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ABSTRACT: Protected areas have been established under the premise of static distribution of different
ecosystems and species, but this assumption is becoming invalid due to climate change. Under non-static
conditions, some adaptable nonnative species will enter into protected areas, while some native species
will no longer be able to sustain ecological functions. In this case, it is a challenge to determine if species
that expand their distribution due to climate change (climate-induced species) should be regarded as “alien
species” and be removed or not. We approached the challenge of how to treat climate-induced species
in protected areas by conducting a literature survey together with a case study in the largest terrestrial
national park in Japan (Daisetsuzan National Park). According to both surveys, there is considerable
difference in the attitudes of researchers and practitioners. Practitioners tend to think that climate-induced
species should be removed only if they are harmful and realistically removable. Continued discussion
on climate-induced species is needed to develop and implement a consistent response.

Index terms: adaptation, alien species, climate change, climate-induced species, protected areas

INTRODUCTION

The latest report by the Intergovernmental
Panel on Climate Change (IPCC 2013)
documented that the mean temperature
of earth’s surface increased by 0.89 °C
between 1901 and 2012. Furthermore,
the temperature may increase by 1.0 °C
(95% CI1, 0.3-1.7 °C) or 3.7 °C (95% ClI,
2.6-4.8 °C) by 2081-2100 in comparison
with 1986-2005 under the Representa-
tive Concentration Pathway (RCP) 2.6 or
8.5 scenarios, respectively (IPCC 2013).
A number of studies have reported that
climate change has negatively impacted
forest plant species, with the associated
elevation in mortality and declining re-
production leading to regional decline and
dieback events (Allen 2009; Jump et al.
2009). Furthermore, climate change may
influence the genetic structure of each
species such as the distribution of genetic
variations along elevational gradients
(Ohsawa and Ide 2008). Considering its
serious impacts at the species and genetic
levels, many researchers have called for
immediate action against climate change
(e.g., Stern 2006). Such researchers have
commonly placed protected areas at the
core of climate-change adaptation mea-
sures (Hannah et al. 2002; Mawdsley et
al. 2009; MacKinnon et al. 2011).

Protected areas were established under the
premise of static distribution of different
ecosystems and species, but this assump-
tion is no longer valid due to the shifting
of species distribution under changing
climates (Scott et al. 2002; Suffling and
Scott 2002; Lemieux and Scott 2005; Reid
2006; Thomas and Gillingham 2015). This
is relevant to many nature conservation

approaches. For instance, a director of
the US National Park Service pointed out
the potential necessity of changing their
conventional policy related to species
intruding from outside of national parks,
because species that migrate due to climate
change might not be able to find alternative
habitats for their survival (Kunzig 2012).
Such species are not native species at the
park level, though they might need to be
protected in the parks to avoid species’
extinction. To tackle this new issue, there
are four possible options for protected
areas: (1) static management that main-
tains the current goals and management;
(2) passive management (a laissez faire
approach) that accepts some changes as
a result of climate change; (3) adaptive
management to climate change involving
mitigation measures to minimize changes
resulting from climate change; and (4) hy-
brid management that is a combination of
(1) and (3) (Suffling and Scott 2002; Scott
and Lemieux 2005). These researchers also
proposed that the third option—adaptive
management—is the most effective and
efficient, and is, thus, a prudent way to
protect biotic legacies. Fire suppression and
assisted migration (species translocation to
safe sites) are also examples of the third
option (Suffling and Scott 2002).

Assisted migration could allow some
species threatened by climate change to
survive in new habitats, but such efforts
could possibly alter species compositions
within protected areas. Hagerman et al.
(2010) collected general opinions about this
issue at the World Conservation Congress
(WCC) in 2008 and found great variation in
views among attendees. For instance, some
participants were supportive of conducting
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experiments in assisted migration, while
others were dismissive due to the latent
potential for unexpected and irreversible
changes (Hagerman et al. 2010). Hajjar et
al. (2014) collected opinions (acceptance/
rejection) from the general public and
forest community leaders about six refor-
estation strategies for adapting to climate
change in western Canada. However, many
respondents changed their opinions when
they were informed about the positive or
negative consequences of the strategies on
forests and forest-dependent communities.
Thus, Hajjar et al. (2014) concluded that
the opinions collected by the study varied
widely depending on the outcomes (of
the strategies) that each respondent had
imagined.

