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Abstract
Invasive alien species (IAS) cause environmental and economical problems. How to effectively manage all IAS at a large area is a challenge.
Hypotheses about IAS (such as the “human activity” hypothesis, the “biotic acceptance” and the “biotic resistance”) have been proposed
from numerous studies. Here the state of Alabama in USA, widely occupied by IAS, is used as a case study for characterizing the emergent
patterns of IAS. The results indicate that most IAS are located in metropolitan areas and in the Black Belt area which is a historical intensive
land use area. There are positive relationships between the richness of IAS and the change of human population, the species richness and the
number of endangered species, as well as the total road length and farmland area across Alabama. This study partially supports the above
three hypotheses and provides a general pattern of local IAS. Based on possible processes related with IAS, some implications for
strategically managing local IAS are discussed.
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Introduction
Invasive alien species (IAS) have been
recognized
to
cause
major
ecological,
environmental and economical problems, such as
threaten native biodiversity (Wilcove et al. 1998;
Clavero and García-Berthou 2005), disrupt entire
ecosystems by altering community structure,
nutrient cycling rates, or disturbance regimes
(Vitousek et al. 1987, 1997; D’Antonio and
Vitousek 1992; Mack et al. 2000; Byrnes et al.
2007), and also cost millions of dollars to
eradicate and manage (Pimentel et al. 2005).
Numerous theoretical and experimental studies
have been dedicated to identifying the varied
factors and processes which may contribute to
the success of IAS in habitats where they have
been introduced or are spreading (Reichard and
Hamilton 1997; Lonsdale 1999; Mack et al.
2000). Patterns of IES distribution are thus
relevant in forecasting future species distribution, evaluating overall impact of invasion,
and assisting management agencies to adopt

