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Chapter 3 )
How to Engage Tourists in Invasive Carp s
Removal: Application of a Discrete Choice
Model

Kota Mameno, Takahiro Kubo, Yasushi Shoji, and Takahiro Tsuge

Abstract Invasive alien species management requires public participation to over-
come a lack of human and financial resources in management; however, little is
known about the demand for public participation in invasive alien species manage-
ment. To address this knowledge gap, the present study evaluated demand for man-
agement of invasive carp, which is one of the worst but publicity invasive species
worldwide. A choice experiment survey was conducted in Amami Oshima Island,
Japan to quantify tourists’ demand for participating in invasive carp removal in
nature-based tourism, and to evaluate the impact of ecological information provi-
sion on their preference. The results show most tourists would avoid participating in
carp removal activities as a tour option without any financial discounts; however,
over 35.2% of tourists were willing to work for carp removal, based on their own
motivations. We also found that ecological information encouraged tourists to par-
ticipate in tours that included carp removal activities. Incorporation of invasive alien
species management in nature-based tourism can enhance the economic benefits for
local tourism industries. Our findings indicate that tourists could play an important
role in invasive alien species management by compensating for a lack of human and
financial resources in management.
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3.1 Introduction

A lack of human and financial resources represents a bottleneck to invasive alien
species (IAS) management all over the world, although it is widely recognized that
TAS causes biodiversity loss (Didham et al. 2005; Sala et al. 2000). IAS have sub-
stantially damaged natural resource-based industries, such as agriculture, forestry,
and fishery (Pejchar and Mooney 2009; Pimentel et al. 2005). For some govern-
ments and environmental managers, access to human and financial resources in
long-term represents one of the biggest challenges for effective IAS management
(Gardener et al. 2010; Simberloff et al. 2005).

IAS management programs have considered that public involvement is an essen-
tial tool to succeed, since it could overcome the management resources shortage,
such as a lack of human and financial resources (Dunn et al. 2018; Gaertner et al.
2016; McNeely 2001). For example, common sun skinks (Eutropis multifasciata)
were removed by tourists on Green Island, leading to a decrease in skink numbers
(Chao and Lin 2017). Based on these results, the Convention on Biological Diversity
(CBD) mentioned that citizens were one of the most important players in IAS man-
agement (CBD 2014).

In spite of a general agreement on the importance of public involvement toward
the success of IAS management, such involvement is still difficult to achieve.
Previous literature noted that public apathy toward IAS management represents one
of the biggest barriers to public involvement. For example, people who underesti-
mate IAS impacts in Japan tended not to support IAS management (Akiba et al.
2012; Mameno et al. 2017). Thus, public education and information provision could
be effective in engaging more people (Bremner and Park 2007; Marzano et al.
2015). Based on these suggestions, some governments have provided relevant infor-
mation; however, public awareness and public involvement remains insufficient
(Dunn et al. 2018). Recently, the focus shifted to indirect approaches, which com-
prise neither education nor information provision. For example, Morgan and Ho
(2018) showed that good tasting carp meat encouraged invasive carp removal.

So far, many previous studies have addressed the public attitude concerning an
IAS and the management thereof (Bremner and Park 2007; Mameno et al. 2017,
Wald et al. 2018), as well as the estimation of social values from IAS management
programs (Nunes and Van Den Bergh 2004; Roberts et al. 2018). However, little
research has focused on how to encourage people to participate in IAS management
activities. Thus, our study—which uses a tour that comprises carp removal activi-
ties—can provide new insights into public engagements in IAS management. This
work also extends the knowledge of voluntary conservation approaches. A few stud-
ies have focused on such approaches (Durdn-Medrafio et al. 2017); however, to our
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knowledge, no studies have addressed tourists’ attitudes concerning participation in
conservation management.

