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Abstract Invasive species of various taxa, including crustaceans and snails, are
harmful to freshwater ecosystems, inflicting a reduction in biodiversity, vast losses
for agriculture, alterations in natural ecosystems, and even some human health
issues (such as bilharzia). We describe here some destructive invasive species of
crustaceans and snails that can be controlled using biotechnological solutions.
Specifically, we propose the use of sexually manipulated non-breeding all-male
decapod crustacean populations generated through novel techniques that use tem-
poral gene silencing via RNA interference (RNAi), namely, non-genetically mod-
ified organisms (non GMO), to control invasive species. The first part of the chapter
deals with the control of invasive and destructive freshwater snails using
snail-eating freshwater prawns; specifically we propose the use of all-male prawn
populations to act as non-invasive and sustainable biocontrol agents. Freshwater
prawns have already been shown to act as voracious predators of a few freshwater
snail species. Since male prawns grow faster, reach larger size and do not migrate
like females, it is likely that they will act as efficient biocontrol agents over snails.
The second part of the chapter deals with the proposed control of invasive crus-
taceans by skewing the sex ratio of the invasive populations by repetitive releases
into the invasive populations of neo-females, which bear 100 % male progeny.
Since RNAi is becoming widely used and since the commercial use of RNAi-based
biotechnologies for the production of neo-females and all-male prawn populations
has already been implemented, our proposed solution is readily available for
eco-protection applications.
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11.1 Introduction

The science of conservation biology was born in reaction to the global biodiversity
crisis that has been unfolding over the past 100 years, driven mostly by human
activities. A key concern in conservation biology is the damage to habitats and
native species caused by deliberate or accidental human-mediated introductions of
non-native invasive species (NIS) (Sala et al. 2000). Most introduced species fail to
become established in their new environments and do not become troublesome
invasive species. However, a minority of non-native invasive species do succeed in
their new environments, and some of these have become serious threats to global
biodiversity and ecosystem stability (Kolar and Lodge 2001). In the present chapter,
we discuss some decapod crustaceans and snails—that have become devastating
invasive species in freshwater ecosystems. Compared to terrestrial ecosystems, such
ecosystems are particularly vulnerable to non-native invasive species due to
water-related anthropogenic activities, such as transportation and recreation. The
vulnerability of freshwater ecosystems is further exacerbated by the dispersion
tendency of freshwater organisms and the relative geographic isolation of some
lakes and streams, leading in some cases to location-specific adaptations of
indigenous species (Lodge et al. 1998; Gherardi 2000; Sala et al. 2000; Beisel 2001;
Gherardi 2006).

Freshwater decapods, such as crayfish, crabs, and shrimps, are among the largest
and most long-lived invertebrates, and some act as keystone species due to their
diverse diet, on the one hand, and their role as prey for other species, on the other
hand (Moyle and Light 1996; Nyström et al. 1996). Non-native decapod crus-
taceans can have a significant effect on freshwater ecosystems due to their predation
activity (Degerman et al. 2001) and their ability to change the physical conditions
of the habitat (Anastacio et al. 2005b, c), thereby causing considerable environ-
mental and economic damage (Guan and Wiles 1997). The introduction of fresh-
water decapods into non-native ecosystems may thus result in irreparable shifts in
species diversity (Hobbs et al. 1989). This chapter focuses on invasive crustaceans
that have negative impacts on freshwater ecosystems containing these keystone
species and suggests that the introduction of non-breeding decapod populations
could contribute to the solution of this problem. We describe several potential
applications of an RNA interference (RNAi)-based sex-differentiation manipulation
in decapods as novel and sustainable approaches to address environmental threats
of the type described above. The proposed crustacean biocontrol agents can be
applied to challenge invasive snails and crustaceans, thereby reducing the negative
impact of the invasive species on freshwater ecosystems.
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11.2 Production of All-Male Crustacean Populations
for Aquaculture and for Biocontrol of Unwanted
Species

All male populations of crustaceans are produced in a two-step procedure that
involves sex-reversal of males to neo-females, namely, functional phenotypic
females with a masculine genotype (as described in detail below), followed by
mating of these neo-females with normal males. The resulting offspring will be
male, due to the homogametic sex chromosomes of male malacostracans (Katakura
1989; Sagi et al. 1997; Jiang and Qiu 2013). The main advantage for aquaculture of
all-male populations lies in increased commercial yields by virtue of the fact that
that male prawns grow faster and are larger than females (Nair et al. 2006). An
additional advantage of such monosex populations is that they are non-breeding and
thus do not pose a threat to the environment. They can therefore be exploited as
competitive species for biocontrol of native or invasive undesirable species. These
two applications—aquaculture and biocontrol—are discussed below.

