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Abstract Although freshwater fishes have a long history
of human-induced introduction, recent globalization has
accelerated worldwide introduction events even more, and
those introduced fish species are now perceived to be a
major threat to ecosystems. Over the last two decades,
numerous studies have been published on introduced fish
species; however, it has been challenging for researchers to
understand the magnitude of the impact and the underlying
mechanism of invasions. Recently, new perspectives in
understanding invasive freshwater fish biology have been
presented in a number of studies, which can be largely
attributed to advances in analytical techniques and also to a
growing need for proactive analysis in management

M. Sato - Y. Kawaguchi - J. Nakajima - Y. Shimatani
Watershed Management Laboratory, Department of Urban
and Environmental Engineering, Kyushu University,

744 Motooka, Nishi-ku, Fukuoka 819-0395, Japan

T. Mukai
Faculty of Regional Studies, Gifu University,
1-1 Yanagido, Gifu 501-1193, Japan

N. Onikura
Fishery Research Laboratory, Kyushu University,
Tsuyazaki 2506, Fukutsu, Fukuoka 811-3304, Japan

Present Address:

M. Sato (IX)

International Research Center for Japanese Studies,
Nishikyoku, 3-2 Oeyama-cho, Kyoto 610-1192, Japan
e-mail: mayumi.sato203 @gmail.com

Present Address:

Y. Kawaguchi

Laboratory of Ecosystem Management, Division of Ecosystem
Design, Institute of Technology and Science,

The University of Tokushima, 2-1 Minami-josanjima,
Tokushima 880-8506, Japan

strategies. The aim of this paper is to summarize new
ecological perspectives, the need for research, and/or
management implications with emphasis on technological
advances in, for example, statistics, molecular analysis,
modeling techniques, and landscape analysis addressed
under the following five categories: introduction pathways,
predicting spatial patterns, biotic homogenization, hybrid-
ization, and control and eradication. The conservation of
native fish fauna and the management of introduced fish
species will benefit from combining these new perspectives
with fundamental studies such as those on life history and
population biology.
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Introduction

It has been widely recognized that the introduction and
establishment of nonnative species can have high and
potentially adverse effects on individuals, populations, and
communities of native species, and those that have been
introduced have contributed to the decline or extinction of
native species worldwide (Taylor et al. 1984; Coblentz
1990; Lodge 1993; Primack 1998; Townsend 2003).
Among 170 extinct animal species listed on the Interna-
tional Union for Conservation of Nature (IUCN) Red List
with known causes of extinction, invasive species were
cited as the direct cause of extinction in 34 of those cases
(Clavero and Garcia-Berthou 2005). Furthermore, the
effects of invasives on single species can have a domino
effect upon other organisms, resulting in a catastrophic
transformation of the entire ecosystem (Primack 1998).
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Unlike open terrestrial ecosystems, freshwater ecosys-
tems are more or less closed systems; the connectivity of
each pond, lake, and watershed with each other is limited,
often creating distinct unique faunas within a small geo-
graphical range. However, at the same time, freshwater
ecosystems have a close association with human activities
such as the use for local water supplies, natural resource
development (e.g., aquaculture), commercial navigation,
and recreation (Colautti et al. 2003). Among all of the
freshwater organisms, fish have a long history of human-
induced introduction and translocation, dating back to
Roman times (Welcome 1988; Copp et al. 2005). The
magnitude of the introduction events was accelerated in the
1800s largely due to improved methods of transportation
and was intensified even more in the 1960s due to a greater
variety of human activities (e.g., aquaculture, sport fishing,
ornamental purposes, and biocontrol) (Welcome 1984,
1988; Fuller 2003). The best known recent cases of dev-
astating impacts on native fish species include, to mention
just a few, an introduction of the piscivorous Nile perch
(Lates niloticus) into Lake Victoria, east Africa, in 1954
(Fryer 1960), which presumably collapsed populations of
more than 400 fish species, out of which, 200 species of
endemic haplochromine cichlid species were driven to
extinction (Kaufman 1992; Witte et al. 1992). An intro-
duction of pikeperch (also called Zander) (Sander luciop-
erca) into Lake Egridir in Turkey in 1955 also exemplifies
the severe impact of introduced species, which extirpated
five native species including two species of lake endemics
and severely decreased the number of the remaining four
native species (Crivelli 1995).

Although the negative effects of introduced fish species
on native freshwater fish fauna have been indicated by a
large number of studies, it has been challenging for
researchers to measure the magnitude of the impact and to
demonstrate how introduced fishes have affected native fish
fauna, largely because data is usually limited and multiple
causes and levels of interaction and effect are involved
(Simberloff 1981; Helfman 2007). In particular, freshwater
habitats have been rapidly modified by human activities in
many regions of the world, making it even more difficult to
examine whether the decline in native species is indeed
caused by introduced species or human disturbances. For-
tunately, over the last decade, new perspectives in under-
standing invasive freshwater fish biology have been
provided in a number of studies. This is partly due to
advances in technology with statistics, molecular analysis,
and landscape analysis and partly due to a growing need for
the proactive analysis of the impact of introduced fishes.
With the current situation where the management of
invasive fish species requires urgent action, reviewing this
continuously increasing research compilation should assist
in providing biologists and managers with effective ideas
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and knowledge for conducting future research and estab-
lishing priorities in the management of introduced fish
species.

In this paper, we review scientific publications on
introduced freshwater fishes to identify new ecological
perspectives, the need for research, and/or management
implications, with emphasis on the advances in analytical
techniques, highlighting several categories for fields of
research that appear to be particularly important for future
studies. Five broad categories are specifically addressed:
introduction pathways, predicting spatial patterns, biotic
homogenization, hybridization, and control and eradica-
tion. For introduction pathways, we introduce a molecular
technique that has been used to identify the origin and
introduction pathways of nonnative fishes. Predicting spa-
tial patterns is covered by introducing analytical techniques
that have recently advanced in predicting spatial patterns of
introduced fishes. With regards to biotic homogenization,
we focus on how the concepts and perspectives have
evolved over the last decade. As for the category hybrid-
ization, for which numerous case studies have already been
reported, we address some issues associated with estab-
lishing conservation and management strategies of both
parental native species and hybrids using a well-known
case study to illustrate this. Lastly, for control and eradi-
cation, we review some case studies and discuss the need
for research and management implications.

