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1. Introduction

Koreanohadra koreana Pfeiffer (1850) was
found only near Hongdo Island, Sinan-gun,
Jeollanam-do, South Korea, and is protected by
the Ministry of Environment as Class II
endangered species. Hongdo Island is a natural
monument 170 (April 7, 1965), Dadohae Sea
National Park No. 478 (December 23, 1981) and
UNESCO Biosphere Reserve (2009.5.26), which
has been protected from human activities such as
development and illegal poaching etc.
Nevertheless, K. koreana habitat is exposed to
various threat such as climatic ecological factors
(temperature, humidity etc.). In particular,
changes in vegetation due to climate change can
pose greatest threat to survival of K koreana that
primarily feed on plant leaves. In addition,
Hongdo Island is geographically isolated from
inland environment, limiting movement and
spread of K. koreana. To track long-term changes
in habitat quality of K koreana, research on
characteristics of their food source should be
prioritized.

Determination of habitat of living organisms is
very closely related to source of food (Kim et al.,
2022). However, it is very difficult to evaluate
how each food source affects growth and
secondary reproduction of organisms because it
is difficult to directly observe feeding process
within habitat for a long time (Dame, 1996).
Indirect method such as gut content analyses
(Kamermans, 1994) also have limitations because
they provide snapshot information about ingested
foods and not what is assimilated for a long time
(Sauriau and Kang, 2000). However, since fatty

acid composition of organism reflects fatty acid

of ingested food source, it is possible to estimate
food source from fatty acid information of
organism (Shin and Kim, 2010). In particular,
polyunsaturated fatty acids (PUFAs) are closely
related to prostaglandin formation, which is
directly involved in regulation of reproduction,
renal function, and ion regulation, as is known
in mollusk species (Stanley-Samuelson, 1987). In
addition, ingested bacteria can be used as tracers
(Gayoso et al., 1997) because they change little
even if fed by consumers (Gayoso et al., 1997).
Fatty acids in commercially important marine
and freshwater mollusks have been reported and
reviewed in various and detailed ways (Ackman,
2000; Karakoltsidis et al., 1995). However, lipid
data correlating with nutritional, physiological,
structural and environmental factors of land
snails are particularly limited in literature and
relatively little is known about fatty acid
composition of land snails. Therefore, purpose of
this study was to secure basic data for habitat
conservation by examining fatty acid composition

of K. koreana and characterizing its food sources.

II. Material and Method

1. Collecting Samples

K. koreana is designated as class 1l
endangered species by the Ministry of
Environment. For conservation of K koreana,
capture was carried out with permission of the
Yeongsangang River Basin Environmental Office
(Permission No. 2019-8, 2019-55, and 2020-7).
In order to analyze food source of K. koreana
using fatty acids, a total of 99 samples were
collected from June 2019 to September 2020
using visual survey methods in calcareous and

grassy habitats with high population density in
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Table 1. Number of K. koreana samples collected by season, region, and microhabitat

. . . season
region microhabitat - - total
spring summer autumn winter
calcareous - 17 17 5 39
Hongdo
grassy - 16 13 1 30
calcareous 6 3 10 24
Hataedo
grassy 1 - - 6
total 7 43 33 16 99
Table 2. 36 types of fatty acids analysis targets
1 Butyric acid 13 Caproic acid 25 Caprylic acid
’ (butanoic acid) ' (hexanoic acid) ' (octanoic acid)
) Capric acid 14 Undecylic acid (undecanoic 2% Lauric acid
’ (decanoic acid) ' acid) ’ (dodecanoic acid)
3. Tridecylic ac1'd (tridecanoic 5. Mpyristic a01d‘(tetradecan01c 7 Myristoleic acid
acid) acid)
Palmitic aci .
4.  cis-10-Pentadecenoic acid 16. almitic aCISCig;exadecanmc 28. Palmitoleic acid
Margaric acid . . . L L
5. . . 17.  cis-10-Heptadecenoic Acid  29. Stearic acid (octadecanoic acid)
(heptadecanoic acid)
6. Elaidic acid 18. Oleic acid 30. Linolelaidic acid
.. . Gamma-linolenic acid Alpha-linolenic acid
7. Linoleic acid 19. (GLA) 31. (ALA)
8. Arachidic ac.ld (icosanoic 20. Eicosenoic acid 32. Eicosadienoic acid
acid)
9 Dihomo-gamma-linolenic a1 Heneicosylic acid 3 Arachidonic acid
’ acid (DGLA) ' (heneicosanoic acid) ’ (AA)
Eicosatrienoic acid Eicosapentaenoic acid . . . .
10. 22. 4. Beh
(ETE) (EPA. Timnodonic acid) 3 ehenic acid (docosanoic acid)
11. Erucic acid 23. Docosadienoic acid 35.  Tricosylic acid (tricosanoic acid)
o Lignoceric acid ” Docosahexaenoic acid 36, Nervonic acid

(tetracosanoic acid)

(DHA, Cervonic acid)

Hongdo and Hataedo Island (Table 1). Among
them, the number of samples collected in
summer, when K. koreana are most active, was
largest with 43, followed by 33 in autumn, 16
in winter, and 7 in spring. While the number of
samples in Hongdo Island was 69, the number of

samples in Hataedo Island was 30, because ship

was canceled several times due to influence of
northwest wind, making it difficult to enter
Hataedo Island.