11.2.1 Production of All-Male Populations via Androgenic
Gland Manipulation or RNAi-Based Biotechnology
for Aquaculture

Sexual differentiation in crustaceans is governed by the presence or absence of the
androgenic gland (AG), an endocrine organ that is unique to males
(Charniaux-Cotton 1954; Sagi and Cohen 1990; Sagi et al. 1997) and that controls
masculine traits (Touir 1977; Taketomi et al. 1990; Manor et al. 2004). In the
commercially important species of freshwater prawn Macrobrachium rosenbergii,
microsurgical removal of the AG resulted in the production of female characters
(Nagamine et al. 1980) and in sex-reversal from males to neo-females. This finding
was applied by our group for the commercial production of all-male populations of
M. rosenbergii (Aflalo et al. 2006). However, microsurgery has a low success rate
(*1.3 %), so alternative technologies were sought with the aim to improve the
efficiency of the approach (Aflalo et al. 2006). One such technology to produce
all-male populations—temporal gene silencing by RNAi (Fire et al. 1998)—ex-
ploited the discovery by our group of the main secretory product of the decapod
AG, the insulin-like androgenic gland hormone (IAG). This hormone was first
discovered in the crayfish Cherax quadricarinatus (Manor et al. 2007) and later in
other decapods (Ventura and Sagi 2012) (Table 11.1), including a number of
economically important species (Manor et al. 2007; Ventura et al. 2009; Chung
et al. 2011; Mareddy et al. 2011; Savaya-Alkalay et al. 2014; Vázquez-Islas et al.
2014).
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Since the seminal study on “genetic interference by double-stranded RNA” of
Fire et al. (1998), the “biology, mechanisms and applications” of RNAi have been
studied in a variety of plant (Agrawal et al. 2003; Qi and Hannon 2005; Sagi et al.
2013) and metazoan species (e.g., Agrawal et al. 2003; Qi and Hannon 2005; Sagi
et al. 2013), including crustaceans (Agrawal et al. 2003; Qi and Hannon 2005; Sagi
et al. 2013). The strength of RNAi in biological applications lies in the fact that the
administration of double-stranded RNA (dsRNA) does not cause genomic modi-
fications [namely, it does not produce genetically modified organisms (GMO)], and
therefore it can be applied for aquaculture purposes (Ventura et al. 2012). The first
commercial use of temporal gene silencing in aquaculture was demonstrated by our
research group (Ventura et al. 2012), with the production of all-male populations of
M. rosenbergii, without the need for microsurgery (Ventura et al. 2012). In our
study, juvenile male prawns were manipulated using dsRNA injections, causing a
full and functional sex reversal from males into neo-females that produced 100 %
male progeny (Ventura et al. 2012; Ventura and Sagi 2012). This RNAi-based
non-GMO biotechnology does not involve hormonal or chemical intervention (Fire
et al. 1998; Lezer et al. 2015), rather it relies on a safe temporal intervention at the
IAG gene transcriptome level that does not modify the organism’s genome (Lezer
et al. 2015). The non-breeding monosex populations that are produced with this
technology are suitable for both aquaculture and, as elaborated in the next section,
sustainable environmental applications (Aflalo and Sagi 2014).

Table 11.1 Accession
numbers of published IAGs of
decapod crustaceans

Species Type Accession
number

Macrobrachium rosenbergii Prawn FJ409645

Portunus pelagicus Crab HM459854

Cherax quadricarinatus Crayfish DQ851163

Fenneropenaeus chinensis Shrimp JQ388277.1

Macrobrachium nipponense Prawn KC460325.1

Penaeus monodon Shrimp GU208677.1

Callinectes sapidus Crab HM594945.1

Marsupenaeus japonicus Shrimp AB598415

Palaemon paucidens Shrimp AB588013.1

Palaemon pacificus Shrimp AB588014

Macrobrachium lar Prawn AB579012.1

Cherax destructor Crayfish EU718788

Jasus edwardsii Lobster AIM55892.1

Scylla paramamosain Crab AIF30295.1

Sagmariasus verreauxi Lobster AHY99679.1

Macrobrachium
vollenhovenii

Prawn KJ524578.1
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11.2.2 All-Male Populations as Sustainable Biocontrol
Agents