The terms and definitions associated with introduced
species follow those of Copp et al. (2005) in which
“introduced” refers to nonnative, “exotic” to nonindige-
nous and alien, whereas “invasive” is used when these
species spread and cause significant change in the com-
position and structure of ecosystem processes or lead to
severe economic losses to human activities. Likewise,
“native” is referred to in this context as indigenous.

Introduction pathways

One of the most fundamental pieces of information nec-
essary for research and management of introduced species
is the knowledge of their introduction pathways. Knowing
how a particular species has been introduced from its origin
to a local fish community could help explain the current
distribution patterns and predict how the species may
expand its range in the near future. For example, in a
survey on 14 introduced freshwater fishes in Flanders,
Verreycken et al. (2007) examined distribution of each
species along with its historical pathway of introduction,
reporting the current status and future potential range
expansion of those fishes, some of which seemed to be
related to their introduction pathways. Nakajima et al.
(2008) also summarized the current distributions of
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introduced fishes in the northern Kyushu region in Japan,
showing their introduction pathways. Their study revealed
that patterns in the introduction of the 23 nonnative fishes
found in the region could be attributed to a variety of
pathways, including both intentional and accidental intro-
ductions that may vary both spatially and temporally,
providing essential information for the establishment of a
practical management scheme that could be implemented
to prevent further introduction events.

Although it is often difficult to reveal the origins and
pathways of the introduction of nonnative species when
literature information is not available, recent advances in
molecular biology now make it possible to deal with the
problem. For example, the bluegill sunfish (Lepomis mac-
rochirus) is among the most notorious invasive aquatic
species in Japan and is now very widespread nationwide.
Although it is widely known that the species was first
introduced from Guttenberg, Iowa, USA, in 1960 (Mar-
uyama et al. 1987), it has not been confirmed as to whether
any other introduction events were involved after the initial
event because, unfortunately, there have been no other
official records of introductions of the species. However,
Kawamura et al. (2006) recently used polymerase chain
reaction—restriction fragment length polymorphism (PCR-
RFLP) analyses of mitochondrial DNA (mtDNA) and were
able to reveal that all bluegill sunfish in Japan originated
from the 15 individuals that were first introduced from
Guttenberg. Other case examples include studies on
introduced salmonid species (e.g., Quinn et al. 1997; Riva
Rossi et al. 2004) and translocated species in Japan (see
review by Mukai 2007). These studies have proven the
effectiveness of molecular techniques for identifying the
origin and introduction pathways of nonnative freshwater
fishes and providing insight into how those nonnatives
expanded their range.

Predicting spatial patterns

While the number of studies on introduced species has
grown dramatically over the last 30 years, not many of
them have been effectively utilized in management prac-
tices. In fact, the biggest problem associated with intro-
duced species is probably that by the time one recognizes
the introduced species as being invasive, they are already
so well established and so widely spread that it is virtually
impossible to take any practical actions to eliminate them.
Recently, in a response to a growing concern over eco-
nomic and ecological costs caused by invasive species,
research efforts have focused on more predictive and pro-
active approaches specifically to predict which species will
be introduced and successfully established and which fac-
tors will be associated with their establishment (Kolar and

Lodge 2001). Such studies predicting species invasions
have been conducted in terms of the relationship of the fish
with humans, species biological characteristics, the char-
acteristics of the introduction locality (i.e., site character-
istics), and propagule pressure, generally considering some
combinations of these components (e.g., Kolar and Lodge
2001; Ruesink 2005; Moyle and Marchetti 2006). Whereas
these components are all important in predicting the gen-
eral characteristics of successful invasions, many studies
have focused more on investigating which site character-
istics can support the introduction and establishment of
nonnative species, the second component mentioned
above, which can further lead to the prediction of spatial
patterns of range expansion after establishment. Three
factors associated with site characteristics are considered to
favor the introduction and establishment of nonnative
species, namely, similarity to source areas, human-induced
disturbances, and low native species richness (Moyle and
Marchetti 2006). Here, we review some of the studies
investigating site characteristics, focusing on recent
developments in analytical techniques.

Multivariate statistical analysis has been intensively
applied for a wide variety of ecological studies. For
studying introduced fish, the technique has been used to
examine a range of site characteristics that influence
introduction and establishment. For example, Fausch et al.
(2001) used a principle components analysis (PCA) and a
multivariate analysis of variance (MANOVA) to demon-
strate that a successful invasion by rainbow trout (On-
corhynchus mykiss) was related to the timing and extent of
high-flow events that were similar to those at the source
areas. Multivariate analytical techniques can benefit further
from the use of a geographic information system (GIS),
which not only allows researchers to incorporate environ-
mental data at various spatial scales but also to include
human-induced disturbances that provide introduced gen-
eralist fishes with favorable habitats through habitat mod-
ification and alteration. For example, by using a PCA and
canonical correspondence analysis (CCA) together with a
GIS technique, Brasher et al. (2006) were able to investi-
gate 23 species (16 of them introduced) and 18 physical or
environmental variables and demonstrate that Hawaiian
streams with altered habitats characterized by urbanization
and development can be more successfully established by
introduced species. Gido et al. (2004), by using a multiple
regression and a GIS technique, also found that high human
population density was a significant variable that could
predict the higher number of introduced species across the
949 sites in the Great Plains region of North America. They
speculated, however, that the result may have been caused
by higher propagule pressure (i.e., a high introduction
event) that can be associated with highly populated areas
rather than caused by habitat modifications.
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Recently, ecological niche modeling (also referred to as
species’ distribution modeling or predictive habitat distri-
bution modeling) has been receiving increasingly more
attention for its wide variety of ecological applications,
including conservation and management planning (Guisan
and Thuiller 2005). Compared with multivariate analytical
techniques, ecological niche models more explicitly aim to
predict the future distribution and spatial patterns of the
range expansion. The result is generally drawn on GIS
maps by relating species occurrence data (i.e., presence/
absence or abundance) to suites of environmental variables
(Peterson and Vieglais 2001; Pearson 2007). For example,
in producing a predictive distribution map by using one of
the ecological niche modeling approaches, namely, the
artificial neural network (ANN), Vander Zanden et al.
(2004) were able to identify lakes across southern Canada
that are “vulnerable” because they exhibit conditions that
would make ideal habitats for invasive smallmouth bass
(Micropterus dolomieu), although the species has not yet
been observed there. Céréghino et al. (2005) used a similar
approach to show on maps the occurrence probabilities of
ten nonnative fish species of southwest France.