effective conservation policies (Williamson
1996; Levine and D’Antonio 2003; Pyšek and
Richardson 2006).
The alien species invasions are considered as
a component of man-made global change
(Williamson 1996; Vitousek et al. 1997). So far,
three major hypotheses have been proposed to
explain the establishment of IAS (Leprieur et al.
2008). The first is the “human activity”
hypothesis. It suggests that disturbing natural
landscapes could increase propagule pressure
(i.e., the number of individuals released and the
frequency of introductions in a given area) and
human activities facilitate the establishment of
IAS (Chown et al. 1998; McKinney 2001; Taylor
and Irwin 2004; Meyerson and Mooney 2007).
Second is the “biotic acceptance” hypothesis,
which indicates that the establishment of IAS
would be greatest in areas rich in native species
with optimal environmental conditions for
growth, such as energy availability and habitat
heterogeneity (Oberdorff et al. 1995; Guéguan et
al. 1998; Stohlgren et al. 2006; Fridley et al.
2007). Third, the “biotic resistance” hypothesis
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predicts that species-poor communities will host
more IAS than species-rich communities due to
high competition in high biodiversity communities which act as a barrier the establishment of
invasive species (Levine 2000; Kennedy et al.
2002; Stohlgren et al. 2008). Thus, a negative
relationship is expected between native and
invasive alien species richness. Testing the
relative importance of these hypotheses
regarding IAS has been conducted from different
perspectives. A recent study of fish invasion in
the world’s major rivers indicates that human
activity indicators account for most of the global
variation in richness of IAS, not the “biotic
acceptance” and the “biotic resistance”
hypothesis (Leprieur 2008). Based on a variety
of observational, experimental and theoretical
studies, the invasion paradox was found. This
refers to the negative relationships between the
number of native species and the number of IAS
at fine scales (often at a resolution of 10 m2 or
less), but also the positive correlation between
native and invasive alien species at broad-scale
studies (Fridley et al. 2007). Although the
generalized principles that govern the probability
of invasion success across different scales
remain elusive, most studies only emphasize a
limited number of species or one type of species
(such as fishes or plants). This knowledge may
not be adequate for our understanding of
invasive species as a whole. Thus, more tests
including overall invasive species at different
scales are needed, such as mesoscale (county
level). The management and restoration of local
native-dominated
habitats
depends
on
understanding the possible different interactions
between invaders and residents from varied
scales at different regions of earth.
In the USA, the state of Alabama is well
known for its wilderness areas and biodiversity
(Lydeard and Mayden 1995; Barone 2005;
Polyakov et al. 2008; Johnston and Maceina
2009). Several factors interrelate to produce this
diversity including a mild and humid climate,
remarkable surface drainage and diverse
physiographic subdivisions (Mount 1975). Some
of the primary patterns of species distribution in
this area have been studied, such as fish (Chen
2006), herpetofauna (Chen and Wang 2007), and
biodiversity and roadless area (Chen and Roberts
2008). Many introduced alien species have been
an essential part of the American economy, such
as cotton, peanut, winter cereal grains, ring neck
pheasant and honeybee. Now, some introduced
species have become invasive (e.g., Kudzu and
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bamboo). IAS including plants and animals are
common and widely distributed in Alabama, but
little has been established about their overall
patterns and ecological processes.
Some of these IAS were introduced into
Alabama accidentally or brought as ornamentals
or livestock forage (e.g., Kudzu for soil erosion).
Invasive plants, including trees, shrubs, vines,
grasses, ferns and forbs, invade under and along
forest canopies and occupy small forest
openings. This in turn erodes forest productivity,
hinders forest use and management activities,
and degrades wildlife habitat (Miller 2004;
Litton et al. 2006; Mascaro et al. 2008).
Although there is still no completed species list
and detailed distribution map for each invasive
species, there have been recent efforts in this
regard. These data permit us to study the general
emergent patterns of overall IAS in Alabama
even with possible species missing, as the
distribution of some IAS may not change the
overall patterns of IAS. The detailed objectives
are phrased as the following questions. (i) What
are the general patterns of overall invasive
species at county level? (ii) What is the
relationship between IES and human activity?
(iii) What is the relationship (positive or
negative) between invasive species richness and
biodiversity at county level? and (iv) Will
invasive species lead to the endangerment of
indigenous species? Since this study covers the
entire state of Alabama, it provides a case study
for regionally invasive species, tests current
hypotheses and provides implications for
devising local management strategies.
Material and methods
Study area and relevant background information
In the USA, the state of Alabama is roughly
between 30° - 35° N and 84°45΄-88°30΄W. It
includes 67 counties and is located between the
southern foothills of the Appalachian Mountain
Range and the Gulf of Mexico. Alabama has a
warm, humid, subtropical climate with summers
that are hot and humid at an average high
temperature around 33°C and winters that are
typified by a series of cold fronts. The driest
times of the year are in late summer and fall.
Regional rainfall varies from 150 cm to 162 cm
in the north part and 180 cm to 195 cm along the
coast (Carter and Carter 1984). The county level
is selected here because most data are only
available at this level.
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In Alabama there are five recognized
physiographic zones which include the Highland
Rim, the Cumberland Plateau, the Alabama
Valley and Ridge, the Piedmont Upland, and the
East Gulf Coastal Plain (Fenneman 1938).
Forests cover about 70% of the state based on
data from Alabama Forestry Commission
( http://www.forestry.state.al.us/forest_facts.aspx).
Alabama is ranked as the third largest
commercial forest industry state in the nation.
Alabama's forests mainly consist of four types:
pine, pine-hardwood mixture, bottomland
hardwood and upland hardwood. South Alabama
is abundant in pure stands of pine. From South to
North, the type changes to mixed pine-hardwood
conditions and then to more complex hardwood
forests near Tennessee boundary.
The state of Alabama has a population of
nearly 4.5 million and most populations
concentrate around major cities. According to
the U.S. Bureau of Economic Analysis, the top
five leading employers in Alabama were services
(27%), retail trade (17%), government (16%),
manufacturing (15%), and construction (7%)
( http://www.glencoe.com/sec/socialstudies/alabama_o
nline). The U.S. Department of Commerce
reported that in 2009 Alabama’s per personal
income was $33,096 compared to $39,138 for the
U.S.

