

0

67

3

393

1

33

144

177

Myrmica pinetorum

1

4

Myrmica semiparasitica

0

6

Myrmica punctiventris

252

827

Stenamma brevicorne

9

71

Stenamma impar

5

350

Stenamma schmitti

3

91

Aphaenogaster picea

261

1423

Aphaenogaster rudis

17

21

Crematogaster cerasi

0

1

Temnothorax curvispinosus

6

215

Temnothorax longispinosus

9

20

Temnothorax schaumii

0

1

Protomognathus americanus

0

1

Myrmecina americana

12

986

5

424

Brachymyrmex depilis

0

31

Prenolepis imparis

22

20

Lasius alienus

19

1068

Lasius nearcticus

0

61

Lasius umbratus

3

119

Ambplyoponinae
Amblyopone pallipes
Ponerinae
Ponera pennsylvanica
Myrmicinae
Myrmica emeryana
Myrmica af-smith

Dolichoderinae
Tapinoma sessile
Formicinae
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Subfamily / species

Pitfall Traps

Winklers

Formica neogagates

9

4

Formica glacialis

14

6

Formica subsericea

46

33

Camponotus chromaiodes

5

1

331

50

Camponotus nearcticus

1

4

Camponotus subbarbatus

4

3

1182

6511

Camponotus pennsylvanicus

Total

Data are total number of individuals captured for each species.
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Figure II.1. Sample based rarefaction curves for each collecting technique, based on the
number of samples, with the 95% CIs represented by dotted lines.

Figure II.2. Sample based rarefaction curves for each of the collecting techniques scaled
to occurrences. For clarity, the 95% CIs are shown only for the Winkler samples. The
width of the 95% CIs for the pitfall data are similar to that for Winklers.
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Figure II.3. Frequency distribution of the number of species collected per sample.

Both asymptotic richness estimators showed a tendency towards stabilizing, with
the estimators’ curves being nearly flat for Winklers after ≈100 species occurrences and
only slightly increasing for pitfalls (Fig. II.4). The asymptotic richness, based on both
collecting methods combined, was estimated at 32.5 (Chao 2), and 36 species (Jack 2).
An estimated 95% and 86% of the expected number of species was therefore captured
when the two techniques were used, respectively. The estimated species richness varied
across collection methods and ranged from 29 (pitfalls, Chao2) to 39 species (Winklers,
Jack 2). The second order jackknife estimates were higher for both pitfalls and Winklers
(32.93 and 38.9 species, respectively) compared to the Chao 2 estimates (28.97 and 34.3
species). Based on these estimates the sampling efficiency was calculated at 90 (Chao 2)
and 80% (Jack 2) for Winklers, and at 83 (Chao2) and 73% (Jack 2) for pitfall traps. The
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number of uniques and duplicates decreased with increased sampling intensity for both
collecting techniques (Fig. II.4).

Figure II.4. Asymptotic estimates of species richness, and number of uniques and
duplicates plotted as function of the number of accumulated samples for each of the
collecting techniques.

Compositional Similarity
The two collecting techniques generally captured similar species. The overall
adjusted similarity between Winkler and pitfall catches was estimated at 92% with the
95% CIs including 1 (e.g., 100%; Fig. II.5). The same general trend was observed when
the compositional similarity was compared across sites (Fig. II.5). In all but one case, the
95% CIs of the adjusted abundance-based similarity index included 1 and also overlapped
across sites. The only exception was the relatively low species overlap (52%) between
Winkler and pitfall samples for the Bradley Woods site, where the confidence limits of
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the similarity index did not include 1, and also did not overlap with the 95% CIs for the
Huntington site.

Figure II.5. Similarity in species composition between Winkler and pitfall samples with
95% CIs. Sites are arranged from smallest (on top) to largest.

Size Comparison
Mean ant size was greater (P<0.01, Mann-Whitney U test) in pitfall traps (head
width 1.43 ± 0.025 SE) than in Winklers (0.83 ± 0.003 SE). Although medium-sized ants
were collected with similar efficiency between methods, larger ants predominated in
pitfall catches (Fig. II.6). The smallest size class, including one species (Brachymyrmex
depilis), was present only in Winkler samples.
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Figure II.6. Frequency distribution of five size classes for Winkler samples and pitfall
traps. Distributions are based on the species’ frequency of occurrence in the 90 sampling
plots. For simplicity and clarity of comparison, the two pitfall traps per plot are treated as
a single sample. Occurrences are summed across species falling within the same size
class.

Relative Abundance and Community Structure
The mean number of individuals per sample was significantly higher for Winkler
samples (72.3 ± 8.6 SE) compared with pitfall traps (6.6 ± 0.6 SE; P<0.01, MannWhitney U test). More than 90% of the pitfalls captured 20 or fewer ants per sample
versus ≈20% for Winklers. Approximately 60% of the Winklers collected 40 or more
individuals per sample with only 2% of the pitfall traps containing as many ants (Fig.
II.7).
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Figure II.7. Frequency distribution of the number of individuals collected per sample for
each of the trapping techniques.

The most abundant species collected was Aphaenogaster picea, accounting for
22% of all individuals sampled (Fig. II.8; Table II.2). Aphaenogaster picea accounted for
approximately the same percentage of the individuals captured in both Winklers and
pitfalls (Table II.2). Based on total catches, the other dominant species in the community
included Lasius alienus (14% of all individuals collected), Myrmica punctiventris (14%),
and Myrmecina americana (13%). The relative abundance of these species was nearly the
same in the litter samples (16, 13, and 15%, respectively). Of the latter three species, only
M. punctiventris (21%) was abundant in pitfalls. Both L. alienus and M. americana,
represented only ≈1% of the individuals collected by pitfall traps. Two additional species,
Camponotus pensylvanicus (28%) and Myrmica af-smith (12%), accounted for a large
number of the individuals in pitfalls. The 10 most common species (Fig. II.8), based on
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total counts, accounted for >90% of all individuals collected. Four species were
represented by a single individual in Winkler samples, and three species were so
represented in pitfalls. The rank-abundances of species were significantly different
between samples collected by pitfall traps and Winklers (P<0.001, Z = 1.905, K-S test).

Figure II.8. Rank-abundance plots for Winklers, pitfalls and both techniques combined.
Species are ordered by their abundance in total catches.
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DISCUSSION

Regional Ant Diversity and Completeness of Sampling
Based on asymptotic species richness estimates, the combination of litter
extraction and pitfall traps effectively sampled between 86 (Jack 2) and 95% (Chao 2) of
the expected total number of species. This high sampling efficiency can be explained at
least partially by the relatively low proportion of rare species in the samples collected and
in the region in general. The latter rarely is the case in tropical and subtropical areas,
where sampling efficiencies of similar magnitude (assuming same sampling effort) are
nearly impossible. In general Winklers were more efficient at capturing a greater
proportion of the expected number of species (83 – 90% of the expected number of
species collected) compared with pitfalls (73-80%).
The 31 species captured during our study represent nearly a quarter (24%) of the
128 species known to occur in Ohio (Antweb 2009). The study area in Cuyahoga and
Medina counties has not been a subject to intensive ant surveys before this study. To
date, 44 species have been reported from the region, with 40 species known from
Cuyahoga County, and 16 species from Medina County (Coovert 2005; K. Ivanov,
unpublished data). Twelve of these 44 species either are associated with open areas or are
introduced species found in greenhouses and other heated buildings and so are
encountered rarely, if ever, in the forested areas where the present study was conducted.
Twenty two of the 32 species likely to occur in the forested habitats sampled were
captured in our study. The majority (7 spp.) of the 10 species not captured in our study
are rare species that have been collected only on few occasions and most probably are
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restricted in their distribution within the region. Only Aphaenogaster tennesseensis,
Lasius claviger, and Paratrechina flavipes have been collected on more than a single
occasion. Because to its biology and nesting habits, A. tennesseensis rarely is collected by
litter extraction or by pitfall trapping. Lasius claviger has been collected infrequently in
the region, and P. flavipes is an introduced ant that currently is confined to the Doan
Brook watershed in Cuyahoga County (Ivanov and Milligan 2008).
Of the 31 species we collected, nine have not been reported previously from the
study region, with M. af-smith not collected previously in Ohio. The majority of the new
records are small, cryptic ants, usually encountered in the top soil, in the leaf litter, or in
hollow stems, twigs, and old acorns fallen on the ground. Many of those species can be
missed easily during visual searches and therefore might have been overlooked in past
surveys. A good example is the small, cryptic myrmicine M. americana, which is typical
of the top soil and the litter layer of northern deciduous forests and which usually is
underrepresented in hand collections and pitfall traps (Ellison et al. 2007). This species
was one of the most abundant ants in the Winkler samples we collected.
The slow rate of accumulation of new species after two-thirds of the samples had
been collected (Fig. II.1) suggests the use of complementary techniques for maximizing
species capture within the region, rather than relying on an increase in the sampling
intensity. Hand collections, baiting, and soil core probes are techniques that may allow
for the collection of species that were missed using the current sampling design.
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Effectiveness and Biases among Collecting Methods
Winklers collected more species, and accumulated species more rapidly compared
with pitfall traps (Figs. II.1 and II.2). Both the number of species and the number of
individuals per sample were significantly higher in Winkler catches. On average, a
Winkler sample yielded five species and 72 individuals, with an average of two species
and 7 individuals found in a pitfall sample.
There were no significant differences in the composition of the species collected
by the two methods, either when the pooled totals were used, or when compared across
sites. Site variation therefore has little effect on the inherent differences in sampling
efficacy between the two methods, and the significant difference in community
composition between the two techniques observed for Bradley Woods can be regarded as
an exception rather than the rule. Although the two methods captured similar species,
they did so with different efficiency, resulting in a considerable difference in abundance
of some of the collected species. Consistent with other studies (Olson 1991; Parr and
Chown 2001), Winklers collected a higher proportion of smaller ants, whereas pitfalls
collected more large-bodied ants (Fig. II.6). Species with low activity levels, or with
specialized microhabitats that rarely forage outside of the leaf litter layer, such as
Amblyopone, Ponera, Myrmecina, Stenamma, Brachymyrmex, and some Lasius, either
were underrepresented or completely absent from pitfall catches (Table II.2; Fig. II.8).
Conversely, Winklers showed bias against larger ants in the genera Camponotus and
Formica, which actively forage on the surface of the forest floor.
Of the 31 species collected, seven were unique to Winklers (Table II.2), but none
were unique to pitfall traps. Of these seven species, three are subterranean ants (A.
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pallipes, L. nearcticus, and B. depilis), two are rare social parasites (M. semiparasitica, P.
americanus), and the remaining two (C. cerasi, T. schaumii) are species more commonly
associated with semi-open areas and forest edges. All three subterranean species were
fairly common in the Winkler samples and their absence from the pitfall samples should
be regarded strictly as a sampling bias of pitfall trapping. The two social parasites are
associated with the leaf litter layer, and with hollow twigs or nuts on the ground, and their
absence from the pitfall catches is not surprising. Both species have been collected only
rarely in Ohio, with M. semiparasitica not yet collected from outside the study region.
The absence of the remaining two species, each represented by a single individual, can be
explained both by their rarity in forested habitats, and by chance alone, because both
species are known from pitfall samples in more open areas with a sparser litter layer (K.
Ivanov, unpublished data).

Community Structure
Total abundances revealed a community numerically dominated by A. picea, L.
alienus, M. punctiventris, and M. americana, with these four species comprising > 60%
of all individuals collected. The first three species are ecological generalists commonly
associated with deciduous forests and woodlots. Both A. picea and M. punctiventris are
common on the surface of the forest floor, whereas L. alienus is a generalist feeder that is
more subterranean in nature and more tied to subterranean honeydew producers.
Myrmecina americana is a cryptic litter dweller that specializes on soil and litter
microarthroods. The high numerical abundance of T. sessile should be interpreted with
caution, because the majority of the 429 individuals collected came from a single Winkler
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sample located in proximity to a forest edge. It is unlikely that our sampling failed to
detect species expected to be dominants in the community, and we doubt that further
sampling would change the shape of the rank abundance curve.
The difference in efficiency and biases between the two collecting techniques
resulted in a significant difference in the rank abundances of the collected species (Fig.
II.8). The following examples may help to show the possible hazard in using communityscale parameters, such as relative abundance, based solely on either of the two methods.
In our study, a rank abundance curve based only on pitfall catches would reveal a
community dominated by C. pennsylvanicus, A. picea, M. punctiventris, M. af-smith, and
F. subsericea (arranged in order of numerical dominance, see also Fig. II.8), with these
five species comprising nearly 90% of all individuals collected. The majority of the
remaining species would be considered either uncommon, or rare. If only Winkler
catches were used to examine the structure of the local community, the rank abundance
curves would reveal a community dominated by A. picea, L. alienus, M. punctiventris,
and M. americana, with four additional species – T. sessile (see note above), P.
pennsylvanica, S. impar, and T. curvispinosus all being common.
If an inventory is conducted to create a list of the ants within an area of interest,
then litter extraction with Winklers is the technique that is likely to collect a greater
number of species. In this study, Winkler catches included many cryptic ant species with
restricted habitats that are not readily sampled with pitfall traps. Moreover, Winkler
extraction not only collects more species, but it also accumulates species at a higher rate.
For example, it would have taken ≈30 Winkler samples to capture the same number of
species collected by all 180 pitfall traps (Fig. II.1). This observation diminishes one of
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the greatest advantages associated with pitfall trapping, namely the little time and
resource investment needed to collect samples. Additional collecting techniques should
be considered in order to maximize species capture, topic beyond the scope of this study.
Consistent with some tropical studies (Fisher 1999), our results suggest that litter
extraction with Winklers can completely replace pitfall trapping in northern temperate
forests with well-developed litter layer. If, however, the goals of a study require an
estimation of community-scale parameters, the application of both methods within an
area should be considered in order to minimize the inherent biases associated with each
technique, which show a tendency to distort community scale data by under-representing
different parts of the local ant community.

ACKNOWLEDGMENTS

We thank J. Trager and A. Francoeur for their help with species identifications; J.
Milligan for assisting with sample collection, processing and sorting; O. Lockhart, R.
Gibson, S. Balanson and two anonymous reviewers for their comments and suggestions
on the earlier versions of the manuscript; and the Cleveland Metroparks and the
Cleveland Museum of Natural History for permission to collect ants within the
boundaries of their protected areas and preserves.

43

LITERATURE CITED

Agosti, D., and L.E. Alonso. 2000. The ALL protocol: a standard protocol for the
collection of ground-dwelling ants. In: D. Agosti, J.D. Majer, L.E. Alonso, and T.
Schultz (eds) Ants: standard methods for measuring and monitoring biodiversity.
Smithsonian Institution Press, Washington, D.C., pp. 204-206.
Alonso, L.E. 2000. Ants as indicators of diversity. In: D. Agosti, J.D. Majer, L.E. Alonso,
and T. Schultz (eds) Ants: standard methods for measuring and monitoring
biodiversity. Smithsonian Institution Press, Washington, D.C., pp. 80-88.
Andersen, A.N. 1983. Species diversity and temporal distribution of ants in the semi-arid
mallee region of northwestern Victoria. Australian Journal of Ecology 8:127-137.
Andersen, A.N. 1990. The use of ant communities to evaluate change in Australian
terrestrial ecosystems: a review and a recipe. The Proceedings of the Ecological
Society of Australia 16:347-357.
Andersen, A.N. 1993. Ants as indicators of restoration success at a uranium mine in
tropical Australia. Restoration Ecology 1:156-167.
Andersen, A.N. 1997. Using ants as bioindicators: multiscale issues in ant community
ecology. Conservation Ecology 1:1-8.
Andersen, A.N., B.D. Hoffmann, W.J. Müller, and A.D. Griffiths. 2002. Using ants as
bioindicators in land management: simplifying assessment of ant community
responses. Journal of Applied Ecology 39:8-17.
Antweb. 2009. Ohio ants. Available at: <http://antweb.org/ohio.jsp.> [Accessed 10
January 2009]

44

Beattie, A.J. 1985. The evolutionary ecology of ant-plant mutualisms. Cambridge
University Press, New York.
Bestelmeyer, B.T., D. Agosti, L.E. Alonso, C.R.F. Brandão, W.L. Brown Jr., J.H.C.
Delabie, and R. Silvestre. 2000. Field techniques for the study of ground-dwelling
ants: an overview, description, and evaluation. In: D. Agosti, J.D. Majer, L.E. Alonso,
and T. Schultz (eds) Ants: standard methods for measuring and monitoring
biodiversity. Smithsonian Institution Press, Washington, D.C., pp. 122-144.
Bolton, B., G. Alpert, P.S. Ward, and P. Naskrecki. 2006. Bolton’s catalogue of ants of
the world: 1758-2005. Harvard University Press, Cambridge, MA, CD-ROM
Burnham, K.P., and W.S. Overton. 1978. Estimation of the size of a closed population
when capture probabilities vary among animals. Biometrika 65:623-633.
Burnham, K.P., and W.S. Overton. 1979. Robust estimation of population size when
capture probabilities vary among animals. Ecology 60:927-936.
Chao, A. 1987. Estimating the population size for capture-recapture data with unequal
catchability. Biometrics 43:783-791.
Chao, A., R.L. Chazdon, R.K. Colwell, and T.J. Shen. 2005. A new statistical approach
for assessing compositional similarity based on incidence and abundance data.
Ecology Letters 8:148-159.
Chazdon, R.L., R.K. Colwell, J.S. Denslow, and M.R. Guariguata. 1998. Statistical
methods for estimating species richness of woody regeneration in primary and
secondary rain forests of NE Costa Rica. In: F. Dallmeier and J. A. Comiskey (eds)
Forest biodiversity research, monitoring and modeling: Conceptual background and
Old World case studies. Parthenon Publishing, Paris, pp. 285-309.

45

Christian, C.E. 2001. Consequences of a biological invasion reveal the importance of
mutualism for plant communities. Nature 413:635-639.
Colwell, R.K. 2006. EstimateS: statistical estimation of species richness and shared
species from samples, version 8. <http://purl.oclc.org/estimates>.
Colwell, R.K., and J.A. Coddington. 1994. Estimating terrestrial biodiversity through
extrapolation. Philosophical Transactions of the Royal Society of London Series B.
345:101-118.
Colwell, R.K., C.X. Mao, and J. Chang. 2004. Interpolating, extrapolating and comparing
incidence-based species accumulation curves. Ecology 85:2717-2727.
Coovert, G. A. 2005. The ants of Ohio. Bulletin of the Ohio Biological Survey New
Series 15:1-196.
Delabie, J.H.C., B.L. Fisher, J.D. Majer, and I.W. Wright. 2000. Sampling effort and
choice of methods. In: D. Agosti, J.D. Majer, L.E. Alonso, and T. Schultz (eds) Ants:
standard methods for measuring and monitoring biodiversity. Smithsonian Institution
Press, Washington, D.C., pp. 145-154.
Ellison, A.M., S. Record, A. Arguello, and N.J. Gotelli. 2007. Rapid inventory of the ant
assemblage in a temperate hardwood forest: species composition and assessment of
sampling methods. Environmental Entomology 36:766-775.
Fisher, B.L. 1998. Ant diversity patterns along an elevational gradient in the Réserve
Spéciale d’Anjanaharibe-Sud and on the western Masoala Peninsula, Madagascar.
Fieldiana Zoology 90:39-67.
Fisher, B.L. 1999. Improving inventory efficiency: a case study of leaf-litter ant diversity
in Madagascar. Ecological Applications 9:714-731.

46

Fisher, B.L. 2005. A model for a global inventory of ants: a case study in Madagascar.
Proceedings of the California Academy of Sciences 56 (Supplement I):86-97.
Folgarait, P.J. 1998. Ant biodiversity and its relationship to ecosystem functioning: a
review. Biodiversity and Conservation 7:1221-1244.
Gleason, H.A., and A.Cronquist. 1991. Manual of vascular plants of northeastern United
Sates and adjacent Canada. New York Botanical Garden, Bronx, NY.
Gotelli, N., and R.K. Colwell. 2001. Quantifying biodiversity: procedures and pitfalls in
the measurement and comparison of species richness. Ecology Letters 4:379-391.
Gotelli, N.J., and A.M. Ellison. 2004. A primer of ecological statistics. Sinauer,
Sunderland, MA.
Greenslade, P.J.M. 1973. Sampling ants with pitfall traps: digging-in effects. Insectes
Sociaux. 20:343-353.
Greenslade, P., and P.J.M. Greenslade. 1971. The use of baits and preservatives in pitfall
traps. Journal of the Australian Entomological Society 10:253-260.
Groc, S., J.H.C. Delabie, R. Céréghino, J. Orivel, F. Jaladeau, J. Grangier, C.S.F.
Mariano, and A. Dejean. 2007. Ant species diversity in the “Grand Causses”
(Aveyron, France): In search of sampling methods adapted to temperate climates.
Comptes Rendus Biologies 330:913-922.
Hölldobler, B., and E.O. Wilson. 1990. The ants. Belknap Press, Cambridge, MA.
Ivanov, K., and J. Milligan. 2008. Paratrechina flavipes (Smith) (Hymenoptera:
Formicidae), a new exotic ant for Ohio. Proceedings of the Entomological Society of
Washington 110:439-444.

47

Jaccard, P. 1901. Étude comparative de la distribution florale dans une portion del Alpes
et du Jura. Bulletin de la Société Vaudoise des Sciences Naturelles 37:547-579.
Kalif, K.A.B., and P. Moutinho. 2000. Comparison of three ant-sampling methods in a
tropical forest in Eastern Amazonia. Boletim do Museu Paraense Emílio Goeldi,
Nova Série, Zoologia 16:75-81.
Kaspari, M. 1993. Body size and microclimate use in Neotropical granivorous ants.
Oecologia 96:500-507.
Kaspari, M., and J.D. Majer. 2000. Using ants to monitor environmental change. In: D.
Agosti, J.D. Majer, L.E. Alonso, and T. Schultz (eds) Ants: standard methods for
measuring and monitoring biodiversity. Smithsonian Institution Press, Washington,
D.C., pp. 89-98.
Kim, K.C. 1993. Biodiversity, conservation, and inventory: why insects matter.
Biodiversity and Conservation 2:191-214.
King, J.R., and S.D. Porter. 2005. Evaluation of sampling methods and species richness
estimators for ants in upland ecosystems in Florida. Environmental Entomology
34:1566-1578.
Krell, F-T., A.Y.C. Chung, E. DeBoise, P. Eggleton, A. Giusti, K. Inward, and S. KrellWesterwalbesloh. 2005. Quantitative extraction of macro-invertebrates from
temperate and tropical leaf litter and soil: efficiency and time-dependent taxonomic
biases of the Winkler extraction. Pedobiologia 49:175-186.
Kremen, C., R.K. Colwell, T.L. Erwin, D.D. Murphy, R.F. Noss, and M.A. Sanjayan.
1993. Terrestrial arthropod assemblages: their use in conservation panning.
Conservation Biology 7:796-808.