A number of ecological niche models have been pro-
posed (see reviews by Guisan and Thuiller 2005), such as
the genetic algorithm for rule-set prediction (GARP)
(Stockwell and Peters 1999; also see Peterson and Vieglais
2001), ecological-niche-factor analysis (ENFA) (Hirzel
et al. 2002), and maximum entropy (MAXENT) (Phillips
et al. 2006). Although numerous case studies using eco-
logical niche models have been reported for a variety of
taxa, there have been surprisingly few studies conducted on
invasive fish (but see examples discussed above). This is
surprising given that once an aquatic invader becomes
established, its range expansion is generally unavoidable
(Vander Zanden et al. 2004), and proactive analyses such
as predicting occurrences and distribution should be par-
ticularly important to prevent the further invasion and
range expansion of introduced fishes.

Biotic homogenization

Over the past decade, increasing attention has been given
to a biological phenomenon known as biotic homogeniza-
tion (McKinney and Lockwood 1999). Biotic homogeni-
zation (or taxonomic homogenization) increases the
taxonomic similarity in the composition of communities,
for the most part as a result of the introduction of nonnative
species and loss of native species, both of which are
facilitated by habitat modifications (McKinney and Lock-
wood 1999; Rahel 2002; Olden et al. 2004), and the
growing number of studies reflect an increasing concern
over a decline in biodiversity.
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Initially, the homogenization of freshwater fish faunas
received less attention compared with that of plants and
birds, for example (Scott and Helfman 2001). However, the
number of studies on this has been gradually increasing: for
example, Radomski and Goeman (1995), Rahel (2000),
Scott and Helfman (2001), Marchetti et al. (2001), Rahel
(2002), Walters et al. (2003), Olden and Poff (2003, 2004),
Taylor (2004), Marchetti et al. (2006), and Olden et al.
(2006) for North American fish faunas, Clavero and Gar-
cia-Berthou (2006) for Iberian Peninsula fish faunas, and
Leprieur et al. (2008) for European fish faunas. A common
approach for the quantitative analysis of homogenization
has been to investigate temporal changes in compositional
similarity between a pair of fauna over a certain period of
time. Rahel (2000), for example, calculated the similarity
of fish assemblages between each pair of states in the
contiguous United States for two time periods, before and
after European settlement, demonstrating that present fish
faunas are more homogenized across the United States. The
study also showed that pairs of states now have 15.4 more
common species on average than they did in the past and
that 89 pairs of states that formerly had no common species
now share an average of 25 common species. In addition,
he pointed out that introductions, most of which were
intentional for angling or aquaculture purposes, were the
cause of homogenization rather than extirpations.

Several authors point out that urbanization (or habitat
alteration) is one of the environmental drivers causing
biotic homogenization (McKinney and Lockwood 1999;
Rahel 2002; McKinney 2006), which encourages the
establishment of nonnative species not only by introducing
them through human activities but also by providing them
with favorable habitats, as discussed in the above section
(McKinney 2006). For example, increased levels of sedi-
mentation associated with urbanization homogenized
highland stream fish assemblages in northern Georgia,
USA, by creating more hospitable environments for the
cosmopolitan, nonnative species (Walters et al. 2003).

The concept of homogenization should, however, be
applied with caution in conservation or management. There
is consistent agreement among conceptual and empirical
studies that biotic homogenization can be promoted and
regulated by interactions among native species, nonnative
species, and the environment (e.g., habitat alteration from
urbanization). However, interactions of these three drivers
of homogenization are complex, and the underlying
mechanisms remain only partially understood (Rahel 2002;
Olden and Poff 2004). Olden and Rooney (2006) admon-
ished researchers that one cannot predict a priori as to
whether a pair of communities will undergo homogeniza-
tion or differentiation. For example, there can be some
points over the homogenization process where the extinc-
tion of native species and invasion of nonnative species can
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in fact decrease homogenization and increase differentia-
tion (see Scott and Helfman 2001; Olden and Poff 2003;
Rooney et al. 2007). Marchetti et al. (2001) showed the
evidence of homogenization of Californian fish faunas by
investigating historic (i.e., before the Californian gold rush)
and present fish assemblages, but the extent to which fish
assemblages became more similar differed depending on
the geographical scale (i.e., between aquatic zoogeographic
provinces/watersheds within the same aquatic zoogeo-
graphic province/individual stream reaches). The depen-
dence of homogenization and differentiation on a spatial
scale was also reported by Taylor (2004) for the Canadian
freshwater fish faunas. Furthermore, Marchetti et al. (2006)
found urbanization to be associated with the differentiation
in fish assemblages between watersheds within Californian
provinces despite the fact that a strong positive correlation
was found between urbanization and both the endangering
of native fish and the invasion of nonnative fish within
watersheds. They warned that the relationship between
urbanization and homogenization is much more compli-
cated than we would expect and may be spatial-scale
dependent. These studies highlight the need for conserva-
tion biologists and managers to consider what the main
drivers of biotic homogenization or differentiation have
been in the past.

In order to deal with complex interactions among drivers
causing homogenization and to understand the underlying
mechanisms, the development of theoretical models
appears to be an effective means. Olden and Poff (2003,
2004) developed a predictive model that describes a variety
of invasion—extirpation scenarios and tested it using
empirical data for freshwater fish faunas in the United
States. They demonstrated that different rates and patterns
of species invasions and extirpations that are both spatially
and taxonomically dependent can lead to various levels of
biotic homogenization and differentiation. The develop-
ment of such theoretical models will most certainly provide
insight into the drivers of homogenization and differenti-
ation and provide a means to forecast future patterns of
biotic homogenization, which can be applied in conserva-
tion and management planning.

Given that quantifying the impact of nonnative fish
species on native species, communities, and ecosystems is
still challenging despite the urgent need for the imple-
mentation of management programs, the concept of biotic
homogenization, especially quantitative estimates of
homogenization and theoretical models, can be an effective
way to measure the impact of biological invasions on
biodiversity. Empirical studies conducted at various places
with different temporal and spatial scales should be
encouraged not only to deepen our understanding of the
current patterns and impacts of homogenization but also to
validate theoretical models.