Dataset of invasive alien species
The IAS in this study include fishes, aquatic
mollusks, amphibians, reptiles and plants. Table
1 shows the specific species. The detailed
distribution of aquatic species (including
invasive alien ones) for all 67 counties was
obtained from Mettee et al. (1996), Boschung
and Mayden (2004) and Mirarchi (2004). The
classification of native or exotic fish species of
North America was based on Jeschke and Strayer
(2005).
The distribution of reptiles and amphibians
was obtained from Mount (1975). This study also
includes 357 plants species and their distribution
across counties of Alabama (http://www.alabamaplants.com).
The distribution of invasive plant species in
Alabama counties was acquired from the
database of Forest Inventory Analysis at USDA
Forest Service Southern Research Station
( http://srsfia2.fs.fed.us). Information on endangered species (including plants, mammals,
amphibians, reptiles, birds, invertebrates, and
fishes) for each county was obtained from
Alabama Department of Conservation and
Natural Resources ( http://www.outdooralabama.com).
This is based on the US Fish and Wildlife
Service's list of state and federal endangered and

Table 1. List of included invasive alien species in this study. The number in ( ) is total included species in this study.
Species groups and included
species number
Fish (5)

Common and latin names
Bighead carp (Hypophthalmichthys nobilis), Flathead catfish (Pylodictus loivaris), Silver
carp (Hypophthalmichthys molitrix), Common carp (Cyprinus carpio), Grass carp
(Ctenopharyngodon idella)

Reptiles and amphibians (2)

Bullfrog (Rana catesbeiana), Cane toad (Bufo marinus)

Aquatic mollusks (3)

Zebra mussel (Dreissena polymorpha), Asian clam (Corbicula fluminea), New Zealand mud
snail (Potamopyrgus antipodarum)

Plants (33)

Tree of heaven (Ailanthus altissima), Mimosa or Silk Tree (Albizzia benth), Royal
Paulownia or princesstree (Paulownia tomentosa), Chinaberry (Melia azedarach), Popcorn
tree or tallowtree (Triadica sebifera), Russian olive (Elaeagnus angustifolia), Silverthorn
(Elaeagnus pungens), Autumn olive (Elaeagnus umbellata), Winged euonymus or burning
bush (Euonymus alatus), Chinese/European privet (Ligustrum sinense), Japanese/glossy
privet (Ligustrum japonicum), Bush honeysuckle (Lonicera tararica), Nandina or heavenly
or sacred bamboo (Nandina domestica), Exotic roses (Rosa multiflora or R. bracteata or R.
laevigata), Oriental/Asian bittersweet (Celastrus orbiculata), Exotic climbing yams or Air
yam or Chinese yam (Dioscorea oppositifolia), Wintercreeper (Euonymus fortunei), English
ivy (Hedera helix), Japanese honeysuckle (Lonicera japonica), Kudzu (Pueraria montana),
Periwinkle (Vinca minor), Chinese/Japanese wisteria (Wisteria sinensis), Giant reed
(Arundo donax), Tall fescue (Schedonorus phoenix), Cogongrass (japgrass) (Imperata
cylindrica), Nepalese browntop (Microstegium vimineum), Chinese silvergrass (Miscanthus
sinensis), Exotic bamboos (Phyllostachys aurea), Japanese climbing fern (Lygodium
japonicum), Garlic mustard (Alliaria petiolata), Shrubby lespedeza (Lespedeza bicolor),
Chinese lespedeza (Lespedeza cuneata), Tropical soda apple (Solanum viarum)
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threatened species in Alabama. Although some
information may be added in the future, this data
is sufficient to indicate the general patterns of
invasive species in Alabama.
The GIS data of state and county boundaries
were obtained from the Alabama State Water
Program. The human population, housing unit,
average income and farm land area at each
county during the corresponding time period was
obtained from Alabama Quick Facts at the US
Census Bureau ( http://quickfacts.cencus.gov/qfd/
index ). Historical roads (including freeway,
highway and country way) and metropolitan
areas were taken from maps provided by the
University of Alabama ( http://alabamamaps.us.edu,
accessed Nov. 30, 2011).
All these data from 67 counties were
integrated and organized using GIS. It is
recognized that this dataset may not represent
new IAS) and may not represent the current
exact distribution of species in this area due to
land use change. Further, there is limited
information about invasive alien birds and
insects. A time gap may exist between the road
information and the different species distribution
data. Even so, this dataset may best represent the
current overall invasive species and diversity
across Alabama counties. This integrated dataset
may provide an understanding about the general
patterns of IAS and its social, economic and
environmental relationships at a county level in
Alabama.

