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Rarity and shifts in occurrence of endangered butterflies in South Korea
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Summary : Endangered species are often the focus of public attention, partly because of their
vulnerability to environmental changes, such as climate and land use change, and subsequently being
at high risk of extinctions. Hence, red lists of endangered species play anessential in nature conserva-
tion. Although several endangered butterfly species have been previously listed as endangered species
by government and/or individuals in South Korea, these red listsrarely include reliable quantitative
population data. This has led to endless and unproductive debates on the selection of endangered
species. Following Korean butterfly atlases, we assessed the population status of Korean endangered
butterfly species whose distributions have been previously published. We hypothesized that these
endangered species are rare and are decreasing in occurrence. We found that the decrease in occur-
rence is more important in determining endanger status than rarity. Using values of rarity and shifts
in species occurrence, we selected endangered species from the previously published endangered
species. Only eight species of 20 previous endangered species were defined as endangered by this semi
—-quantitative classification. This finding suggests that the subjective determination based on expert’s
perception would define more species as endangered compared to the quantitative determination based
on population data.
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Introduction

Many butterfly species are now endangered
because of environment changes such as habitat
transformation, climate and land wuse
change?**1%1%9_ Endangered butterfly species may
be more vulnerable to such environmental
changes than the non-endangered counterparts.
Recently, Choi and Kim" documented the popula-
tion status on a range of selected endangered
butterfly species from Korea. They classified the
population status of 20 endangered butterflies into
three risk levels such as “vulnerable” (3 species),
“endangered” (14 species), and “critically endan-
gered” (3 species). However, this classification
was primarily based on subjective personal per-
ceptions and literature reviews rather than on
objective estimations of the population status

foreach species.
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In South Korea, only limited data are available
on the population status for most species, thereby
making it important to evaluate the method of
determining endangered species. We hypothesized
that the endangered species status determined by
subjective decision is based on rarity, and/or
tends to include species whose occurrence is
decreasing. We selected the 20 species defined as
endangered by Choi and Kim" and two additional
endangered species determined by the Environ-
mental Ministry®. We estimated rarity and shift
in occurrence of these endangered species from
data of atlases®®'?, and selected semi-quantita-

tively endangered species from them.

Materials and Methods

Four series of butterfly atlases and one review
atlas have been published in South Korea from
1973 to 2012. In the first atlas, Seok!? reported the
distribution maps for Korean butterfly species

based on field data, museum specimens, and litera-
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tures published from 1938 to 1950. Kim®, in the
second atlas, defined the distribution maps of
butterflies on the basis of published data and
university and museum specimen dating from
1955 to 1975. In the third atlas, Park and Kim!'
published their butterfly distribution maps based
on their own survey data, combined with publi-
shed literature and specimens from 1977 to 1996.
More recently, Kim et «l.¥ published the fourth
butterfly atlas, including data from 1996 to 2011.In
an attempt to standardize the data recorded in the
four different atlases, Kwon et a/.® transformed
the point records in each atlas into the grid cell
records (0.5° by 0.5° latitudinal and longitudinal
grid). In the present study, site occurrence was
defined as the number of recorded localities in the
four series of atlases*®!'? and the grid occur-
rence was defined as number of standardized grid
cells in the review atlas®. For simplicity we used
the site occurrence of butterfly species only from
the first (1938-1950) and last (1996-2011) atlases.
All resident species in each period were arran-
ged from most frequent to most rare for each of
the two periods to visualize rarity of the 22 endan-
gered species (as defined in above, Fig.1). To
standardize the values, the site occurrence (SO) of
component species (i) in each period was calcu-
lated as percentiles by following equation: SO;=
100 X (number of recorded localities of species i/
number of recorded localities of most frequent
species). In addition, all butterfly species were
ranked according to their site occurrences for
each of the two periods (occurrence rank, here-
after). Their ranks were assessed as inverse per-
centiles (i.e., a 10095 would correspond with the
most frequent species, with lowest values indicat-
ing rarest species). Differential values (i.e., values-
for 1996-2011-valuesfor 1938-1950) of the three
indices (i.e., site occurrence, occurrence rank, and
grid occurrence) were used to evaluate shift in
occurrence for each species. Difference in grid
occurrences between two periods was tested using
Fisher’s exact test!®. In this test, the numbers of
recorded and unrecorded grid cells were compar-
ed by a 2X2 contingency table between two

periods.

In the present study, endangered species were
defined by two criteria; rarity and decrease in
occurrence. Rarity was estimated from grid
occurrence ; if the species was recorded in<3 grid
cells (accounting to<5 9 frequency, 71 grid cells
in total), it was defined as rare. A species occur-
rence was considered to decrease if a negative
score was recorded for the three occurrence in-
dices or when a negative shift in the grid occur-
rence was significantly different between two
periods. Thus, a rare species whose occurrence
had decreased between two periods was defined as

an endangered species.