48

Lawton, J.H., D.E. Bignell, B. Bolton, G.F. Bloemers, P. Eggleton, P.M. Hammond, M.
Hodda, R.D. Holt, T.B. Larsen, N.A. Mawdsley, N.E. Stork, D.S. Srivastava, and
A.D. Watt. 1998. Biodiversity inventories, indicator taxa and effects of habitat
modification in tropical forest. Nature 391:72-76.
Lessard, J-P., R.R. Dunn, C.R. Parker, and N.J. Sanders. 2007. Rarity and diversity in
forest ant assemblages of Great Smoky Mountains National Park. Southeastern
Naturalist Special Issue 1:215-228.
Longino, J.T. 2000. What to do with the data. In: D. Agosti, J.D. Majer, L.E. Alonso, and
T. Schultz (eds) Ants: standard methods for measuring and monitoring biodiversity.
Smithsonian Institution Press, Washington, D.C., pp. 186-203.
Longino, J.T., and R.K. Colwell. 1997. Biodiversity assessment using structured
inventory: capturing the ant fauna of a tropical rain forest. Ecological Applications
7:1263-1277.
Longino, J.T., J. Coddington, and R.K. Colwell. 2002. The ant fauna of a tropical rain
forest: estimating species richness three different ways. Ecology 83:689-702.
Lopes, C.T., and H.L. Vasconcelos. 2008. Evaluation of three methods for sampling
ground-dwelling ants in the Brazilian Cerrado. Neotropical Entomology 37:399-405.
Marsh, A.C. 1984. The efficacy of pitfall traps for determining the structure of a desert
ant community. Journal of the Entomological Society of South Africa 47:115-120.
Martelli, M.G., M.M. Ward, and A.M. Fraser. 2004. Ant diversity sampling on the
southern Cumberland Plateau: a comparison of litter sifting and pitfall trapping.
Southeastern Naturalist 3: 113-126.

49

Melbourne, B.A. 1999. Bias in the effect of habitat structure on pitfall traps: an
experimental evaluation. Australian Journal of Ecology 24:228-239.
Musgrave, D.K., and D.M. Holloran. 1980. Soil survey of Cuyahoga County, Ohio. Ohio
Department of Natural Resources, Division of Lands and Soil, Columbus, OH.
Oliver, I., and A.J. Beattie. 1996. Designing a cost-effective invertebrate survey: a test of
methods for rapid assessment of biodiversity. Ecological Applications 6:594-607.
Olson, D.M. 1991. A comparison of the efficacy of litter sifting and pitfall traps for
sampling leaf litter ants (Hymenoptera, Formicidae) in a tropical wet forest, Costa
Rica. Biotropica 23:166-172.
Parr, C.L., and S.L. Chown. 2001. Inventory and bioindicators sampling: testing pitfall
and Winkler methods with ants in a South African savanna. Journal of Insect
Conservation 5:27-36.
Poulin, R. 1998. Comparison of three estimators of species richness in parasite
component communities. Journal of Parasitology 84:485-490.
Raven , P.H., and E.O. Wilson. 1992. A fifty-year plan for biodiversity surveys. Science
258:1099-1100.
Underwood, E.C., and B.L. Fisher. 2006. The role of ants in conservation monitoring: if,
when, and how. Biological Conservation 132:166-182.
Walter, B.A., and J.L. Moore. 2005. The concepts of bias, precision and accuracy, and
their use in testing the performance of species richness estimators, with a literature
review of estimator performance. Ecography 28:815-829.
Wilson, E.O. 1987. The little things that run the world (the importance and conservation
of invertebrates). Conservation Biology 1:344-346.

50

Wilson, E.O. (ed). 1988. Biodiversity. National Academy Press, Washington, D.C.
Wilson, E.O. 1992. The diversity of life. Belknap Press, Cambridge, MA.

51

CHAPTER III

EFFICIENCY OF THE WINKLER METHOD FOR EXTRACTING ANTS
(HYMENOPTERA: FORMICIDAE) FROM TEMPERATE-FOREST LITTER1

Kaloyan Ivanov, Jennifer Milligan, and Joe Keiper

ABSTRACT

Winkler litter extraction is a commonly used collecting technique for sampling
arthropods from leaf litter in forested areas. We evaluated the efficiency of the Winkler
method for extracting ants from temperate-forest litter for a typical extraction period of
72 h. The Winkler extraction was followed by hand-sorting sufficient to assure that no
ants remained in the dry litter. We collected 7777 ants, from 31 species, of which 6511
were extracted with Winklers during 72 h and an additional 1266 ants collected
afterwards by hand sorting. Three days were sufficient to recover representatives of all

1

Published as Ivanov, K., J. Milligan, and J. Keiper. 2010. Efficiency of the Winkler method for extracting
ants (Hymenoptera: Formicidae) from temperate-forest litter. Myrmecological News 13:73-79
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ant species from the collected samples, with an average species extraction efficiency of
99%. The lack of significant differences in the number of observed and estimated species
between the materials extracted after 72 h and the totals (including hand-sorted material)
suggests that three days of extraction are sufficient to obtain an unbiased estimate of the
local ant species richness. Winkler extraction also was efficient in terms of the number of
individuals extracted with an average of 91% of the individuals, present in the collected
samples, extracted during the 72 h period. As a result, an extraction time of 72 h allowed
for valid and unbiased estimates of the structure and the composition of the local ant
community. Thus, the 72 h Winkler litter extraction is a rapid and efficient way of
collecting ants in temperate forest areas.

KEYWORDS Ohio, sampling method, Winkler extraction time, species richness
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INTRODUCTION

Winkler litter extraction is among the preferred ant-collecting techniques used by
myrmecologists in forested areas, as it is efficient both in the number of individuals and
the number of species collected. In closed canopy habitats with plentiful leaf litter,
Winkler extraction has proven superior to other commonly applied collecting methods,
such as pitfall trapping, Berlese extraction and baiting (Olson 1991; Fisher 1998, 1999;
Delabie et al. 2000; Kalif and Moutinho 2000; Martelli et al. 2004; Groc et al. 2007;
Lopes and Vasconcelos 2008). In addition to capturing the dominant and the more
common elements of the local ant communities, Winkler extraction also collects many
smaller and cryptic ants inhabiting the leaf litter and the top soil layers, which are not
readily sampled by other techniques (Olson 1991; Bestelmeyer et al. 2000; Fellner et al.
2009). Winkler extraction has been a preferred method not only for its effectiveness but
also for its low methodological and technical requirements, and ease of use (Krell et al.
2005). This technique also requires relatively inexpensive equipment, and does not
require electricity often unavailable in remote areas. In addition, the data collected by
Winkler extraction can be used to assess community structure and composition both
qualitatively and quantitatively, as it provides information on species richness, relative
abundance and frequency of occurrence (Fisher 1999).
The Winkler method is a passive technique designed to measure the abundance
and composition of litter inhabiting ants. A discrete amount (usually 1 m2) of leaf litter
and top soil is scraped from the surface and sifted in the field through a wire mesh to
exclude larger fragments, such as twigs and leaves, and to reduce the volume of the
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collected material. The material then is loaded in flat mesh bags suspended inside a
framed outer cloth bag, which is tied shut. In response to the disturbance of the litter
inside the mesh bags, and as a result of their generalized movements, the ants leave the
substratum, and are collected and preserved in an alcohol-filled container placed at the
bottom of the apparatus (Fisher 1998; Bestelmeyer et al. 2000).
Ideally, the time period that each Winkler extractor is allowed to process the
collected samples should be sufficient to extract all ants in the collected litter. This is,
however, rarely feasible as it can drastically increase the length, and therefore the costs of
a study. This is especially true for rapid inventorying protocols in which time is of utmost
importance. A compromise therefore should be made between the length of the chosen
extraction time and the completeness of extraction. A variety of extraction times have
been used by different researchers, ranging from a single day (Delabie et al. 2000;
Leponce et al. 2004,) to over six days (Brühl et al. 1999), with 2 days (Olson 1991;
Fisher 1998; Delabie et al. 1999; Fisher 1999; Bestelmeyer et al. 2000; Kalif and
Moutinho 2000; Parr and Chown 2001; Lessard et al. 2007; Lopes and Vasconcelos
2008) and 3 days (Ward 1987; Belshaw and Bolton 1994; Longino et al. 2002; Martelli et
al. 2004) being the most commonly used extraction times. The effect of longer extraction
times of up to 7 weeks has also been explored (Krell et al. 2005).
To our knowledge only a few published studies have explored the effect of
extraction-time duration on the quality of the collected data. Krell et al. (2005) found ants
to be the invertebrate group most rapidly extracted from litter samples. Even so, complete
extraction of all ants present in the collected samples was not achieved until day fifteen.
Nevertheless, a large proportion of the individuals (over 92%), had left the substratum by
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72 h, and the subsequent extraction time added only a small portion of individuals and
almost no species, to the total (Krell et al. 2005). Similarly high extraction efficiencies
have been reported from Brazil after 48h (Delabie et al. 1999), California after 72 h
(Ward 1987), and the Afrotropics after 72 h of extraction (Belshaw and Bolton 1994).
Relatively short extraction times therefore seem warranted when focusing on ants.
Finding optimal extraction times is critical for designing rapid, complete and costeffective inventories. Estimation of Winkler extraction efficiency is also important for
validating the reliability of the extracted materials for representing the “true” structure
and composition of the studied community.
Based on published extraction efficiencies we chose a commonly applied
extraction time of 72 h to evaluate the efficiency of the Winkler method for extracting
ground-dwelling ants from temperate-forest litter. We address two main questions. First,
are there taxonomic biases in the resulting data caused by the relatively short extraction
time? Second, is the chosen extraction time sufficient to provide an unbiased picture of
the composition and the structure of the studied community?

MATERIALS AND METHODS

We sampled nine forest fragments during the summer months (late May - late
August) of 2005 and 2006 in the Cleveland Metropolitan area of northeast Ohio, USA.
We conducted the study in temperate mixed mesophytic forest types dominated by
combinations of red and white oak (Quercus rubra L. and Q. alba L.), sugar and red
maple (Acer saccharum Marshall and A. rubrum L.), American beech (Fagus grandifolia
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Ehrh.), tulip tree (Liriodendron tulipifera L.), and hickories (Carya spp.), (for a complete
list of sites, fragment size and vegetation characteristics, see Ivanov and Keiper in press).
The climate of the area is temperate continental with annual precipitation of 1011mm in
2005, and 1032 mm in 2006 (NOAA 2009). The elevation of all sampling locations
ranged between 180 and 370 m a.s.l.
We collected ten 1 m2 samples of leaf litter and top soil from each of the nine
forest fragments, for a total of 90 samples. Sampling locations were chosen at random
from a large dataset of randomly pre-selected sampling points. Sampling was conducted
at least a day after a heavy rain to assure reliable extraction as insects are less effectively
extracted from wet litter (Fisher 1998).
We used a 1 m x 1 m plastic quadrat with movable joints to enclose each
sampling point, collected the leaf litter inside by hand and scraped the top layer (2-3 cm)
of loose soil using a trowel. We sifted the collected material through a sifter with a mesh
opening of approximately 10 mm to exclude larger fragments, such as leaves, twigs and
stones. We placed the sifted material in nylon sample bags and transported them to the
laboratory. We loaded the sifted litter into flattened mesh bags, with an opening of 4 mm,
over a plastic tray to capture any falling litter, which was then returned to the mesh bags.
We used an empty container suspended at the bottom of each Winkler sack to collect any
material falling out of the mesh bags during their placement in the extractor. This
procedure reduces the amount of litter fragments in the final samples and thus facilitates
subsequent sorting. At the onset of the extraction we replaced the empty container with
one containing 95% ethanol. The Winkler extractors were left to operate at room
temperature (~23ºC) for 72 h. At the end of the extraction time, we rinsed the content of
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each collecting container into a labeled vial with 95% ethanol. The dry litter inside each
extractor then was emptied onto a plastic tray and hand sorted by two researchers until all
remaining ants were collected (on average 40-45 min).
Winkler extractors, sample bags and mesh bags were supplied by Marizete Pereira
dos Santos, Rua do Ciqueiral, 60 – Conquista, CEP: 45650-140, Ilhéus, Bahia, Brazil.
We sorted, counted and identified all individuals to species using available
taxonomic keys (Smith 1957; Coovert 2005; Francoeur 2007). We also consulted the
ongoing work of A. Francoeur, who is currently revising the North American members of
the genus Myrmica, to account for the presence of a yet undescribed species in our
samples. We sent challenging specimens to experts. Vouchers are deposited at the
Cleveland Museum of Natural History, Department of Invertebrate Zoology, and the
remaining materials are in the first author’s collection. Nomenclature follows Bolton et
al. (2007).
We calculated individual extraction efficiencies for each sample as the proportion
of all individual ants extracted after 72 h (hereafter referred to as extracted samples),
relative to the total number of individuals (extracted plus hand-sorted materials; hereafter
referred to as totals) present in that sample without regard to species. Similarly, we
calculated generic and species extraction efficiencies for each sample by taking the
proportion of the genera (species) extracted after 72 h to the total number of genera
(species) without regard to number of individuals. The extraction efficiencies reported
here are given in percentages and represent averages across samples for each type of
extraction efficiency (e.g., individual, genus and species), unless otherwise specified. We
calculated species-specific extraction efficiencies for each species by taking the number
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of individual workers of a particular species, extracted after 72 h, expressed as a
percentage of the total number of individuals of that species. The reported values are
averages across all samples in which a particular species was found.
We used sample-based rarefaction to calculate and compare the observed species
richness (rarefaction curves were scaled to number of occurrences) and species density
(curves were scaled to number of accumulated samples), separately for the samples
obtained after 72 h of extraction and for the totals (Gotelli and Colwell 2001). We created
all sample-based rarefaction curves using the analytical method of Colwell et al. (2004),
implemented in EstimateS 8.0 (Colwell 2006). To estimate the asymptotic species
richness in the samples extracted after 72 h and the totals, we calculated the nonparametric Chao2 estimator using 100 randomizations of sample accumulation order
(Colwell 2006). We used the Chao-Jaccard abundance-based similarity index (Chao et al.
2005), available in EstimateS 8.0, to assess the degree of compositional similarity
between the extracted materials and the totals. Prior to the analysis we pooled all
extracted samples into a single large sample, and we did the same with the totals. We
followed this procedure because we were interested in the composition of the studied
community as a whole and not in the compositional variation of individual samples.
Lastly, we constructed and visually compared rank-abundance curves based on our
extracted samples and the totals, in order to assess any differences in the estimated
structure of the local community caused by the chosen extraction time. The obvious lack
of independence between the two variables precluded formal statistical comparison of the
shape of the rank-abundance distributions. We used Spearman Rank Correlation to assess
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the association between the two rank-abundance distributions (SPSS 16.0, SPSS Inc,
Chicago, IL).

RESULTS

We collected 7777 ant workers representing 31 species from 15 genera (Table
III.1). These numbers include 6511 individuals obtained from the collected litter after 72
h, in the Winkler extractors, and an additional 1266 individuals hand sorted from the
remaining dry litter. Nearly all (89 of 90) of the collected samples contained at least one
ant.
We calculated the average genus extraction efficiency at 99.8% ± 2.1 standard
deviations (SD). All genera in nearly all samples (88 of 89) were extracted after 72 h,
with single workers of two genera remaining in a single sample at the end of the
extraction period. All species in 86 of the 89 samples were extracted, and only 3 samples
contained species not extracted after 72 h. We found only single Camponotus
pennsylvanicus (De Geer, 1773) and single Formica glacialis W.M.Wheeler, 1908
workers remaining in two samples, and single individuals of two species (Stenamma
schmitti W.M.Wheeler, 1903 and Ponera pennsylvanica Buckley, 1866) remaining in a
third sample. All of the species mentioned above, however, were present in the materials
extracted from other samples. Thus, all 31 species found in the study area occurred in the
samples extracted after 3 days, and no species that were absent from the extracted
materials emerged during hand sorting. We calculated the average species extraction
efficiency per sample at 99.5% ± 3.0 SD.
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219
185

67
70
28
3
45
43
8
4
21
15
30
4
28
3

Myrmecina americana EMERY, 1895

Myrmica punctiventris ROGER, 1863

Ponera pennsylvanica BUCKLEY, 1866

Tapinoma sessile (SAY, 1836)

Stenamma impar FOREL, 1901

Temnothorax curvispinosus (MAYR, 1866)

Myrmica sp.

Lasius umbratus (NYLANDER, 1846)

Stenamma schmitti W. M. WHEELER, 1903

Stenamma brevicorne (MAYR, 1886)

Amblyopone pallipes (HALDEMAN, 1844)

Lasius nearcticus W. M. WHEELER, 1906

Camponotus pennsylvanicus (DE GEER, 1773)

Brachymyrmex depilis EMERY, 1893

61

36

51

61

74

76

92

123

351

442

508

938

1066

1132

32

Lasius alienus (FOERSTER, 1850)

2252

n-Ind-T

59

n-Occ

Aphaenogaster picea (W. M. WHEELER, 1908)

Species

31

50

61

67

71

91

119

177

215

350

424

393

827

986

1068

1423

n-Ind-extr

5

1

0

7

5

1

4

8

4

1

18

115

111

80

64

829

n-Ind-hand

88.9

96.4

100.0

93.8

90.6

95.2

97.8

94.4

98.5

99.9

71.8

89.0

94.7

93.6

99.1

87.5

aver-EE

10.2

18.9

0.0

15.1

16.0

21.8

3.3

10.3

5.5

0.5

25.4

23.5

10.6

11.2

2.8

18.9

SD

Table III.1. List of the collected ant species with corresponding abundances and species-specific extraction-efficiency values. Species
are arranged in decreasing order of total abundances recorded. Abbreviations are as follows: n-Occ (Number of occurrences); n-Ind-T
(total number of individuals); n-Ind-extr (Number of individuals extracted, 72 h); n-Ind-hand (Number of individuals hand sorted);
aver-EE (Average sample extraction efficiency in %); SD (standard deviation).

2
6
4
6
5
1
3
3
3
3
3
1
1
1
1

Formica subsericea SAY, 1836

Aphaenogaster rudis J. ENZEMANN, 1947

Temnothorax longispinosus (ROGER, 1863)

Prenolepis impairs (SAY, 1836)

Myrmica pinandorum W. M. WHEELER, 1905

Myrmica semiparasitica FRANCOEUR, 2007

Formica glacialis W. M. WHEELER, 1908

Camponotus nearcticus EMERY, 1893

Formica neogagates EMERY, 1893

Camponotus subbarbatus EMERY, 1893

Crematogaster cerasi (FITCH, 1854)

Temnothorax schaumii (ROGER, 1863)

Protomognathus americanus (EMERY, 1895)

Camponotus chromaiodes BOLTON, 1995

n-Occ

Myrmica emeryana FOREL

Species

62

1

1

1

1

3

4

5

7

8

9

21

21

22

33

34

n-Ind-T

1

1

1

1

3

4

4

6

6

4

20

20

21

33

33

n-Ind-extr

0

0

0

0

0

0

1

1

2

5

1

1

1

0

1

n-Ind-hand

100.0

100.0

100.0

100.0

100.0

100.0

88.9

66.7

77.8

44.4

98.5

98.3

93.8

100.0

97.9

aver-EE

-

-

-

-

0.0

0.0

19.3

57.7

38.5

-

3.4

4.1

12.5

0.0

2.9

SD

We calculated the average individual extraction efficiency at 90.7% ± 12.7 SD.
All individuals present were extracted after 72 h in nearly a third (~33%) of the samples.
Ten of all collected samples showed an individual extraction efficiency of less than 70%,
with only two of these samples (2.2% of total) showing an extraction efficiency of <50%
(Fig. III.1). All ten samples that showed lower individual extraction efficiency (<70%)
contained at least 50 Aphaenogaster picea (W. M.Wheeler, 1908) workers, with the
highest total number of workers in a single sample being 478. We calculated the average
species specific extraction efficiency for A. picea in samples containing over 50 workers
at approximately 62%, and that for samples containing <50 workers at 96%.
Aphaenogaster picea was the only species with high numbers of individuals remaining in
the substratum after 3 days of extraction, and a large proportion (0.65) of the 1266
individual workers remaining in the dry litter after the 72 h extraction time belonged to
this species.

Figure III.1. Frequency distribution of the estimated extraction efficiencies based on
individuals presented as proportion of total samples.
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Average species-specific extraction efficiencies ranged from a low of 44.4%
(Myrmica pinetorum W. M. Wheeler, 1905, occurring in a single sample) to a high of
100.0% (9 species; Table III.1). Twenty seven of the 31 species collected were extracted
with an average efficiency of over 85%, and only two with an efficiency of <70% (Table
III.1).
The sample-based rarefaction curves (not included) scaled to number of samples,
and to number of individuals, were nearly identical, with almost completely overlapping
95% confidence intervals. The species density and species richness estimates of the
studied community therefore did not differ significantly when based on samples extracted
after 72 h or on totals. Our estimates of the expected number of species when based on
materials extracted after 72 h (34.3 species) or on totals (35.9 species) also were nearly
identical and did not differ significantly from each other as evidenced by the broad
overlap of the 95% confidence intervals.
The compositional similarity between the extracted samples and the totals was
estimated at 1.0 (i.e., 100%), showing no differences in the composition of the studied
community when estimated based on samples extracted after 72 h or when estimated
based on totals.
The rank-abundance curves based on extracted samples and on totals were very
similar (Spearman’s rho = 0.996), with shifts in species ranks occurring only in three
positions along the distribution (Fig. III.2). These shifts included species increase /
decrease in rank of no more than two positions (i.e., forward or backward shift in rank by
one or two places). Moreover, only one of these shifts concerned the abundance rank of
the 15 most common species in our study, with the remaining two shifts occurring
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towards the tail end of the rank-abundance distribution. Our data thus provide no
evidence of a substantive difference between the rank-abundances based on Winkler
extracted materials and on totals.

Figure III.2. Rank-abundance curves based on samples extracted after 72 h (dark bars)
and on totals (extracted plus hand sorted material; open bars). Species are arranged by
their abundance in the extracted samples. Black arrows and horizontal lines pinpoint
shifts in species rank. Inset graph shows shifts in species rank between Winkler extracted
materials and totals. Points laying on the dotted line show no shift in species rank, those
above the line represent forward shift in rank after hand sorting, and those below
represent drop in rank. The magnitude of the shift is represented by the distance from the
line.
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DISCUSSION

Our data document a high efficiency of Winkler litter extraction, with a large
proportion of all individuals and representatives of all species extracted from the
collected samples after 72 h. The chosen time duration therefore is appropriate for
extracting ants from temperate forest litter. The 72 h duration did not cause taxonomic
bias or distortion in the collected data, as all species found during hand sorting of the dry
litter also were present in the extracted materials. Our estimates of both the observed and
the expected species richness were not affected by the length of the extraction time,
which thus is sufficient for a valid representation of the number of species in the study
area. The complete overlap between the extracted samples and the totals in terms of
species composition shows that the composition of the local community indeed was
accurately represented by the materials extracted after 72 h. The high similarity in the
rank-abundance curves between the extracted samples and the totals shows that the three
day period was sufficient to recover the abundance rank of the majority of the species,
and therefore allows for an accurate estimation of the structure of the studied community.
The high average individual extraction efficiency shows that the majority of the
individuals left the substratum after three days. Only about 11% of the 89 samples
containing ants showed an individual extraction efficiency of <70% (Fig. III.1). All of
these samples contained large numbers of A. picea, with many of the workers still present
in the dry litter inside the mesh bags after 72 h. On the occasions when un-extracted A.
picea workers were present, we found those settled down in the center of the litter. Thus,
when large colony fragments of that species are present in the collected samples, the
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individual workers seem to cluster together in the mesh bags (K. Ivanov, unpubl.), and
accordingly are extracted with a lower efficiency. This fact should be taken in
consideration by researchers employing Winkler extraction in areas where this or similar,
numerically dominant, species occur. The high numbers of un-extracted A. picea
workers, however, did not lead to changes in abundance rank, due to the species’ high
numerical dominance in the collected samples. Breaking up nesting aggregations, such as
the ones described above, and thus improving extraction efficiency, can be achieved
through removing, remixing, and reloading the litter after a day of extraction. This
procedure however, as pointed out by Krell et al. (2005) may be hard to standardize and
may lead to loss of mobile arthropods during the remixing and reloading process.
Four species showed an average species-specific extraction efficiency of <80%
(Table III.1). These species, however, either were represented in too few samples or by
too few individuals, or both, to judge if they indeed show a tendency towards extraction
with lower efficiency, or if the observed results were caused by chance.
Our calculated individual and species extraction efficiencies are very similar to
those reported from other studies (Table III.2). The Winkler method shows striking
consistency in extraction efficiency, especially considering the broad range of vegetation
types and geographic areas represented in these studies. Our hand sorting of the dry litter
took approximately 1.5 person hours per sample to process. Thus, for all 89 samples
containing ants, an additional 15 days (assuming 10 h work day) were required to remove
all remaining ants from the collected samples. This increase in sample-processing time
seems impractical considering that the materials collected after hand sorting did not lead
to changes in the estimates of the community species richness, composition, and
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structure. A more practical , and time effective approach, therefore, would be focusing
one’s efforts on collecting a larger number of litter samples from a study area, rather than
spending time searching for remaining ants in the dry litter after extraction.