The above-described RNAi-based biotechnology to produce all-male crustacean
populations was initially developed to meet the needs of the aquaculture sector.
However, recently we suggested a novel approach using such all-male populations
as non-invasive biocontrol agents (Savaya-Alkalay et al. 2014). It has been
demonstrated under laboratory conditions that freshwater prawns of the genus
Macrobrachium act as efficient predators of species of freshwater snails that serve
as vectors for human diseases (Lee et al. 1982; Roberts and Kuris 1990; Sokolow
et al. 2013). Preliminary predation studies under laboratory conditions suggest that
M. rosenbergii prawns are voracious consumers of species of Pomacea freshwater
snails (Savaya-Alkalay, personal communication). Therefore, we propose that
all-male prawn populations should be tested as biocontrol agents—that do not carry
the risk of becoming invasive species—against snails in both endemic and exotic
habitats.

There are three advantages to using all-male populations of Macrobrachium as
efficient and sustainable biocontrol agents (Savaya-Alkalay et al. 2014):

(a) Large size and fast growth. Male prawns grow faster and reach a larger body
size than females and consume larger quantities of food (or prey) (Sagi et al.
1986), thereby offering both ecological and economic (aquaculture)
advantages.

(b) Non-migratory behavior. All-male populations of Macrobrachium (vs. pop-
ulations with a 50:50 male:female sex ratio) are preferable as agents for snail
control because males do not migrate (while females of Macrobrachium
spp. must swim downstream to release their larvae in brackish estuarine water)
(Bauer 2011).

(c) Reproductive sterility. All-male populations of Macrobrachium cannot
reproduce and thus cannot become invasive species following introduction
into a new habitat. In addition, if in the long term the all-male prawn popu-
lations were found to cause more damage than benefit, they could easily be
removed at any time by refraining from restocking.

11.3 Controlling Invasive Species by Using
Non-reproductive Crustacean Agents

Two different ‘problematic’ groups of species can be controlled by RNAi-
manipulated crustaceans: (1) explosive populations of invasive freshwater snails
that can be controlled by prawn predation, and (2) explosive populations of invasive
crustaceans that can be controlled by changing the sex ratio of these populations
towards maleness until the invasive population collapses.
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11.3.1 Invasive and ‘Problematic’ Species of Freshwater
Snails

Freshwater snails are distributed worldwide, with negative effects on biodiversity,
agriculture, and human health being caused by a number of non-native invasive
species. Snails are often overlooked as agricultural pests in the scientific literature,
even though they cause major losses for different crops around the globe (Barker
2002). We present here two case studies of invasive and damaging snails from
different families for which there is potential for biological control by crustacean
species.

11.3.1.1 Apple Snails (Ampullariidae)

Apple snails, the largest freshwater gastropods (reaching a shell height of 155 mm),
are distributed mainly in humid tropical and subtropical habitats in South and
Central America, Africa, and Southeast Asia (Pain 1960; Burky 1974). Many
species of apple snail are amphibious, having both a gill and a lung, and are
therefore able to spend long periods of time out of the water—a trait that challenges
efforts to control these snails (Prashad 1925; Burky et al. 1972). Apple snails are not
only agricultural pests (Naylor 1996), but they are also ecologically destructive and
have the potential to alter wetland ecosystems via the impact of their omnivorous
diet, their large size, and their amphibious capabilities that help them evade control
measures (Naylor 1996; Kwong et al. 2009).