study, based on the number of IAS in each
county, five types were classified. Finally, a
least-squares linear (or nonlinear) correlation
was used to analyze these relationships, such as
the relationship between alien species and native
species as well as the total road length and
farmland area across Alabama counties.

Data categorizing and statistical analysis

The relationship between the richness of total
invasive species and human population in each
county is not obvious. However, the relationship
between the richness of total invasive species
and the change (increase or decrease) of human
population during the past 16 years (from 1990
to 2006) is positive (Figure 2a). The relationship
between the increase of housing unit or the
increase of average income (per capita) and the
number of invasive species is weakly positive
but not statistically significant. There are
positive relationships between the change in
human population and the increase of housing
unit (Figure 2b) and the increase of average
income (per capita) (Figure 2c). If the human
population change (increase or decrease) in the
past 126 years (from 1880 to 2006), using the
earliest available census data, is considered,
there is still a strong positive linear relationship
between the change in human population and the
total number of invasive species (Figure 2d).

Data categorizing and reorganization — i.e.,
pooling data in ranked categories or using the
average values, is a popular tool in ecological
research, especially when the original patterns
are not clear. It can make the general trend clear
for certain classes (or scales) and also limit the
noise and confounding factors (i.e., species
richness and area size) although the class number
is somewhat arbitrary. By using this method,
spatial
autocorrelation
between
different
variables, such as between human population and
road length (or total species richness), may be
avoided (Chen and Wang 2007; Chen and
Roberts 2008; Liebhold et al. 2006). In this
study, data categorizing (or categorizing after
log 10 transform) was used when the direct
relationship was not obvious. The number of
constructed category classes follows the most
commonly applied rule from Scott (1979). In this
28

Results
General patterns of invasive exotic species
IAS including fishes, aquatic mollusks,
amphibians, reptiles and plants exist in every
county of Alabama (Figure 1a) and each county
has more than one invasive species. Tuscaloosa
County has the most invasive species and is a
hotspot of IAS. If the richness of total IAS is
classified into 5 types with type 1 reflecting the
fewest number of species and type 5 representing
the greatest, counties with types 3 to 5 are
mainly located at metropolitan areas with
airports and are located in the Black Belt area
(Figure 1b). Although there are different
functional groups, the general distribution of
aquatic IAS is similar to that of IAS of plants
(Figure 1c and 1d). It is necessary to study the
emergent patterns of functional groups rather
than just study one set of species.
Relationships between richness of invasive alien
species and socio-economic condition

Distribution patterns of invasive alien species

Figure 1. Spatial patterns of invasive alien species in Alabama. (A) distribution of invasive species; (B) metropolitan areas and the Black
Belt in Alabama; (C) distribution of aquatic invasive species; and (D) distribution of invasive alien plants.

Relationships between invasive species richness
and biodiversity, exotic and endangered species
at county level
There is a significantly positive relationship
between the total number of IAS and the total
species richness across all counties of Alabama
(Figure 3a). The relationship between the total
number of IAS and the number of invasive
aquatic species is also positive (Figure 3b). The

relationship between the number of alien species
and the number of IAS at each county level is
not obvious, but after data categorizing there is a
nonlinear relationship (Figure 3c). With an
increase in alien species, the number of IAS also
increases. However, when the number of alien
species reaches a certain level (such as around
25 here), the number of IAS starts to decrease.
There is a positive linear relationship between
the number of IAS and the average endangered
species across counties (Figure 3d).
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Figure 2. Correlations between socio-economical factors and invasive species. (a) The relationship between the richness of total invasive
species and change of human population from 1990 across Alabama Counties; (b) the relationship between change human population and
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Roads, farmland and invasive species
Number of invasive alien species