Hybridization

Hybridization is one of the most detrimental effects from
the introduction and establishment of nonnative species on
native species. Hybridization has long been recognized
among many taxa, including plants, mammals, reptiles,
amphibians, and fish. Over the last two decades in partic-
ular, the increased availability of informative genetic
markers have enabled researchers to investigate not only
the occurrence of hybridization but also the extent of
introgression (hybrids backcrossing with one or both of the
parental species), which is often difficult on morphological
grounds alone (Rhymer and Simberloff 1996).

For freshwater fishes, numerous cases have been docu-
mented in the literature (see Rhymer and Simberloff 1996;
Epifanio and Nielsen 2000; Helfman 2007), and yet less
attention has been paid to the severity of ecological impact
from hybridization despite the fact that it can cause
extinction of a species, subspecies, or populations in the
form of genetic extermination (Rhymer and Simberloff
1996). Because hybrid F1 are known to be generally less
fertile, and even in cases where F1 are fertile and happen to
backcross with a parental population (i.e., introgression),
those hybrids are still assumed to have reduced fitness
(Mallet 2005) and thus cause little ecological impact.
However, it is a well-known phenomenon that fitness
equals or exceeds that of parental types, called hybrid vigor
(Rhymer and Simberloff 1996; Rosenfield et al. 2004),
accelerating further introgression until there are no indi-
viduals of the native species with their original genome.
When introgression has occurred among the individuals of
a rare species whose number and distribution were already
limited—often due to habitat destruction and disappear-
ance—the situation becomes even more problematic
(Allendorf et al. 2001), with various conservation and
management concerns arising for both the parental native
species and the hybrids. Conservation of a parental native
species may benefit from increasing intraspecific genetic
exchange, which may, however, also pose the potential
dangers of both intra- and interspecific hybridization.
Additionally, the treatment of hybrids has been reevaluated
for the possible importance of the ecological and evolu-
tionary role of hybrids (Rhymer and Simberloff 1996;
Epifanio and Nielsen 2000). These conservation and
management issues have been addressed in reviews (e.g.,
Rhymer and Simberloff 1996; Epifanio and Nielsen 2000;
Allendorf et al. 2001) but have rarely been applied to
individual case studies and discussed (but see Rosenfield
et al. 2004). Here we review a well-documented case of
hybridization and its subsequent genetic introgression in
the Japanese rosy bitterling (Rhodeus ocellatus kurumeus)
and discuss the problems associated with establishing
conservation and management goals.
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A cyprinid subspecies, the Japanese rosy bitterling, R. o.
kurumeus, endemic to creeks and small rivers in western
Japan (Nakamura 1955), is now on the brink of extinction,
largely due to hybridization with its consubspecific, the
Chinese rosy bitterling (R. o. ocellatus). In 1991, R. o.
kurumeus was designated as critically endangered by the
Japanese Ministry of the Environment. Whereas R. o.
ocellatus has invaded all over Japan since its accidental
introduction from China in 1942 (Nakamura 1955; Nagata
and Nishiyama 1976), R. o. kurumeus has been restricted to
small, isolated impoundments on the Honshu and Shikoku
islands (Kawamura 2005; Miyake et al. 2007). Individuals
that appeared to be hybrids from their morphological
characteristics of both subspecies began being found in the
mid-1970s (Kanoh 2002). These two subspecies were
originally similar in morphology and yet distinguishable,
but now the occurrence of hybrids with various degrees of
introgression makes it difficult to identify each subspecies
and their hybrids. Based on morphological characteristics,
the hybrids have already replaced many populations of
R. 0. kurumeus within its former distribution range (Nagata
1980), which was further confirmed by an allozyme anal-
ysis (Ueno 1987; Nagata et al. 1996), an RFLP analysis
of mtDNA, and a random amplified polymorphic DNA
(RAPD)-PCR analysis of genomic DNA (Kawamura et al.
2001a). Furthermore, extremely low genetic diversity was
found in many populations of R. o. kurumeus restricted to
impoundments where there was no substantial movement
of individuals between impoundments (Hosoya 1997;
Kawamura et al. 2001b; Kawamura 2005).

In order to avoid the risk of inbreeding depression, it is
imperative to maintain a viable population size, and the
removal of concrete walls was suggested to encourage the
gene flow among impoundments (Kawamura 2005).
However, this kind of conservation action also has the
potential danger of increasing intersubspecific gene flow
(i.e., hybridization with R. o. ocellatus), because geo-
graphic isolation has greatly contributed to the current
reproductive isolation of the remaining R. o. kurumeus.
Moreover, the fitness decline observed among R. o. ku-
rumeus populations in experiments were not improved in
intrasubspecific hybrids between subpopulations but were
improved between populations from different regions
(Kawamura 2005). This may indicate that an introduction
of individuals from populations in other regions could be
an option, although one might then argue that this action is
against the general treatment and agreement in conserva-
tion genetics that genetic variation among populations
should be maintained (Frankham et al. 2002). In other
words, it may cause intrasubspecific hybridization. In
addition to the careful consideration and constructive
discussion regarding the potential danger of both intra- and
intersubspecific hybridization, a more comprehensive and
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detailed molecular analysis is necessary to reveal the
genetic relatedness among all remaining populations, using
informative molecular markers such as microsatellite
markers.

It is justifiable that most attention on the conservation of
R. o. kurumeus has so far focused on the protection of
remaining populations from the invasion of R. o. ocellatus.
However, biologists, managers, and conservationists
should, at least, start discussing the treatment of hybrids for
the following reasons. First, many impoundments are now
inhabited only by hybrids that retain more or less unique
genetic information of native R. o. kurumeus. Second,
habitats of freshwater fish including those hybrids are now
greatly disturbed throughout Japan due to, for example,
development, degraded water quality, and introduction of
piscivorous fish such as largemouth bass (M. salmoides)
and bluegill sunfish (L. macrochirus). Third, those hybrids
can be assumed to have the same or a similar ecological
role in the ecosystems as that of native R. o. kurumeus.
Finally, the historical role of hybridization as an evolu-
tionary process has been recently recognized (Allendorf
et al. 2001). Rosenfield et al. (2004) state that hybridization
and genetic introgression are always best avoided, but once
introgression has occurred, the management response to
hybrids depends on one’s conservation goal. We recom-
mend that studies on population dynamics, interaction with
other organisms, and life history should be conducted for
both hybrids and R. o. kurumeus to evaluate whether the
ecological roles of disappearing populations could be
revived by hybrids in those ecosystems that are no longer
inhabited by R. o. kurumeus.