The present study focuses on invasive common carp (Cyprinus carpio) manage-
ment from the human dimension perspective. The invasive carp is one of the most
invasive species, and is nominated as one of “100 of the world’s worst invasive alien
species” (Kopf et al. 2017; Lowe et al. 2000), since the carp damages the native
ecosystem by consuming organisms that are a food resource for native species
(Gilligan and Rayner 2007; Morgan and Hicks 2013). Thus, recent conservation
literature paid attention to its management (Marshall et al. 2018; Thresher et al.
2014; Uchii et al. 2014); however, social science research on this issue is limited—
for example, Morgan and Ho (2018). Interestingly, the carp is a domestic alien spe-
cies in Japan—it is a native species on the main island, but non-native on some of
the small islands (e.g., Amami Oshima Island, which is our research site). Since few
people would recognize carp as an IAS in Japan, the sharing of ecological informa-
tion could play an important role, as suggested by previous literature. Historically,
TAS management, including invasive carp, was greatly dependent on chemical and
biological methods (Zastrow 2018). Thus, our research contributes to the existing
body of knowledge on effective invasive carp management through application of
human dimension approaches (Jacobson and Duff 1998; McNeely 2001).

3.2 Study Background and Methods

3.2.1 Research Site

Our research site, Amami Oshima Island, Japan, is part of the Nansei Islands in the
southern Japanese archipelago (28°19'N, 128°22'E). The island has the Japan’s sec-
ond largest mangrove forest, which plays an important role in biodiversity conserva-
tion (Lugo and Snedaker 1974; Polidoro et al. 2010). In particular, there are
endangered and endemic species, such as Ryukyu Ayu (Plecoglossus altivelis
ryukyuensis), around the mangrove forest (Kishino and Yonezawa 2013; Nishida
1988). Because of its rich biodiversity, the part of the island that includes the man-
grove forest is a national park that is expected to become a Natural World Heritage
Site. However, the island has substantial IAS concerns, and has been requested by
UNESCO, through its designation process, to enhance its I[AS management. Local
government has attempted to remove common carp so as to improve its manage-
ment in rivers (Fig. 3.1); however, the success has been limited because of resource
constraints, among others.

Nature-based tourism is an important industry on the island. To date, most tour-
ists have enjoyed nature-based and eco-friendly tours, such as canoeing in the man-
grove forest and viewing wildlife, in spite of the potential invasive carp impacts on
the ecosystem. The canoe tour attracts over 30,000 tourists annually (Kagoshima
Prefecture 2019). It is the second most popular recreational activity in the island
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Fig. 3.1 Invasive carp captured on Amami Oshima Island

(Ministry of the Environment 2017). Thus, balancing tourism development and bio-
diversity conservation represents a significant challenge for local government.
Based on this background, the present study evaluates tourists’ demand for carp
removal options as a canoe tour attribute, and discusses the possibilities to compen-
sate for management resource constraints in invasive carp management through
nature-based tourism.

3.2.2 Questionnaire Design

In this study, we used a choice experiment (hereinafter, “CE”) on canoe tours. The
CE approach is one of methods for analyzing preferences through hypothetical
choices in a questionnaire survey; it has been applied by many previous studies to
nature-based tourism (Kubo et al. 2019; Kubo and Shoji 2016). We used this
approach to evaluate tourists” willingness to pay (WTP) for tour options as a means
of promoting canoe tours. Using the CE can elicit not only the level of demand for
the option of carp removal, but also assess other tour options, such as tour time
and fee.
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Table 3.1 Attributes and levels Attribute Levels
for profile design using the
choice experiment

Carp removal option | Yes; No

Tour time (min) 60; 90; 120; 150; 180
Pick-up option Yes; No
Tour fee (JPY) 1000; 2500; 5000; 7500; 10,000

A distributed questionnaire of six pages was used for the CE valuation exercise.
Respondents were asked to choose their preferred option from alternative tour sce-
narios with different combinations of tour options.