There are a few reports of apple snails causing damage to crops (mostly rice in
paddies) in their native habitats, but the major crop damage is caused by apple
snails introduced outside of their natural habitats; apple snails have therefore been
categorized as one of the world’s 100 worst invasive species (Lowe et al. 2000;
Horgan et al. 2014). The global spread of apple snails was triggered by two major
commercial activities, namely, the food industry and the aquarium trade (Perera
1996). Apple snails, which are native to South America, were first introduced to
Hawaii (in the 1960s) and then to a number of Asian countries (in the 1970s and
1980s) as food items. However, the economic potential of this sector was overes-
timated, and the market failed due to lack of demand (Naylor 1996; Vitousek et al.
1996). In East Asia, apple snails that either escaped or were released from captivity
established themselves as invasive populations. It appears, however, that the
aquarium trade market bears the major responsibility for the wide-spread estab-
lishment of alien populations of apple snails the world over—Cambodia, Chile,
China, Dominican Republic, Egypt, Guam, India, Indonesia, Israel, Japan, Laos,
Malaysia, Myanmar, Papua New Guinea, Pakistan, Philippines, Russia, Singapore,
South Africa, South Korea, Spain, Sri-Lanka, Taiwan, Thailand, and the USA (Roll
et al. 2009; Horgan et al. 2014).

An illustrative case study of invasive apple snails is that of the establishment of
the golden apple snail Pomacea canaliculata in the delta of the Ebro river in Spain,
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first observed in 2009 (López et al. 2010). Since then, none of the efforts to control
the snails has been successful. The dominant agricultural crop in the Ebro River
delta is rice, whose production has been dramatically reduced since the apple snail
invasion. The snails reach high densities, with a biomass of 1 kg m−2, and produce
more than 5 egg masses m−2.

The first introduction of apple snails in Asia caused enormous damage to
agricultural production (mostly rice) as well as to natural ecosystems and even to
human health (Naylor 1996). Agricultural damage depends on the density and size
of the snails as well as on the age of the crop, with losses varying between 20 % (at
a density of 1 snail m−2) and 90 % (at a density of 8 snails m−2) (Hirai 1988;
Basilio 1991). In Japan, damage due to apple snails caused major reductions to
crops such as rice, water spinach, lotus, taro, and mat rush (Mochida 1991), in
addition to damage to ecosystems and to humans from the intensive use of mol-
luscicides and insecticides (Laughlin and Lindén 1985; Clark et al. 1988; Hoch
2001). Furthermore, Pomacea canaliculata snails act as intermediate hosts for the
parasitic worm Angiostrongylus cantonensis, which causes human eosinophilic
meningitis if not destroyed by sufficient cooking of the snails (Lv et al. 2009).
Dozens of cases of human eosinophilic meningitis were detected in 2006 in
southern China, where infected apple snails were found to be on sale in markets and
restaurants (Lv et al. 2009).

The predation potential of biocontrol agents over populations of Pomacea snails
was investigated in southern Japan, where 46 species were tested under laboratory
conditions as predators of these snails (Yusa et al. 2006). Under these conditions,
ducks, rats, turtles and carp were found to be efficient predators of adult Pomacea
canaliculata snails, and a few species of crustaceans could act as efficient predators
of small- to medium-sized snails. However, the only species of Macrobrachium
tested (M. formosense) was a small species (2.4 g average weight), which is sig-
nificantly smaller than M. rosenbergii, suggested here as a biocontrol agent.

11.3.1.2 Snail Hosts of Schistosoma

Schistosomiasis (bilharzia), a debilitating chronic disease that infects more than
240 million people around the world, is caused by parasitic flatworms of the genus
Schistosoma (WHO 2013a). These parasitic worms require two hosts to complete
their life cycle, a freshwater snail intermediate host (a species of Biomphalaria or
Bulinus) and a vertebrate definitive host (usually a mammal) (WHO 2013a). The
distribution of schistosomiasis is intimately linked to the distribution and abun-
dance of the snail hosts, and control efforts are focusing on snail distribution as a
major target in breaking the disease cycle.

A few species of crustaceans have been tested as potential biocontrol agents for
snails that transmit parasitic diseases to humans (Mkoji et al. 1999; Sokolow et al.
2013). Until recently, the invasive crayfish Procambarus clarkii was the only
species that has been studied under field conditions (Hofkin et al. 1991a, b; Ibrahim
et al. 1995; Mkoji et al. 1999; Lodge et al. 2005). Later studies with
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M. vollenhovenii are discussed below. We review here two different parts of Africa
where schistosomiasis affects large numbers of people: firstly, Kenya (East Africa),
where more than 25 % of the population (more than 11 million people) is in danger.
Secondly, the Senegal River basin (West Africa), in northern Senegal, whose
damming has been associated with the fastest recorded spread of human schisto-
somiasis; more than 30 % of Senegal’s population (about 4 million people) requires
preventive chemotherapy against the disease (Southgate 1997; Southgate et al.
2001; Sow et al. 2002; WHO 2013b).