Table III.2. Extraction time (ET), individual extraction efficiencies (IEE) and species
extraction efficiencies (SEE) based on published studies.
Study

ET (h)

IEE (%)

SEE (%)

Delabie et al. (1999)

48

85

95

Ward (1987)

72

85

98

Belshaw and Bolton (1994)

72

86

88

Krell et al. (2005)

72

92

-

This study

72

91

99

Based on our findings, we agree with Krell et al. (2005) that shorter extraction
times are efficient and practical when focusing on ants. Due to time constraints, longer
extraction periods (up to 1 week), or the addition of hand sorting through the dry litter
seem unwarranted, especially viewed in the light of only a small gain in the number of
species and / or individuals collected after 72 h of extraction. In conclusion, the 72 h
Winkler litter extraction is an efficient, rapid collecting technique that allows for valid
representation of the structure and composition of the local ant communities inhabiting
the leaf litter and the top soil layers in temperate forest areas. However, given the
differences in litter moisture and composition, species tolerances, and ambient drying
temperatures the efficiency of the Winkler-extraction duration will almost certainly vary
across studies and / or geographic areas. We recommend that researchers use approaches
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similar to the ones presented in this paper to determine optimal extraction times and
establish extraction periods most appropriate to their studies and research areas.
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CHAPTER IV

ANT (HYMENOPTERA: FORMICIDAE) DIVERSITY AND COMMUNITY
COMPOSITION ALONG SHARP URBAN FOREST EDGES1

Kaloyan Ivanov and Joe Keiper

ABSTRACT

The effects of forest edge on ant species richness and community composition
were examined within an urbanized area of northeast Ohio. The ground-dwelling ant
fauna was inventoried in three deciduous forest fragments that have resulted from human
disturbance. We surveyed ants via leaf-litter extraction along 150m transects positioned
perpendicular to the forest edge. We collected 4670 individuals from 14 genera and 29
species. Samples closest to the forest edge contained more species and accumulated

1

Published as Ivanov, K., and J. Keiper. 2010. Ant (Hymenoptera: Formicidae) diversity and community
composition along sharp urban forest edges. Biodiversity and Conservation 19: 3917-3933 DOI:
10.1007/s10531-010-9937-3
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species at a higher rate than did samples located in the forest interior. Our rarefied and
expected richness estimates revealed a decline of species richness from edge to forest
interior. The higher ant richness at the forest edge was due mostly to the presence of
species characteristic of the neighboring open habitats. Although most of the typical
forest ant species were represented equally at the edge and at the forest interior, a few
responded to the presence of edges with changes in their relative abundance and
frequency of occurrence. Forest edges had a higher proportion of opportunistic species
and a lower proportion of cryptic ants, whereas interior locations exhibited a more even
distribution among ant functional groups. In addition, we documented a community
composition shift between the edge and the forest interior. Consistent with previous
findings, we suggest that the edge effects are most pronounced within 25 m of the forest
edge, which may have implications for the overall conservation of forest-dwelling fauna.

KEYWORDS edge effects, functional groups, Ohio, species richness, Winkler litter
extraction
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INTRODUCTION

Clearing of native vegetation and the fragmentation and destruction of natural
habitats that accompany it are among the major threats to biodiversity (Didham et al.
1996; Majer et al. 1997; Ries et al. 2004). Though these processes affect both natural and
anthropogenic areas alike, they are commonly perceived as being characteristic of urban
environments. Urban ecosystems, such as city parks, typically are fragmented green
spaces surrounded by residential areas, commercial space, industrial zones, and roads.
Similar to fragmented natural habitats, urban forests consist of isolated patches with
reduced area and high proportion of edge. The increased edge to interior ratio in these
forest patches is one of the major driving forces shaping the physical and biological
changes occurring in fragmented landscapes, as compared to continuous habitats (Halme
and Niemelä 1993; Murcia 1995; Ewers et al. 2007). Habitat fragmentation and the
associated creation of edges lead to the formation of transitional zones characterized by
abiotic and biotic conditions that are different from those in the adjacent areas,
collectively termed edge effects (Murcia 1995). The transition between the two
environments can be either gradual or sharp (Fenske-Crawford and Niemi 1997; Strayer
et al. 2003; Ries et al. 2004), with the abruptness of these edge transitional zones
affecting the intensity of the associated edge effects (e.g., soft vs. hard edges). In urban
settings, the forest fragments usually are surrounded by a matrix of low structural
complexity that leads to the creation of hard edges, typically occurring within only a few
meters. High-contrast edges typical of urban environments alter physical gradients of
light, moisture, temperature and wind velocity and subsequently affect biological
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processes (Murcia 1995). Edges provide ecological conditions that are distinctly different
than those in the adjacent forest interior and often have different species composition and
abundance. While some taxa respond positively to edges, those that require typical forest
conditions often are negatively affected (Yahner and Scott 1988; Fowler et al. 1993;
Didham 1997; Didham et al. 1998; Carvalho and Vasconcelos 1999; Kotze and Samways
2001; Baker et al. 2002). The often contrasting responses of different species to the
creation of edges relate to a variety of factors, among which are microclimate,
availability of resources, and species’ physiological tolerances. At least for invertebrates,
there is a consensus that species do not respond uniformly to edge creation (Didham et al.
1998). The response of organisms to edge habitats, therefore, needs to be explored on
taxon-specific basis, as the responses of any group would likely differ based on its
ecological requirements. The various ecological roles that ants perform in terrestrial
habitats make them a suitable group to explore the effects of edge creation.
Ants play major ecological roles as predators, scavengers, mutualists, seed
gatherers and dispersers. Ants often are termed ecosystem engineers for their importance
in soil turnover and nutrient redistribution, which in turn can affect other organisms both
directly or indirectly. Ants participate in a variety of mutualistic relationships with plants,
fungi and animals, and also are an important prey item for birds, reptiles, amphibians,
mammals, as well as various invertebrates (Hölldobler and Wilson 1990; Folgarait 1998).
Thus, the changes resulting from habitat fragmentation and the creation of habitat edges
in the local ant communities may directly or indirectly impact organisms associated with
ants. In addition, the response of ants to edge creation may give us an insight into the
response of other groups of organisms with similar ecological requirements. Edge-
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mediated changes in species richness and composition of the local ant communities may
ultimately lead to modifications of species interactions, such as competition, predation,
parasitism, pollination, and seed dispersal (Murcia 1995; Laurence et al. 2002; Ries et al.
2004). Changes in local ant communities, after environmental perturbations, have been
reported to be a sign of changes in other ogranismal groups (Majer 1983). Ness and
Morin (2008) reported an increase of an important seed dispersing ant agent,
Aphaenogaster rudis (Enzmann, J. 1947) away from forest edges correlated with an
increase in the density of myrmecochorous herbs. An increase of aphid tending ants near
edges was reported by Fowler et al. (1993).
The responses of organisms to transitional zones can provide information on the
potential effects of anthropogenicaly driven environmental changes. It is important to
document how habitat fragmentation and the presence of edges affect ogranismal
diversity, as the changes brought about by these activities ultimately may result in
alteration of ecosystem processes, such as productivity, decomposition of organic matter
and nutrient cycling (Laurence et al. 2002). This is especially relevant to ants, an
important group of ecosystem engineers that directly or indirectly affect other organisms
through their activities (Hölldobler and Wilson 1990; Folgarait 1998). Because of their
important ecosystem functions, their responsiveness to environmental modifications,
relatively stationary colonies, and ease of sampling, ants have been used as indicators of
biodiversity and disturbance (Majer 1983; Andersen 1990, 1997a; Alonso 2000; Kaspari
and Majer 2000; Andersen and Majer 2004; Underwood and Fisher 2006).
Studies of edge effects on ant communities often provide controversial results,
reporting increase, decrease or no alteration of species richness and abundance at forest
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edges (Didham 1997; Majer et al. 1997; Vasconcelos 1999; Carvalho and Vasconcelos
1999; Kotze and Samways 2001; Dauber and Wolters 2004; Sobrinho and Schoereder
2007). These findings are not surprising as the response of local ant communities to edge
creation is influenced by a variety of additional factors, among which the nature of the
surrounding landscape, geographic location, degree of isolation, and the boundary
contrast between the adjacent areas. The most consistent results of edge-associated
studies are those reporting changes in local community composition (Carvalho and
Vasconcelos 1999; Gibb and Honchuli 2002; Dauber and Wolters 2004; Lessard and
Buddle 2005). Although some studies have been conducted in urban areas, there still is
relatively little information on how local-scale factors, such as the presence of sharp
urban edges, affect ant assemblages. Dauber and Wolters (2004) found no differences in
ant richness and ant nest density at sharp ecotones between different types of humanmodified agricultural landscape. The study, however, detected preferences of aggressive
ant species to edge habitats which resulted in compositional shifts of the local ant
community between edge and forest interiors. Similarly, Lessard and Buddle (2005)
found a higher proportion of aggressive and dominant ant species at edges between
forests and adjacent residential backyards in Quebec. Suarez et al. (1998), Bolger et al.
(2000), and Holway (2005) found the invasive Argentine ant (Linepithema humile) to be
more common at urban edge habitats, as compared to forest interiors. Thus, urban edges
often are associated with presence of aggressive ant species, including invasive species,
able to move into these transitional zones from the surrounding urban matrix. The
presence of such species at the forest edge could interfere with the immigration and
dispersal of ground-dwelling arthropods, reduce edge permeability and, as a result, affect
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local diversity and community composition (Dauber and Wolters 2004; Lessard and
Buddle 2005).
Along with habitat patch size and the presence of invasive species, edge effects
are among the key features of the urban landscape that are likely to affect local
ogranismal communities. Protecting the remaining fragments of forests within urban
centers often is the only way of preserving representatives of the original forest
associated flora and fauna, and the crucial role of urban parks in species conservation has
been recognized (Adams 2005; McFrederick and LeBuhn 2006). These areas, however,
are prone to edge effects which can influence local diversity, abundance, and community
structure. Understanding the characteristics of urban areas that shape local diversity
therefore is critical for effective management and conservation practices (Niemelä 1999).
Here we report the results of a study designed to evaluate the degree of influence
of hard urban edges on local ant communities. We focused on the distribution patterns of
ground-dwelling ants in relation to edges between mixed mesophytic forest fragments
and adjacent developed areas. We investigated how local ant communities differ in terms
of composition, abundance, and species richness, depending on whether they were
situated near to, or away from, the forest edge. In addition, we explored the response of
ant functional groups to edge creation. The classification of taxa, such as ants, based on
ecological, rather than purely taxomic criteria can reduce the complexity of local
communities and help tease apart general patterns of community structure in response to
environmental stress, such as creation of habitat edges. A framework for North American
ant functional groups exists based on ant habitat requirements and competitive
interactions, and classification of North American taxa into functional groups can be
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found in Andersen (1997b). The classification of ant taxa into functional groups allows
for the analyses of general patterns in community organization in relation to
environmental gradients. The functional group model has been previously applied to
analyze the response of ant communities to disturbance (review in Hoffmann and
Andersen 2003).

MATERIALS AND METHODS

Study Area
The study was conducted in the formerly glaciated Cleveland metropolitan area of
northeastern Ohio, USA. Three forest fragments, Huntington Reservation (41 ha; 41° 29'
N, 81° 56' W), Bedford Reservation (890 ha; 41° 22' N, 81° 33' W), and Hinckley
Reservation (915 ha; 41° 12' N, 81° 42' W), were sampled during the summer (May 29 to
July 25) of 2007, which is the time of maximal ant activity in the region. This period was
selected to minimize environmental variations, such as temperature, light regime, and
precipitation, which have an effect on ant community composition and abundance.
Experience in NE Ohio (Ivanov unpubl.) has shown that the composition of the local ant
communities is largely consistent during the selected summer months.
The predominant land use type in the study area is urban land, and the majority of
the remaining forested areas are variably sized fragments that have resulted from human
disturbance. The sites included in this study are part of the Cleveland Metroparks System
and were selected for the largely forested areas that remain within their boundaries. The
climate of the area is temperate continental, modified by its proximity to Lake Erie. Soils
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are derived from glacial till, and the underlying bedrock is sandstone and shale
(Musgrave and Holloran 1980). The annual precipitation in 2007 was 1052 mm (NOAA
2010). The elevation of all sampling locations ranged between 190 and 380 m a.s.l.
All sampling sites are located within mixed mesophytic forest types, dominated
by combinations of red and white oak (Quercus rubra L. and Q. alba L.), sugar and red
maple (Acer saccharum Marshall and A. rubrum L.), American beech (Fagus grandifolia
Ehrh.), tulip tree (Liriodendron tulipifera L.), and hickories (Carya spp), supplemented to
varying degrees by black cherry (Prunus serotina Ehrh.), cucumber tree (Magnolia
accuminata (L.), and basswood (Tilia americana L.). The understory is characterized by
seedlings and saplings of the canopy trees; the shrubs Lindera benzoin L., Hammamelis
virginiana L., and Viburnum spp.; the vines Toxicodendron radicans (L.), Parthenocissus
quinquefolia (L.), and Smilax spp.; various herbs, graminoids, and ferns. Plant
nomenclature follows Gleason and Cronquist (1991).
Transects locations were selected in each of the study sites after examination of
aerial photographs, multiple site visits and ground truthing. Transects were positioned in
areas characterized by sharp boundaries between the forest matrix and the surrounding
landscape. The chosen locations are representative of the common interfaces between
forests and human-modified open areas, characteristic of the area. All transects were
bordered by urban grass-dominated features, such as picnic areas, mowed lawns, ball
fields and residential backyards. It was our intent to position all transects following a
north-south direction and having a northern aspect. However, due to the lack of
appropriate sharp grass-forest boundaries, and due to the presence of environmental
features such as water bodies, residential/commercial buildings, and paved areas in
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proximity to the forest edge three of the transects, one in each fragment, were placed
following an east-west direction and having an eastern aspect.

Sampling Design
Ants were collected using Winkler litter extraction. Three transects were selected
within each of the forest fragments, and separated from each other by at least 200 m.
Each transect was 150 m long and was positioned perpendicular to the forest edge. A
litter sample was taken at each of 7 pre-determined distances from the forest edge: 2, 5,
10, 25, 50, 100, and 150 m. We chose150 m as our transect length as previous studies
have shown that edge effects dissipate within the first 50 m into the forest (Murcia 1995;
Sobrinho and Schoerder 2007). Litter collection was conducted between 10.00 and 16.00
h, and at least a day after a heavy rain as insects are extracted less effectively from wet
litter (Fisher 1998).
We used a 1m x 1m plastic quadrat to enclose each sampling point, collected the
leaf litter inside by hand, and scraped the top layer (2-3 cm) of loose soil using a trowel.
We sifted the collected material through a sifter with a mesh opening of approximately 10
mm to exclude larger fragments, such as leaves, twigs and stones. We placed the sifted
material in sample bags and transported them to the laboratory. We loaded the sifted litter
into flattened mesh bags and suspended them inside the Winkler extractors. We used an
empty container placed at the bottom of each Winker sack to collect any material falling
out of the mesh bags during their placement in the extractor. This procedure reduces the
amount of litter fragments in the final samples and thus facilitates subsequent sorting. At
the onset of the extraction we replaced the empty container with one containing 95%
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ethanol. The Winkler extractors were left to operate at room temperature for 72 h, three
days being sufficient to extract nearly all ant species and the majority of individuals from
the collected samples (Ivanov et al. 2010). At the end of the extraction time, we rinsed
the content of each collecting container into a labeled vial with 95% ethanol.
At each sampling point we recorded a set of environmental variables that are
known or are suspected to influence ant activity and distribution. Air, surface, and soil
temperatures were measured to the nearest 0.1ºC, using commercial Sigma EAI TMH300 thermo-hygrometer (air), Raytek MT2 infrared thermometer (surface), and Taylor
9878 digital thermometer (soil). Soil pH and moisture were measured with Kelway HB-2
soil tester, light intensity with Extech 401025 digital light meter to the nearest lux, and
canopy cover to the nearest 1% with a concave spherical model-C densiometer. We
measured leaf litter depth, to the nearest mm, using standard metric scale metal ruler. All
variables were recorded at the time of leaf-litter collection.
We sorted, counted and identified all individuals to species using the taxonomic
keys in Smith (1957), Coovert (2005), and Francoeur (2007), as well as the
characterization of the Tetramorium caespitum/impurum complex provided in SchlickSteiner et al. (2006). We also consulted the ongoing work of A. Francoeur, who is
revising the North American members of the genus Myrmica, to account for the presence
of a yet undescribed species in our samples. Vouchers will be deposited at the Cleveland
Museum of Natural History, Department of Invertebrate Zoology, and the remaining
materials are in the first author’s collection. Ant nomenclature follows Bolton et al.
(2007).
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Data Analysis
Reproductives were excluded from all analyses as their presence in the collected
samples does not necessarily denote presence of an established colony at the sample
location (Fisher 1999). The data, consisting of replicated collections of individuals
identified to species, were used to assess quantitatively any differences in species
richness, abundance and composition between the sampled points. Our analyses showed
no evidence for obvious differences in community properties, such as species richness
and composition, between the transects. Thus for the clustering and species overlap
analyses we pooled the nine samples for each distance to yield a single occurrence vector
for each of the seven distances sampled.
We used sample-based rarefaction to calculate and compare the observed species
richness across the ecotone (rarefaction curves were scaled to number of occurrences;
Gotelli and Colwell 2001). Using incidence and not abundance data is necessary as the
sociality of ants often leads to high clumping of individuals within samples that can skew
species-richness comparisons and species-abundance relationships (King and Porter
2005). We created all sample-based rarefaction curves using the analytical method of
Colwell et al. (2004), implemented in EstimateS 8.2 (Colwell 2009). To estimate the
asymptotic (total) species richness we calculated the second-order jackknife (Jack 2;
Burnham and Overton 1978, 1979), and the Chao2 (Chao 1987) estimators, using 100
randomizations (without replacement) of sample accumulation order (Colwell 2009).
Both estimators use the number of species that occur in exactly one (unique species), and
exactly two (duplicates) samples to estimate the number of species that are present but
not sampled (Colwell and Codington 1994), and therefore rely only on presence/absence,
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and not abundance data. These two estimates have been found, overall, to be the least
biased and the most precise estimation methods on various occasions (Colwell and
Codington 1994; Walter and Moore 2005; Hortal et al. 2006).
We used a one-way ANOVA to test for differences in ant species density (number
of species per sample) and abundance among samples collected at different distances
from the forest edge. Normality and homoscedasticity of the data were confirmed prior to
the analyses using Kolmogorov-Smirnov test and Levene’s test, respectively. Where
needed, data were transformed to normality to meet parametric assumptions.
We used hierarchical clustering (group-average linking algorithm with Sørensen
similarity measure) to identify natural groupings among the sampled points according to
similarities in their species composition. Cluster analysis is the assignment of samples
into groups (clusters), so that samples within the same cluster are more similar to each
other than to samples from different clusters (Gauch and Whittaker 1981). We used a
non-parametric one-way Analysis of Similarity (ANOSIM, Clarke 1993) to test for
statistical differences in species composition between the identified clusters. Both
analyses were performed with the PAST software package (version 1.97, Hammer et al.
2001).
We calculated and compared the Chao-Sørensen similarity index based on
replicated incidence-based sample data, along with the proportion of observed shared
species as measures of the degree of species overlap across the ecotone. In addition, we
examined the proportion of known ant functional groups across each of the sampled
distances. Functional groups were assigned following Andersen (1997b), with the
exception of Lasius nearcticus Wheeler, W.M. 1906, Lasius speculiventris Emery, 1893,
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and Lasius umbratus (Nylander, 1846) which here are considered Cryptic Species. Our
assignment is based on the fact that these species forage predominantly in the soil and
litter, and as such they have little interaction with epigaeic ants (see also Brown 2000).
Our intent was to explore any patterns in the ant community organization, in relation to
forest edge, based on groups united by ecological rather than purely taxonomic criteria.
We also investigated population changes in the most common and abundant species in
relation to distance from the forest edge.
We used Spearman rank correlation to assess the association between our species
richness estimates, environmental data and distance from the forest edge. Environmental
variables that showed significant association with distance from forest edge were
subjected to one-way ANOVA to test for significant differences across the sampled
points. We used SPSS 16.0 (SPSS Inc, Chicago, IL) for all statistical analyses, unless
otherwise noted in the text.

RESULTS

Ant Diversity and Abundance
A total of 29 ant species (Table IV.1), representing 14 genera and 5 subfamilies,
were identified among the 4670 ants collected. An additional 125 reproductives were
excluded from all statistical analyses. The total number of species, found by combining
the data for all replicate samples for each distance, ranged from a low of 15 species (150
m samples) to a high of 22 species (2 m samples), (Table IV.1). Observed species
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Table IV.1. Ant species found at each sampled distance from forest edge.
Subfamily/Species

Distance from forest edge (m)
2

5

10

25

50

100

150

0

0

2

3

0

1

2

6

6

5

3

5

5

5

Myrmica punctiventris

7

6

7

8

4

8

7

Myrmica sp.