Likewise, unassisted migration due to
climate change may allow some species
to survive. Such “climate-induced species”
that independently expand their range due
to climate change represent a new challenge
for protected areas. The focus of this article,
“climate-induced species,” are nonnative
species that fall into four categories: (1)
those that are “regionally” nonnative and
(i) disperse into the protected area of
interest because of climate change or (ii)
move into the area due to non-climatic
mechanisms; (2) species that are native
to the greater area or region and (i) move
into the (adjacent) protected area due to
climate change or (ii) move into the area
due to non-climatic mechanisms. Herein,
our article focuses on the nonnative species

of type (2)(i).

The term “climate-induced species” has
been used by a few previous studies as
complex adjectives. For instance, Mu-
nasinghe and Swart (2005) used the term
“climate-induced species loss,” and Walther
(2010) used the expression “climate-in-
duced species’ range shifts.” Nonetheless,
there has been no globally used noun that
specifically refers to such species, and
there is much room to discuss how to treat
such species. The Intergovernmental Sci-
ence-Policy Platform on Biodiversity and
Ecosystem Services (IPBES) was supposed
to assess impacts of “species native to a
region that are shifting in range due to
environmental change, including climate
change” (i.e., climate-induced species) in

its thematic assessment of invasive alien
species and their control by 2019 (IPBES
2015). However, it was decided in the
fourth session of the plenary of the IPBES
(IPBES-4) in February 2016 that this
assessment would be undertaken, subject
to its funding availability (IISD 2016). In
other words, the issue of climate-induced
species might not be addressed by the
IPBES over the next few years.

To address how protected area managers
can deal with climate-induced species, we
need to consider a few relevant points. First,
we should consider if climate-induced spe-
cies should be regarded as ““alien species”
at the protected area level. Second, even if
such species are considered “alien,” should
they be eradicated or otherwise managed?
We could address this issue by considering
the positive and negative impacts of such
species under climate change. In this arti-
cle, we approached the new challenge by
addressing these questions. We conducted
a literature survey and carried out a case
study in Daisetsuzan, the largest terrestrial
national park in Japan (2268 km?).

Located in Hokkaido, the northernmost of
the four Japanese main islands (at around
43-44°N), the Daisetsuzan park hosts
alpine and sub-boreal ecosystems (JME
2009). These ecosystems are vulnerable
to climate change because the resident
species include a mix of the following:
species that indeed require cold and snowy
(moist) conditions; species that are com-
petitive in such conditions; and species
whose natural range includes such condi-
tions (Kudo 2014). A questionnaire survey
was conducted on park rangers and park
volunteer members in May 2014, during
their annual general meeting. Forty-three
Park Volunteer (PV) staff members (41%
of all registered PVs) as well as three park
rangers (50% of all the rangers) responded
to the survey. Herein, we present a few
key findings from the survey along with
conceptual work on the suggested ques-
tions. We also provided details of our case
study in an online Appendix. Knapp et al.
(2014) reported that stakeholders’ ideas and
observations about climate change were
significantly different among several types
of stakeholders (e.g., subsistence users
vs. scientists) in Denali National Park in

Alaska, suggesting that consulting not only
scientists but also local people who have
lived there for a long time should be crucial
for climate adaptation planning. Hence, in
focusing on volunteers who have substan-
tial experience in the park we investigated
(1) differences in their opinions about the
issue of climate-induced species and (2)
the most feasible adaptation options to
climate change at the protected area level.