2. Fatty Acid Analysis

Using fatty acid methyl ester (FAME)

analysis, highly volatile fatty acids were methyl
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Table 3. 36 oven conditions

Rate Value Hold Time Run Time

C /min T min min
(Initial) 50 1 1
Ramp 1 25 130 4.2
Ramp 2 8 170 9.2
Ramp 3 2 215 10 41.7
Ramp 4 10 250 0 45.2

esterified with methanol to convert them into
stronger volatile derivatives, and each component
was separated by gas chromatography (GC).
According to temporal and spatial differences of
collected K. koreana content of a total of 36 fatty
acids was analyzed by dividing them by season,
region, and microhabitat (Table 2). Fatty acid
analysis method followed Garces and Manuel
(1983). Pretreatment method for samples is as
follows. 1) Only fresh tissues of samples were
removed and  freeze-dried to  prevent
decomposition of sample; 2) samples were finely
ground using a freeze-grinding machine; 3)
crushed samples and standard (supelco 37
component FAME mix, Supelco, USA) were
added to a 4 ml bottle with a Teflon cap; 4)
samples were heated by mixing 2 ml of reagent
methylation mixture [MeOH : Benzene : DMP
(2, 2 — Dimethoxy - propane) : H,SO4 = 39 :
20 : 5 :2] and 1 ml of heptane at 80°C for 2
hours; 5) extract supernatant formed by cooling
at room temperature and analyze it with GC. GC
conditions are as follows (Table 3). 1) GC:
Agilent 7890A (Agilent, USA); 2) column:
DB-23 (Agilent, 60mm*0.25mm*0.25um); 3)
injector: 250°C; 4) detector: FID(280C, H2 35,
Air 350, He 35ml/min); 5) injection: luL (spilt
ratio 10).

III. Result and Discussion

1. Total Fatty Acid Composition of A
koreana

Since fatty acids in animals generally reflect
fatty acid composition of ingested food sources,
changes in feeding environment can be predicted
by tracking composition of fatty acids of
organisms (Shin and Kim, 2010). A total of 16
fatty acids were detected in tissues of K. koreana
(Fig. 1), of which C16 : 0, C18 : 0, C18 : 109,
C18 : 2w6, C18 : 3w3, and C20 : 406, C20 :
Sw3 are known to be commonly detected in
mollusks or invertebrates including land snails
(Ekin, 2015;
Meimaroglou, 1998). C20 : 4w6 (4.21 mg/g),

essential fatty acid and prostaglandin precursors

Sinanoglou and  Miniadis-

in organisms, was main components followed by
C18 : 206 (3.65 mg/g), C18 : 0 (3.42 mg/g) and
C18 : 109 (3.22 mg/g). Especially, K. koreana
contained significant amount of essential fatty
acid, C18 : 2w6 which plays a crucial role in
synthesis of other fatty acids. On the other hand,
only a small amount of C14 : 0 (0.09 mg/g) and
C17 : 0 (0.60 mg/g) were detected in short chain
assimilated  from

fatty  acids  mainly

microorganisms. Quantity of fatty acids is
influenced by environmental, nutritional, and

physiological factors, and notably, short-chain
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Figure 2. Pearson correlation analysis of (a) PUFA, (b) MUFA and (c) SFA relative to the total amount of fatty acids

fatty acids in snails inhabiting forests are lower
compared to urban areas (Ekin, 2015). This
indicates that habitat environment of K. koreana

is not polluted and remains in a pristine state.