2

1

1

1

2

3

0

Stenamma brevicorne

4

4

5

5

4

2

0

Stenamma impar

0

1

3

3

5

3

4

Stenamma schmitti

1

0

2

2

2

1

2

Aphaenogaster picea

3

5

5

5

7

7

8

Aphaenogaster rudis

1

1

1

1

1

0

2

Temnothorax curvispinosus

8

5

4

5

5

5

4

Temnothorax longispinosus

0

0

1

1

0

0

0

Temnothorax schaumii

1

0

1

0

0

0

0

Myrmecina americana

5

4

6

5

4

7

8

Pyramica abdita

1

0

0

0

0

0

0

Pyramica reflexa

1

0

0

0

0

0

0

Tetramorium sp. E

1

0

0

0

0

0

0

Amblyoponinae
Amblyopone pallipes
Ponerinae
Ponera pennsylvanica
Myrmicinae
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Subfamily/Species

Distance from forest edge (m)
2

5

10

25

50

100

150

2

1

2

0

1

0

0

Prenolepis imparis

2

2

1

0

0

0

0

Lasius alienus

7

4

4

1

3

3

1

Lasius nearcticus

0

0

0

0

0

1

0

Lasius speculiventris

0

0

0

0

1

0

0

Lasius umbratus

0

0

0

0

0

0

1

Formica glacialis

1

0

0

0

0

0

0

Formica subsericea

1

1

0

1

1

1

1

Formica pallidefulva

1

1

1

0

0

0

0

Camponotus chromaiodes

0

0

0

0

1

1

0

Camponotus pennsylvanicus

7

4

3

2

1

5

3

Camponotus nearcticus

2

3

1

2

2

0

1

Camponotus subbarbatus

5

3

1

1

2

2

2

22

17

20

17

18

16

15

Dolichoderinae
Tapinoma sessile
Formicinae

Number of species

Data are number of occurrences for each species.
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richness, rarefied to 49 species occurrences, was also highest for the 2 m samples (Fig.
IV.1), but not significantly different across the sampled distances as evidenced by the
overlap of the 95% confidence intervals (Fig. IV.1, Inset). Estimates of asymptotic
species richness ranged from a low of 16.1 (Chao 2) and 18.9 species (Jack 2), for the
samples furthest away from the forest edge (i.e., 150 m), to a high of 28.4 (Chao 2) and
34.3 species (Jack 2) for the samples located near the forest edge (i.e., 2 m). Both
expected species richness estimates showed strong negative association with distance

Figure IV.1. Species richness by distance, using three different richness estimates:
rarefaction estimate standardized at 49 species occurrences, Chao 2 and Jack 2
asymptotic species richness estimates. Inset graph represents sample-based rarefaction
curves for each distance. For clarity, the 95% CIs (dotted lines) are shown only for the
2m samples.
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from forest edge (Spearman correlation: r = -0.929, P = 0.003). The observed number of
species, rarefied species richness, and asymptotic estimates showed a close agreement in
how they ranked the sampled distances from low to high species richness (Fig. IV.1,
Table IV.1).
Small scale species richness (species density) was not significantly different
across the sampled distances (F (6, 56) = 1.005, P > 0.1), nor did it follow the trend
exhibited by our estimates of community richness. The highest species density again was
noted for the 2 m samples (7.67 species/sample ± 0.96 SE), however the lowest estimate
was observed for the samples located 25 m (5.44 species/sample ± 0.71 SE) from the
forest edge (Fig. IV.2). No association was found between our estimates of species
density and distance from the forest edge.

Figure IV.2. Average species density per distance from forest edge. Error bars are ± 1SE.
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The average ant abundance per sample was highest at the 2 m samples (104.2
individuals/sample ± 36.3 SE), declined steadily to the samples located at 25 m (43.2
individuals/sample ± 14.0 SE), followed by an increase at the three distances deepest into
the interior (Fig. IV.3). The average ant abundance was not significantly different across
the sampled distances (F (6, 56) = 1.032, P > 0.1).

Figure IV.3. Average ant abundance per distance from forest edge. Error bars are ± 1SE.

Community Composition and Species Turnover
The dendrogram of similarity by distance from the forest edge divided the transect
points into two distinct groups at 75% similarity (Fig. IV.4). The four points deepest into
the forest interior (25 to 150 m) formed one cluster, and the samples collected near the
forest edge (2, 5, and 10 m) formed a second group. Analysis of similarity (ANOSIM),
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using Sørensen’s similarity metric, revealed a significant difference in species
composition between the forest interior and the edge clusters (R = 0.243, P = 0.0067).

Figure IV.4. Dendrogram for hierarchical clustering of distances from forest edge
according to similarities in ant species composition.

The greatest species turnover occurred between the 2 m samples and the two
distances furthest away from the forest edge (i.e., 100 and 150 m; Fig. IV.5a). A similar
magnitude of species turnover was found for the samples located at the 5 and the 10m
when compared with the forest interior samples. In general, each sampled distance
showed greatest similarity to its immediate neighbors (Figs. IV.5a and b). For example,
the 2 m samples were most similar to the 5 and the 10 m samples, and the 10 m samples
were most similar to the 5 and the 25 m samples. The edge cluster members (i.e., 2, 5 and
10 m samples) were more similar to each other and exhibited lower similarity when
compared to the members of the forest interior cluster. Similar trends were found when
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we used the proportion of observed shared species across the sampled distances as a
measure of species turnover. The average proportion of shared species among the
members of the edge cluster was estimated at 0.86, for the forest interior cluster at 0.82,
and between the two clusters at 0.61. Fewer than 50% of the observed species were
shared between the samples located at the forest edge and those located furthest into the
forest interior.

Figures IV.5. Species turnover across distances from the forest edge, using ChaoSørensen incidence-based similarity metric, for a edge cluster, and b forest interior
cluster.

Species and Functional Group Responses
Four functional groups of ants were identified in our study: Opportunists (O),
Cryptic Species (C), Cold Climate Specialists (CC), and Subordinate Camponotini (SC).
Of the 29 species we collected, 7 (Temnothorax schaumii (Roger, 1863), (CC), Pyramica
abdita (Wesson, L.G. & Wesson, R.G., 1939), (C), Pyramica reflexa (Wesson, L.G. &
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Wesson, R.G., 1939), (C), Tetramorium sp. E (see Schlick-Steiner et al. 2006), (O),
Prenolepis imparis (Say, 1836), (CC), Formica glacialis (Wheeler, W.M. 1908), (O), and
Formica pallidefulva Latreille, 1802 ), (O) were exclusively recorded at the forest edge
(up to 10 m), with four of these species being unique to the 2 m samples (Table IV.1).
One additional species, Tapinoma sessile (Say, 1836), (O), was predominant at the edge,
but on a single occasion also was found in a sample located 50 m in the interior. Four
species (L. nearcticus, L. speculiventris, L. umbratus, (C) and Camponotus chromaiodes
Bolton, 1995, (SC)) were only collected in the forest interior (> 50 m from the edge).
Over half (15 species, 52% of total) of all collected species were widely distributed, with
eight species occurring across all distances, and seven additional species occurring at 6 of
the 7 sampled distances (Table IV.1). Three of these common species showed a
significant response to forest edge with changes in their relative abundance and frequency
of occurrence. Aphaenogaster picea (Wheeler, W.M., 1908), (O) and Stenamma impar
Forel, 1901, (CC) increased in abundance away from the forest edge (Spearman r for A.
picea = 0.428, P <0.001; Spearman r for S. impar = 0.312, P = 0.013), while Lasius
alienus (Foerster, 1850), (CC) (Spearman r = - 0.322, P = 0.010) showed higher
abundance at the edge. Similar trends were observed when we used these species
frequency of occurrence rather than their relative abundance.
The ant community was dominated by Cold Climate Specialists and Opportunistic
species. The proportion of Opportunists was highest near the forest edge (40.9% for the 2
m samples; 41.1% for the 5 m samples), and lowest at the sites deepest into the forest
interior (25% for the 100 m samples; 26.7% for the 150 m samples). The proportion of
Cryptic Species increased into the forest interior, with the highest values exhibited by the
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100 m (18.8%), and the 150 m (20%) samples (Fig. IV.6). The proportion of the
remaining two groups did not show obvious associations with distance from the edge.
The edge samples were dominated by Opportunists and Cold Climate Specialists, while
those furthest into the forest exhibited more even distribution of species among the four
functional groups.

Figure IV.6. Relative proportion of ant functional groups across all sampled distances.

Environmental Variation
Of the 8 environmental variables we measured, two (leaf-litter depth and soil
moisture) showed a significant relationship with distance from edge. Leaf litter depth
increased significantly into the forest interior (Spearman r = 0.554, P < 0.001; F (6, 56) =
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3.950, P = 0.002). Soil moisture exhibited an opposite trend (Spearman r = - 0.309, P =
0.014), but our ANOVA results showed no significant difference in the amount of soil
moisture across the sampled distances. Light intensity did tend to decrease away from the
forest edge, but this trend was marginal (Spearman r = - 0.227, P = 0.074). In addition,
light intensity was strongly negatively associated with percent canopy cover (Spearman r
= - 0.512, P < 0.001). Our estimates of asymptotic species richness were negatively
correlated with mean leaf-litter depth (Spearman r = - 0.821, P = 0.023). The remaining
five variables we measured did not exhibit any detectable associations with distance from
the forest edge.

DISCUSSION

Our study documents edge-associated changes occurring in local ground-dwelling
ant communities within the Cleveland metropolitan area of northeast Ohio. Edge effects,
here defined as responses of the ant communities in relation to distance from the forest
edge, were observed for ant species richness, community composition and ant functional
groups.
Eight of the 29 ant species encountered in our study (including T. sessile, but see
Results) were restricted to edge habitats and were not able penetrate into the forest
interior. Some of these ants are open-area species (T. sp. E, F. pallidefulva, F. glacialis)
commonly found in open grassy habitats within the study region (K. Ivanov, pers. obs.),
while others have been more commonly encountered near edges (P. imparis, T.
schaumii, T. sessile). Forest edges also harbored the only non-native ant (T. sp. E) found
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in our study. In general, forest edges were inhabited by a number of ant species that were
practically absent from the forest interior locations. A number of typical forest associated
species, such as L. nearcticus, L. speculiventris, L. umbratus, and C. chromaiodes
avoided edges and were found exclusively in the forest interior. A large proportion of the
urban forest ant fauna, however, occurred right to the forest edge and thus appears to be
unaffected by the edge effects. This is not unexpected, as ants typical of urban forests
often are habitat generalists, adapted to a greater range of environmental conditions and
are able to persist in these often degraded environments (Thompson and McLachlan
2007). Three of these widely distributed forest species experienced “ecotonal effects”
(Lidicker 1999) as their relative abundance either decreased (A. picea, S. impar), or
increased (L. alienus) in proximity to the edge. Given the predominantly predatory and
scavenger habits of S. impar and A. picea, the negative responses of these species are
likely associated with the decrease in leaf-litter depth, and thus resource availability in
proximity to the forest edge. Similar responses have been documented for the closely
related Aphaenogaster rudis in New York (Ness and Morin 2008). Lasius alienus is a
generalist species that is more subterranean in nature and more tied to subterranean
honeydew producers which may explain its contrasting response to edges as compared to
the previous two species. An increase of aphid tending ants near edges was previously
reported by Fowler et al. (1993).
Our rarefied and expected species richness estimates suggest that interior forests
harbor less species-rich ant fauna than do forest edges. The increased number of species
along the forest edge is a result of mixing of distinct forest-inhabiting species with
species characteristic of the open areas, resulting in an overlap zone with elevated species
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richness (Ingham and Samways 1996). Our results thus are similar to those reported by
Lessard and Buddle (2005). The elevated species richness at the forest edge largely can
be explained by the addition of species from the adjacent urban matrix, as well as the
presence of species showing preference for edge habitats.
The occurrence of generalist urban ants and the absence of some typical forestdwelling species near the forest edge, combined with the specific responses of some
widespread ants to the edge effects, resulted in significant compositional differences
between the edge and forest interior habitats. As a result, we were able to document a
compositional response of the local ant community to edge effects. Our analyses
discriminated between forest edge and forest interior ant assemblages, and our
hierarchical clustering produced two groupings, with the sites located 0-10 m from the
forest edge clustering distinctly from the sites deeper within the forest. These differences
in species composition also were supported by the Chao-Sørensen similarity metric and
the proportion of observed ant species shared across the sampled distances. Species
turnover tended to increase with increasing habitat divergence, and the greatest degree of
species turnover was noted between the sampling localities positioned at both extremes.
Generalist and opportunistic species are known to respond more successfully to
environmental disturbances than do specialist species (Didham et al. 1996; Gibb and
Hochuli 2002), and changes in the proportion of opportunistic ant species have been
correlated with levels of disturbance (Andersen 1990). In our study, edge habitats were
characterized by a higher proportion of opportunists and a lower proportion of cryptic
ants. The more frequent occurrence of opportunistic open-area species at the forest edge
is not surprising and likely is a result of the increased light intensity, and decreased litter
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depth in these transitional zones. These environmental factors are therefore more similar
to these ants’ natural settings, as compared to the thicker litter layer and decreased light
intensity deeper in the forest interior. These adaptable species invade the forest edge from
the urban matrix and therefore are more common at (indeed, often confined to) the
transitional zone than in the forest interior. These “invader” species potentially could
exclude by competition some resident species at the forest edge, but the forest-associated
species can remain intact in the core, where environmental conditions do not allow the
establishment of the “invaders”. The presence of aggressive open-area ants at the forest
edge may potentially amplify fragmentation effects by interfering with the establishment
of potential colonizers in the forest interior, findings similar to those of Lessard and
Buddle (2005).
We did not find significant associations of ant abundance and species density in
relation to forest edge. However, both variables showed a tendency towards decreasing at
intermediate distances (25 m). Similar decrease in beetle abundances at intermediate
distances has been previously reported (Durães et al. 2005). The mid-distance drop in
abundance and species density may be underlined by an interaction between abiotic and
biotic variables causing non-monotonic responses of community properties to edge
effects (Murcia 1995). In our study, the decrease in abundance and species density at
intermediate distances is indicative of the extent of the edge effects. This is further
supported by our cluster analysis results which show clear grouping of the 25 m samples
with the forest interior rather than with the edge samples. Thus the edge effects, measured
by the response of the local ant community to the forest edge, are most pronounced
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approximately 25m into the forest interior. A similar extent of edge effects has been
reported by Kotze and Samways (1999).
In this study, distance from edge, as a composite variable including measured and
unmeasured variables, was a better predictor of species-specific and community scale
responses than was any individual environmental factor we measured. The complexity of
edges makes simple surrogate variables, such as light intensity, moisture and litter depth,
among others, poor predictors of changes in local communities (Didham et al. 1998).
Although our results offer some insights into the responses of ants to edge-related
phenomena, solid experimental tests are necessary to explain the biological basis of
species’ edge responses. For example, our findings that S. impar is negatively associated
with forest edges, a response likely driven by resource limitation, cannot explain why S.
brevicorne (Mayr, 1886) and S. schmitti (Wheeler, W.M. 1903), species closely related to
S. impar that share similar resource requirements, did not respond to the presence of
edges in a similar manner. Similar responses were reported by Didham et al. (1998) for
closely related beetle species in Central Amazonia. Thus even closely related species do
not always respond similarly to edge effects, an effect potentially driven by space and
resource partitioning (Didham et al. 1998).
The creation and perpetual maintenance of sharp forest edges in urban
environments results in a strong compositional shift and segregation of the local ant
community into an edge and a forest interior assemblages. Edge habitats are dominated
by aggressive opportunistic ants moving in from the adjacent urban matrix, resulting in
elevated species richness in these zones. Our study provides evidence that edge effects
are most pronounced in the first 25 m into the forest interior, and the extent of these
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effects is marked by a drop in ant abundance and species density at intermediate distances
from the forest edge and by a transition to a more intact forest ant community deeper into
the interior. These findings may have important conservation implications, as very small
forest fragments have a greater proportion of their area exposed to edge effects and as a
result will have no intact core areas. Such fragments may be susceptible to aggressive
open-area species capable of penetrating inside these fragments to the extent marked by
the edge effects. Considering the fact that many urban parks are inherently small, little
typical forest interior habitat will be available to the forest associated ant fauna. Halme
and Niemelä (1993) reported that forest fragments smaller than 3ha were unable to
support pure forest carabid assemblages, but rather were characterized by a mixture of
forest and open habitat species. We expect similar responses of ant communities to occur
in small forested urban parks. One possible way of preserving local forest-associated
biota is the establishment of gradual forest edges with various stages of secondary
succession, rather than maintaining sharp forest boundaries. Lastly, our findings of
differences in community composition and ant functional groups implies that species
richness alone may not be sufficient to fully evaluate the changes occurring in local
communities following edge creation. Given the response of functional groups to edges
found in our study, conservation efforts and restoration programs may benefit from the
incorporation of functional group analyses in addition to the more traditional taxonomic
measures.
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CHAPTER V

NYLANDERIA FLAVIPES (SMITH) (HYMENOPTERA: FORMICIDAE), A NEW
EXOTIC ANT FOR OHIO1

Kaloyan Ivanov and Jennifer Milligan

ABSTRACT

The temperate eastern Asian formicine ant, Paratrechina flavipes2 (Smith), is
reported for the first time from Ohio. The collection locality (41°29'32''N, 81°35'34''W)
in the Doan Brook Watershed of the Greater Cleveland area is the westernmost known
occurrence of this ant in the continental United States.

KEYWORDS Paratrechina flavipes, Formicidae, exotic ants, Ohio, U.S.

1

Published as Ivanov, K., and J. Milligan. 2008. Paratrechina flavipes (Smith) (Hymenoptera:
Formicidae), a new exotic ant for Ohio. Proceedings of the Entomological Society of Washington 110:439444.
2
Paratrechina flavipes (Smith, 1874) comb. nov. in Nylanderia: Nylanderia flavipes (Smith, 1874),
(LaPolla et al. 2010).
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INTRODUCTION

The Formicinae genus Paratrechina Motschoulksy includes 158 world species
(Bolton et al. 2006), about 20 of which are found in North America. Five of the North
American species are exotics, including the Asian Paratrechina flavipes (Smith) (Trager
1984). According to Trager (1984), Paratrechina is a common member of almost all
continental ant faunas where suitable habitats can be found. The genus is most diverse in
tropical Asia and Australia, but it is absent from most of Europe and from desert regions
in other continents.
Paratrechina flavipes was first described from Japan (Smith 1874), but its native
range includes Korea (Kupyanskaya 1990; Japanese Ant Image Database 2003; Bolton et
al. 2006), mainland China (Japanese Ant Image Database 2003), Taiwan (Trager 1984),
the Kuril Islands (Kupyanskaya 1990), and possibly the Philippines (Way et al. 1998). As
with many other exotic species, P. flavipes probably was transferred to new areas via
human commerce. Espadaler and Collingwood (2000) reported this species from Spain,
but its identity was later confirmed to be Paratrechina vividula (Nylander) (Gomez and
Espadaler 2006). Based on the ecological preferences of P. flavipes and P. vividula, J.
Trager (personal communication) suspects that the Oman (Collingwood and Agosti 1996)
and United Arab Emirates (Collingwood and Agosti 1996; Collingwood et al. 1997)
records are most likely also P. vividula, which is more suited to the hot, dry conditions in
the Arabian Peninsula.
Paratrechina flavipes was first recorded in the United States from Philadelphia,
PA, in 1939 (Trager 1984), and since has been found in Pittsburgh, PA (1955) (T. Nuhn,
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personal communication), Long Island, NY (Trager 1984), Washington, DC (1990) (T.
Nuhn, personal communication; Antweb 2007), and Massachusetts (no locality listed,
Bolton et al. 2006). According to Trager (1984) this species probably was brought to the
United States in the early 1930s with potted plants or logs for growing mushrooms. A
look at the Japanese ants picture database (Japanese Ant Image Database 2003) shows a
variety of colors of “flavipes”, reflecting what are at least in some cases species
differences. In any case, the specimens from Washington, D.C., Cleveland and in
between match the types of P. flavipes from Hyogo, Japan (J. Trager, personal
communication). Stefan Cover also suggests that P. flavipes might have come in first to
D.C., along with Vollenhovia emeryi Wheeler imported with the several thousand cherry
trees given to the people of the United States as a gift by the Japanese government and
planted around the Tidal Basin and East Potomac Park in 1912 (Fisher and Cover 2007).

MATERIALS AND METHODS

Material Studied
We report P. flavipes for the first time from Ohio, extending its known introduced
range westward in North America. The Ohio records are as follows: Ohio, Cuyahoga
County, Shaker Heights, Doan Brook Gorge, 41°29'N, 81°35'W, altitude 256 m,
01.vii.2005, col. K. Ivanov and J. Milligan, 175 workers, 10 males, 1 female, Winkler
extraction (vouchers deposited at the Cleveland Museum of Natural History); same
location and date, 13 males, and 2 females (more observed but not collected) on a boulder
next to a stream in a mating lek. Two square meters of leaf litter were collected in the

114

Doan Brook Gorge of the Doan Brook Watershed, and all ants extracted in a Winkler
apparatus for 72 h. This species occurred together with the following ant species (number
in parentheses is the number of individuals collected from the litter extraction):
Amblyopone pallipes (Haldeman) (1), Formica subsericea Say (1), Lasius nearcticus
Wheeler (52), L. alienus (Foerster) (24), Aphaenogaster picea (Wheeler) (9), Stenamma
impar Forel (9), S. schmitti Wheeler (5), and Temnothorax curvispinosus (Mayr) (1).
An entire colony, consisting of 890 workers, 1 dealate queen, 64 alate females,
and 32 alate males, was collected by K. Ivanov on 2 May, 2007 in the same general area.
The colony was found in sandy soil under a small rock, on the steep gravely eastern bank
of the stream.

Description of the Collection Locality
Doan Brook is a small headwater that is tributary to Lake Erie. The total length of
Doan Brook is 9.4 miles, and its watershed is 3035 ha, most of which has been
developed. A narrow riparian zone surrounds the stream on both sides for much of its
length. Land use in the watershed is predominantly residential (85%), with only 12% of
the area undeveloped, and much of this is park land adjacent to the stream. The stream is
surrounded by secondary mixed deciduous forest patches, dominated by oak (Quercus
alba L., Q. rubra L.), maple (Acer rubrum L., A. saccharum Marshall), American beech
(Fagus grandifolia Ehrhart), and white ash (Fraxinus americana L.). A large number of
non-native herbaceous species, such as garlic mustard (Alliaria petiolata (M. Bieb.)
Cavara & Grande), privet (Ligustrum vulgare L.), bush honeysuckle (Lonicera), Bishop’s

115

weed (Aegopodium), and Japanese knotweed (Polygonum cuspidatum Siebold & Zucc.),
are found throughout the watershed (MWH 2001).

RECOGNITION

The workers of P. flavipes are small (2.0 - 2.5 mm) with the head and metasoma
blackish brown, and the mesosoma and legs yellow to yellowish brown (Trager 1984;
Collingwood et al. 1997). The sides of head are rounded, and the head is covered by fine
dense yellow pubescence. The antennae are 12 segmented, with the scape exceeding the
posterior margin of the head, and bearing 7 or more macrochaetae (5 visible in front
view, Fig. V.1a). The eyes are small and the ocelli small and indistinct, with all three
visible. The presence of vestigial ocelli in P. flavipes may serve to distinguish it from
other native and non-native North American species (including Ohio’s Paratrechina
parvula (Mayr)), except P. austroccidua Trager (Trager 1984). The latter is a
southwestern mountain species only known from the US and Mexico. The mesosoma is
slightly longer than the head with the pronotal dorsum convex in profile and occasionally
somewhat angular (Fig. V.1b). The mesonotal dorsum is flat in profile, and usually
situated at the same level, or higher, than the propodeum. The pronotal and mesonotal
dorsal surfaces bear 4-8 macrochaetae. The hind femora and tibiae bear erect or suberect
hairs (Trager 1984).
In the field, this species superficially resembles small Prenolepis or Lasius;
however, it can be distinguished easily from them by the presence of long macrochaetae
arranged in pairs on the mesosomal dorsum. Paratrechina flavipes can be separated from
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the native, and closely related, P. faisionensis by its shorter scapes and legs, the arched
thorax and propodeum, and the more intense yellow color of the mesosoma (Trager
1984). Paratrechina faisionensis is most often uniformly dark brown with tan to whitish
meso- and metacoxae.

a

b

Figure V.1. Worker of Paratrechina flavipes. a Head, dorsal view, and b Lateral view.
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DISCUSSION

Little is known about the natural history of P. flavipes in its introduced range. It is
an opportunistic species (McGlynn 1999), feeding on plant nectar and small dead animals
(Japanese Ant Image Database 2003). Nests are in the soil or the leaf-litter layer of moist
primary or old secondary hardwood or mixed forests or forest patches (Trager 1984;
Yamaguchi 2005); it has not been encountered in open habitats (Trager 1984).
Paratrechina flavipes is common, and most successful, in urban areas, including parks
and gardens (Collingwood et al. 1997). However, the latter most probably refers to P.
vividula. A great deal of information about the biology of this species in its native range,
comes from the work of Ichinose in Japan (Ichinose 1986, 1991, 1994a, 1994b). Mating
flights have been recorded in April (Japan), and May (Pennsylvania, US) (Trager 1984),
and during May and June (Japanese Ant Image Database 2003). Finding alate
reproductives (Fig. V.2) inside a nest in May, and outside nests in early June, coincides
with these records and implies that the North American populations are reproducing at
the same time of the year as populations in their native range.
Paratrechina flavipes has not been reported as a pest, or as an ecologically
dominant species, outside its native range. Beyond distributional data, however, we have
no clear understanding of the biology and ecology of this species in its introduced range.
Therefore, its impact on native biota, though hypothesized to be minimal, is still
unknown. Paratrechina flavipes seems to thrive in highly disturbed inner city parks and
wooded green spaces, where it can be numerically dominant (K. Ivanov, personal
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observation). The fact that P. flavipes is an opportunistic species with well-established
populations outside of its native range, however, should not be ignored.