Climate-Induced Species and Alien
Species

Even though climate-induced species are
nonnative with respect to the protected
areas the species move into, it is still un-
clear if such species should be regarded
as “alien species” or not. This question is
important, as the concept of alien species
typically entails negative associations.
Alien species are defined as those species
that are artificially introduced and extant,
and alien species that threaten biodiversi-
ty are known as “invasive alien species”
(Mack et al. 2000; Westphal et al. 2008).
In support of this, the Convention on Bi-
ological Diversity (CBD) defined invasive
alien species as those “whose introduction
and/or spread threaten biological diversity”
(SCBD 2002). Historically, according to
“the tens rule,” around 10% of the species
introduced to new sites can establish their
populations, and 10% of the established
species can be pests (i.e., harmful to native
species) (Williamson and Fitter 1996).
According to recent studies, alien species
can be categorized into casual alien species,
naturalized species, and invasive (alien)
species, depending on where the species
lies on the “introduction—naturalization—
invasion continuum” (Richardson et al.
2000; Richardson and Pysek 2012). Thus,
alien species have been notorious, given
that some of them could become invasive
alien species with significant impacts on
native species such as competition and
hybridization between alien and native
species (PySek and Richardson 2010).
Controlling invasive alien species is now
one of the Aichi Biodiversity Targets ac-
cording to the CBD. Some countries have
already targeted them with or without legal
regulations (Ohsawa and Osawa 2014).
Besides, ecosystem functions have recently
been reinterpreted as “ecosystem services,’
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which contribute to human well-being or
aspects of the ecosystem that are valued
by humans (Harrison et al. 2014). Typical
examples of such services are provisioning
services (e.g., timber production), regulat-
ing services (e.g., water flow regulation),
and cultural services (e.g., landscape
aesthetics). These services are usually
considered to be hampered by some alien
species (Vila et al. 2009; Harrison et al.
2014).

Theoretically, current climate change is the
indirect result of anthropogenic activities
such as burning fossil fuels and defor-
estation (Karl and Trenberth 2003; IPCC
2013), but not an artificial activity per se.
Thus, some may think that climate-induced
species are alien species, whereas others
may not. Moreover, public skepticism
remains regarding the idea that modern
climate change has been caused by human
activities (e.g., as described by Poortinga
et al. 2011). In short, people’s views on
climate-induced species are highly diverse.

Some entities and previous studies have
briefly mentioned a relationship between
climate-induced species and alien species.
The Standing Committee of the Convention
on the Conservation of European Wildlife
and Natural Habitats recommended not
to consider “native species naturally ex-
tending their range in response to climate
change” when interpreting the term “alien
species” (COE 2009). This recommenda-
tion was made in consideration of the pur-
pose of the implementation of the European
Strategy on Invasive Alien Species (COE
2009). Because of this recommendation,
the Strategy did not conflict with climate
change—induced migration (Trouwborst
2012). Similarly, the new EU Regulation
No. 1143/2014 applies to “all invasive alien
species” but not to “species changing their
natural range without human intervention,
in response to changing ecological con-
ditions and climate change” (EU 2014;
Trouwborst et al. 2015). Yet, it is note-
worthy that the same regulation explicitly
states that “the risks such species pose may
intensify due to increased global trade,
transport, tourism, and climate change,”
where “such species” refers to invasive
alien species (EU 2014). As mentioned
before, the director of the US National

Park Service stated that, according to their
conventional policy, species coming from
outside of national parks due to climate
change may be regarded as exotic species
(Kunzig 2012). Trouwborst (2012, 2014)
mentioned that distinguishing artificial
hybridization and natural hybridization is
difficult, particularly when climate-induced
species hybridize with native species (e.g.,
hybridization between African long-legged
buzzard and native European common
buzzards in southern Europe).

To verify the supposition that there is
no single position or viewpoint that is
supported by a majority of conservation
practitioners, we posed the issue to ex-
perts in Daisetsuzan National Park in
Japan. More than half of the respondents
considered climate-induced species to be
“alien species,” though nearly 40% of the
respondents thought the opposite. There-
fore, neither of the ideas presented by the
COE (2009) or Kunzig (2012) was strongly
supported by our respondents. In addition,
it is noteworthy that one respondent com-
mented that climate-induced species should
be regarded as alien species “for the time
being,” which is consistent with the relative
concepts of alien versus native species both
in time and space (Warren 2007).

Positive and Negative Impacts of
Climate-Induced Species

Ascertaining how to manage nature during
climate change should be based on infor-
mation from not only the natural sciences
but also the social sciences, including cul-
tural, economic, and historical perspectives
(Kueffer 2014). In particular, identifying
positive and negative values associated
with new species is still highly ambiguous.
As mentioned before, negative impacts
of nonnative species on native ones have
been documented by a number of studies.
Yet, new species might become important
components in new ecosystems under
a changing climate, possibly sustaining
ecological functions and landscape beauty.
For instance, according to a question-
naire survey conducted by Bardsley and
Edwards-Jones (2007), erosion control
was acknowledged as one of the positive
impacts of exotic plant species in the
Mediterranean islands. Considering the

overwhelmingly rapid nature of change,
approaches other than simple restoration of
the historically dominant species (Hobbs et
al. 2011) are required for the management
of protected areas. In other words, it could
be necessary to make good use of some
new adaptable species in order to maintain
the functions and services of ecosystems.
According to “intervention ecology,” some
new species can be regarded as important

components in new climates (Hobbs et
al. 2011).