After data categorizing for the total road length
of all counties, there is a positive relationship
between the total road length and the invasive
species richness across all counties in Alabama
(Figure 4a). For farmland across counties, there
is an increase of IAS with the increase of
farmland (Figure 4b).
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Discussion

All counties in the state of Alabama have IAS,
which include fishes, aquatic mollusks,
amphibians, reptiles and plants. The distribution
of severely invaded counties (here in types 3, 4
and 5) is mainly in the metropolitan areas and in
the Black Belt area. This may partially support
the first hypothesis that “human activity” is a
principal driver for IAS, because in Alabama
there is no limit for human distribution by
altitude or climate; in metropolitan areas there is
more population movement (immigration and
emigration), more commercial interactions, and
more transportation including airports. Previous
studies have indicated that airports play an
important role for biological invasion (Liebhold
et al. 2006; McCullough et al. 2006).
Economically rich areas are more likely to have
land use change or habitat disturbances which
facilitate the dispersal and establishment of IAS
through urbanization, wetland modification and
reservoir construction for water supply
(Williamson 1996; Havel et al. 2005; Light and
Marchetti 2007). Commercial opportunities, such
as horticulture, gardening and aquaculture, also
increase the dispersal of IAS (Levine and
D’Antonio 2003; Taylor and Irwin 2004; Chen
2006).
Furthermore,
imported
products
associated with economic development may also
increase the likelihood of unintentional
introductions through importing processes
(Levine and D’Antonio 2003). Thus, there are
greater chances for deliberate and accidental
introduction of IAS in these metropolitan areas.
The new finding in this study is that the Black
Belt area, which is not in itself a metropolitan
area, has been severely permeated by IAS. This
might be related to its land use history prior to
the American Civil War when these counties
were worked by African American slaves in
plantations on rich black topsoil over a chalk
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Figure 4. The relationships between the number of invasive
alien species and the total road length (a) and farmland area (b)
across Alabama Counties.