Figure V.2. Male of Paratrechina flavipes, lateral view.

Since its first collection in the late 1930s, P. flavipes apparently has spread
northward and westward in the continental United States. If we assume that the species
first became established in the vicinity of Philadelphia (PA) or Washington, DC, it since
has spread northward to Long Island and Massachusetts and westward into Pittsburgh and
Cleveland. Alternatively, there may have been multiple introductions in different
locations. Paratrechina faisionensis, an uncommon species in northeastern Ohio, has
been found only on a single occasion in the same general area (Ivanov, personal
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observation), but not in the same location as P. flavipes. This distributional pattern
supports Trager’s (1984) suggestion that either one of these two species may displace the
other under certain conditions. Paratrechina faisionensis is more common in southern
Ohio, and in southern US in general, and according to Trager (1984) it might have
prevented the spread of P. flavipes further south in the US, where that species could
possibly thrive.
Additional sampling and molecular (DNA) analysis are needed in order to
establish if this species is expanding its range in the United States through natural
dispersal or if new populations are being founded through human activities, both from
overseas and within the US.
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CHAPTER VI

STATUS OF THE EXOTIC NYLANDERIA FLAVIPES (HYMENOPTERA:
FORMICIDAE) AND ITS POTENTIAL IMPACT ON NATIVE BIOTA IN
NORTHEASTERN OHIO1

Kaloyan Ivanov, Owen M. Lockhart, Joe Keiper, and B. Michael Walton

ABSTRACT

In 2005, we made the first observation of the non-native ant Nylanderia flavipes
in the state of Ohio. Here, we report the results of a baseline study designed to evaluate
the impacts of this species on local ant diversity and community composition. We also
evaluated the extent to which this exotic species was incorporated into the diet of the redbacked salamander, a native forest-floor predator. At the sites where N. flavipes occurred,

1

Under review as Ivanov, K., O.M. Lockhart, J. Keiper, and B.M. Walton. Status of the exotic Nylanderia
flavipes (Hymenoptera: Formicidae) and its potential impact on native biota in Northeastern Ohio.
Biological Invasions.
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we found a 6-fold increase in total ant abundance, with 87% of the ants collected being N.
flavipes. The high numerical dominance of N. flavipes did not lead to detectable changes
in the species richness and abundance of the native ant community, but was responsible
for decreased community evenness. At baits, N. flavipes did not exhibit aggression
towards native ants and did not engage in interspecific combat. The differences in ant
community composition between the sites with and without N. flavipes likely are a result
of factors other than the presence of Nylanderia itself, such as disturbance history. The
lack of response from the local ant community to the presence of N. flavipes also may be
indicative of a recent introduction. Red-backed salamanders have incorporated N. flavipes
into their diet, but further research is necessary to understand the interactions of N.
flavipes within the forest floor food web. Although we found no detectable impacts on
native ants, the high local abundance of N. flavipes may give it a competitive advantage
and thereby affect native ants through exploitative competition.

KEYWORDS non-native species, species richness, abundance, community composition,
Plethodon cinereus, diet
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INTRODUCTION

Ants (Hymenoptera: Formicidae) are important and nearly ubiquitous members of
terrestrial ecosystems. They play major ecological roles as predators, scavengers,
mutualists, seed gatherers and dispersers (Hölldobler and Wilson 1990). Ants often are
termed ecosystem engineers for their importance in soil turnover and nutrient
redistribution, which in turn can affect other organisms both directly or indirectly
(Folgarait 1998). Ants participate in a variety of mutualistic relationships with plants,
fungi and animals, and also are an important prey item for birds, reptiles, amphibians,
mammals, as well as various invertebrates (Beattie 1985; Hölldobler and Wilson 1990;
Folgarait 1998; Alonso 2000; Christian 2001). Their ease of sampling, relatively low
local diversity, stationary colonies, and responsiveness to environmental disturbances
have made them a widely used tool for tracking changes in ecosystem conditions
(Andersen 1990, 1993, 1997; Alonso 2000; Kaspari and Majer 2000).
Of the approximately 12,500 described species of ants, over 150 have been
introduced to new environments by humans (McGlynn 1999a; Holway et al. 2002), with
the majority of these species (often referred to as tramp species) showing preferences to
anthropogenicaly modified habitats (Passera 1994, Holway et al. 2002). A subset of these
introduced species have shown invasive traits and possess the ability to affect local
ecosystems. Non-native ants that become invasive can be ecologically devastating
(McGlynn 1999a; Holway et al. 2002) and tracking their spread is important for
conservation of native biota. In fact, five ant species have been listed among the world’s
100 worst invasive species (Lowe 2000). Although, the displacement of native ants and
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the associated reduction in native ant diversity and abundance are the most obvious
effects of ant invasions, many potential effects can arise following invasion. These
include changes in arthropod abundance and overall community structure that cascade
through the food web (Cole et al. 1992; Stoker et al. 1995; Hoffman et al. 1999; Morrison
2002 ); disruption of trophic and/or mutualistic interactions between plants and animals
(Holway et al. 2002 and references therein); decline in vertebrate populations (Fisher et
al. 2002); and increased likelihood of further invasions due to the disrupted nature of the
ecosystem (Simberloff and Von Holle 1999; O’Dowd et al. 2003).
Previous studies have focused mainly on the most widespread and damaging
invasive ants (reviewed in Holway et al. 2002). Many introduced species possess
attributes of invasive ants, but are either poorly studied or exhibit localized distributions,
and thus their potential to affect local biota remains largely unknown. Careful regional
studies, preferably coupled with experimental manipulations, thus are important in
identifying potential ant invaders and how they affect local ecosystems (King and
Tschinkel 2006). Experimental manipulations, including both removals and
introductions, are a promising tool in revealing the causes and consequences of ant
invasions. However, introduction manipulations are often constrained by ethical concerns
related to the introduction on invasive species as an experimental treatment (Holway et
al. 2002). Removal experiments that manipulate ant colony densities hold promise in
revealing the impacts associated with the introduction of invasive species. Focused
removal experiments, however, are typically achievable only on a small scale and suffer
from difficulties in sustaining low densities for prolonged periods of time.
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Invasiveness is one of the common characteristics among the members of the
Prenolepis genus-group, and at least ten taxa within this group have shown invasive
characteristics (LaPolla et al. 2010). Of these Nylanderia fulva (Mayr, 1862) has been
reported to negatively affect local ant diversity in Colombia after its introduction to
control venomous snakes (Zenner-Polania 1994). Nylanderia pubens (Forel, 1893) (the
hairy crazy ant) is a localized exotic pest in Florida and the Caribbean Islands (Deyrup et
al. 2000; Warner and Scheffrahn 2004; Wetterer and Keularts 2008), and has been
reported to affect arboreal-foraging ants negatively in the US Virgin Islands (Wetterer
and Keularts 2008). A recent (2002) record of a yet-unidentified species (Nylanderia sp.
near pubens, the rasberry crazy ant) indicates a widespread and abundant ant with yet
unknown ecological impacts in Texas, US. Preliminary field observations suggest that
this species may be displacing and/or reducing native ant populations (Meyers 2008). In
2009, large populations of this species also were discovered in Hancock Co, Mississippi
(MacGown and Layton 2010). In addition, several taxa (N. bourbonica (Foerl, 1886), N.
vaga (Forel, 1901), and Paratrechina longicornis (Latreille, 1802)) are known
widespread tramp species (Wetterer 2008; LaPolla et al. 2010). Tracking successful
Nylanderia introductions and obtaining accurate species counts are often hampered by
the taxonomic uncertainty associated with many taxa within the genus (Trager 1984;
LaPolla et al. 2010).
The formicine Nylanderia (=Paratrechina) flavipes (Smith, 1874) is an exotic
resident of the northeastern region of North America (Trager 1984; Ivanov and Milligan
2008). The native range of this species includes Japan, Korea, mainland China, Taiwan,
the Kuril Island, and possibly the Phillipines (Ivanov and Milligan 2008 and references
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therein). The earliest record of N. flavipes in North America is from Philadelphia, PA, in
1939 (Trager 1984), with time estimates of the initial introduction to North America
ranging from 1912 to the early 1930’s (Trager 1984; Fisher and Cover 2007). Nylanderia
flavipes has since been found in Massachusetts, Long Island NY, Washington D.C.,
Pittsburgh PA, Cleveland OH (Ivanov and Milligan 2008), Toledo OH (S. Philpott,
personal communication) and Baltimore MD (Ivanov, unpublished data). These regional
discoveries suggest that the distribution of N. flavipes may be broader than current
records indicate, as suspected by Trager (1984).
Nylanderia flavipes has not been reported as a pest or ecologically dominant
species. However, there is little published information on the natural history or ecology
of N. flavipes in North America, and this species is locally abundant in urban settings
with as-of-yet unknown consequences to local biota. Studies of this species are necessary
to understand its current status and potential/realized impacts on North American
ecosystems. Although Meyers (2008) and LaPolla et al. (2010) refer to N. flavipes as a
species exhibiting invasive behavior, empirical data are lacking.
The sites in Cleveland, OH, that support established populations of N. flavipes
also support dense populations of red-backed salamanders, Plethodon cinereus (Green,
1818) (Amphibia: Plethodontidae). Red-backed salamanders are the most abundant
terrestrial salamanders found in northeastern US (Burton and Likens 1975) and are an
excellent candidate for monitoring environmental change (Welsh and Droege 2001). The
well-documented decline of amphibians (Wake 1991; Stuart et al. 2004) highlights the
importance of monitoring salamander populations and how they respond to ecosystem
changes. Because these salamanders are so abundant, they can have profound impacts on
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the structure of forest-floor invertebrate communities and ecosystem function (Burton
and Likens 1976; Davic and Welsh 2004; Walton 2005; Walton et al. 2006). Salamanders
are generalist predators (Petranka 1998), with ants being an important component of their
diet. Since non-native ants can alter food web structure to the detriment of native
predators (Suarez and Case 2002), the potential exists for N. flavipes to negatively impact
native salamanders by disrupting important trophic pathways. To date, few studies have
looked at the effect of exotic ants on salamanders (but see Todd et al. 2008), and none
have investigated how exotic ants affect salamander foraging ecology.
This study was motivated by the discovery of a highly abundant and reproducing
exotic species within the Cleveland region of northeast Ohio and by the general lack of
ecological information available for N. flavipes in its introduced range. The objectives of
this study were to document the potential impact of N. flavipes on native ant communities
and to assess its use as a food resource by an important forest floor predator. Toward
these ends, we investigated (1) ant diversity and community composition among sites
with and without N. flavipes, (2) behavioral interactions between N. flavipes and native
ants, and (3) the extent to which N. flavipes has been incorporated into the diet of redbacked salamanders.

METHODS

Study Sites
The study was conducted in the Cleveland Metropolitan area of northeastern
Ohio. All sampling sites are located within urban parks that are open to the public and
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used for recreational purposes, though they are also managed for natural-resource
conservation. Eight sites were sampled for ants and one site sampled for salamander diet
between May 2007 and May 2009. Study locations were separated into Nylanderia (n =
3) and reference (n = 5) sites. All Nylanderia sites were located within the gorge section
of the Doan Brook watershed (41° 29' N, 81° 35' W, Cuyahoga Co.), and reference sites
were situated at the Doan Brook upper watershed (near the Nature Center at Shaker
Lakes, n = 2; 41° 29' N, 81° 34' W, Cuyahoga Co.), at Euclid Creek Reservation (n = 1;
41° 33' N, 81° 31' W, Cuyahoga Co.), and Hinckley Reservation (n = 2; 41° 12' N, 81°
43' W, Medina Co.). The distance and direction of all reference sites from the Nylanderia
sites located within the Doan Brook Gorge are as follows: Doan Brook reference sites
(2.1 km southeast), Euclid Creek (8.2 km northeast), and Hinckley (32.6 km southwest).
The distance between the study plots within the selected sites are: 120 m for the
Nylanderia sites; 250 m for the Doan Brook reference sites, and 1.4 km for Hinckley.
Reference sites within the Doan Brook watershed were selected after the absence of N.
flavipes was confirmed and were included in this study in order to retain site
characteristics as similar as possible to those found at the Nylanderia study sites.
The predominant land use type in the study area is urban, with scattered forested
fragments of variable size that have resulted from surrounding urban and suburban
development. The climate of the area is temperate continental, modified by its proximity
to Lake Erie. Soils are derived from glacial till, and the underlying bedrock is sandstone
and shale (Musgrave and Holloran 1980). The total annual precipitation was 1,052 mm in
2007, 1,132 mm in 2008, and 908 mm in 2009 (NOAA 2010). The elevation of the study
sites ranges between 225 and 310 m a.s.l.
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All sampling sites are located within mixed deciduous forest types, dominated by
mixtures of red and white oak (Quercus rubra L. and Q. alba L.), sugar and red maple
(Acer saccharum Marshall and A. rubrum L.), American beech (Fagus grandifolia
Ehrh.), tulip tree (Liriodendron tulipifera L.), and hickories (Carya spp.), supplemented
to varying degrees by black cherry (Prunus serotina Ehrh.), cucumber tree (Magnolia
accuminata (L.)), and basswood (Tilia americana L.). The understory is characterized by
seedlings and saplings of the canopy trees; the shrubs Lindera benzoin L., Hammamelis
virginiana L., and Viburnum spp.; the vines Toxicodendron radicans (L.), Parthenocissus
quinquefolia (L.); and various herbs and graminoids. In addition, the understory of the
Doan Brook Gorge is typified by a large proportion of aggressive non-native species,
such as garlic mustard (Alliaria petiolata (M. Bieb.) Cavara & Grande), privet
(Ligustrum vulgare L.), bush honeysuckle (Lonicera), lesser celandine (Ranunculus
ficaria L.), and Japanese knotweed (Polygonum cuspidatum Siebold & Zucc.) that were
mostly or completely absent from the reference sites (Gooch 2001). Plant nomenclature
follows Gleason and Cronquist (1991). In addition, the Doan Brook Gorge is
characterized by soils with a higher sand content and high proportion of rocky outcrops
and cover relative to the other sites.

Ant Sampling and Processing
We collected ants via Winkler litter extraction in the period extending from late
May to early August during the peak of annual ant activity in the region. We established
a 25 m x 25 m research plot within each of the study sites, and collected five leaf-litter
samples from each plot. The minimum distance between adjacent litter samples was 10

131

m, and all samples were more than 2 m away from the edge of the plot. Litter collection
was conducted between 10.00 and 16.00 h, and at least one day after a heavy rain, as ants
are extracted less effectively from wet litter (Fisher 1998).
We used a 1 m x 1 m plastic quadrat to enclose each sampling point, and collected
the leaf litter and the top layer (2-3 cm) of loose soil. We sifted the collected material
through a sifter with a mesh opening of approximately 10 mm to exclude larger
fragments, such as leaves, twigs and stones. We placed the sifted material in sample bags
and transported them to the laboratory. We loaded the sifted litter into the Winkler
extractors and left them to operate at room temperature for 72 h. Three days is sufficient
time to extract nearly all ant species and the majority of individuals from the collected
samples (Ivanov et al. 2010). At the end of the extraction time, we rinsed the content of
each collecting container into a labeled vial with 95% ethanol.
We sorted, counted and identified all individuals to species using the taxonomic
keys in Smith (1957), Trager (1984), Coovert (2005), and Francoeur (2007). Vouchers
were deposited at the Cleveland Museum of Natural History, Department of Invertebrate
Zoology, and the remaining materials are in the first author’s collection. Ant
nomenclature follows Bolton et al. (2007).
We used baits to assess the interspecific interactions and competitive ability of N.
flavipes (Holway 1999). At each baiting station we placed approximately 4 g of tuna (in
oil) on a white index card. Baits were set out between 12.30 and 16.30 h on seven dates
(8, 19, 30 Oct, and 2, 13 Nov of 2007; 16 May and 11 Sep of 2008) at the Doan Brook
Gorge, and on 5 May 2009 at the upper Doan Brook watershed. Six baiting stations,
separated from each other by a distance greater than 5 m, were placed within the study
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plot. The baits were left out for a period of time ranging between 65 and 160 min, with an
average observation time of 120 min. We examined the baits at ten-minute intervals,
recorded the identity of the species and the number of individuals present at each station,
and observed any interactions between N. flavipes and native ants. The majority of the
baiting was performed relatively late in the year as it was our intent to also utilize this
technique to track the extent of the active season of N. flavipes.

Statistical Procedures (ants)
We used sample-based rarefaction to calculate and compare the observed species
richness across the study sites (rarefaction curves were scaled to number of occurrences;
Gotelli and Colwell 2001). Using incidence and not abundance data is necessary as the
sociality of ants often leads to high clumping of individuals within samples that can skew
species-richness comparisons and species-abundance relationships (King and Porter
2005). We created all sample-based rarefaction curves using the analytical method of
Colwell et al. (2004), implemented in EstimateS 8.2 (Colwell 2009). To estimate the
asymptotic (total) species richness we calculated the Chao2 (Chao 1987) estimator, using
100 randomizations (without replacement) of sample accumulation order. This estimator
relies only on presence/absence data, and has been found to be one of the least biased and
the most precise estimation methods (Colwell and Codington 1994; Walter and Moore
2005; Hortal et al. 2006).
We used a two-sample t-test to explore any differences in ant abundance between
the Nylanderia and the reference sites. We performed the test twice, once with all ant
species included, and a second time with Nylanderia excluded from the analyses. We
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followed this procedure in order to address the effects of N. flavipes presence on native
ant abundance. We used a one-way Analysis of Variance (ANOVA) to test for
differences in native ant abundance between Nylanderia sites, Doan Brook reference
sites, and reference sites located at Euclid Creek and Hinckley Reservations to test for
potential effects of site identity on local ant abundance. Normality and homoscedasticity
of the data were confirmed prior to the analyses with a Kolmogorov-Smirnov test and
Levene’s test, respectively. The total and native ant abundance data were square root
transformed prior to analyses in order to normalize data distributions.
We used the Shannon index to compare diversity (heterogeneity) among
Nylanderia and reference sites. Heterogeneity measures, such as the Shannon index,
combine information on the richness and the evenness (relative abundance) components
of diversity (Magurran 2004). We calculated the Shannon index, using natural logarithms
and 100 randomizations of sample accumulation order, and compared it across sites using
the bootstrap confidence limits provided in the EstimateS output. In addition, we used the
Shannon evenness measure to account for the degree of evenness in species abundances
across sites. Evenness measures were calculated with the PAST software package
(version 1.97, Hammer et al. 2001) and compared across sites via one-way ANOVA.
We used hierarchical clustering (group-average linking algorithm with BrayCurtis similarity measure) to identify natural groupings among the sampled plots
according to similarities in their species composition. Cluster analysis is the assignment
of samples into groups (clusters), so that samples within the same cluster are more similar
to each other than to samples from different clusters (Gauch and Whittaker 1981). We
used a nonparametric one-way Analysis of Similarity (ANOSIM, Clarke 1993) to test for
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statistical differences in species composition between the identified clusters. Both
analyses were performed with PAST.
We constructed rank-abundance plots and compared them with the nonparametric
Kolmogorov-Smirnov test to assess any differences in the structure of the ant
communities between the Nylanderia and the reference sites (Gotelli and Ellison 2004;
Ellison et al. 2007). We used SPSS 16.0 (SPSS Inc, Chicago, IL) for all statistical
analyses unless otherwise noted in the text.