However, overemphasizing the benefits of
ecosystem services for human beings (e.g.,
food and timber production) has led to the
degradation of nature (Kareiva et al. 2007).
In addition, we cannot ignore the history
of preexisting natural environments even
when considering such new approaches
(Keenleyside et al. 2012). From the per-
spective of social science, people who are
emotionally attached to landscapes may
want to preserve them (Walker and Ryan
2008) and this attachment could also be
applied in terms of native species. In other
words, climate-induced species may not
be welcomed by such people who are not
familiar with the new species.

Even at the genetic level, introgressive
hybridization between climate-induced
species and other related species (e.g.,
congeneric species) may occur due to
global changes including climate change
(Krosby et al. 2015). Such hybridization is
now considered to have both positive and
negative impacts. It might spread adaptive
genes from one species to another and pos-
sibly create novel hybrid species that show
high fitness under global changes (Brennan
et al. 2015). In contrast, the hybridization
could result in genetic disturbances to-
gether with maladapted hybrids (Brennan
et al. 2015). As such, new ecosystem com-
ponents are a “double-edged sword” and it
is something of a challenge to determine
how to harmonize old and new ecosystem
components (i.e., keeping original species’
compositions vs. maintaining ecological
functions and services).

How to Deal with Climate-Induced
Species?

If we want to minimize the negative im-
pacts of certain species, we may simply
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try to remove them as much as possible.
Attitudes toward the removal and control
of nonnative species, without considering
climate change, have been previously inves-
tigated. For instance, in Dofiana National
Park in Spain, 60% of general tourists
agreed with the introduction of nonnative
species that are economically or recreation-
ally beneficial, while nature tourists, as
well as conservation professional groups,
fervently disagreed (Garcia-Llorente et al.
2008). In contrast, almost all respondents,
regardless of stakeholder type, stated that
harmful nonnative species should be erad-
icated. Meanwhile, a minority (8%) of the
respondents to the survey by Bardsley and
Edwards-Jones (2007) in some Mediterra-
nean islands did not accept the necessity of
management or control of exotic species.
Furthermore, according to another survey
in Belgium, 26% of nature reserve man-
agers stated that failure to control invasive
alien species would not threaten nature and
natural areas (Vanderhoeven et al. 2011).

Compared with these previous studies,
our survey in Daisetsuzan found a low
frequency of responses supporting the
removal of climate-induced species and a
high frequency of answers respecting the
introduction of such species. This result is
partly because some respondents believed
that climate-induced species were not
“alien.” Consequently, 63% of such respon-
dents chose to respect natural changes that
occur under changing climates. However,
even the 23% of respondents who did re-
gard such species as “alien” chose the same
option, allowing the introduction of new
species. One such respondent commented
that even armed with the knowledge that
they are alien, it would be impossible to
remove such species.

Furthermore, our survey offered six spe-
cific species/vegetation examples to ask if
respondents thought that they should be
removed or not. We then found consider-
able variation in the responses depending
on the species/vegetation (Appendix). For
example, almost all respondents replied
that beech would not need to be removed,
whereas most of the respondents chose to
remove cockroaches. Even though both
species are native to adjacent areas south of
Daisetsuzan, how does such a discrepancy