layer and when the region attained its highest
density of population (Barone 2005). The general
distribution pattern of IAS across all Alabama
counties qualitatively supports the “human
activity” hypothesis.
Relationships between richness of invasive alien
species and socio-economic condition
The strong correlation between changes in
human population (amount of increase or
decrease) from 1990 to 2006 and richness of IAS
suggests that human population change may be a
main driver for IAS, since the correlations
between change of housing unit (amount of
increase or decrease), change of income per
capita (amount of increase or decrease) and the
richness of IAS are not significant. Moreover,
both change of housing unit and change of
income per capita are significantly correlated
with human population change. Therefore, it is
possible to use human population change as an
indicator for IAS. Leprieur et al. (2008) use a
human activity indicator which includes GDP,
percentage of urban area and population to
characterize fish invasions in the world’s major
river systems. The results of our study provide
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strong correlations between change of human
population and housing unit and average income
per capita. It is easy to understand that with the
increase of human population, there is an
increase of housing units. With the increase of
income per capita, then, more people come to
work in the area. Furthermore, it is not clear how
long it would take for population change to
contribute to IAS in this area, because historical
population (European colonies and African
American) might affect the question of current
IAS. During the 18th century, human immigrants
arrived in North America from Europe and
brought weeds with them (Dewey 1896). In this
study, the change of human population over the
past 126 years (from 1880 to 2006) also
suggested a strong correlation with the number
of IAS. Therefore, human population change
may be used to provide an indicator for IAS
across Alabama counties.
Relationships between invasive species richness
and biodiversity, alien and endangered species
at county level
In this study, there is a positive correlation
between the total invasive species and the total
species richness across all counties of Alabama.
This supports the “biotic acceptance” hypothesis
which means that what is good for other species
is also good for IAS (Stohlgren et al. 2006). The
relationship between biodiversity and invasive
species is scale dependent but in complex ways
and most empirical studies at landscape and
broad scale levels in temperate zones show this
positive relationship, such as at continental or
island level (Planty-Tabacchi et al. 1996; Sax
2002; Stohlgren et al. 2003; Seabloom et al.
2006; Fridley et al. 2007). Herben et al. (2004)
suggested a positive relationship for study areas
greater than 30 m2 based on the review over 50
published observations. Other researchers show
instances of negative relationships for freshwater
fishes at the watershed level and some marine
invertebrates at landscape scales (Brown 1995;
Stachowicz et al. 2002). On a global scale, tropical communities (both marine and terrestrial),
which are the most diverse communities on
earth, appear to support relatively few alien
species (Rejmánek 1996; Sax 2001). To date,
there are limited reports from tropical areas.
Another problem for this positive relationship
between biodiversity and IAS at a large scale is
related to interactions of human activity and
disturbances (Fridley et al. 2007; Leprieur et al.
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2008). Several studies indicate that there is a
positive relationship between human population
and species richness on large scales (Luck 2007;
Pautasso 2007; Pautasso and McKinney 2007).
Because human population in a specific area
changes over time even though the total number
may be stable, the change of human population
in any one area may be much adequate for
describing human impacts. In this study, there is
a significant positive relationship between
human population change and the number of
IAS. Strong covariates represent human-caused
habitat disturbance and propagule pressure in the
data from Stohlgren et al. (2003) which indicates
a positive relationship for the 50 U.S. states
(Rejmánek 1996; Taylor and Irwin 2004). In this
study it is impossible to control the effects of
human activities and disturbances at the county
level. In fact, in the real world all other factors,
such as income and human activities, are rarely
constant values. Current broad-scale research
cannot demonstrate causation and all the results
are the combined responses of native and
invasive alien species (Fridley et al. 2007). Due
to data categorization and scale change in this
study the confounding factors were avoided (or
minimized) in identified patterns.
Only a limited number of alien species
become invasive. In this study it appears that
there is a saturation point for the richness of IAS
as the number of alien species continues to
increase (around 25). This may be partially
related to the “biotic resistance” attributable to
high competition which impedes the establishment and spread of IAS. Nevertheless, the
increase of IAS with increasing species number
looks likely to be in conflict with the “biotic
resistance” hypothesis. The results of this study
further indicate a positive relationship between
the number of IAS and the average endangered
species across Alabama. A positive correlation
exists between the number of exotic species and
imperiled species of California (Seabloom et al.
2006). The correlative nature of the data may not
mean that IAS have directly caused more species
to become endangered, but it is clear that
endangered species are exposed to a large
number of IAS. A meta-analysis of 63 published
experimental studies concluded that native
species provide biotic resistance to biological
invasion, but the widespread replacement of
native with IAS eliminates this ecological
service and facilitates biological invasion
(Parker et al. 2006). However, as suggested
above, the increase in human activities may also
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cause the increased extinction of native species
and the invasion of alien species. Seabloom et al.
(2006) found that in California the direct
correlation between habitat conversion and
imperiled species is much weaker than the direct
correlation between alien and imperiled species.
Although this study partially supports both
“Biotic resistance” and “Biotic acceptance”
hypotheses at some scales, it is still a subject of
debate whether direct competition from IAS at
large scales is a significant threat to native
species (Davis 2003).
Roads, farmland and invasive species
Roads and farmland are important results of
human activities. Roads facilitate urbanization,
land use change and also dispersal of IAS
(Forman et al. 2002). In this study, there is a
positive relationship between the total road
length and invasive species richness across
Alabama counties. This strongly indicates that
roads could help to spread IAS. Road side areas
are known to harbor disproportionately more
invasive plant species than surrounding habitats
through
changing
micro
environmental
conditions (e.g., radiation, soil moisture, soil
compaction and vegetation) (Trombulak and
Frissell 2000; Watkins et al. 2003; Hansen and
Clevenger 2005) and act as seed sources for
some invasive plants (Tyser and Worley 1992;
Hansen and Clevenger 2005). Some plant species
with small seeds, high seed production or
persistent long life in seed banks are most likely
to be dispersed by vehicles (Schmidt 1989).
These traits are general characteristics of invasive plants (Rejmánek and Richardson 1996). In
California many undeveloped areas of high
native diversity were invaded by alien species
because some species have short generation
times and can spread rapidly throughout a large
undisturbed area (Seabloom et al. 2006).
With an increase in farm land, there are
generally more IAS but fewer than in metropolitan areas. Historically the seed trade brought
invasive seed species to farmlands (Muenscher
1949; Mack 1991; Rejmánek and Richardson
1996). Many exotic species, which are now
considered as noxious, were available for
purchase through seed catalogues in the 19th
century. This practice was responsible for
spreading at least 140 plant species in USA
(Clements et al. 2004). Furthermore, farming
practices that involve a greater number of people
(or vehicles) provide a significant increase to the