Salamander Stomach Content Collection and Processing
We collected stomach contents of red-backed salamanders during Fall 2007 (n =
68) and Spring 2008 (n = 20) at the Doan Brook Gorge to determine if, and to what
extent, salamanders were able to incorporate N. flavipes into their diet. In 2007 samples
were collected on 4 Oct (n = 10), 8 Oct (n = 12), 19 Oct (n = 14), 2 Nov (n = 15), and 13
Nov (n = 17). In 2008 samples were collected on 27 Apr (n = 10) and 5 May (n = 10).
Three salamanders in the Fall 2007 series contained no prey items and were thus
excluded from further analysis, making the effective sample size 65.
Stomach contents were collected using the non-lethal technique described in
Fraser (1976). Our stomach flushing apparatus consisted of a 10cc syringe fitted with a
small (1.5 mm outside diameter) flexible plastic tube. During flushing, the salamander
was secured and the tube slid down the salamander’s esophagus to the posterior of the
stomach. The stomach then was flushed with spring water with the regurgitated contents
captured on filter paper and immediately preserved in 80% ethanol. Salamanders were
released, unharmed, at the exact point of their capture.
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Salamander Diet Analysis
Stomach contents were identified to the finest taxonomic level possible, typically
to family or species, and presented at the level of taxonomic order for general diet
description. Any prey known to be exotic (e.g., all earthworms, terrestrial isopods,
particular species of centipedes and beetles) were noted as such to estimate the proportion
of non-native prey in salamander diets at this site. Prey items whose status could not be
determined were assumed to be native in order to present a more conservative estimate.
All ants were identified to species for a fine-scale analysis of this group. We measured
the length, width, and height of each prey item and estimated prey item volume using the
formula for an ellipsoid.
We calculated an importance index using the formula Ix = [(nx / N) + (vx / V) + (fx /
F)] / 3, where nx, vx, and fx represent the number, volume, and frequency of a given prey
taxon, respectively; N and V represent the sum of nx and vx; and F represents the total
number of stomachs sampled (Powell et al. 1990). This index gives equal weight to the
number of a particular prey type eaten, the volume of that prey, and the relative number
of salamanders in which that prey type was found.
We compared the relative abundance of particular ant species from the Winkler
samples with their abundance in salamander stomachs using a G-test. We limited the
analysis to the samples collected in Fall 2007 which provided a larger sample size and
direct temporal overlap of Winkler and stomach content sample collection. We grouped
rare species (i.e., those represented by 5 or fewer individuals in summed samples) into a
single category because small values have a disproportionate effect on contingency table
analyses.
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RESULTS

Species Richness
We collected and identified 5,310 ant workers representing 22 species from 13
genera (Table VI.1). Fifteen species were collected from the Nylanderia sites, and 18
species from the reference sites, including 17 species from the Doan Brook and 14
species from the Euclid Creek-Hinckley reference sites. Nylanderia flavipes was the only
non-native ant that occurred in the collected samples. Seven native species were only
found at the reference sites, and three species only at the Nylanderia study sites (Table
VI.1). The difference in the average number of observed native species between the
Nylanderia (8.3 ± 3.2SD) and the reference sites (10.2 ± 3.3SD) was small, and samplebased rarefaction did not reveal significant differences in observed species richness
between the Nylanderia and the combined reference sites (rarefaction curves not
included). In addition, we found no significant difference in observed species richness
between the Nylanderia sites, Doan Brook reference sites, and the reference sites in
Euclid Creek and Hinckley Reservations as evidenced by the overlap of the 95%
confidence intervals (Fig. VI.1). Our estimates of the expected number of species (N.
flavipes excluded) also were not significantly different among the different study sites
due to the overlap of the 95% confidence intervals. The asymptotic (total) species
richness was estimated at 17.1 (Nylanderia sites), 18.4 (Doan Brook reference sites), and
15.4 species (Euclid Creek-Hinckley reference sites). Thus an estimated 81.8% of the
expected number of species was captured at the Nylanderia sites, 92.6% at the Doan
Brook reference sites, and 90.9% at the Euclid Creek-Hinckley sites.
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Nylanderia flavipes
Prenolepis imparis
Lasius nearcticus
Aphaenogaster picea
Temnothorax curvispinosus
Ponera pennsylvanica
Temnothorax longispinosus
Lasius alienus
Amblyopone pallipes
Crematogaster cerasi
Lasius umbratus
Camponotus pennsylvanicus
Stenamma brevicorne
Camponotus nearcticus
Camponotus subbarbatus
Myrmica punctiventris
Stenamma impar
Stenamma schmittii
Myrmecina americana
Tapinoma sessile
Camponotus chromaiodes
Camponotus caryae
Total

DOAN BROOK GORGE
Ab
r-Ab
p-samp
3343
87.01
100.00
115
2.99
40.00
105
2.73
13.33
101
2.63
80.00
68
1.77
33.33
47
1.22
33.33
26
0.68
26.67
18
0.47
33.33
6
0.16
26.67
4
0.10
6.67
4
0.10
6.67
2
0.05
13.33
1
0.03
6.67
1
0.03
6.67
1
0.03
6.67
0
0.00
0.00
0
0.00
0.00
0
0.00
0.00
0
0.00
0.00
0
0.00
0.00
0
0.00
0.00
0
0.00
0.00
3842
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HINCKLEY-EUCLID CREEK
Ab
r-Ab
p-samp
0
0.00
0.00
0
0.00
0.00
1
0.10
6.67
481
45.77
80.00
13
1.24
20.00
29
2.76
13.33
17
1.62
33.33
125
11.89
40.00
15
1.43
40.00
0
0.00
0.00
0
0.00
0.00
7
0.67
46.67
0
0.00
0.00
1
0.10
6.67
0
0.00
0.00
92
8.75
53.33
11
1.05
20.00
30
2.85
33.33
227
21.60
80.00
0
0.00
0.00
2
0.19
6.67
0
0.00
0.00
1051

DOAN BROOK REFERENCE
Ab
r-Ab
p-samp
0
0.00
0.00
27
6.47
40.00
0
0.00
0.00
56
13.43
60.00
59
14.15
80.00
72
17.27
30.00
2
0.48
10.00
110
26.38
70.00
1
0.24
10.00
0
0.00
0.00
0
0.00
0.00
11
2.64
50.00
0
0.00
0.00
5
1.20
30.00
2
0.48
20.00
28
6.71
40.00
24
5.76
40.00
6
1.44
30.00
10
2.40
20.00
1
0.24
10.00
2
0.48
20.00
1
0.24
10.00
417

Table VI.1. List of the collected ant species with corresponding abundances and frequencies of occurrence. Species are arranged in
decreasing order of abundance values recorded at the Doan Brook Gorge sites. Abbreviations are as follows: Ab (abundance); r-Ab
(relative abundance in %); p-samp (proportion of samples found, in %).

Figure VI.1. Observed native ant species richness as a function of the incidence of the
worker ants in samples at Nylanderia and reference sites. Curves are sample-based
rarefaction curves, with the 95% CIs (lighter dotted lines) shown only for the Doan
Brook reference sites.

Diversity
Our comparisons of the Shannon index revealed significantly lower diversity at
the Nylanderia sites as compared to reference sites, with no difference in diversity among
the reference sites (Fig. VI.2). The Nylanderia sites exhibited lower species evenness
(0.46 ± 0.06SE) as compared to reference sites (Doan Brook, 0.73 ± 0.07SE; Euclid
Creek-Hinckley, 0.65 ± 0.05SE; one-way ANOVA: F[2, 37] = 5.024, P = 0.012). There
was no difference in species evenness between the Doan Brook and the Euclid CreekHinckley reference sites. When only native ants were considered, the species evenness at
the Nylanderia sites (0.74 ± 0.05SE) was not significantly different from the reference
sites (one-way ANOVA: F[2,37] = 0.793, P = 0.460).
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Figure VI.2. Ant diversity (cumulative Shannon’s H) across all study sites. Dotted lines
represent the 95% CIs for the Euclid Creek-Hinckley (solid grey triangles), and the Doan
Brook Gorge (open squares) sites. For clarity the 95% CIs for the Doan Brook reference
sites are not included.

Abundance
Eighty-seven percent of the 3,842 ants collected at the Doan Brook Gorge were N.
flavipes, with an average abundance per sample of 222.9 workers (± 59.3SE), and an
average abundance per plot of 1,114.3 Nylanderia workers (± 176.7SE). The average ant
abundance per plot was 1,280.7 ± 253.5SE and 293.6 ± 98.9SE for the Nylanderia and
the reference sites, respectively, with the average native ant abundance at the Nylanderia
sites being 166.3 ± 89.5SE. The average number of ants per sample was significantly
higher for the Nylanderia sites as compared to the reference sites (two-sample t-test: t =
2.969, P = 0.005; Fig. VI.3a). When only native ants were considered there was no
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difference in abundance between the Nylanderia and the reference sites (two-sample ttest: t = -1.118, P = 0.270; Fig. VI.3b). In addition, we found no correlation between the
abundance of N. flavipes and the abundance of native ant species present at the Doan
Brook Gorge sites (Pearson’s r = 0.299, P = 0.279). There also was no significant
difference in the average number of native ants per sample between the Nylanderia sites,
Doan Brook reference sites, and reference sites located in Euclid Creek-Hinckley (oneway ANOVA: F[2, 37] = 1.319, P = 0.280).

Figure VI.3. Ant abundance per sample for reference and Nylanderia sites: a all species
considered, and b native species only. Reference (dotted) line represents the average
native ant abundance per sample at reference sites. Error bars are +/- 1SE.

Community Composition and Structure
Nylanderia flavipes was the most common species where it was present, and it
occurred in all of the collected litter samples. Six additional species were represented
with relative abundances between 1 and 3% (Table VI.1). The most common species at
the reference sites were Aphaenogaster picea (W.M. Wheeler, 1908) (37%), Myrmecina
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americana Emery, 1895 (16%), Lasius alienus (Foerster, 1850)(16%), Myrmica
punctiventris Roger, 1863 (8%), Ponera pennsylvanica Buckley, 1866 (7%), and
Temnothorax curvispinosus (Mayr, 1866) (5%), with these six species representing 89%
of all ants captured. The species makeup and relative abundances were consistent
between the references sites located at Doan Brook and those at Euclid Creek-Hinckley,
and no species that were common at one of the locations were absent from the other
(Table VI.1). Two of the species common at the reference sites (M. americana, M.
punctiventris), along with other frequently collected species, such as Stenamma impar
Forel, 1901, and Stenamma schmitti W.M. Wheeler, 1903, were not found in the litter
samples collected at the Nylanderia study sites (Table VI.1).
The dendrogram of similarity in species composition divided the study plots into
two groups (Fig. VI.4). The Nylanderia sites formed one cluster, and all reference sites
formed a second group, with no clear separation between the reference sites located at
Doan Brook and those at Euclid Creek and Hinckley Reservations. Analysis of similarity
(ANOSIM), using Bray-Curtis similarity metric, revealed a significant difference in
species composition between the Nylanderia and the reference groups (R = 0.979, P =
0.016).
We found no significant differences in rank abundance distributions between the
Nylanderia and the reference sites (Kolmogorov-Smirnov test: Z = 0.754, P = 0.621).
When reference sites were separated between Doan Brook and Euclid Creek-Hinckley
and compared to the Nylanderia sites, there was no significant difference between the
different treatments (P > 0.50 in all pair-wise comparisons; Fig. VI.5).
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Figure VI.4. Dendrogram for hierarchical clustering of study sites according to
similarities in ant species composition.

Figure VI.5. Rank-abundance plots of ant species collected at Nylanderia and reference
sites.
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Activity
We found ants present at all 42 baiting stations established at the Nylanderia sites.
However, only three (N. flavipes, P. imparis (Say, 1836), and A. picea) of the 15 species
found at the Nylanderia sites were observed at the baits. These species were among the
top four species based on their relative abundance in the community (Table 1). Lasius
nearcticus, a hypogaeic species ranked third in terms of its relative abundance was, not
surprisingly, not present at the baits. Nylanderia flavipes was observed at 74%, P.
imparis at 90%, and A. picea at 12% of the baits. Nylanderia flavipes was more common
at baits when temperatures were higher and was present at all baiting stations (100%) on
the four sampling dates (16 May; 11 Sep; and 8, 19 Oct) when air temperatures exceeded
18°C. Prenolepis imparis was present at 83% of the baits on the same sampling dates. On
the three dates (30 Oct; 2, 13 Nov) when air temperatures dropped below 18°C, N.
flavipes was present at only 29% of the baiting stations, while P. imparis occurred at all
baits. The lowest temperature at which N. flavipes workers were observed foraging was
11°C, which also was the lowest temperature at which baiting was conducted.
Aphaenogaster picea was present at baits only when air temperatures reached above
18°C. Temperature changes also affected the average bait discovery time. Earlier in the
season, at temperatures above 18°C, N. flavipes workers were present at approximately
60% of the baits within 5-10 min of their establishment, with an average bait discovery
time of 20.4 min ± 19.6SD. When temperatures dropped below 18°C the average bait
discovery time for N. flavipes was 52.1 min ± 34.6SD. The average bait discovery time
was reversed for P. imparis with the majority of the baits discovered by that species
quicker when temperatures were lower than 18°C (23.1 ± 23.9SD v. 33.3 ± 35.1SD).
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The typical response of N. flavipes to the presence of native ants and the
interaction of that species with native ants at baits are presented in Fig. VI.6. Nylanderia
flavipes maintained high abundance at baits in the absence of native ants (Fig. VI.6a).
However, when baits were discovered by native species, N. flavipes workers were
displaced quickly (Figs. VI.6b and c). We observed no aggression of N. flavipes towards
native ants. Indeed, N. flavipes workers were timid, did not engage in aggressive
interactions with native ants, and did not recruit to defend food resources. The typical
response of N. flavipes workers was bait abandonment within minutes of encountering
native ants. When baiting stations were discovered by native ants first, N. flavipes
workers did not recruit to these baits (Fig. VI.6d).

Figure VI.6. Activity of N. flavipes at baits, in: a absence of native ants, b and c initial
absence of native ants, and d initial presence of native ants.
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Salamander Diet
The diet of red-backed salamanders at the Doan Brook Gorge (Table VI.2) is
typical of a generalist, gape-limited predator. Isopods (Philosciidae and Trichoniscidae),
ants, mites (Mesostigmata), springtails (Entomobryomorpha and Symphypleona), flies
(Tipulidae), and juvenile millipedes (Polydesmida) dominated the diet. Overall, ants were
the second most important prey item, occurring in 75% of salamanders, with an average
of 5.2 ± 0.69SE per salamander. Nylanderia flavipes was the most important ant in the
diet (Table VI.3) and was found in 66% of salamanders sampled, with a mean of 3.7
workers per salamander (Table VI.4).
Nylanderia flavipes, and ants in general, were more numerous in the diet during
the fall. In the fall samples (n = 65 salamanders), ants accounted for 39% of prey items
consumed by salamanders, representing 16% of total prey volume and being found in
80% of salamanders sampled. Nylanderia flavipes was found in 68% of salamanders
sampled, making up 71% of ants consumed and 47% of the total volume of ants
consumed.
In the spring samples (n = 20 salamanders), ants accounted for 13% of prey items
consumed by salamanders, representing 3.5% of total prey volume and being found in
60% of salamanders sampled. Nylanderia flavipes was found in 60% of salamanders
sampled, making up 75% of ants consumed and 50% of the total volume of ants
consumed.
Although abundant in the diet of salamanders, N. flavipes was found less
frequently than expected based on the relative abundance of ant species found in Winkler
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samples (G-test: G = 90.682, d.f. = 4, P < 0.001). All remaining ant species were found
more often in salamanders than expected.
Nylanderia flavipes was not the only non-native prey consumed by salamanders at
this site. At least 51% of the prey items consumed by salamanders at this site were exotic
(Table VI.2), and these prey constituted 74% of the salamander diet by volume. In the fall
samples, 50% of prey were non-native (66% by volume), and in the spring samples, 58%
of prey were non-native (94% by volume).
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Prey taxon
Isopoda*
Hymenoptera – ant*
Acari
Collembola
Diptera
Diplopoda*
Coleoptera*
Pseudoscorpiones
Oligochaeta (Amynthas)*
Hemiptera
Diptera larva
Chilopoda*
Gastropoda – slug*
Araneae
Psocoptera
Hymenoptera – other
Lepidoptera larva
Opiliones
Coleoptera larva
Turbellaria (Bipalium)*
Thysanoptera

Fall 2007
N = 1052
V = 2357.1
F = 65
0.510 (200, 1162.0, 55)
0.448 (408, 370.6, 52)
0.301 (145, 25.5, 49)
0.158 (134, 17.5, 22)
0.161 (54, 180.2, 23)
0.102 (24, 50.3, 17)
0.115 (24, 104.5, 18)
0.091 (19, 17.9, 16)
0.011 (2, 1.8, 2)
0.058 (9, 101.6, 8)
0.034 (8, 8.4, 6)
0.025 (4, 23.1, 4)
0.025 (1, 137.7, 1)
0.022 (4, 4.9, 4)
0.034 (8, 7.0, 6)
0.028 (5, 3.8, 5)
0.020 (1, 100.7, 1)
-0.009 (1, 27.6, 1)
0.007 (1, 11.8, 1)
--
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Spring 2008
N = 285
V = 903.2
F = 20
0.651 (120, 526.5, 19)
0.254 (36, 31.6, 12)
0.336 (69, 14.1, 15)
0.202 (28, 5.8, 10)
0.054 (3, 2.3, 3)
0.147 (8, 12.2, 8)
0.019 (1, 3.5, 1)
0.054 (3, 1.3, 3)
0.188 (5, 267.2, 5)
0.019 (1, 1.8, 1)
0.018 (1, 0.1, 1)
0.042 (2, 18.1, 2)
0.038 (2, 5.0, 2)
0.039 (2, 10.2, 2)
-0.018 (1, 1.4, 1)
-0.036 (2, 2.0, 2)
--0.018 (1, 0.1, 1)

2007-2008
N = 1337
V = 3260.4
F = 85
0.543 (320, 1688.4, 74)
0.403 (444, 402.3, 64)
0.308 (214, 39.6, 64)
0.168 (162, 23.3, 32)
0.135 (57, 182.5, 26)
0.112 (32, 62.5, 25)
0.092 (25, 108.0, 19)
0.082 (22, 19.2, 19)
0.057 (7, 269.0, 7)
0.048 (10, 103.4, 9)
0.031 (9, 8.5, 7)
0.029 (6, 41.2, 6)
0.027 (3, 142.7, 3)
0.027 (6, 15.1, 6)
0.026 (8, 7.0, 6)
0.026 (6, 5.3, 6)
0.014 (1, 100.7, 1)
0.009 (2, 2.0, 2)
0.007 (1, 27.6, 1)
0.005 (1, 11.8, 1)
0.004 (1, 0.1, 1)

Table VI.2. Importance values (bold font) of P. cinereus prey taxa documented at the Nylanderia sites, ranked in descending order in
the combined 2007-8 data set. Numbers in parentheses represent n (number), v (volume), and f (frequency), respectively. Taxa
marked with an asterisk a represented, in entirety or in part, by non-native species

Fall 2007
0.342 (289, 175.8, 44)
0.185 (71, 133.2, 28)
0.078 (18, 38.4, 13)
0.021 (11, 12.0, 3)
0.017 (3, 1.3, 3)
0.016 (15, 8.2, 2)
-0.006 (1, 1.7, 1)

Spring 2008
0.237 (27, 15.7, 12)
0.078 (6, 11.2, 4)
0.036 (2, 1.6, 2)
---0.019 (1, 3.1, 1)
--

2007-2008
0.318 (316, 191.5, 56)
0.159 (77, 144.4, 32)
0.068 (20, 40.0, 15)
0.016 (11, 12.0, 3)
0.013 (3, 1.3, 3)
0.012 (15, 8.2, 2)
0.004 (1, 3.1, 1)
0.004 (1, 1.7, 1)

Ant species
Nylanderia flavipes
Prenolepis imparis
Aphaenogaster picea
Lasius nearcticus
Lasius alienus
Ponera pennsylvanica
Amblyopone pallipes
Temnothorax curvispinosus

Fall 2007
4.38 ± 0.735 (0 – 22)
1.06 ± 0.243 (0 – 11)
0.26 ± 0.080 (0 – 3)
0.12 ± 0.086 (0 – 4)
0.03 ± 0.022 (0 – 1)
0.22 ± 0.215 (0 – 14)
-0.02 ± 0.015 (0 – 1)

149

Spring 2008
1.35 ± 0.069 (0 – 5)
0.30 ± 0.147 (0 – 2)
0.10 ± 0.069 (0 – 1)
---0.05 ± 0.050 (0 – 1)
--

2007-2008
3.67 ± 0.583 (0 – 22)
0.88 ± 0.192 (0 – 11)
0.22 ± 0.063 (0 – 3)
0.09 ± 0.067 (0 – 4)
0.02 ± 0.017 (0 – 1)
0.16 ± 0.165 (0 – 14)
0.01 ± 0.012 (0 – 1)
0.01 ± 0.012 (0 – 1)

Table VI.4. Summary of mean number of ants consumed per salamander at the Nylanderia sites. Data are presented as mean ± SE
(range).

Ant species
Nylanderia flavipes
Prenolepis imparis
Aphaenogaster picea
Lasius nearcticus
Lasius alienus
Ponera pennsylvanica
Amblyopone pallipes
Temnothorax curvispinosus

Table VI.3. Importance values (bold font) of ant species documented as part of salamander diet at the Nylanderia sites. Numbers in
parentheses represent n, v, and f, respectively. Values for N, V, and F are presented in Table 2.