occur? According to the survey in Doflana
(Garcia-Llorente et al. 2008), species that
were introduced less recently were more
likely to be regarded as native species.
In addition, the survey by Bardsley and
Edwards-Jones (2007) reported that a
majority of respondents stated that native
species for each island included not only
species from the same island but also
from anywhere in the Mediterranean. As
such, many alien species were believed to
be native by the general public (Davis et
al. 2011). Therefore, even though certain
species have arrived from elsewhere as a
result of artificial factors, they may still be
regarded as native species if they are from
the same region or were introduced further
in the past. Furthermore, Davis et al. (2011)
and Shackelford et al. (2013) proposed
that impact assessments of new species,
including both positive and negative effects,
should be conducted to decide whether
a species should be removed. In light of
these studies, whether climate-induced
species should be removed or allowed to
colonize may be judged based not only on
their original distribution but also on the
period of time since their introduction, as
well as on a balance between their positive
and negative influences and values. In terms
of the introduction—naturalization—invasion
continuum (Richardson et al. 2000; Rich-
ardson and PysSek 2012), introduction of
climate-induced species may be accepted,
unless these species are reaching the final
stage of the continuum, the invasion stage.
However, the term “introduction” implies
the active involvement of humans, whereas
climate-induced species were not brought
by humans directly. Hence, we should use
other words instead, such as migration,
when referring to climate-induced species.
Thus, although most of our respondents
may not have been familiar with the idea
of the continuum, the species whose immi-
gration was supported by many respondents
(e.g., the beech) were probably considered
to be casual alien species or naturalized
species, but not invasive alien species.

Moreover, removal of large or aesthetical-
ly valuable nonnative species is weakly
supported by the public, according to
previous studies (as reviewed by Bremner
and Park 2007). Thus, opinions about the
presence of climate-induced species may

also be affected by the general perception
of certain species (Gutrich et al. 2005;
Davis et al. 2011).

If some climate-induced species are ben-
eficial rather than harmful, we may want
to introduce and harness such species in
protected areas. According to Hannah
(2008), assisted migration and/or ex situ
protection (e.g., captive breeding) are
helpful methods when climate change is
so rapid that protected areas alone cannot
address the negative influences on wild
species. According to Thomas and Gilling-
ham (2015), in the United Kingdom, the
United States, and China, a few species
(butterfly and plant species) were actually
translocated to higher altitudes or latitudes.
Canada also began addressing the issue
of habitat connectivity to allow species to
migrate under changing climates (Nantel et
al. 2014; protection of Chignecto Isthmus
as well as the Ontario Ministry of Natural
Resources’ 50 Million Tree program in
Ontario). Moreover, in Alberta, another
Canadian province, seed transfer zones
were extended by up to 200 m in altitude
and up to 2° north latitude, while British
Columbia also allowed sseed/seedling
transfers to shift upward by 200 m (Nantel
et al. 2014). Shoo et al. (2013) proposed
a decision-making process for prioritizing
vulnerable species and measures to protect
them. In their process, assisted migration
at a genetic level has also been proposed
as “genetic assisted colonization,” where
certain genetic materials (e.g., adaptive
genes for a new climate) are introduced
to wild populations artificially (Shoo et
al. 2013).

CONCLUSIONS

This article combines a theoretical and
practical platform—including the techni-
cal term of climate-induced species—for
discussing how protected area managers
can deal with new species that expand
their range due to climate change. A
literature survey together with the case
study revealed various ideas around this
issue. For instance, there is not complete
agreement as to whether climate-induced
species should be regarded as “alien
species.” Making management decisions
involving these species is relatively dif-
ficult, as our study revealed considerable
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variation in the respondents’ attitudes, even
within a single protected area. We will
need to continue these discussions about
climate-induced species to develop and
implement a consistent response to climate
change. Particularly, the use of coherent
terminology in relevant concepts, such as
climate-induced species, will be crucial to
develop the discussion.

However, among the four approaches
suggested by Suffling and Scott (2002)
and Scott and Lemieux (2005), the first
approach—static management that main-
tains conventional goals—and to a lesser
degree the second approach—passive
management—were favored by our re-
spondents over the adaptive management to
climate change recommended by Suffling
and Scott (2002) and Scott and Lemieux
(2005). Leaders in forest communities
in western Canada supported the idea of
planting seedlings of local lineages but
not of more interventional approaches
(e.g., planting genetically modified seed-
lings that are adapted to new climates) or
passive management (Hajjar et al. 2014).
We will not only need conceptual or theo-
retical frameworks, but also practitioners’
experience in order to tackle the ongoing
challenges associated with climate change.
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Appendix. A case study on climate-induced species in Daisetsuzan National Park in Japan.