Control and eradication

Contrary to a growing body of ecological studies on
introduced freshwater fishes, to date, surprisingly little has
been reported on control and eradication measures in the
scientific literature. In part, this is due to the fact that such
management actions on introduced fish have not been fully
implemented in many countries. Even in countries that do
already take management action, in fact, effective control
and eradication measures have not been established. In
addition, much of the information on control and eradica-
tion measures is often only available in “grey literature”
(Simberloff 2002), probably because eradication measures
are often conducted by local citizens and nongovernment
organizations, for example. Here, we focus on some of the
eradication techniques and practices reported in scientific
publications.

The use of piscicide rotenone and antimycin has been
one of the most commonly applied chemical eradication
measures worldwide (Meronek et al. 1996; Rowe 2001).
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The rotenone application on the eradication of the invasive
topmouth gudgeon (Pseudorasbora parva) in England and
evaluation of the program were recently reported by Brit-
ton and Brazier (2006). The gudgeon appeared to have
been accidentally introduced into a recreational fishery
located in the Lake District in England in 2000. The fishery
was seasonally connected to a catchment that was of high
conservation concern. After removal of the nontarget spe-
cies, rotenone was applied to the fishery to eradicate the
gudgeon in 2005, and postapplication fish sampling as an
evaluation of the eradication program suggested that there
were no more gudgeon present. Another case study on the
use of rotenone was reported by Lintermans (2000), in
which rotenone was applied to eradicate rainbow trout
(O. mykiss) from one section of a small stream in southeastern
Australia in the hope that the native galaxiid species,
Galaxias olidus, would recolonize this section. After the
rotenone treatment, the stream-gauging weir was aug-
mented with a heavy steel grill to function as a barrier to
prevent the trout from reentering the section. However,
G. olidus was expected to recolonize the section from a
connected trout-free stream. By monitoring the recoloni-
zation of G. olidus both above and below the barrier over
four successive years, it was revealed that trout had been
successfully eradicated and a breeding population of
G. olidus had established themselves upstream of the weir.

Nonchemical control and eradication exercises can be
employed in various ways such as removals using casting
nets, gill nets, and traps (Knapp and Matthews 1998);
electrofishing (Copp et al. 2007; Marr 2008); drain-down
methods (Copp et al. 2007); and an electric barrier
(Stokstad 2003). However, the effectiveness of each
method has not yet been fully understood. Knapp and
Matthews (1998) assessed the effectiveness of the physical
removal of nonnative brook trout (Salvelinus fontinalis)
and rainbow trout (O. mykis) by gill netting from a small
subalpine lake in the Sierra Nevada in California, USA,
which was originally “fishless” before the trout introduc-
tion. It took approximately 2 years to completely eradicate
the brook trout and 3 years for the rainbow trout.

These studies highlight the need for careful consider-
ation on a number of aspects such as the type (e.g., ponds,
lakes, rivers) and morphometry of the waterbody (e.g.,
area size, depth, width of inlets and outlets), connectivity
with other waterbodies, presence of native species and
their current status, biology of target nonnative species
(e.g., life history traits, estimated number of each age
group), expected effects of the measure (i.e., number
control or complete eradication), possibility of recoloni-
zation of the target species, negative impacts associated
with the measure, postpractice monitoring and evaluation,
and costs. Particularly, the use of rotenone and antimycin
should be treated with extra caution due to their lethal

effects on nontarget organisms (Knapp and Matthews
1998), and although these chemicals could be used in a
community-poor environment, they should certainly not
be used in a community-rich environment. As for the
above case studies on the application of rotenone, there
were no native species of conservation concern that
existed in either of the fisheries studied or the stream.
Further, connectivity of the stream was effectively taken
into account in the Australian case, as to which native
species can naturally recolonize the rotenone-applied
section from another stream, whereas target nonnative
species were prohibited from reentering the section by an
augmented stream-gauging weir. Knapp and Matthews
(1998) suggest that lake morphometry and total area of
stream spawning habitat were important factors for
eradicating trout by gill netting from high mountain lakes
in the Sierra Nevada. More importantly, the above studies
conducted postpractice monitoring and evaluation, which
are often overlooked but can maximize the knowledge
gained from the management practice, improving the
effectiveness of future management and avoiding the
repetition of costly mistakes (Gehrke 2001).

Unfortunately, case studies on failed control and eradi-
cation measures are rarely reported in scientific publica-
tions; however, such information would also be highly
beneficial for designing and implementing effective man-
agement strategies.

Conclusions and recommendations for further research

Despite its long history, the introduction of nonnative
freshwater fishes has finally been recognized as a major
threat to freshwater ecosystems, and a large number of
well-researched case studies have been reported over the
last two decades. However, these studies also highlight the
difficulties in demonstrating whether introduced species
are indeed a direct or indirect cause of the decline of native
species, and if so, how introduced species interact with or
affect native species. Case studies discussed in this review
suggest novel approaches in which recent advances in
technology, such as in statistics, molecular analysis, and
GIS analysis, can be used in introduced fish studies (see
summary in Table 1) and foster new research perspectives.
These studies also indicate research needs and management
implications, especially in the control and eradiation of
introduced fishes, which have not been implemented suc-
cessfully in many nations. Even where some practical
actions have been promoted, science and government or
community-based management has not been integrated.
Effective management planning will require a tremendous
improvement in the connection to scientific studies that
deepen our understanding of the factors facilitating the
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Table 1 Examples of recently developed analytical techniques on introduced freshwater fishes discussed in this review

Category Techniques Purposes References Methods
Introduction Molecular analysis To identify the origins and Kawamura et al. (2006) PCR-RFLP analysis of
pathways pathways of nonnative mtDNA

Predicting spatial
patterns

Biotic
homogenization

Hybridization

Multivariate analysis

GIS analysis

Ecological niche
modeling

Similarity analysis

Molecular analysis

species

To statistically examine the
relationship between
species occurrences or
assemblages and multiple
environmental
characteristics

To incorporate landscape
elements as
environmental variables
into the analysis

To predict spatial patterns
often using GIS maps

To investigate the extent of
biotic homogenization

To examine occurrences of
hybridization and the
extent of introgression

Brasher et al. (2006), Gido
et al. (2004)

Brasher et al. (2006), Gido
et al. (2004)

Vander Zanden et al.
(2004), Céréghino et al.
(2005)