2. Comparative of PUFAs, MUFAs and

SFAs

Same number of unsaturated fatty acids and
saturated fatty acids were detected as 8 each
(Table 4). However, in the case of detection
amount (mg/g), relative ratio of unsaturated fatty
acids (68.6%) was more than twice that of
saturated fatty acids (31.4%). Among the fatty
detected, highly

acids ratio of particularly

polyunsaturated fatty acids (PUFAs) was 53.6%
on average, highest compared to 15.0% of
monounsaturated fatty acids (MUFAs) and 31.4%
of saturated fatty acids (SFAs). This is consistent
with findings of fatty acid studies in herbivorous
snails such as A escheriana and A Guttata,
which also showed a significantly higher
proportion of PUFAs (Ekin, 2015). Additionally,
total amount of fatty acids showed strong
correlation with changes in PUFAs (R=0.88, p
< 0.0001), followed by SFAs (R=0.69, p <
0.0001) and MUFAs (R'=0.49, p < 0.0001) (Fig.
2). that

significantly ~ more

Given plant-based diets contain

PUFAs compared to
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Table 4. The composition of average fatty acids by season, region, and microhabitat of K. koreana
season region microhabitat
No. fatty acid average
spring | summer | autumn | winter | Hongdo | Hataedo | grassy | calcareous
| Myristic acid' Cl4: i i 009+ | 009+ | 009+ | 009+ | 008+ | 0.10+ 0.09+
| (tetradecanoic acid) 0 002 | 001 002 | 001 0.01 0.01 0.01
) Palmitic acid' Clé: i 259+ | 246+ | 230+ | 249+ | 264+ | 258+ | 252+ 252+
" | (hexadecanoic acid) 0 051 | 065 | 017 | 058 | 046 | 063 0.55 0.56
3 Margaric acid' C17: | 072+ | 059+ | 058+ | 061+ | 058+ | 0.64+ | 059+ | 0.60+ 0.60+
" | (heptadecanoic acid) 0 010 | 008 | 010 | 009 | 009 | 010 | 007 0.10 0.09
4 Stearic acid' C18: | 341+ | 352+ | 343+ | 320+ | 346+ | 334+ | 342+ 34+ 342+
" | (octadecanoic acid) 0 036 | 037 | 049 | 040 | 041 045 | 040 046 043
5 Oleic acid® C18 | 334+ | 327+ | 314+ | 319+ | 313+ | 341+ | 340+ | 3.11% 322+
' 1a9 033 | 066 | 046 | 044 | 047 | 065 | 073 038 0.55
6 Linoleic acid® C18 | 361t | 386+ | 357+ | 331+ | 3.63+ | 3.68+ | 402+ | 346t 3.65¢
' 206 0.70 1.00 112 | 051 099 | 091 1.21 0.8 0.96
7 Alpha-linolenic® C18 | 029+ | 089+ | 101 | 036+ | 0.88+ | 0.58+ | 098+ | 0.73% 0.78+
' acid (ALA) 3w3 006 | 089 | 151 | 009 121 052 1.03 112 1.04
8 Arachidic acid' C20: 0.19+¢ | 0.17¢ | 0.17+ | 0.16f | 0.17f | 017 | 0.17% 0.17 0.17
' (icosanoic acid) 0 002 | 003 | 004 | 002 | 003 | 002 | 003 0.03 0.03
9 Ficosenoic acid? C20: | 028+ | 031+ | 030+ | 031+ | 031+ | 030+ | 031+ | 030+ 0.30+
' 1 004 | 007 | 005 | 04 | 006 | 004 | 007 0.05 0.06
10. | Eicosadiencic acid® C20: | 300+ | 2.80+ | 245+ | 287+ | 2.68+ | 281+ | 265t | 272% 272+
) 2 031 047 | 035 | 046 | 041 056 | 045 0.46 0.46
1 Heneicosylic acid' C21: | 020+ | 030+ | 026 | 023+ | 028+ | 024+ | 029+ | 025% 027
" | (heneicosanoic acid) 0 003 | 006 | 007 | 006 | 007 | 006 | 007 0.07 0.07
o Arachidonic® C20: | 484+ | 423+ | 378+ | 461+ | 417+ | 429+ | 391+ | 425+ 421+
' acid (AA) 406 039 | 08 | 066 | 065 | 077 | 088 | 079 0.74 0.80
3 Eicosatrienoic® C20: 037+ | 040+ | 039+ | 034+ | 039+ | 037+ | 038+ | 039+ 0.38+
' acid (ETE) 303 009 | 014 | 023 | 007 | 019 | 007 | 013 0.18 0.16
14 Eicosapentaenoic acid® | C20: 109+ | 090+ | 087+ | 091+ | 090+ | 091+ | 0.86= | 093% 0.90+
" (EPA, Timnodonic acid)  5w3 029 | 019 | 023 | 018 | 021 022 | 019 023 021
15 Behenic acid' C22: i 011+ | 008+ | 009+ | 0.09+ | 009+ | 009t | 0.09 0.09+
| (docosanoic acid) 0 005 | 002 | 001 003 | 001 0.04 0.03 0.03
16 Lignoceric acid ' C24: | 027+ | 024+ | 022 | 024+ | 024+ | 024+ | 023+ | 024% 024+
" | (tetracosanoic acid) 0 003 | 006 | 005 | 04 | 006 | 004 | 006 0.05 0.05
>SFA/ 480 | 753 | 728 | 692 | 739 | 745 | 746 737 740
>SFA(%) (22.1) | BLD | (320) | 303) | (315 | (31.3) | (31.) | (3L7) (314)
>MUFA/ 362 | 358 | 344 | 350 | 34 | 371 37 341 352
>MUFA (%) (168) | (148) | (15.1) | (154) | (146) | (15.6) | (155) | (146 (15.0
>PUFA/ 1320 | 1308 | 1206 | 1240 | 1265 | 12.64 | 12.80 1248 12.65
>PUFA (%) (6L1) | (54.1) | (529) | 543) | (539 | (53.1) | (534) | (537 (53.6)