In CE studies, it is important to select attributes and levels to create hypothetical
scenarios. Based on current tours and discussions with managers on the Amami
Oshima Island, this study selected the following attributes and levels to design pro-
files and choice sets: Carp Removal option, Tour Time, Pick-up option, and Tour
Fee. Carp Removal option refers to catching carp using fishing nets before and/or
after the canoe tour. Pick-up option refers to picking up tourists at their accommoda-
tions and taking them to recreation sites. In the island, recreational sites are located
far from towns and the airport. Thus, tourists have to drive themselves to recre-
ational areas or use a bus service, which only operates every few hours. These four
characteristics, and possible choices for each, are listed in Table 3.1.

The respondents were asked to choose from three tour options under the hypo-
thetical scenario. The scenario implied that new attributes of canoe tours (i.e., Carp
Removal option and Pick-up option) could be implemented, and the levels of exist-
ing attributes (i.e., Tour Time and Tour Fee) could be changed to encourage the use
of canoe tours.

Considering the scenario, we designed profiles and choice sets based on
D-efficiency. The D-efficient design is able to minimize the distribution of esti-
mated parameter, which contributes to efficient parameter estimations (Huber and
Zwerina 1996). To mimic actual tour choice situations (Haaijer et al. 2001), we cre-
ated choice sets that consist of “not attending tour” as well as two selected profiles
(an example of choice set is shown as Fig. 3.2); we then created six patterns of a
questionnaire with five choice sets each, and provided each respondent with one
randomly selected questionnaire.

In addition, two types of questionnaires were used to assess the impact of infor-
mation provision, namely, to understand differences between the preferences of
respondents who recognized carp as an IAS, and those who did not. The informa-
tion that “Carp are an IAS and cause serious damage to the native unique ecosystem
on Amami Oshima Island; this option contributes to the conservation of ecosys-
tems” was provided to some respondents only, and not to the rest. Respondents
without this ecological information could have knowledge of invasive carp impacts.
However, our study investigated the impact of information provision by focusing on
the difference in attitude toward preference for tours between respondents with
information and without information.
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Tour 1 Tour 2 Non-attend the
tours

Carp Removal option Yes No

Tour Time (minutes) 60 150

Pick-up option Yes No

Tour Fee (JPY) 5000 2500

Please circle l 1 !

the answer = | 1 2

Fig. 3.2 Example of a choice set using a choice experiment. In the choice experiment, we showed
three profiles (two profiles with different levels for the four attributes, while another profile is
nonattendance) to each respondent, and repeated this task five times

3.2.3 Data Collection

The tourist questionnaire survey was conducted with randomized distribution at the
Amami Airport on Amami Oshima Island in August 2017. Nine hundred and
twenty-four questionnaires were distributed to tourists, of which 343 questionnaires
were returned by mail (the response rate was 37.1%); of these, 12 contained no
answers to any of the choice experiment questions and were thus omitted from
analysis. We ultimately used data of 331 respondents, and 1608 choice sets con-
tained answers to all relevant questions. Of the about half of respondents (n = 175)
were provided ecological information, and 68.0% of respondents were female
(n = 217). The most represented age group was between 40 and 49 years of age
(n =92), followed by respondents between 30 and 39 years of age (n = 84).

3.2.4 Econometric Model

To analyze the tourists’ preferences, we used a model based on random utility the-
ory (McFadden 1974), which comprises an observable deterministic component
and an unobservable random component. According to this model, each individual’s
utility (U;) of alternative i can be described as a function of an observable compo-
nent (V;) and an unobservable random (error) component (g;):

U =f(V.e)=V +¢ (3.D

i

The alternative i was chosen by the individual if U; > U; for all j # i. Thus, the
probability that the respondent chooses the alternative i from choice set C is:
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P=Pr[U,>U,| Vj#i, VjeC
3.2)
=Pr[Vl. +¢, >Vj+gj]:Pr[Vi—Vj >£j—8,.]