DISCUSSION

Exotic ants have been found to exhibit preferences towards disturbed habitats, and
their relative abundance and activity have been related to the degree of disturbance and/or
the amount of exotic vegetation (Ward 1987; Tschinkel 1988; Suarez et al. 1998;
Wetterer et al. 1999; Deyrup et al. 2000; King and Tschinkel 2006). In our study, N.
flavipes was restricted to sites characterized by high levels of anthropogenic disturbance
and large numbers of non-native plants. The distribution of that species in the area is
localized, and populations currently are confined to a very narrow stretch of the Doan
Brook watershed. Despite our intensive surveys in the Cleveland region over the past five
years, we failed to detect N. flavipes in areas outside the Doan Brook Gorge. Recently a
N. flavipes population was found in a residential area (Kirtland, Lake Co) situated 24 km
northeast from the Doan Brook Gorge (T. Webster and K. Ivanov unpublished data). The
new locality was however discovered in July 2009, after the completion of our sampling.
We found total ant abundances to be several times higher at Nylanderia sites
relative to reference sites, and that difference was caused by the superabundance of N.
flavipes. The most drastic change in the presence of N. flavipes was over 6-fold increase
in the total number of ants at the Nylanderia sites, of which 87% were Nylanderia
workers. Similarly high abundances have been reported for other non-native ants in the
continental US. Porter and Savignano (1990) reported relative abundance of 99% for the
red imported fire ant (Solenopsis invicta Buren, 1972) in Florida, Holway (1998) reported
abundances of over 98% for the argentine ant (Linepithema humile (Mayr, 1868)) in
California riparian woodlands, and Guénard and Dunn reported abundances of 75% for
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Pachycondyla chinensis (Emery, 1895) in North Carolina. These studies, however, relied
on pitfall trapping as primary collecting technique, which is more neutral in measuring
foragers’ abundance. This technique however, is often biased against a proportion of the
leaf-litter and top soil nesters and foragers in closed canopy habitats with plentiful leaflitter, such as the ones we sampled. The high abundance of N. flavipes, we found, should
be viewed with caution as it is possible that the collecting technique utilized has lead to
overrepresentation of the abundance of that species due to its biases towards leaf-litter
and top soil nesting species. However, it is unlikely that the high abundance we recorded
can be attributed solely to the Winkler method, and our results probably to a large extent
reflect the true relative proportion of that species in the local ant community.
Despite its numerical dominance, the presence of N. flavipes at the study sites did
not lead to detectable differences in the community-level variables we measured. The
observed and expected species richness, as well as the total abundance of the native ant
species were unaltered in the presence of N. flavipes. When only native ants were
considered in the analyses no difference in the total ant abundance was detected between
the study sites. Our study thus provides no evidence that the presence of N. flavipes has
affected the richness and the abundance of the local ant communities. The lower ant
diversity that we found at the Nylanderia sites can be entirely attributed to the high
numerical abundance of N. flavipes, resulting in decreased species evenness relative to
reference locations. Indeed, when only native ants were considered no difference in
overall ant diversity among sites was noted.
King and Tschinkel (2006), using controlled removal experiments, have
convincingly shown the lack of impact of S. invicta on the abundance and species
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richness of co-occurring ant species in disturbed Florida habitats. These findings are
rather surprising given the previously published accounts of the negative impacts of that
species on local ant diversity. However, this study used experimental approaches rather
than correlative ones characteristic for previously reported impacts of S. invicta. The
underlying cause for the numerical dominance of S. invicta is thus likely related to prior
habitat disturbance rather than to its superior competitive abilities. Habitat disturbance
may also be responsible for the high abundance of N. flavipes we found. Alteration of
environmental factors, caused by habitat disturbance, may be less constraining for N.
flavipes populations thus resulting in an increased abundance and colony density.
The differences in ant faunal composition between the Nylanderia and the
reference sites may be explained by several non-exclusive factors. These include the
confinement (highly localized distribution) and the high numerical abundance of N.
flavipes and the absence of certain native ants from the Nylanderia sites (Table VI.1).
Three of the four locally abundant species that were absent from the Nylanderia sites are
small, cryptic ants that inhabit and forage in soil and leaf litter. Ants with such lifestyles
previously have been found to be more resistant to invasions by the Argentine ant due to
their secretive life styles and their minimal interaction with epigeic ant invaders (Ward
1987). However, Guénard and Dunn (2010) found that hypogaeic species were strongly
negatively correlated with the presence of the non-native P. chinensis. The explanation
lies in the fact the P. chinensis itself is a more hypogaeic forager as compared to
Argentine ants. Thus, the suite of species that is likely to persist in invaded areas is to a
large degree dependent upon the life history of the invader. The absence of the above
mentioned species from the Nylanderia sites is likely related to factors other than the
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presence of N. flavipes. One such possibility is a reduction in the amount of leaf-litter at
the Nylanderia sites associated with the presence of non-native earthworms (Amynthas
spp.). Leaf litter depth was significantly lower at the Nylanderia sites (16.3 mm ± 1.7SE)
as compared to the reference sites (26.08 mm ± 1.3SE), (two-sample t-test: t = -4.575, P
< 0.001). Although we did not measure earthworm density and abundance, earthworms
were only found in high numbers at the Nylanderia sites. The presence of earthworms
previously has been found to significantly reduce the depth of the litter layer in wooded
areas (Liu and Zou 2002; Hale et al. 2005; Suarez et al. 2006; Nuzzo et al. 2009; Ivanov
unpublished data). Thus the absence of M. americana, S. impar, and S. schmitti may be a
result of habitat alteration related to a reduction of an important nesting and foraging
resource. The absence of a few uncommon and rare species, such as C. caryae and C.
chromaiodes, from the Nylanderia sites may be a reflection of our sampling design which
simply failed to detect these species due to their low local abundances (Ivanov,
unpublished data). Alternatively, the absence of these species might be a result of the
biases of the Winkler method against some larger-bodied ants. In addition, we found no
evidence for a disruption of the structure of the native ant communities caused by N.
flavipes, as indicated by the similar shape of the rank-abundance distributions between
the Nylanderia and the reference sites.
Our baiting observations do not provide evidence for a competitive exclusion of
native ants from food resources by N. flavipes. Only 6% of the baiting stations to which
N. flavipes workers recruited were not shared with native ants. Based upon these
observations, N. flavipes can be classified as a “non-fighter” species (Andersen 1995;
McGlynn 1999b). Such species do not participate in interspecific combat and avoid
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confrontation at baits. One of the features most commonly associated with invasive ants,
namely their superior competitive ability and pronounced interspecific aggression
(Holway et al. 2002; Tsutsui and Suarez 2003) thus was not observed in N. flavipes in
northeast Ohio.
If competition was the primary cause for the high numerical dominance of N.
flavipes, then its absence from the reference sites should have a positive effect on the
local ant community. However, the lack of detectable response from the native ants in the
variables measured, combined with the lack of interspecific aggression, suggests that it is
unlikely that interference competition can explain the high abundance of N. flavipes
relative to that of the co-occurring native ants. Factors other than competition likely are
responsible for the high local abundance and density of N. flavipes. Some of these
potential factors include (1) habitat disturbance (King and Tschinkel 2006), (2) smaller
size, which allows more individuals to be supported on the same energy budget as
compared to the larger native ant species, (3) more effective foraging, (4) use of
previously unused resources, and (5) ecological release (Porter and Savignano 1990). The
ability of N. flavipes workers to forage at cooler temperatures may allow this species to
reduce the frequency of its interactions with native ants, and may lead to temporal niche
partitioning and ultimately result in utilization of resources unavailable to the majority of
the native ant species. The high local abundances of known invasive ants, such as S.
invicta and L. humile, also have been related to unicoloniality and subsequent loss of
intraspecific aggression (Hölldobler and Wilson 1990; Holway et al. 2002; Tsutsui and
Suarez 2003). Unicoloniality has not been reported in N. flavipes, however this species is
polydomous (presence of spatially separated nests within a colony; Ichinose 1986) which
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can be advantageous in sustaining high nest densities in the areas where it occurs.
Polydomy has been related to increase in foraging area and increased foraging efficiency
(Debout et al. 2007).
With regards to the interactions between N. flavipes and red-backed salamanders,
we found that salamanders readily consume N. flavipes, and the latter shows no
aggression towards the former. However, several important issues remain unresolved.
Nylanderia flavipes is considerably smaller than most native ant species consumed by
red-backed salamanders. Consuming smaller prey with a greater proportion of chitin may
affect the net energy budget of salamanders, which in turn may reduce growth rates,
fecundity, and fat reserves (Merchant 1970; Jaeger and Barnard 1981; Gabor and Jaeger
1995; Suarez and Case 2002). Detailed ecophysiological studies are necessary to fully
understand how the incorporation of N. flavipes as prey affects salamander populations at
this site and others where N. flavipes occurs.
The lower-than-expected number of N. flavipes in salamanders relative to native
species suggests that salamanders either cannot forage as efficiently upon N. flavipes or
avoid them. Alternatively, this pattern may reflect a difference in the sampling methods.
As Winkler samples were collected from five discreet 1m2 locations, and salamanders
were free to forage throughout the entire site, salamanders were more likely to discover
uncommon ants likely under-represented in Winkler samples due to their low abundance
or patchy distributions.
The euryphagic nature of red-backed salamanders is reflected in the large
proportion of non-native prey consumed at our study site and others (Maerz et al. 2005;
Walton et al. 2006). Maerz et al. (2005) found non-native prey to be the principle
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determinants of seasonal and geographic variability in food resources of red-backed
salamanders, which is consistent with our findings. Such interactions are complex and
may involve both direct and indirect interactions with positive (Maerz et al. 2005) or
negative (Maerz et al. 2009) effects on salamanders. Further complexity is added when
prevailing climatic conditions are considered, because the dynamics of forest floor food
webs are different during dry versus wet years (Walton 2005; Lensing and Wise 2006;
Shultz et al. 2006). Hence, long-term studies of N. flavipes as a predator, competitor, and
prey are necessary to unravel this species’ impact in its introduced range.
Nylanderia flavipes is an exotic ant species that has established reproducing
populations in the Cleveland area where it maintains high local abundances. The latter
likely is a result of a combination of suitable habitat characteristics and species-specific
traits. This species currently is confined to a small area perhaps as a result of
environmental limitation and introduction opportunities. Although we found no
detectable impacts on native ant communities, the high abundance of N. flavipes has the
potential to suppress native ants through exploitative competition (see Beyers 2000).
Alternatively, the lack of response from the local ant community to the presence of N.
flavipes may be indicative of a more recent introduction in the Cleveland region with
populations still being in their latency period. Unfortunately, such data are lacking and
the date and means of introduction of N. flavipes in the area are unknown. Yet another
possibility is our inability to statistically detect any negative impacts due to our relatively
low sample sizes, a direct result of the limited distribution of N. flavipes within the
region, and within the Doan Brook watershed in particular. Long-term monitoring and
experimental manipulations involving controlled introductions may help in teasing apart
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the effects caused by habitat disturbance and those associated with the presence of this
exotic species.
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CHAPTER VII

POTENTIAL IMPACTS OF THE INVASIVE HERB GARLIC MUSTARD (ALLIARIA
PETIOLATA) ON LOCAL ANT (HYMENOPTERA: FORMICIDAE) COMMUNITIES
IN NORTHERN TEMPERATE FORESTS1

Kaloyan Ivanov and Joe Keiper

ABSTRACT

Garlic mustard, an invasive shade-tolerant species introduced to North America
from Eurasia in the late 1860s, now is widely distributed throughout the US and Canada.
The presence of garlic mustard results in displacement of understory species and
subsequent decline in native plant diversity. By displacing native plants, garlic mustard
can affect resource availability and habitat quality, and thereby affect animals across

1

Manuscript to be submitted to Jeffersoniana as Ivanov, K., and J. Keiper. Potential impacts of the
invasive herb garlic mustard (Alliaria petiolata) on local ant (Hymenoptera: Formicidae) communities in
northern temperate forests.
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different trophic levels. Although hypothesized, these impacts have been documented
infrequently. Our study focused on the small-scale effects of garlic mustard invasion on
an abundant and important group of forest-floor arthropods. We evaluated the effects of
garlic mustard on forest ant assemblages in invaded and non-invaded areas of two
mesophytic forest fragments of northeastern Ohio. Ants were collected via Winkler litter
extraction in five invaded and five non-invaded plots for each site. Compared to
uninvaded plots, plots invaded by garlic mustard showed significant reduction in leaf
litter depth, and an increased abundance of nonnative Amynthas earthworms. Samplebased rarefaction and similarity analyses revealed that the absence or presence of garlic
mustard, and the associated decrease in leaf litter depth, had no detectable effect on the
observed and expected ant species richness and community composition. Rankabundance distributions also were largely unchanged in the presence of garlic mustard.
Our results suggest that regional sylvan ant communities are unaffected by the generally
presumed negative effects of garlic mustard invasions, or that these effects may be more
subtle or confounded by other dominating factors.

KEYWORDS Ohio, species richness, abundance, community composition, leaf-litter,
exotic earthworms
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INTRODUCTION

Invasion of alien plant species is considered among the most significant threats to
biodiversity (Blossey 1999). Non-native species can displace native plants, change
trophic structure and alter ecosystem processes (Mack et al. 2000; Ehrenfeld 2003).
Problems associated with invasive plant species have increased greatly in recent times
due to increased species exchange between geographic areas, largely as a result of
human-aided dispersal (Vitousek et al. 1997; Chapin et al. 2000). In addition, humanmediated habitat disturbances can accelerate the incidence of successful biological
invasions by enhancing the establishment of exotic species (Liebhold et al. 1995; King
and Tschinkel 2006). As concerns about the introduction of non-native species increase,
we need a better understanding of the suite of potential impacts to both plant and animal
communities in order to develop effective management tools as well as to prevent future
introductions (D’antonio and Meyerson 2002). Despite the increased awareness of the
negative impacts of invasive plants, there is little quantitative evidence for the negative
ecological impacts they pose (Blossey 1999). The widespread invasive garlic mustard
(Alliaria petiolata (Bieb.) Cavara and Grande) is no exception, and its ecological impacts
though commonly suspected have been poorly documented (Blossey et al. 2001; Dávalos
and Blossey 2004).
Garlic mustard (Brassicaceae) is a shade-tolerant, short-lived, obligate biennial
herb native to western Eurasia (Welk et al. 2002). It was introduced to North America
from Europe in 1868 when it was first recorded in Long Island, NY (Nuzzo 1993), and
has quickly spread throughout the US and Canada. It is most abundant in the northeastern
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and midwestern US (Welk et al. 2002; Blossey et al. 2002). Garlic mustard produces first
year rosettes that over-winter, it and flowers early in the following year, and plants die
after seed production. A single plant can produce hundreds of seeds, with maximum
yields of 7900 seeds (Nuzzo 1993). Garlic mustard spreads exclusively by seeds, which
require a dormancy period of 8 to 22 months to germinate and can remain viable for up to
five years (Nuzzo 1999; Blossey et al. 2002). Alliaria petiolata typically occupies
disturbed habitats and often is most abundant in urban forest fragments and forest edges,
although it has the unusual capacity to invade and proliferate within intact forest
communities (Nuzzo 1999; Dávalos and Blossey 2004; Rodgers et al. 2008).
Garlic mustard is one of the most problematic invaders in North American forest
communities where it becomes a permanent member upon introduction (Rodgers et al.
2008). Among the most often reported negative impacts of garlic mustard are the
displacement of native understory plants and declines in the diversity of native plant
communities (McCarthy 1997; Meekins and McCarthy 1999; Stinson et al. 2007),
although quantitative evidence often is inconclusive (Blossey et al. 2001). Garlic mustard
decreases the abundance of mycorrhizal fungi in the soil and on plant roots (Stinson et al.
2006) which may reduce the competitive ability of native plant species, many of which
are mycorrhizal in North America (Roberts and Anderson 2001). The disruption of
mycorrhizal associations within understory plant communities has been related to the
production of secondary compounds by A. petiolata used to deter herbivory, and to
suppress the growth of plant and fungal species (Fahey et al. 2001; Cipollini and Gruner
2007; Rodgers et al. 2008).
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Arthropod diversity commonly is thought to be positively correlated with floristic
and structural plant diversity (Siemann et al. 1998). Arthropod herbivore richness is
generally believed to be greatest in areas of highest plant richness, primarily as a result of
greater availability of resources (Siemann 1998; Knops et al. 1999). This in turn results in
a greater diversity of arthropod predators and parasitoids (Hunter and Price 1992;
Siemann 1998). Increased plant diversity also may directly increase diversity of higher
trophic levels through an increase in floral resources (Jervis et al. 1993). Plant invasions
and the associated decrease in plant diversity and homogenization of local flora can alter
invertebrate assemblages. Changes in invertebrate abundance, richness and community
composition have been reported for a variety of arthropod groups in areas invaded by
non-native plants (Standish 2004; Gratton and Denno 2005; Wilkie et al. 2007; Bultman
and DeWitt 2008). In addition, changes in plant diversity may influence the interactions
between herbivores and their predators and parasitoids.
The impact of garlic mustard on native animal communities has received
comparatively little attention. The presence of garlic mustard has been shown to interfere
with the development of the native butterflies Pieris napi oleracea Harris and P.
virginiensis Edwards. Females of these species oviposit on garlic mustard plants, instead
on their native toothwort hosts, but garlic mustard increases the time required for larval
development, larvae take longer to pupate, and exhibit reduced pupal mass and pupation
rates (Porter 1994; Huang et al. 1995; Keeler and Chew 2008). Dávalos and Blossey
(2004) reported no effect of garlic mustard presence on ground carabid beetle captures
and species richness, and on overall invertebrate abundance in New York deciduous
forests. However, the authors were able to document a significant decrease in leaf litter
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depth at garlic mustard invaded plots which was associated with the presence of nonnative earthworms. A positive correlation between garlic mustard cover and non-native
earthworm biomass, and a negative correlation with leaf litter depth also have been
reported by Nuzzo et al. (2009) in New York and Pennsylvania. Garlic mustard invasions
therefore also may be symptomatic of invasions by non-native earthworms.
The displacement of native understory plant species associated with the presence
of garlic mustard and the creation of near-monospecific stands in the areas where this
species occurs are likely to alter resource availability, habitat quality and microclimate
and thus affect organisms from different trophic levels. In addition, areas invaded by
garlic mustard may suffer reduction in the leaf litter layer as a direct result from the
activity of non-native earthworms. This is likely to negatively affect forest dwelling
invertebrates that rely on leaf litter as nesting and foraging resource.
Our research focused on the small-scale effects of garlic mustard invasions on
ground dwelling forest ant communities. Ants are important and nearly ubiquitous
members of terrestrial ecosystems. They play major ecological roles as predators,
scavengers, mutualists, seed gatherers and dispersers (Hölldobler and Wilson 1990). Ants
participate in a variety of mutualistic relationships with plants, fungi and animals, and
also are an important prey item for both vertebrates and invertebrates (Hölldobler and
Wilson 1990; Folgarait 1998). Their ease of sampling, relatively low local diversity,
stationary colonies, and responsiveness to environmental disturbances have made them
an attractive monitoring tool for tracking changes in ecosystem conditions (Andersen
1990, 1993, 1997; Alonso 2000; Kaspari and Majer 2000). The changes initiated by
garlic mustard invasions could affect local ant communities both directly and indirectly
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and to result in changes in local species richness, community composition and structure.
Direct impacts can result from changes in habitat quality and resource availability
associated with the presence of garlic mustard. In addition, the changes in local plant
diversity may give rise to indirect impacts through disruption of mutualistic interactions
between ants and honeydew-producing ‘Homoptera’ and/or between ants and antdispersed (myrmecochorous) plants. Although not obligately dependent on their
mutualistic partners, the food resources in the form of honeydew or elaiosomes are an
important part of the diet of many ant species in temperate deciduous forests. Changes in
the species richness and composition of the local ant communities may lead to
modifications of species interactions, such as competition, predation, parasitism,
pollination, and seed dispersal. In addition, the changes in local ant communities
ultimately may result in alteration of ecosystem processes (Murcia 1995; Laurence et al.
2002) as ants are an important group of ecosystem engineers known to affect other
organisms through their activities (Hölldobler and Wilson 1990; Folgarait 1998).
To our knowledge, no study has explored the impacts of garlic mustard invasions
on ant communities. Here we report the results of a study designed to evaluate the
potential impacts of garlic mustard invasions on local temperate-forest ant communities.
We investigated whether ant communities differ in abundance, species richness, and
composition between sites invaded or not invaded by garlic mustard. We expected lower
species richness and abundance of ants in areas invaded by garlic mustard as a result of
alterations in habitat quality, resource availability, and disruption of important mutualistic
interactions.
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MATERIALS AND METHODS

Study Sites
We established two study sites in temperate mixed deciduous forest fragments
part of the Cleveland Metroparks system in the Cleveland metropolitan area of northeast
Ohio. One site was located at Bedford Reservation (BED; 890 ha; 41° 22' N, 81° 33' W),
and the second one at Brecksville Reservation (BRE; 1406 ha; 41° 18' N, 81° 36' W). At
each site we established 10 research plots, of which five were invaded by garlic mustard
and five were reference plots where no garlic mustard was present. Invaded plots were
selected on the basis of visual estimates of the presence of the target species in 30% or
more of the cover in the research plots. Thus, we sampled a total of twenty plots for this
study. Each research plot covered an area of 25 m by 25 m, and plots within sites were
separated by a minimum distance of approximately 150 m. The elevation of all research
plots ranged between 200 and 285 m a.s.l.
Both research sites are located within mixed deciduous forest types, dominated by
mixtures of red and white oak (Quercus rubra L. and Q. alba L.), sugar and red maple
(Acer saccharum Marshall and A. rubrum L.), American beech (Fagus grandifolia
Ehrh.), tulip tree (Liriodendron tulipifera L.), and hickories (Carya spp.), supplemented
to varying degrees by black cherry (Prunus serotina Ehrh.), cucumber tree (Magnolia
accuminata (L.)), and basswood (Tilia americana L.). The understory is characterized by
seedlings and saplings of the canopy trees; the shrubs Lindera benzoin L., Hammamelis
virginiana L., and Viburnum spp.; the vines Toxicodendron radicans (L.), Parthenocissus
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quinquefolia (L.); and various herbs and graminoids. Plant nomenclature follows Gleason
and Cronquist (1991).

Sample Collecting and Processing
Ants were collected via Winkler litter extraction in the period June-July during
the peak of annual ant activity in the region. Litter collection was conducted between
10.00 and 16.00 h, and at least a day after a heavy rain as ants are extracted less
effectively from wet litter (Fisher 1998).
Five quadrats were placed in a dice pattern within each plot, with the center of the
dice corresponding with the center of the research plot. The closest quadrats (diagonal
from center to rest of quadrats) were separated by 7 m, and all quadrats were more than 6
m away from the edges of the plot to assure that ants, including foragers, originated from
within the study plot. We used a 1m x 1m plastic frame to enclose each sample (quadrat),
and collected all leaf litter and the top layer (2-3 cm) of loose soil. We sifted the collected
material through a sifter with a mesh opening of approximately 10 mm to exclude larger
fragments, such as leaves, twigs and stones. In the laboratory, we loaded the sifted litter
into Winkler extractors and left them to operate at room temperature for 72 h. Three days
are sufficient to extract nearly all ant species and the majority of individuals from the
collected samples (Ivanov et al. 2010). At the end of the extraction time, we rinsed the
content of each collecting container into a labeled vial containing 95% ethanol.
We sorted, counted and identified all individuals to species using the taxonomic
keys in Smith (1957), Coovert (2005), and Francoeur (2007). We consulted the ongoing
work of A. Francoeur, who is revising the North American Myrmica, to account for the
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presence of a yet undescribed species in our samples. Vouchers will be deposited at the
Cleveland Museum of Natural History, Department of Invertebrate Zoology, and the
remaining materials are in the first author’s collection. Ant nomenclature follows Bolton
et al. (2007).
We measured garlic mustard density by counting the number of stems present in
two 0.25 m2 quadrats placed within each invaded plot. These quadrats were positioned
5m away, on each side, from the central larger quadrat. In addition, we measured the
depth of the litter layer, to the nearest mm, at each of the 5 one square meter quadrats
using a standard metric scale metal ruler. At the onset of our sampling at BED, we
observed high numbers of earthworms present in the leaf litter layer of the garlic mustard
invaded plots. As a result, we decided to include an estimate of the density of the
earthworms present at the research plots in our study. As we did not record the
earthworm abundance in the initial plots sampled we limited our earthworm counts to the
research plots located at BRE. We counted all earthworms present in the leaf-litter layer
and on the soil surface within each of the five one square meter samples, and identified
representative specimens using the keys in Hale (2009). We did not use earthwormspecific extraction techniques, such as application of mustard solution or formalin, as
temperate Amynthas typically are epigeic (residing in the leaf litter layer), or epiendogeic (surface soil; Hendrix and Bohlen 2002). Our approach therefore allows for a
valid estimation of the surface density of Amynthas earthworms at the research plots.
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Data Analysis
We compared Alliaria density between BED and BRE invaded plots using a twosample t-test; leaf-litter depth using a two-way Analysis of Variance (ANOVA), with
garlic mustard presence and site as main factors; and Amynthas density between BRE
invaded and non-invaded plots using the non-parametric Mann-Whitney U test.
Normality and homoscedasticity of the data were evaluated prior to the analyses with a
Kolmogorov-Smirnov (K-S) test and Levene’s test, respectively.
We used a two-way ANOVA to compare ant abundance and species density, with
garlic mustard presence and site identity as main factors. We used sample-based
rarefaction to calculate and compare the observed species richness across the pooled
invaded and non-invaded plots, and across sites (rarefaction curves were scaled to
number of occurrences; Gotelli and Colwell 2001). Using incidence and not abundance
data is necessary as the sociality of ants often leads to high clumping of individuals
within samples that can skew species-richness comparisons and species-abundance
relationships (King and Porter 2005). We created all sample-based rarefaction curves
using the analytical method of Colwell et al. (2004), implemented in EstimateS 8.2
(Colwell 2009). To estimate the asymptotic (total) species richness we calculated the
Chao2 (Chao 1987) estimator, using 100 randomizations of sample accumulation order.
This estimator relies only on presence/absence data, and has been found to be one of the
least biased and the most precise estimation methods (Colwell and Codington 1994;
Walter and Moore 2005; Hortal et al. 2006). For the analyses, data were pooled for all
replicate samples within the invaded and non-invaded plots and compared using the 95%
confidence intervals provided in the EstimateS output. In addition, we used the calculated
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measures of expected species richness to assess the degree of sampling completeness in
our study.
We used hierarchical clustering (group-average linking algorithm with BrayCurtis similarity measure) to identify natural groupings among the study plots according
to similarities in their ant species composition. We used a nonparametric two-way
Analysis of Similarity (ANOSIM, Clarke 1993), with garlic mustard and site as main
factors, to test for statistical differences in species composition between the invaded and
non-invaded plots. Both analyses were performed with the software package PAST
(version 1.97, Hammer et al. 2001).
We constructed rank-abundance plots and compared them with the nonparametric
Kolmogorov-Smirnov test to assess any differences in the structure of the ant
communities between the invaded and non-invaded plots (Gotelli and Ellison 2004;
Ellison et al. 2007). We used SPSS 16.0 (SPSS Inc, Chicago, IL) for all statistical
analyses, unless otherwise noted in the text.