Radomski and Goeman
(1995), Rahel (2000),
Scott and Helfman
(2001), Marchetti et al.
(2001), Rahel (2002),
Walters et al. (2003),
Olden and Poff (2003,
2004), Taylor (2004),
Clavero and Garcia-
Berthou (2006), Marchetti
et al. (2006), Olden et al.
(2006), Leprieur et al.
(2008)

Ueno (1987), Nagata
(1996), Kawamura et al.
(2001a, b)

PCA, CCA, Multiple
regression

Quantifying landscape
elements and
incorporating human
impacts

ANN

Quantification of temporal
changes in compositional
similarity between a pair
of fauna

Allozyme analysis, RFLP
analysis of mtDNA,
RAPD-PCR analysis of
genomic DNA

GIS geographic information system, PCR-RFLP polymerase chain reaction—restriction fragment length polymorphism, mtDNA mitochondrial

DNA, CCA canonical correspondence analysis, ANN artificial neural network, RAPD random amplified polymorphic DNA

introduction and establishment of nonnative fishes and
their impacts on native communities.

Although we did not review the fundamental ecologi-
cal and biological studies that describe the nature of
introduced fishes, such as life history, population
dynamics, and physiology, these studies serve as the basis
for other applied studies and management planning. In
addition, there are some categories within the research
field on introduced fish studies that were not discussed in
this review but have shown recently developed perspec-
tives and research needs. For example, studies on inter-
actions between climate change and introduced species
have received more attention recently, as climate change
might facilitate the expansion of introduced species and
also exacerbate the effects of them (see Rahel et al.
2008).

Nowadays, even more fish species are expected to be
introduced and become invasive with the acceleration of

@ Springer

globalization. Lessons that have been learnt from previous
studies are that it requires time, cost, and effort to eradicate
introduced fishes or even to prevent their further range
expansion. Recent technological advances and new eco-
logical perspectives discussed in this paper could be inte-
grated in a proactive research and management practices
for preventing and controlling introduced fishes.

Acknowledgments This work was supported by the Global Envi-
ronment Research Fund (RF-075-10) of the Ministry of the Environ-
ment, Japan. We thank Dr. Yuichi Kano, Mr. Tomomi Yamashita, and
two anonymous referees for their advice and comments on the
manuscript.

References

Allendorf FW, Leary RF, Spruell P, Wenburg JK (2001) The
problems with hybrids: setting conservation guidelines. Trends
Ecol Evol 16:613-622



Landscape Ecol Eng (2010) 6:99-108

107

Brasher AMD, Luton CD, Goodbred SL, Wolff RH (2006) Invasion
patterns along elevation and urbanization gradients in Hawaiian
streams. Trans Am Fish Soc 135:1109-1129

Britton JR, Brazier M (2006) Eradicating the invasive topmouth
gudgeon, Pseudorasbora parva, from a recreational fishery in
northern England. Fish Manag Ecol 13:329-335

Céréghino R, Santoul F, Compin A, Mastrorillo S (2005) Using self-
organizing maps to investigate spatial patterns of non-native
species. Biol Conserv 125:459—465

Clavero M, Garcia-Berthou E (2005) Invasive species are a leading
cause of animal extinctions. Trends Ecol Evol 20:110

Clavero M, Garcia-Berthou E (2006) Homogenization dynamics and
introduction routes of invasive freshwater fish in the Iberian
Peninsula. Ecol Appl 16:2313-2324

Coblentz BE (1990) Exotic organisms: a dilemma for conservation
biology. Conserv Biol 4:261-265

Colautti RI, Niimi AJ, van Overdijk CDA, Mills EL, Holeck K,
Maclsaac HJ (2003) Spatial and temporal analysis of transoce-
anic shipping vectors to the Great Lakes. In: Ruiz GM, Carlton
JT (eds) Invasive species: vectors and management strategies.
Island Press, Washington, pp 227-246

Copp GH, Bianco PG, Bogutskaya NG, Eros T, Falka I, Ferreira MT,
Fox MG, Freyhof J, Gozlan RE, Grabowska J, Kovac V,
Moreno-Amich R, Naseka AM, Penaz M, Povz M, Przybylski
M, Robillard M, Russell IC, Stakenas S, Sumer S, Vila-Gispert
A, Wiesner C (2005) To be, or not to be, a non-native freshwater
fish? J Appl Ichthyol 21:242-262

Copp GH, Wesley KJ, Verreycken H, Russell IC (2007) When an
‘invasive’ fish species fails to invade! Example of the topmouth
gudgeon Pseudorasbora parva. Aquat Invas 2:107-112

Crivelli AJ (1995) Are fish introductions a threat to endemic
freshwater fishes in the northern Mediterranean region? Biol
Conserv 72:311-319

Epifanio J, Nielsen J (2000) The role of hybridization in the
distribution, conservation and management of aquatic species.
Rev Fish Biol Fish 10:245-251

Fausch KD, Taniguchi Y, Nakano S, Grossman GD, Townsend CR
(2001) Flood disturbance regimes influence rainbow trout
invasion success among five holarctic regions. Ecol Appl
11:1438-1455

Frankham R, Ballou JD, Briscoe DA (2002) Introduction to conser-
vation genetics, 1st edn. Cambridge University Press, Cambridge

Fryer G (1960) Concerning the proposed introduction of Nile perch
into Lake Victoria. E Afr J Agric 25:267-270

Fuller PL (2003) Freshwater aquatic vertebrate introductions in the
United States: patterns and pathways. In: Ruiz GM, Carlton JT
(eds) Invasive species: vectors and management strategies.
Island Press, Washington, pp 123-151

Gehrke PC (2001) Assessing the effectiveness of pest fish manage-
ment. In: Department of Conservation 2003: managing invasive
freshwater fish in New Zealand. Proceedings of a workshop
hosted by Department of Conservation, 10-12 May 2001,
Hamilton, pp 85-94

Gido KB, Schaefer JF, Pigg J (2004) Patterns of fish invasions in the
Great Plains of North America. Biol Conserv 118:121-131

Guisan A, Thuiller W (2005) Predicting species distribution: offering
more than simple habitat models. Ecol Lett 8:993-1009

Helfman GS (2007) Fish conservation: a guide to understanding and
restoring global aquatic biodiversity and fishery resources. Island
Press, Washington