The probability of choosing alternative i is able to be written the following equa-
tion if each ¢; is assumed to distribute with a type I extreme value distribution,

exp(V)

z,‘ec exp(Vj)

While we estimated the results using both a conditional logit (CL) and a random
parameter logit (RPL) models, in the present study, the results of only the RPL
models were represented. That was why the results of the RPL. models were supe-
rior to those of the CL as followers. First, RPL. models do not require fulfilling the
independence of irrelevant alternatives (ITA) condition, which is required by the
conditional logit model. In addition, previous studies showed that tourists had pref-
erence heterogeneity (Kubo et al. 2019; Mejia and Brandt 2015) for nature-based
tours, which is accommodated by RPL models.

According to Hensher et al. (2015), in RPL models, V,; on the Eq. 3.3 is showed
the following form using the individual n, choosing alternative i and period ¢:

P = (3.3)

’
Vnn - ﬁn‘xnil (34)
B,=B+AZ +Tv,

where f indicates the population mean of the coefficient of random parameters; AZ,
indicate observed preference heterogeneity; on the other hand, unobserved prefer-
ence heterogeneity is showed in I'v,; x,; is the attributes in choice set which respon-
dents are asked. This model can incorporate unobserved and observed preference
heterogeneity through the random terms in the distributions of parameters (Hensher
et al. 2015). We are able to calculate the expected probability using multivariate
probability density function of S

E, =I%(ﬂ)'f(ﬁ|9)dﬁ =J‘[Zexp(ﬂnxnn) £(B)|ap 3.5)

e (Bx,,)

The parameter is estimated by simulated maximum likelihood techniques that
maximize the log-likelihood function, because the integral of estimating this model
does not have a closed form (McFadden and Train 2000; Train 2009).

In present study, we used Carp Removal option, Pick-up option, Tour Time and
Tour Time squared (Tour Time?®), Tour Fee, and an alternative-specific constant
(ASC) as explanatory variables: x,;, and as observed preference heterogeneity, we
incorporate the dummy variable of information provision that is if respondents were
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provided ecological information, the variable is set to 1. The dummy variable of
information provision was incorporated as a cross-term with other attributes except
for Tour Fee (i.e., Carp Removal option, Pick-up option, Tour Time and Tour Time?).
By following existing literature in applied economics, preference for the Tour Fee
(i.e., money) was supposed not to be affected by the information (e.g., Das et al.
2009; Hole and Kolstad 2012; Layton and Brown 2000; Morey and Rossmann
2003; Revelt and Train 1998; Scarpa et al. 2008). The ASC variable was set to 1 if
respondents chose not to attend the canoe tour (i.e., selected choice 3 in choice set),
and the ASC variable was set to 0 if respondents selected to attend the canoe tour
(i.e., selected choice 1 or 2 in choice set). This model needed to make assumptions
about the distributional form of the coefficients of each attribute. Except for Tour
Fee, all variables were assumed to be normally distributed.

In addition, the marginal willingness to pay (MWTP) is able to be calculated by
using the estimates for each coefficient as following equation (Haab and
McConnell 2003):

MWTP — ﬂallribule (36)

Tour Fee

Note that the WTP for both Carp Removal option and Pick-up option attributes
was calculated by doubling the MWTP since the attributes were effect-coded
(Louviere et al. 2000).

3.3 Results

Table 3.2 presents the estimated results of the RPL model. We applied the effect
code to the dummy variables concerning Carp Removal option and Pick-up option.
Thus, the relative values of coefficient are important instead of the absolute values.
Table 3.2 shows the mean of coefficients, standard deviations of the random coef-
ficients, and the effect of ecological information on each random parameter vari-
ables in the RPL models, with their standard errors. The standard deviations for
each of the random coefficients indicate the heterogeneity of individual preferences
relative to the preference of the population.