RESULTS

Garlic mustard was present at all of the invaded plots and in none of the noninvaded plots. A few garlic mustard rosettes were present near the edges of some noninvaded plots, but none occurred within the plots. The average number of garlic mustard
stems per quadrat was similar in the invaded plots at the two study sites (98.7 ± 14.6SE at
BRE, and 146.3 ± 29.3SE at BED; t = 1.45; df = 18; P = 0.16).
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Temnothorax longispinosus (Roger, 1863)
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Myrmicinae
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Amblyopone pallipes (Haldeman, 1844)
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Subfamily / Species
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3
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0
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1

10

6

0

0
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2
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0
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9
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32

0

11
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13
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4
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0
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0

3

898

198

59

invaded

non-

8

95

1

1316

22

228

264

19

11

402

311

25

invaded

TOTAL

Table VII.1. Ant species, with corresponding abundances, collected in garlic mustard invaded and non-invaded plots at Bedford and
Brecksville.
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Lasius alienus (Foerster, 1850)

Lasius nearcticus W.M. Wheeler, 1906

Lasius umbratus (Nylander, 1846)

Formica neogagates Emery, 1893

Formica subsericea Say, 1836

Camponotus chromaiodes Bolton, 1995

Camponotus pennsylvanicus (De Geer, 1773)

Camponotus nearcticus Emery, 1893

Camponotus subbarbatus Emery, 1893
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We collected a total of 9922 ant workers representing 25 species from 12 genera
(Table VII.1). Of these, 4470 ants were collected at BRE and 5452 at BED, with 4639
ants collected at the non-invaded plots, and 5283 at the invaded plots. Ant abundance per
sample was higher for the non-invaded plots at BED, but exhibited the opposite trend at
BRE, being higher at the invaded plots (Fig. VII.1). A two-factor analysis of variance
showed no significant effect of garlic mustard presence (F(1,96) = 0.74, P = 0.39), and site
identity (F(1,96) = 1.72, P = 0.19) on ant abundance, with no interaction between the two
main factors (F(1,96) = 3.13, P = 0.08; Fig. VII.1). Similar results were obtained when
abundances were compared at the plot, rather than the sample level.

Figure VII.1. Average ant abundance at garlic mustard invaded and non-invaded plots.
Error bars are ± 1SE.
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At BRE, we collected a total of 22 species of which 18 were recorded from the
non-invaded and 19 species from the invaded plots, with 15 species being common to
both plots. At BED, we recorded a similar number of species (23), of which 19 were
present at the non-invaded plots, and 21 at the invaded plots. Seventeen species were
common to both plots at BED (Table VII.1). The most abundant species in our samples
were Lasius alienus (Foerster, 1850), Aphaenogaster picea (W.M. Wheeler, 1908),
Myrmecina americana Emery, 1895, and Myrmica punctiventris Roger, 1863 comprising
68% and 85% of the total captures at BED and BRE, respectively (Table VII.1). No nonnative ant species occurred in the collected samples. Both observed and expected species
richness were higher at the invaded plots, but the differences were not significant. Our
rarefaction analyses showed no significant difference in observed species richness
between the invaded and non-invaded plots, as evidenced by the overlap of the 95%
confidence intervals (Fig. VII.2). In addition, there was no difference in observed species
richness between the invaded and non-invaded plots when compared across sites. The
expected number of species was estimated at 28.7 and 21.7 species for the invaded and
non-invaded plots, respectively. The difference was not significant as evidenced by the
overlap of the 95% confidence intervals. Based on these estimates, we were able to
sample an estimated 84% and 97% of the local ant fauna in invaded and non-invaded
plots, respectively. Small scale species richness (i.e., species density per sample) was
higher at BED than at BRE (two-way ANOVA: F(1, 96) = 47.88, P < 0.001), but not
different across the invaded and non-invaded plots within a site (F(1, 96) = 0.13, P = 0.72),
and there was no interaction between the main factors (F(1, 96) = 2.78, P = 0.10; Fig.
VII.3).
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Figure VII.2. Rarefaction curves for pooled invaded and non-invaded plots. For clarity
the 95% confidence intervals (lighter dotted lines) are shown only for the invaded plots.

Figure VII.3. Species density at garlic mustard invaded and non-invaded plots. Error bars
are ± 1SE.
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The captures of some species differed between the non-invaded and the invaded
plots (Table VII.1), however these patterns were often inconsistent across sites. For
example, Myrmica semiparasitica Francoeur, 2007 was found only at the non-invaded
plots at BED, but was found only at the invaded plots at BRE. A reversed pattern was
observed for Lasius umbratus (Nylander, 1846). Four species occurred only at the
invaded plots, but three of those were restricted to only one of the two study sites. All
four of these species showed very low frequency of occurrence, being present in only one
or two samples (Table VII.1). Formica neogagates Emery, 1893 was the only species that
occurred at just non-invaded sites, however it was only found at BRE and represented
only 1% of the total of all ants collected.
Our hierarchical cluster analysis did not reveal clear separation of sites, based on
either presence/absence of garlic mustard or site (Fig. VII.4). A two-way ANOSIM
revealed no significant difference in ant species composition between invaded and noninvaded plots (R = 0.006, P = 0.47) and between sites (R = 0.056, P = 0.26). Our analyses
thus show no evidence for differences in local ant community composition between sites
invaded and not invaded by garlic mustard. In addition, we found no changes in the
structure of the local ant communities between the invaded and non-invaded plots
(Kolmogorov-Smirnov two-sample test: Z = 0.707, P = 0.70; Fig. VII.5).
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Figure VII.4. Dendrogram for hierarchical clustering of invaded and non-invaded plots.
Invaded plots are presented in black bold type, and reference plots are shown in grey.

Figure VII.5. Rank abundance plots for garlic mustard invaded and non-invaded plots.
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Leaf-litter depth was significantly lower in the invaded plots at both sites (twoway ANOVA: F(1, 96) = 40.76, P < 0.001), with no significant effect of site (F(1, 96) = 1.32,
P = 0.25), and no interaction between the main factors (F(1, 96) = 2.81, P = 0.10; Fig.
VII.6). At BRE, we found a significantly higher number of Amynthas earthworms present
at the invaded sites (64.4 ± 20.6SD; Mann Whitney U test: Z = -5.63, P < 0.001), as
compared to the non-invaded sites (0.6 ± 1.7SD).

Figure VII.6. Average leaf-litter depth at garlic mustard invaded and non-invaded plots.
Error bars are ± 1SE.
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DISCUSSION

At the local scale at which we conducted our study, and contrary to our
expectations, we were unable to detect negative impacts of garlic mustard on native forest
ant assemblages. The presence or absence of garlic mustard was not associated with
detectable changes in the ant communities at our study sites, and our data show no
significant differences in terms of abundance, species richness or composition between
the invaded and non-invaded plots.
Although ants have been shown to be good indicators of environmental
perturbations and habitat disturbance (Alonso 2000; Kaspari and Majer 2000), the
ecological effects of garlic mustard may be too subtle for them to respond, or these
effects may be masked by other more potent factors. Site characteristics are important in
affecting the outcome of the presence and therefore the impacts of invasive weeds
(Samways et al. 1996; Yeates and Williams 2001). The local ant assemblages, at our
study sites, likely have been affected by factors related to urbanization and habitat
modification prior to the establishment of garlic mustard. Urban forests, such as the ones
in this study, typically consist of isolated patches with reduced area and high proportion
of edges. Anthropogenic habitat alterations such as clearing of native vegetation,
fragmentation and destruction of natural habitats and the associated creation of habitat
edges operate on large spatial scales and are among the key environmental features of
urban landscapes that are known to affect local diversity (Bolger et al. 2000; Gibb and
Honchuli 2002). These environmental disturbances are among the major forces shaping
the physical and biological changes occurring in urban landscapes (Halme and Niemelä
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1993, Murcia 1995, Ewers et al. 2007). Generalist and opportunistic ant species are
known to respond more successfully to environmental disturbances than specialist species
(Didham et al. 1996, Gibb and Hochuli 2002), and changes in the proportion of
opportunistic ant species have been correlated with levels of disturbance (Andersen
1990). Urban forest fragments typically are characterized by a large proportion of
generalist species and disturbed-habitat specialists that have adapted to these, often
degraded, environments (King and Tschinkel 2006; Clarke et al. 2008). The absence of
significant changes may be explained by the fact that our study sites are characterized by
ant communities dominated by species capable of tolerating high levels of disturbance.
Thus the impacts of garlic mustard presence may not be strong enough to cause further
changes in the abundance and richness of these communities.
Another reason for the lack of significant differences between the plots invaded
and not invaded by garlic mustard maybe the relatively recent detection of that species in
the Cleveland metropolitan area, and in northeast Ohio in general. Although garlic
mustard has been present in parts of the US for over a century, it was first detected in
‘natural’ forests in the Cleveland area in the early 1980’s (C. Thomas, pers.
communication). This species was likely present earlier in gardens and other human
habitations, however, it was not a prominent part of the local flora until the late 1980s.
Older settlements in Berea, Chagrin Falls, Bedford and Brecksville likely were epicenters
for the plant’s establishment from which it naturalized urban green spaces (C. Thomas
pers. communication).
A few ant species responded to the presence of garlic mustard with changes in
their frequency of occurrence and/or abundance but these species were rather uncommon
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and their responses often were inconsistent across sites. These differences may be a result
of patchy distributions and low probability of detection rather than a function of garlic
mustard invasion. Formica neogagates was the only species in our study that showed
preferences to areas not invaded by garlic mustard. This woodland species is rare in Ohio,
and in the Cleveland region where it is known only from Brecksville (Ivanov pers.
observations). It is possible that this species is negatively affected by the presence of
garlic mustard, but the fact that it only occurred in three samples from a single plot
prevents us from making any definitive conclusions about its response to garlic mustard
invasions. The lack of significant difference in terms of community composition and
structure suggest that the presence of garlic mustard does not lead to alterations of local
species makeup and community structure.
We were able to document a decrease in the leaf-litter layer at the garlic mustard
invaded plots which was correlated with increased surface activity of non-native
Amynthas earthworms. Our results thus are consistent with the findings of Dávalos and
Blossey (2004) and Nuzzo et al. (2009). Garlic mustard presence, at our sites, may be
indicative of underground invasions by non-native earthworms in the genus Amynthas.
These earthworms were more abundant at the garlic mustard plots, but were also present
at some of our reference plots. A decrease in the leaf-litter layer has been associated with
reduced invertebrate abundance and changes in community structure (Koivula et al.
1999) which is likely as a direct result of decreased microhabitat and resource
heterogeneity. Although we found significant reduction in the leaf-litter layer at the garlic
mustard invaded plots, the decrease was small (3.2mm at BED and 5.5mm at BRE) and
may not be sufficient to translate into changes in the local forest ant communities. Exotic
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Amynthas have been detected in the region only recently (M. Walton, pers.
communication) and it may be that more time is necessary before the impacts associated
with their presence are translated into changes in the local leaf-litter arthropod
assemblages.
Despite our findings and the similar results reported by Dávalos and Blossey
(2004) it is likely that garlic mustard has negative ecological impacts, but the biennial
nature of the plant and the pattern of spread may produce subtle effects that are difficult
to detect. Moreover, these impacts may be masked by stronger factors such as land use
history and habitat disturbance associated with urbanization. Such factors operate at
larger spatial scales and may obscure the localized impact of an invasive plant. Future
studies focusing on the effects of garlic mustard on local invertebrate communities may
benefit by targeting ‘undisturbed’ natural areas in which garlic mustard is present. Such
an approach may help to discriminate between the impacts associated with anthropogenic
habitat disturbance and those related to the presence of this invasive species. In addition,
the ecological impacts of garlic mustard in temperate deciduous forest may be
undetectable when using ants (our study), or ground-dwelling carabid beetles (Davalos
and Blossey 2004) as indicators. The effects of invasive plants on local animal
communities have been shown previously to be strongly dependent on the taxonomic
group investigated (de Groot et al. 2007). Long-term investigations and the use of
experimental manipulations of garlic mustard densities and the use of other animal taxa
as indicators are necessary to more fully reveal the impacts associated with A. petiolata
invasions (Blossey 1999), but our findings suggest that garlic mustard may not have the
often suspected pronounced ecological effects on local animal communities.
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CHAPTER VIII

SYNTHESIS AND CONCLUSIONS

Between May 2005 and May 2009, we sampled the distribution and abundance of
ant assemblages in eleven forest fragments of northeastern Ohio. We identified over
30,000 specimens representing 39 species from 19 genera. The research presented here is
the first comprehensive study of the forest-dwelling ant fauna of the greater Cleveland
area. In addition to exploring the effects of common habitat disturbances on local ant
communities, this study also contributes to our knowledge of the ant diversity in Ohio.
The results from this research have been organized into six main sections, reflected in the
following summary.

Evaluation of Sampling Techniques
Our results suggest that Winkler litter extraction is an effective collecting
technique and we encourage its application for capturing ground-dwelling ants in
northern temperate forests. In our study, Winkler litter extraction resulted in a greater
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number of individuals and more ant species captured when compared to the more
commonly applied pitfall trapping. Winkler samples accumulated species at a higher rate
and exhibited the advantage of a more complete inventory allowing for the collection of a
greater proportion of the expected number of species. Winkler catches included many
cryptic species with restricted microhabitats that were not readily sampled with pitfall
traps, and that also can be easily missed during visual searches. We suggest that litter
extraction with Winklers can replace pitfall trapping in northern temperate forests with
well-developed litter layer, and that inventorying programs may benefit from the
inclusion of Winkler litter extraction as a rapid and effective ant-collecting tool. Where it
is feasible, we advise a combination of both techniques within an area in order to
minimize the inherent biases associated with each technique, which show a tendency to
distort community-scale data by under-representing different components of the ant
community. We recommend the addition of complementary techniques, such as hand
collections, baiting, and soil core probes, for maximizing species captures and for better
representing the local ant diversity within a region.
The Winkler litter extraction is an efficient, rapid collecting technique that allows
for valid representation of the diversity, structure and composition of the local ant
communities inhabiting the leaf litter and the top soil layers in temperate forest areas.
Based on our findings, short extraction times are practical when focusing on ants. Our
data document a high efficiency of Winkler litter extraction, with a large proportion of all
collected individuals and representatives of all species extracted from the collected
samples after 72 h. The chosen extraction duration did not cause taxonomic bias or
distortion in the collected data, and allowed for a valid representation of community-scale
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parameters. The Winkler method shows high consistency in extraction efficiency across a
broad range of vegetation types and geographic areas. Given the differences in litter
moisture and composition, species tolerances, and ambient drying temperatures, the
efficiency of the Winkler-extraction duration almost certainly will vary across studies
and/or geographic areas. We recommend that researchers use approaches similar to the
ones presented in this study to determine optimal extraction times and establish extraction
periods most appropriate to their studies and research areas.

Forest Edges and Ant Communities
Our study documents predictable edge-associated changes in species richness,
community composition and functional groups, occurring in local forest ant assemblages.
Our estimates suggest that interior forests harbor less species-rich ant fauna than do forest
edges. The increased number of species along the forest edge is a result of melding of
distinct forest-inhabiting species with species characteristic of open areas, resulting in an
overlap zone with elevated species richness. The occurrence of open-area species and the
absence of some typical forest-dwelling ants near the forest edge, combined with the
specific responses of some widespread ants to the edge effects, resulted in significant
compositional differences between the edge and forest interior. In our study, edge
habitats were characterized by a higher proportion of opportunists and a lower proportion
of cryptic ants. The presence of aggressive open-area ants at the forest edge may amplify
fragmentation effects, either by excluding resident species through competition or by
interfering with the establishment of potential colonizers.
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Our data provide evidence that edge effects are most pronounced within the first
25 m into the forest interior, and that the extent of these effects is marked by a drop in ant
abundance and species density at intermediate distances from the forest edge and by a
transition to a more intact forest ant community deeper into the interior. These findings
may have important conservation implications, as very small forest fragments have a
greater proportion of their area exposed to edge effects and as a result will have no intact
core areas. Considering the fact that many urban parks are inherently small, little typical
forest interior habitat will be available to the forest-associated ant fauna. We suggest the
establishment of gradual forest edges with various stages of secondary succession as a
way of preserving local forest-associated biota. Although our results offer insights into
the responses of ants to edge-related phenomena, solid experimental tests are necessary to
explain the varying responses of closely related species to edge effects, an effect likely
driven by space and resource partitioning. Given the response of ant functional groups to
edges we found, conservation efforts and restoration programs may benefit from the
incorporation of functional group analyses in addition to the more traditional taxonomic
measures.

Non-native Taxa and Ant Communities
A few localities in northeastern Ohio support well-established and reproducing
populations of the non-native ant Nylanderia flavipes, but the distribution of the species
in the area is highly localized.
We found total ant abundances to be several times higher at Nylanderia sites
relative to reference sites, and that difference was caused by the superabundance of N.
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flavipes. Despite its numerical dominance, the presence of this exotic species did not lead
to detectable differences in the community-level variables we measured. In addition, our
results do not provide evidence for a competitive exclusion of native ants by N. flavipes.
The lack of detectable response from the native ant community in the variables measured,
combined with the lack of interspecific aggression, suggest that it is unlikely that
interference competition can explain the high abundance of N. flavipes relative to that of
the co-occurring native ants. Factors other than competition likely are responsible for the
high local abundance and density of N. flavipes. The latter likely is a result of a
combination of suitable habitat characteristics and species-specific traits. This species
currently is confined to a small area perhaps as a result of environmental limitation and
introduction opportunities. Alternatively, the lack of response from the local ant
community to the presence of N. flavipes may be indicative of a more recent introduction
in the Cleveland region with populations still being in their latency period. Currently,
such data are lacking and the date and means of introduction of N. flavipes in the area are
unknown. Although we found no detectable impacts on native ant communities, the high
abundance of N. flavipes has the potential to suppress native ants through exploitative
competition. Long-term monitoring and experimental manipulations involving controlled
introductions may help in teasing apart the effects caused by habitat disturbance and
those associated with the presence of this exotic species.
With regards to the interactions between N. flavipes and red-backed salamanders,
we found that salamanders readily consume N. flavipes, but the lower-than-expected
number of N. flavipes in salamanders relative to native species suggests that salamanders
either cannot forage as efficiently upon N. flavipes, or avoid them. Nylanderia flavipes is
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considerably smaller than most native ant species consumed by red-backed salamanders.
Consuming smaller prey with a greater proportion of chitin may affect the net energy
budget of salamanders, which in turn may reduce growth rates, fecundity, and fat
reserves. Detailed eco-physiological studies are necessary to fully understand how the
incorporation of N. flavipes as prey affects salamander populations.
At the local scale at which we conducted our study, we were unable to detect
negative effects of garlic mustard on native forest ant assemblages. The presence or
absence of garlic mustard was not associated with detectable changes in the abundance,
species richness or composition of the local ant communities.
Although ants have been shown to be good indicators of environmental
perturbations and habitat disturbance, the ecological effects of garlic mustard may be too
subtle for them to respond, or these effects may be masked by other more potent factors.
Urban forest fragments typically are characterized by a large proportion of generalist
species and disturbed-habitat specialists capable of tolerating high levels of disturbance.
Thus the effects of garlic mustard presence may not be strong enough to cause further
changes in these communities. Another reason for the lack of significant differences
between the plots invaded and not invaded by garlic mustard may be the relatively recent
detection of that species in the Cleveland metropolitan area, and in northeast Ohio in
general.
We were able to document a decrease in the leaf-litter layer at the garlic mustard
invaded plots correlated with increased surface activity of non-native Amynthas
earthworms. Thus, garlic mustard presence may be indicative of underground invasions
by exotic earthworms. Although we found significant reduction in the leaf-litter layer at
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the garlic mustard invaded plots, the decrease was small and may not be sufficient to
translate into changes in the local forest ant communities. Exotic Amynthas have been
detected in the region only recently and it may be that more time is necessary before
possible negative effects associated with their presence are translated into changes in the
local leaf-litter arthropod assemblages.
Despite our findings, and the similar results reported by other studies, it is likely
that garlic mustard has negative ecological impacts but the biennial nature of the plant
and the pattern of spread may produce subtle effects that are difficult to detect. Moreover,
these impacts may be masked by stronger factors such as land use history and habitat
disturbance associated with urbanization. Such factors operate at larger spatial scales and
may obscure the localized impact of an invasive plant. Future studies focusing on the
effects of garlic mustard on local invertebrate communities may benefit by targeting
‘undisturbed’ natural areas in which garlic mustard is present. Such an approach may
help to discriminate between the impacts associated with anthropogenic habitat
disturbance and those related to the presence of this invasive species. In addition, the
ecological impacts of garlic mustard in temperate deciduous forest may be undetectable
when using ants as indicators. Long-term investigations, use of experimental
manipulations of garlic mustard densities, and use of other animal taxa as indicators are
necessary to more fully reveal the impacts associated with A. petiolata invasions, but our
findings suggest that garlic mustard may not have the often suspected pronounced
ecological effects on local animal communities.
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Synthesis
The massive disturbances to natural habitats created by urbanization have been
documented to affect native biodiversity negatively and to promote the establishment of
non-native species, thereby leading to homogenization of local biota, and arthropods have
been used commonly as indicators of such changes occurring in urban areas. My work
shows diverse, measurable effects of urban-related disturbances on an important group of
arthropod ecosystem engineers. Fragmentation of urban forests, measured as the response
of ant communities to forest edge effects, resulted in changes in ant diversity and
community composition indicating that urbanization may affect the ecological function of
the ant communities in forests influenced by human activity. Among the most
consistently reported consequences of edge effects are changes in community
composition (Suarez et al. 1998; Carvalho and Vasconcelos 1999; Gibb and Honchuli
2002), and increased proportion of aggressive opportunistic and invasive species (Suarez
et al. 1998; Dauber and Wolters 2004; Lessard and Buddle 2005). Consistent with these
findings, conducted across a wide range of ecosystems and levels of human-mediated
disturbances, my data show that urban ant communities respond in a predictable manner
to the creation and perpetual maintenance of hard edges in temperate forests. The
alterations in local ant communities have the potential to affect other organismal groups
and influence ecosystem processes and functioning.
Considerable knowledge has been accumulated for a few of the most common ant
invaders, but research on other species that possess traits of invasive ants are needed.
Such studies are important in revealing the attributes of successful invaders, in order to
better understand the factors responsible for the establishment and success of exotic
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species. Many non-native ants possess invasive traits and have the ability to achieve high
local densities, but either exhibit localized distributions or have not been sufficiently
studied. My research on a newly introduced exotic ant in the Cleveland area suggests that
environmental factors (human-mediated habitat disturbance), or species-specific traits
(ability to forage at cooler temperatures, and polydomy), rather than interference
competition, may be responsible for the high local abundance of this non-native ant.
These results are consistent with the notion that invasive species may be ‘pre-adapted’ to
anthropogenic disturbances, as convincingly shown by King and Tschinkel (2006) for the
red imported fire ant.
Homogenization of urban ground-dwelling ant fauna may be responsible for the
rather unexpected ant community responses to a common invasive plant that I found.
Factors operating at large spatial scales, such as land-use history and habitat disturbance,
may be obscuring the localized effect of garlic mustard on local ant communities. My
results thus are consistent with the findings of the only previous study (Davalos and
Blossey 2004) that has investigated the potential impact of this invasive species on local
arthropod diversity. My research corroborates the importance of conducting
bioinventories at large spatial scales in order to discriminate between the effects of local
and landscape-level factors in determining local diversity patterns.
My research provides baseline data for future assessment of the impacts of
human-induced habitat modifications and exotic species introductions on native ant
diversity, and the potential effects on local biodiversity and ecosystem-level processes.
The knowledge gained from this study also can be used towards implementing sound
management and conservation strategies for protecting urban biodiversity. The closeness
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of my data to previous research indicates that my findings are unlikely to be confined to
the deciduous forest fragments of northeast Ohio and that they also are applicable to other
regions and habitats subjected to urban-related disturbances.
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