MATERIAL AND METHODS

This case study was conducted in Daisetsuzan, the largest among the terrestrial national parks in Japan (2268 km?), in order to
supplement our discussion on climate-induced species management. The park is located in Hokkaido, the northernmost of the
four Japanese main islands (at around 43—44°N), harboring alpine and sub-boreal ecosystems (JME 2009). These ecosystems
are vulnerable to climate change because most of the resident species need sufficiently cold and snowy (moist) conditions
(Kudo 2014).

There are three rangers as well as three supporting rangers in Daisetsuzan National Park. They are officially responsible for
management, but the number of these employees is limited. In contrast, Park Volunteer staff organizations (hereafter PV) sup-
port the rangers in Japanese national parks. As of 2014, the PV in Daisetsuzan National Park consisted of 104 members who
participate in several activities to support the park management. Most of the PVs have much more experience than the rangers
at the park, with some having been involved for several decades; therefore, we regard them together with park rangers as park
experts as explained in the Results. Contributions by similar volunteer naturalists to biodiversity policy-making are now gradually
emerging globally (e.g., Ellis and Waterson 2004).

A questionnaire survey was conducted on these PV members in May 2014, during their annual general meeting. Paper copies
of the questionnaire were distributed and completed forms collected on-site. Subsequently, the same questionnaire was also sent
by post to PV members who did not attend the meeting. Every question was single/multiple-choice style in Japanese, and the
questions asked are listed in Table 1. We did not use the specific term “climate-induced species” in the questionnaire survey.
The questions ranged from the basic view of the respondents on climate change, opinions about the impacts of climate change
on the vegetation/ecosystem in the park, to opinions about countermeasures. In Question 7, we asked which new species should
be allowed to enter (move) into and stay (colonize) in the park. Herein, we tried to cover a wide range of species not only in
terms of taxonomy but also general perception, given that respondents’ answers may be varied depending not only on species
biology (e.g., species’ original distribution) but also on people’s views (Bremner and Park 2007).

We also provided a series of our expectations (hypotheses) regarding responses to our questions (Table 1). However, responses
from the PV members could be different depending on how long each member has observed the park. As well, the data were
subject to a further level of cross analysis in order to find patterns and attitude predictors among variables based on answers to
Questions 2 and 5, assuming that each respondent’s view on climate change and alien species might be influential on responses
to other questions (see Table 1 for details).

RESULTS

Forty-three PV members (41% of all registered PVs) as well as three park rangers responded to the current survey, although 12
of them skipped certain questions (typically Q1 about gender) or gave invalid answers that violated our survey instructions. The
number of respondents who had climbing experience at this park for 1-10 years, 11-20 years, 21-30 years, and 31-40 years
were 7, 5, 17, and 8 respectively. In addition, another eight respondents had climbing experience at the park for over 40 years.

In response to Question 2, 34 (77%) respondents chose anthropogenic factors as the main reason for climate change, while 10
(23%) of respondents chose natural factors (Table 2). Thirty-seven (80%) acknowledged feeling the impacts of climate change
in Daisetsuzan National Park, while three (7%) have never experienced such impacts; six (13%) respondents were unsure (Table
3). As supporting evidence for their feelings about climate change (Table 4), “drier wetlands or smaller lakes than before” was
chosen by the largest number of respondents, 20 (44%). In addition, “frequent occurrences of abnormal weather” and “intro-
duction of lowland plant species into highlands” were chosen by a relatively large number of respondents, 15 (33%) and 14
(30%), respectively. According to a binary logistic regression analysis with three explanatory variables (gender, age, and career
history in the park), only the response to the option of “drier wetlands or smaller lakes than before” could be explained by the
regression with a marginal significance (P = 0.075). More experienced respondents in the park were more likely to agree with
this option (P = 0.025).
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Table 2. Posed question list for experts in Daisetsuzan National Park in Japan.

Q1. Basic information about each respondent.