Hirzel AH, Hausser J, Chessel D, Perrin N (2002) Ecological-niche
factor analysis: How to compute habitat-suitability maps without
absence data? Ecology 83:2027-2036

Hosoya K (1997) Protection of freshwater fishes in terms of
biodiversity. In: Nagata Y, Hosoya K (eds) Circumstances in

endangered Japanese freshwater fishes and their protection.
Midori Shobo, Tokyo, pp 315-329 [in Japanese]

Kanoh Y (2002) Rhodeus ocellatus ocellatus. In: The Ecological
Society of Japan (ed) Handbook of Alien species in Japan.
Chijin-shokan, Tokyo, p 110 [in Japanese]

Kaufman L (1992) Catastrophic change in species-rich freshwater
ecosystems. Bioscience 42:846-858

Kawamura K (2005) Low genetic variation and inbreeding depression
in small isolated populations of the Japanese rosy bitterling,
Rhodeus ocellatus kurumeus. Zool Sci 22:517-524

Kawamura K, Ueda T, Arai R, Nagata Y, Saitoh K, Ohtaka H, Kanoh
Y (2001a) Genetic introgression by the rose bitterling, Rhodeus
ocellatus ocellatus, into the Japanese rose bitterling, R. o.
kurumeus (Teleostei: Cyprinidae). Zool Sci 18:1027-1039

Kawamura K, Nagata Y, Ohtaka H, Kanoh Y, Kitamura J (2001b)
Genetic diversity in the Japanese rosy bitterling, Rhodeus
ocellatus kurumeus (Cyprinidae). Ichthyol Res 48:369-378

Kawamura K, Yonekura R, Katano O, Taniguchi Y, Saitoh K (2006)
Origin and dispersal of bluegill sunfish, Lepomis macrochirus, in
Japan and Korea. Mol Ecol 15:613-621

Knapp RA, Matthews KR (1998) Eradication of nonnative fish by gill
netting from a small mountain lake in California. Restor Ecol
6:207-213

Kolar CS, Lodge DM (2001) Progress in invasion biology: predicting
invaders. Trends Ecol Evol 16:199-204

Leprieur F, Beauchard O, Hugueny B, Grenouillet G, Brosse S (2008)
Null model of biotic homogenization: a test with the European
freshwater fish fauna. Divers Distrib 14:291-300

Lintermans M (2000) Recolonization by the mountain galaxias
Galaxias olidus of a montane stream after the eradication of
rainbow trout Oncorhynchus mykiss. Mar Freshw Res 51:799—
804

Lodge DM (1993) Biological invasions: lessons for ecology. Trends
Ecol Evol 8:133-137

Mallet J (2005) Hybridization as an invasion of the genome. Trends
Ecol Evol 20:229-237

Marchetti MP, Light T, Feliciano J, Armstrong TW, Hogan Z, Moyle
PB (2001) Homogenization of California’s fish fauna through
abiotic change. In: Lockwood JL, McKinney ML (eds) Biotic
homogenization. Kluwer Academic, Dordrecht, pp 259-278

Marchetti MP, Lockwood JL, Light T (2006) Effects of urbanization
on California’s fish diversity: differentiation, homogenization
and the influence of spatial scale. Biol Conserv 127:310-318

Marr SM (2008) Impacts of invasive fish on indigenous fish
assemblages. In: Arderne P (ed) Proceedings of the 12th
yellowfish working group conference, Jonkershoek, 14-16
March 2008, pp 24-36

Maruyama T, Fujii K, Kijima T, Maeda H (1987) Introductory
process of foreign new fish species. National Research Institute
of Aquaculture, Fisheries Research Agency, Japan [in Japanese]

McKinney ML (2006) Urbanization as a major cause of biotic
homogenization. Biol Conserv 127:247-260

McKinney ML, Lockwood JL (1999) Biotic homogenization: a few
winners replacing many losers in the next mass extinction.
Trends Ecol Evol 14:450-453

Meronek TG, Bouchard PM, Buckner ER, Burri TM, Demmerly KK,
Hatleli DC, Klumb RA, Schmidt SH, Coble DW (1996) A
review of fish control projects. N Am J Fish Manag 16:63-74

Miyake T, Kawamura K, Hosoya K, Okazaki T, Kitagawa T (2007)
Discovery of the Japanese rosy bitterling, Rhodeus ocellatus
kurumeus, in Nara Prefecture, Japan. J Ichthyol 54:139-148
[in Japanese]

Moyle PB, Marchetti MP (2006) Predicting invasion success:
freshwater fishes in California as a model. Bioscience 56:515—
524

@ Springer



108

Landscape Ecol Eng (2010) 6:99-108

Mukai T (2007) DNA analyses on biological invasions: case studies
of freshwater fishes in Japan. Seibutsukagaku 58:192-201 [in
Japanese]

Nagata Y (1980) Rhodeus ocellatus ocellatus: a crisis of pure blood.
In: Kawai T, Kawanabe H, Mizuno N (eds) Freshwater animals
in Japan: invasion and disturbance in ecology. Tokai University
Press, Tokyo, pp 147-153 [in Japanese]

Nagata Y, Nishiyama K (1976) Remarks on the characteristics of
the fins of bitterling, Rhodeus ocellatus ocellatus (Kner) and
R. ocellatus smithi (Regan). Mem Osaka Kyoiku Univ Ser III
Nat Sci Appl Sci 25:17-21 [in Japanese]

Nagata Y, Tetsukawa T, Kobayashi T, Numachi KI (1996) Genetic
markers distinguishing between the two subspecies of the rosy
bitterling, Rhodeus ocellatus (Cyprinidae). Ichthyol Res 43:117-124

Nakajima J, Onikura N, Kaneto J, Inui R, Kurita Y, Nakatani M,
Mukai T, Kawaguchi Y (2008) Present status of exotic fish
distribution in northern Kyushu Island, Japan. Bull Biogeogr Soc
Jpn 63:177-188 [in Japanese]

Nakamura M (1955) On the freshwater fishes introduced and
propagated in Kanto Plains. Bull Biogeogr Soc Jpn 16—
19:333-337 [in Japanese]

Olden JD, Poff NL (2003) Toward a mechanistic understanding and
prediction of biotic homogenization. Am Nat 162:442-460
Olden JD, Poff NL (2004) Ecological processes driving biotic
homogenization: testing a mechanistic model using fish faunas.