In Kenya, the North American crayfish or red swamp crayfish Procambarus
clarkii was originally introduced for aquaculture (Oluoch 1990), but escaped
crayfish have now spread out, and Procambarus clarkii has become a
well-established invasive species with a significant impact on native ecosystems
(Mkoji et al. 1999). Scientists have examined the efficiency of Procambarus clarkii
as a biocontrol agent of snails infected with Schistosoma under field conditions
(Mkoji et al. 1999) following laboratory experiments that supported the hypothesis
that these crayfish could decrease the prevalence of schistosomiasis in human
populations (Hofkin et al. 1991a, 1992). Indeed, under certain environmental
conditions, the introduction of Procambarus clarkii significantly reduced the
abundance of Schistosoma-infected snails and the rate of infection among human
residents of the study area (Mkoji et al. 1999). However, the impact of
Procambarus clarkii on aquatic ecosystems is an issue of major concern from a
conservation point of view, because the appetite of these crayfish for aquatic plants
is large enough to alter the biotic and physical conditions of the invaded habitats
(see Sect. 3.2.2). Therefore, it is essential to carefully consider the environmental
costs and benefits of using an invasive crustacean species as a biocontrol agent to
reduce populations of damaging invasive snails.

Another conservation approach has been to reintroduce endemic species that
have been extirpated from their natural environment by anthropogenic environ-
mental changes. For example, the man-made Diama dam on the Senegal River
created favorable conditions for freshwater snails but unfavorable conditions for its
natural predator, the freshwater African river prawn M. vollenhovenii
(Savaya-Alkalay et al. 2014). The females of M. vollenhovenii, being catadromous,
need to migrate down the Senegal River to release their larvae in saltwater habitats,
but they are prevented from so doing by the Diama dam downstream on the river.
As a result, the present distributional range and population levels of M. vollen-
hovenii are greatly reduced from their former sizes, and the reduction of this
predator has coincided with a population explosion of freshwater snails, which are
vectors of schistosomiasis. Reintroduction of M. vollenhovenii to the Senegal River
is an appealing idea but would require careful management, because its sustain-
ability is dependent on a constant prawn stocking strategy together with the
building of ‘fish ladder’ channels (Gowans et al. 1999) at the dam to allow the
prawns to navigate the river upstream and downstream. A recent field study in the
Senegal River basin demonstrated that African river prawns as biological control
agents had a significant effect on snail density and hence on human infection rates
and disease burden (Sokolow et al. 2015). These findings provide support for the
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suggested solution of using all-male African river prawns as sustainable and effi-
cient biocontrol agents (Savaya-Alkalay et al. 2014).

11.3.2 Invasive Crustaceans as a Conservation Challenge

Decapod crustaceans are successful invaders of freshwater ecosystems due to their
efficient adaptive behavior. Factors that contribute to the high adaptability of
crustaceans that are invasive species include a high reproductive rate, a tolerance to
environmental fluctuations, and a diverse diet (Gherardi 2006). All these charac-
teristics result in high fitness and contribute to the successful invasion of new
habitats, especially in combination with opportunistic behavior. The presence of
invading species impacts the habitat through alterations of vegetation patterns and
food resources that may increase the vulnerability of endemic species to extinction.
In addition to their negative impact on natural ecosystems, invasive species also
frequently cause damage to the agricultural and aquaculture sectors (Anastacio et al.
2005a, b, d).

Biological control via altering the reproductive success of a species has been
widely utilized by the agricultural sector to manage insect pests (Dyck et al. 2005).
The technique is based on releasing sterilized males that compete with normal
males for females, which eventually decreases fecundity through unsuccessful
mating. Here, we propose that this concept be exploited in a novel technique that
relies on RNAi-based biotechnological approaches to eradicate invasive crustacean
species by creating and releasing neo-females that produce all-male offspring. This
approach is based on the premise that successive releases of neo-females would
compete with the population of normal females for mates; the all-male progeny of
the neo-females would skew the sex ratio of the population towards males, with the
obvious consequent reduction in the population size.