Table 3.2 indicates that the mean of the Carp Removal option coefficient is sig-
nificantly negative (Coefficient = —0.366; SE = 0.131) at the 99.9% level: Carp
Removal option decreased the probability of choosing canoe tours. However, stan-
dard deviations for Carp Removal option are also statistically significant: there is
preference heterogeneity for Carp Removal option (Fig. 3.3). The mean of the
respondents’ WTP for Carp Removal option was —988 JPY (100 JPY = about 0.9
USD and 0.8 EURO in November 2019). The other variables’ coefficients are also
significant at over 95% levels, except for ASC. The coefficient of Pick-up option
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Table 3.2 Estimation results using the random parameter logit model

39

Variable

Random parameter model

Mean of coefficient
(S.E)

Standard deviation of
coefficient (S.E)

Random and nonrandom parameters in utility function

Carp removal option

—0.366 (0.131)**

1.01 (0.112)"

Tour time 107!

0.395 (0.136)*

0.00112 (0.0374)

Tour time? x10~*

—1.52 (0.586)"*

0.986 (0.117)*

Pick-up option

0.405 (0.110)*

0.719 (0.107)**

Tour fee 1073

—0.741 (0.0514)"

Non-attendance
(alternative-specific constant)

—1.25(0.818)

2.52 (0.329)"

The effect of ecological information on each

random parameter variable

Carp removal option

0.403 (0.176)*

Tour time *10~!

—0.0283 (0.177)

Tour time? x10~*

—0.324 (0.768)

Pick-up option

0.0138 (0.146)

Non-attendance
(alternative-specific constant)

0.0273 (1.08)

Number of observations

1608

Log likelihood

—1243.10

Simulated maximum likelihood was conducted using Halton draws with 1000 replications
Please, see Train 2003 for details on Halton draws

Carp Removal option: availability of options for carp capture; Pick-up option: collection and trans-
port to the recreational site by guides; Tour Time: duration of tour (h); Tour Time*: Tour Time
squared; Tour Fee (JPY). Carp Removal option and Pick-up option were applied effect coding;
Tour Fee, Tour Time, and Tour Time® were normalized

skxp < 0.001, #5kp < 0.01, #p < 0.05

and Tour Time is positive, on the other hand, the coefficients of Tour Time?, Tour Fee
are negative. While standard deviation of Tour Time coefficient is not significant, the
other variables’ standard deviation of coefficients is also significant: there is prefer-
ence heterogeneity.

Table 3.2 also shows the effect of ecological information provision, and they are
not significant except for Carp Removal option. The coefficient of the effect of eco-
logical information on Carp Removal option is significantly positive
(Coefficient = 0.403; SE = 0.176), namely, information provision dramatically
increased the probability of choosing canoe tours including carp removal (Fig. 3.3).
The coefficient of Carp Removal option for respondents who were provided with
information could be calculated through addition of the coefficient of Carp Removal
option and the effect of ecological information on Carp Removal option, which had
a positive result (Coefficient = 0.0368). Therefore, the utility of respondents had
ecological information became positive if the option for carp removal was added to
canoe tours, and the mean WTP for Carp Removal option by respondents who had
ecological information was estimated at 99.3 JPY.
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0.4 -

0.3 -

Probability density
[ ]

0.1-

0.0 -

5.0 25 0.0 25 50
Carp Removal option coefficient

Fig. 3.3 Results of the random parameter logit model. The range of “Blue” indicates the probabil-
ity density of respondents without ecological information that answered positive to Carp Removal
option. On the other hand, the range of “Green” indicates that providing ecological information
made the increasing probability density of respondents who answered positive to Carp Removal
option. Even though respondents had no ecological information, a part of the respondents (Blue)
answered positive to Carp Removal option. When respondents were provided ecological informa-
tion, over half of the respondents (Blue and Green) answered positive to Carp Removal option