Ecology 85:1867-1875

Olden JD, Rooney TP (2006) On defining and quantifying biotic
homogenization. Glob Ecol Biogeogr 15:113-120

Olden JD, Poff NL, Douglas MR, Douglas ME, Fausch KD (2004)
Ecological and evolutionary consequences of biotic homogeni-
zation. Trends Ecol Evol 19:18-24

Olden JD, Poff NL, McKinney ML (2006) Forecasting faunal and
floral homogenization associated with human population geog-
raphy in North America. Biol Conserv 127:261-271

Pearson RG (2007) Species’ distribution modeling for conservation
educators and practitioners. Synthesis. American Museum of
Natural History. Available at http://ncep.amnh.org

Peterson AT, Vieglais DA (2001) Predicting species invasions using
ecological niche modeling: new approaches from bioinformatics
attack a pressing problem. Bioscience 51:363-371

Phillips SJ, Anderson RP, Schapire RE (2006) Maximum entropy
modeling of species geographic distributions. Ecol Model
190:231-259

Primack RB (1998) Essentials of conservation biology, 2nd edn.
Sinauer Associates, Sunderland

Quinn TP, Nielsen JL, Gan C, Unwin MJ, Wilmot R, Guthrie C, Utter
FM (1997) Origin and genetic structure of chinook salmon,
Oncorhynchus tshawytscha, transplanted from California to New
Zealand: allozyme and mtDNA evidence. Fish Bull 95:185

Radomski PJ, Goeman TJ (1995) The homogenizing of Minnesota
lake fish assemblages. Fisheries 20:20-23

Rahel FJ (2000) Homogenization of fish faunas across the United
States. Science 288:854-856

Rahel FJ (2002) Homogenization of freshwater faunas. Annu Rev
Ecol Syst 33:291-315

Rahel FJ, Bierwagen B, Taniguchi Y (2008) Managing aquatic
species of conservation concern in the face of climate change
and invasive species. Conserv Biol 22:551-561

Rhymer JM, Simberloff D (1996) Extinction by hybridization and
introgression. Annu Rev Ecol Syst 27:83—-109

Riva Rossi CM, Lessa EP, Pascual MA (2004) The origin of
introduced rainbow trout (Oncorhynchus mykiss) in the Santa
Cruz River, Patagonia, Argentina, as inferred from mitochon-
drial DNA. Can J Fish Aquat Sci 61:1095-1101

@ Springer

Rooney TP, Olden JD, Leach MK, Rogers DA (2007) Biotic
homogenization and conservation prioritization. Biol Conserv
134:447-450

Rosenfield JA, Nolasco S, Lindauer S, Sandoval C, Kodric-Brown A
(2004) The role of hybrid vigor in the replacement of Pecos
pupfish by its hybrids with sheepshead minnow. Conserv Biol
18:1589-1598

Rowe DK (2001) Rotenon-based approaches to pest fish control in
New Zealand. In: Department of Conservation 2003: managing
invasive freshwater fish in New Zealand. Proceedings of a
workshop hosted by Department of Conservation, 10-12 May
2001, Hamilton, pp 131-142

Ruesink JL (2005) Global analysis of factors affecting the outcome of
freshwater fish introductions. Conserv Biol 19:1883-1893

Scott MC, Helfman GS (2001) Native invasions, homogenization, and
the mismeasure of integrity of fish assemblages. Fisheries 26:6—15

Simberloff D (1981) Community effects of introduced species. In:
Nitecki MH (ed) Biotic crises in ecological and evolutionary
time. Academic Press, San Francisco, pp 53-81

Simberloff D (2002) Today Tiritiri Matangi, tomorrow the world! Are
we aiming too low in invasives control? In: Veitch CR, Clout MN
(eds) Turning the tide: the eradication of invasive species. [UCN
Species Survival Commission, Gland Switzerland, pp 4-12

Stockwell D, Peters D (1999) The GARP modelling system: problems
and solutions to automated spatial prediction. Int J Geogr Inf Sci
13:143-158

Stokstad E (2003) Can well-timed jolts keep out unwanted exotic
fish? Science 301:157-158

Taylor EB (2004) An analysis of homogenization and differentiation
of Canadian freshwater fish faunas with an emphasis on British
Columbia. Can J Fish Aquat Sci 61:68-79

Taylor JN, Courtenay WR Jr, McCann JA (1984) Known impacts of
exotic fishes in the continental United States. In: Courtenay WR
Jr, Stauffer JR Jr (eds) Distribution, biology, and management of
exotic fishes. Johns Hopkins University Press, Baltimore, pp
322-373

Townsend CR (2003) Individual, population, community, and eco-
system consequences of a fish invader in New Zealand streams.
Conserv Biol 17:38-47

Ueno K (1987) Genetic distance between Rhodeus ocellatus smithi
and R. ocellatus ocellatus. Collect Breed 49:291-294 [in
Japanese]

Vander Zanden MIJ, Olden JD, Thorne JH, Mandrak NE (2004)
Predicting occurrences and impacts of smallmouth bass intro-
ductions in north temperate lakes. Ecol Appl 14:132-148

Verreycken H, Anseeuw D, Van Thuyne G, Quataert P, Belpaire C
(2007) The non-indigenous freshwater fishes of Flanders (Bel-
gium): review, status and trends over the last decade. J Fish Biol
71:160-172

Walters DM, Leigh DS, Bearden AB (2003) Urbanization, sedimen-
tation, and the homogenization of fish assemblages in the
Etowah River Basin, USA. Hydrobiologia 494:5-10

Welcome RL (1984) International transfers of inland fish species. In:
Courtenay WR Jr, Stauffer JR Jr (eds) Distribution, biology, and
management of exotic fishes. Johns Hopkins University Press,
Baltimore, pp 2240

Welcome RL (1988) International introductions of inland aquatic
species. FAO Fish Tech Pap 294:1-318

Witte F, Goldschmidt T, Wanink J, Vanoijen M, Goudswaard K,
Wittemaas E, Bouton N (1992) The destruction of an endemic
species flock: quantitative data on the decline of the haplochro-
mine cichlids of Lake Victoria. Environ Biol Fishes 34:1-28


http://ncep.amnh.org

	A review of the research on introduced freshwater fishes: new perspectives, the need for research, and management implications
	Abstract
	Introduction
	Introduction pathways
	Predicting spatial patterns
	Biotic homogenization
	Hybridization
	Control and eradication
	Conclusions and recommendations for further research
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