Resultsand Discussion

Site occurrences of 22 Korean endangered
species are shown in Fig. 1. During 1938-1950,
occurrence ranksfor endangered species ranged
from 839 (for the frequently recorded butterfly
Argynnis nerippe) to 0.6% (for the rarest species ;
Table 1). For most species, their ranks decreased
during 1996-2011, when they ranged from 47.69%
(moderately frequent, A. nerippe) to zero (local
extinct). Thus, the decrease in the occurrence
rank values for endangered species was steeper
than that for other species. The three occurrence
indices were significantly correlated between the
two periods (r=0.716—0.823, p<0.001). It is likely
that the definition of a species as endangered was
more dependent on rarity during 1996-2011 than
that during 1938-1950. However, there are more
rare species than endangered species recorded for
the period 1996-2011 (Fig. 1), suggesting that rar-
ity was not the unique factor influencing the sub-
jective definition of endanger status.

Regarding the shift in species occurrence, ma-
jorityof endangered species (15 species) decreased
in occurrence (i.e., negative scores for the three
occurrence shift indices shown in Table 1), of
which the numbers of 5 species (Burata striata,
Melitaea
Coenonympha amaryllis, and C. oedippus)

britomartis, Arvgynnis mnerippe,
significantly decreased (Table 1). Hence, the
decrease in occurrence may influence the expert’s

decision to define a speciesas an endangered
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Fig. 1

Species rank of butterflies along site occurrence gradient (number of recorded sites) for

1938-1950 (Seok 1973) and for 1996-2011 (Kim et al. 2012). Acronyms represent 21 endangered

butterfly species in South Korea.

Ac, Aporia crataegi ; Aa, Argynnis aglaja ; An, Argynnis nervippe ; Bs, Burara striata ; Bt,

Boloria thore ; Ca, Coenonympha amaryllis ; Co, Coenonympha oedippus ; Ha, Hipparchia

autonoe ; Lu, Leptalina unicolov ; Lh, Limenitis homeyeri ; Ma, Maculinea arionides ; Ml

Maculinea teleius ; Mb, Melitaea britomartis ; Me, Melitaea ambigua ; Nt, Neptis tshetvericovi ;

Pb, Parnassius bremeri ; Ps, Protantigius supevans ; Pu, Plebejus subsolanus ; Sp, Seokia

pratti ; Sd, Shijimiaeoides divines ; St, Spindasis takanonis.

species more rather than rarity. Following our
criteria for determination of endangered species,
only eight species of the 20 endangered species
(including both endangered and critically endan-
geredspecies from the previous determinations)
are defined as endangered. Maculinea kurentzovi,
which has not been recorded in four atlases, is
defined as endangered owing to its extreme rarity.
The other selected endangered species fulfill both
of our two decision criteria. The scarcity of the
data available prevented us from achieving the
fine level of classification pursued by the IUCN™
methods (Maes and van Swaay, 1997), although
we followed its main rules, which are also based
on two criteria of rarity and population decline
criteria. Our grid cells (0.5° latitudinal and longitu-
dinal) are much larger than those usually applied
in Europe (e.g., 25 km? grid cells in Belgium and
Netherlands, Maes and van Swaay, 1997). The

criteria to define a species as rare (<59 of grid
cells) is same as that of the IUCN. Instead of the
fine quantitative classification on population
decline defined within the IUCN method, we only
used a simple method based on an obvious signal
for population decline. Although these criteria are
less restrictive than those of the IUCN’s, only less
than half of the 20 allegedly endangered species
were defined as endangered. This strongly sug-
gests that subjectively defining levels of threat are
likely to result in a large number of species
defined as endangered than a critical quantitative
determination.

Argynnis nerippe was defined as a second class
endangered species (equivalent to endangered fol-
lowing Choi and Kim’s criteria) by the Ministry of
Environment in South Korea. However, Korean
butterfly experts disagree with this definition?.

This species has been relatively common during
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the two periods despitea recent steep decline (Fig.
1, Table 1)>9, and subsequently this species cannot
be defined as endangered for its abundance. This
suggests that the previous definition was based
neither on reliable data of population status nor
on the expert’s perception because field-oriented
butterfly specialists would never define a common
species as a rare species. In that case why are
other rare species not defined as endangered (i.e.,
93 of the non-endangered species were in fact
rarer than A. nerippe during 1996-2011 ; Fig. 1)?
We assume that these rare but non-endangered
species may have not decreased in occurrence as
dramatically as endangered species. The answer
for this question may contain the key information
regarding past determinations of endangered
species.

Our findings suggest that the nature of a fine-
scale classification of endangered species without
the support of reliable data may not go beyond the
subjective personal guess. Despite this fundamen-
tal flaw, expert’s perception would likely remain
to be an important factor in future determinations
of endangered species, because of the paucity of
population status information for most countries.
Efforts directed towards a data-based definition
of endanger status and the development of logical
and qualitative determination methods are essen-
tial to secure a solid and widely accepted decision
-making process. It is possible that a mistaken
conservation measure directed to luckily-selected
species can become an added disturbance to bio-
sphere, which has been increasingly influenced by
the growing anthropogenic stresses such as
decrease in biodiversity, climate change, habitat

alterations, and changes in biogeochemical cycles.
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