The proposed technique could be applied for controlling invasive shrimps,
crayfish and prawns, as discussed below. Examples of crustacean pests are the
burrowing shrimps Neotrypaea californiensis and Upogebia pugettensis, whose
activities soften the intertidal substrate where oysters are grown. The soft sediment
particles clog up the oysters’ filter-feeding and respiratory channels, leading to
oyster mortality and consequent economic losses to the oyster industry (Dumbauld
et al. 2006). Controlling sexual differentiation in shrimp populations such as these
could pave the way for safely skewing their sex ratio, thereby controlling the size of
the populations and hence minimizing their negative effect.

Crayfish are probably the most dangerous crustaceans in terms of invasion
impacts due to their high densities, relatively long life spans, and large size
(Gherardi 2006). Crayfish are keystone species due to their dominant role in the
food chain and thus invasions by crayfish species may cause significant alterations
to freshwater food webs (Lodge et al. 1998; Covich et al. 1999). Crayfish invasions
reduce biomass and the species richness of the organisms comprising their diet, and
this causes an accompanying reduction in the recruitment of commercial fish
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species (Lodge and Lorman 1987; Nyström 1999). One of the most damaging
invasive crustacean species is the North American red swamp crayfish
Procambarus clarkii, which has been commercially cultured since the 1950s in a
number of southern US states. The species is endemic from northeastern Mexico to
the south-central USA but is now found in every continent, excluding Australia and
Antarctica (Huner 2002). The success of P. clarkii as an invasive species lies in a
number of biological characteristics that aid its colonization of new habitats. This
species exhibits an R-selected reproductive strategy (producing large numbers of
offspring), a small body size, early sexual maturity, a fast growth rate, and the
ability to incubate eggs all year round (Lindqvist and Huner 1999; Paglianti and
Gherardi 2004). In addition, P. clarkii has a very high tolerance to extreme envi-
ronmental conditions, such as polluted habitats and temporary streams that dry up
seasonally (Gherardi et al. 2000). Another important aspect of P. clarkii’s survival
potential is its ability to carry but not be infected by the pathogenic fungus
Aphanomyces astaci, which causes crayfish plague in native species
(Dieguez-Uribeondo and Söderhäll 1993). Additional ecological damage is caused
by P. clarkii’s burrowing activities, which alter water quality and sediment char-
acteristics and may hence severely affect the agricultural and aquaculture sectors
(Souty-Grosset 2006). One solution to the problem would be to release neo-female
crayfish into the invaded habitats so that sex-ratios would be skewed toward males
and the invading population would be extirpated over a few generations.

A few years ago, invasive populations of the Asian freshwater prawn M.
rosenbergii were found in freshwaters in northern Brazil. M. rosenbergii was
originally introduced into northern Brazil for aquaculture in the late 1970s, and its
escape from captivity has resulted in the establishment of wild breeding populations
in a number of locations, including three in which the presence of berried M.
rosenbergii females has been reported (Silva-Oliveira et al. 2011). The invasion
potential of this prawn is high due to its high reproductive rate, its adaptive
behavior, and its omnivorous diet. It is therefore an urgent challenge to halt the
prawn invasions before they spread further, and one way that this could be done
would be by introducing neo-females of this species to skew the sex ratio towards
all male populations.

11.4 Epilogue

The rapid development of genomic and transcriptomic sequencing techniques has
the potential for the discovery of thousands of new crustacean genes; from these it
would be possible to select candidates to be used as conservation tools to fight
invasive species by applying RNAi-based or similar biotechnologies. One major
drawback of current RNAi biotechnologies is that non-GMO delivery mechanisms
are currently based on microinjection methods that are labor intensive and require
the professional training and special equipment that are not available in low-tech
facilities. Another disadvantage of RNAi is the high price of the gene silencing
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agents. However, applying RNAi treatments at the brood stock level (Ventura and
Sagi 2012; Aflalo and Sagi 2014), where each treated animal produces thousands of
offspring, makes the price of dsRNA more acceptable. In contrast, when RNAi is
considered as a treatment to be utilized on an entire population of an invasive or
problematic species (for vaccination, environmental manipulations, or as a growth
promoter), the price might indeed be a limiting factor. A global research effort is
thus needed to address the above challenges by focusing on a more efficient
delivery method (preferably a non-invasive technique to be delivered orally as a
food supplement) and on a more cost effective dsRNA production method. Such
developments would enable the establishment of more elegant solutions to
addressing the problems associated with invasive species; these solutions could
then be applied by conservationists in their fight against the ever-increasing loss of
global biodiversity.
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