3.4 Discussion and Conclusion

Public participation is an essential enhancement to IAS management, since it can
compensate for the shortages of human and financial resources (Jenkins 1999;
Lepczyk 2005; Trumbull et al. 2000); however, few studies have addressed the
potential roles of tourists, although most of them visit wilderness areas such as
national parks. We applied a discrete choice model to invasive carp management on
Amami Oshima Island, Japan, to quantify tourists’ demand for participating in the
carp removal program as a tour option. The results indicate that 64.2% of tourists
who were not provided ecological information, about 100 tourists would avoid par-
ticipating in carp removal activities as a tour option without any financial discounts
when they have no ecological information (Table 3.2). In other words, on average,
tourists with no information are indifferent to whether they participate in carp
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removal activities if they received a 988 JPY discount for a tour. This finding sug-
gests that an additional IAS management option could decrease the number of tour-
ists without any discounts, although preference heterogeneity should be discussed
in more detail, which is described as follows. On the other hand, given the prefer-
ence heterogeneity concerning the carp removal option by RPL models, 35.8% of
tourists were willing to work for carp removal owing to their own motivations.
Some tourists regarded carp removal as a tour activity, even when they were not
provided with any ecological information (Fig. 3.3, Blue). This implies that a part
of their preference heterogeneity could be derived from their original knowledge of
and interests in nature and invasive management. This result also supports the view
that tourist involvement could help to overcome the cost challenges of IAS
management.

Although few studies have addressed IAS management as a tour activity, our
finding is contrary to previous studies which have shown positive public support for
TAS management. For example, Nishizawa et al. (2006) estimated the WTP for an
eradication program of black bass (Micropterus salmoides and Micropterus dolo-
mieu) as loading tax in Japan at about 2000 JPY. MclIntosh et al. (2010) also showed
that the WTP for invasive fish as a donation was about 50 USD. Mejia and Brandt
(2015) showed that tourists had a positive WTP for a tour that enhanced IAS man-
agement. This contradiction indicates that the public, including tourists, has a moti-
vation for financial support of IAS management; however, most of them are not
willing to participate in IAS management, which suggests that human resources
could become insufficient compared to financial resources in general.

How do we then engage the public in IAS management? The present study sup-
ports the views of previous literature by showing that the provision of ecological
information affects tourists’ preference for carp removal activities in a tour
(Bremner and Park 2007; Marzano et al. 2015). Tourists who received ecological
information have a positive WTP (99.3 JPY) for participation in carp removal
activities, which is 1087 JPY more than tourist who had no ecological information.
In other words, provision of ecological information enables tour operators to
receive a tour premium for including IAS management opportunities. This sug-
gests that information provision leads to a win-win situation by enhancing IAS
management while satisfying tourists’ demands and increasing tour operators’
profits. Recent tourism literature highlights that balancing conservation and the
local economy through nature-based tourism is becoming increasingly important
(Kubo et al. 2019). We demonstrated that this approach can even succeed in IAS
management by sharing ecological knowledge with the public, as described in con-
servation literature (Akiba et al. 2012; Bremner and Park 2007; Dunn et al. 2018;
Mameno et al. 2017; Marzano et al. 2015).

The other attributes concerning canoe tour design are also important for tourists’
decision-making and their involvement in carp removal activities. As shown in
Table 3.2, tourists prefer to participate in tours of intermediate duration (i.e., about
120 min), and in tours that offer a pick-up option. These findings indicate that tour-
ists are more encouraged to participate in a tour by adjusting the levels of the attri-
butes of tour time and pick-up options, regardless of a carp removal option. Previous
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work by Morgan and Ho (2018) indicated that indirect approaches, which are not
directly related with IAS management, are important. The present findings support
their view of such indirect approaches, even in invasive carp removal management,
and outline a new approach based on the use of nature-based tourism.

Our research site, Amami Oshima Island, is expected to be designated as a
Natural World Heritage Site. Thus, IAS management has been paid more attention
recently; however, a lack of resources has limited the implementation of IAS man-
agement. Our findings indicate that nature-based tourism which combined with the
sharing of ecological knowledge with stakeholders, as well as indirect approaches,
achieves sustainable IAS management.
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