(1) Sex

a. Male b. Female

(2) Age

a. 20s b. 30s c. 40s d. 50s e. 60s f. 70s or above

(3) Career history in this park

a. 0-1 b. 1-10 c.11-20  d.21-30 e.31-40  f. 41 years or above

Q2. According to your view, what is the main reason for the currently concerned climate change (global warming)? [Single-choice]
a. Anthropogenic factors (e.g., fossil fuel combustion)
b. Natural factors (e.g., solar cycle)
Q3. Have you already felt impacts of climate change (global warming) in this park based on your outside observation? [Single-choice]
a. Yes, | have.
b. No, I have not.
c. I don't know.
Q4. What natural changes are the reasons you felt impacts of climate change in this park? If you chose "c" in Q3, just choose the last option in
Q4. [Multiple-choice allowed]
a. Delayed timing of autumn coloring of deciduous forests than before.
b. Worse quality of autumn coloring of deciduous forests than before.
c. Earlier timing of fresh greening or flowering than before.
d. Introduction of lowland plant species into highlands.
e. Introduction of lowland animal species into highlands.
f. Drier wetlands or smaller lakes than before.
g. Frequent occurrences of abnormal weather.
h. I felt impacts of climate change but don't know specific reasons.
i. I do not feel any impacts of climate change or I don't know if climate change has influenced the park or not.
Q5. If any domestic species/vegetation enter into the park from the southern part of Japan (i.e., Honshu), will you regard them as alien species?
[Single-choice]
a. Yes, I will regard them as alien species.
b. No, I will not regard them as alien species.
Q6. If any domestic species/vegetation enter into the park from the southern part of Japan, what should we do with them? [Single-choice]
a. Remove as much as possible.
b. Allow just the species with beautiful appearances to enter and stay in the park.
c. Allow just the species which contribute to ecological functions/services to enter and stay in the park.
d. Respect natural changes of species compositions/vegetation without any removal.

Q7. If any domestic species/vegetation enter into the park from the southern part of Japan, which species should be, do you think, allowed to
stay in the park? [Multiple-choice allowed]

a. The Japanese beech (Fagus crenata)

b. The temperate deciduous oaks (Quercus serrata and Q. acutissima)

c. The evergreen oaks (Cyclobalanopsis spp. and Castanopsis spp.)

d. The rhinoceros beetle (Trypoxylus dichotomus)

e. The black-spotted pond frog (Rana nigromaculata )

f. The cockroaches from Honshu (Blattodea)
Q8. If the current vegetation/inhabiting creatures are about to be extirpated due to climate change (global warming), what should we do? Choose
just one measure that should be prioritized for implementation. [Single-choice]

a. In situ conservation (i.e., still continue to do something for persistence of these vegetation/species in the park).

b. Ex situ conservation (i.e., bringing them to colder sites (e.g., Russia) and/or zoos/botanical gardens).

c. Respect natural changes (i.e., allow changes of vegetation and species compositions).

d. Replacing them by more adaptive species to maintain ecological functions and/or scenic beauty of this park.
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Appendix. (Cont’d)

Twenty-six (61%) respondents answered that the domestic species/vegetation entering into the park from the southern part of
Japan (i.e., Honshu) should be regarded as alien species (Table 2). Surprisingly, this frequency is essentially constant regardless
of the respondent’s view on the main causes of climate change. However, only 18 (41%) respondents thought that these species
and vegetation should be removed (i.e., adaptive management). By contrast, ten (23%) respondents would allow species that
contribute to ecological functions/services to remain in the park. In addition, 16 (36%) respondents agreed with the idea of re-
specting natural changes in species compositions/vegetation without any intervention (i.e., passive management). The attitude of
allowing the introduction of new species was quite common (60%) among respondents, particularly among those who believed
that climate change is mainly attributable to natural causes. In response to Question 7, almost all (97%) of the respondents
agreed to allow the introduction of the Japanese beech into Daisetsuzan National Park (Figure 1). Notably, 18 respondents who
thought that climate-induced species and vegetation should be removed from the park would nevertheless permit the beech to
colonize the park. In contrast, only six (17%) respondents would permit the introduction of cockroaches from Honshu. In other
words, the percentage of respondents agreeing with species introduction varied greatly depending on the species in question.

Finally, with respect to dealing with vulnerable species/vegetation during climate change in the park, 20 (44%) respondents
chose the option of in sifu conservation, whereas just three (7%) respondents supported the choice of ex sifu conservation (Ta-
ble 2). In addition, 22 (49%) respondents chose the option of respecting natural changes. Again, the 70% of respondents who
believed that natural factors were the main reason for climate change supported the same option of respecting natural changes.
No respondents chose the option of replacing native species by more adaptive species.
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