possible numbers of invasive species and their
coverage. Farmland management practices (e.g.,
irrigating and harvesting) may contribute to
further spreading of these invasive species.
Implications for local invasive alien species
management
Given the many possible complicated processes
involved in the invasion of alien species in
Alabama, there is no reason to expect one simple
solution for all cases at different spatial and
temporal scales. Successful management of the
spreading of IAS depends on the insight from
currently available results even though they may
conflict at different scales. Due to the large scale
invasion of alien species in all counties of
Alabama, complete eradication of these IAS
seems unpractical in terms of economic cost.
Enhancing education and detection is a priority
for strengthening voluntary self-regulation by the
public and preventing further introduction and
spreading. In the metropolitan areas and the
Black Belt regions of Alabama, an intensive land
use area, there are more IAS. It is unrealistic to
suggest limiting population change (or human
movement) or land use change except for public
lands (i.e., national and state parks). The results
of this study suggest that trade and transport of
alien species (or agricultural products) should be
prohibited without detailed risk and long term
benefit assessments. Unintentional delivery of
seeds and seedlings should be avoided during
trade
exchange
(e.g.,
horticulture
and
aquaculture) through strict state (county) border
and trade inspection for invasive species.
Governments at all levels should have clear
regulations or laws for transporting or trading
IAS. Decreasing the accumulation of invasive
species and limiting their range are also
important because accumulations of alien species
facilitate one another’s survival and accelerate
the rate of successful invasion (Simberloff and
Von Holle 1999). Maintaining the integrity of
local biodiversity (including landscape) should
also be important, such as proper roads
construction (or use) and farmland practices,
because native species (or landscape) may offer
limited opportunity to IAS by providing biotic
resistance to the spread of IAS. Furthermore, the
knowledge that increasing the number of alien
species may increase the risk of endangered
species would be helpful for future local
conservation strategies. More research is needed
to develop an invasive species database, early
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warning systems, monitoring strategies and to
prevent or eliminate means of entry for invasive
species. All this requires a coordinated effort
between scientists, educators, policy-makers, and
others in the community. Effective management
requires proper inventories and monitoring
practices at large spatial and temporal scales to
provide detailed information about invasive
species, native species, human population change
and impacts of human activities.
Conclusions
IAS including fishes, aquatic mollusks,
amphibians, reptiles and plants have occurred in
all 67 counties in the state of Alabama, USA.
Severely invaded counties are mainly in the
metropolitan areas and the Black Belt area,
which is historically an intensive land use area.
There are more IAS in counties with greater
population change, more commercial interactions
(e.g., metropolitan areas) and increased
transportation (e.g., airports and roads). This
partially supports the hypothesis that “human
activity” is a principal driver for IAS. Positive
correlations between total invasive species and
total species richness as well as the average
endangered species across all counties of
Alabama also partially support the “biotic
acceptance” and “biotic resistance” hypotheses
at the county level. Due to the wide distribution
of IAS in all counties of Alabama, better
education for the detection of IAS is urgently
needed to strengthen voluntary self-regulation
and to prevent further introduction and spread.
Complete eradication of these IAS may be
practical in small areas. There should be strict
legal regulation of IAS at all government levels
(e.g., state, county and town). Successful control
of invasive species depends on detailed
information about invasive species, native
species, and local human activities. There is a
need for accurate inventories, monitoring and
integrative information analysis. The whole
community has some part to play in prevention,
detection and eradication of IAS in Alabama.
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