Values are means + Standard Deviation for samples
'SFA: Saturated fatty acid, "MUFA: Monounsaturated fatty acid, *PUFA: Polyunsaturated fatty acid
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Figure 3. Average fatty acid detection of K. koreana by (a) season, (b) region and microhabitat
carnivorous diets (Ekin, 2015). These results predicted that if the vegetation in the

suggest that PUFAs is the effective indicator for
habitat quality change of K koreana.
Detection of seasonal PUFAs was slightly
higher in spring (13.20 mg/g) and summer (13.08
mg/g) than in autumn (12.06 mg/g) and winter
(12.40 mg/g) (Fig. 3). Because aging or decay of
plants results in a decrease in PUFAs content
(Kis et al., 1998), fatty acid composition of land
snail in habitats can vary with seasons (Wacker,
2005). It is considered that change in plant
freshness according to these seasonal -effects
influenced seasonal fatty acid composition of the
K. koreana. Detection amount of PUFAs in
grassy habitat (12.80 mg/g) was relatively higher
than that of calcareous habitat (12.48 mg/g), but
This is

to abundance of

there was no obvious difference.
presumed to be related
herbaceous plants surrounding stone wall. As a
result of analyzing fatty acids according to
PUFAs
individuals collected in Hongdo (12.65 mg/g) and

Hataedo

geographical isolation, detected in

(12.64 mg/g) were very similar.
Accordingly, it is considered that quality of food
sources of Hongdo and Hataedo Island is very
similar. However, just as the detection of PUFAs

decreased during the winter season, it can be

microhabitat or region decreases, PUFAs will
also decrease. Until further research is conducted
on the correlation between the changes in PUFAs
and population size of K koreana, the PUFAs
detected in this study are expected to serve as a

standard for habitat quality management.

3. Conservation of K. koreana

Land snails have low mobility, so allopatric
speciation can occur relatively easily. In
particular, many cases of adaptive radiation are
known on Oceanic islands such as the Bermuda
Islands and the Ogasawara Islands (Chiba, 1999;
Chiba and Cowie, 2016; Outerbridge and Sarkis,
2018), but many species of native snails are
already extinct or endangered. In addition, most
of native genus Poecilozonites in the Bermuda
Islands have already been extinct, but some
species of natural population have recently been
rediscovered and various restoration projects are
underway (Outerbridge and Sarkis, 2018,
Copeland and Hesselberg, 2021). K koreana
Pfeiffer (1850) is a representative species of
adaptive radiation found only on some islands in
Sinan-gun, Jeollanam-do, South Korea, and is

protected by the Ministry of Environment as
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Class II endangered species. Therefore, there is
a need to develop quantitative indicators for
assessing habitat quality of K koreana.
Quality of food sources has a major impact on
growth and reproduction of animal communities
(Mike et al., 2004; Pernet et al., 2005). In
particular, this study confirms importance of
plant-based food for K. koreana, and it is
predicted that quality of plant-based food can be
tracked through changes in PUFAs content in
fatty acids. PUFAs can be modified to synthesize
prostaglandin in the body (Stanley-Samuelson,
1987), which directly stimulates snail egg
production (Kunigelis and Saleuddin, 1986). In
addition, snails fed with insufficient PUFAs
reduce mating activity (Ekin, 2015), leading to
decreased reproduction. Accordingly, it is
considered that PUFAs content can be used as a
habitat quality indicator for habitat conservation
policy of K koreana. For the conservation of
land snail habitats, maintaining stable vegetation
is paramount, and person-centered
physicochemical herbicidal activities within these
habitats should be prohibited. In the future, it is
necessary to identify key plant food sources
through metabarcoding studies utilizing K
koreana feces, allowing these to be collectively
protected within K. koreana habitats as part of

habitat management.

IV. Conclusion

Fatty acid analysis of designated endangered
species K. koreana (Mollusca: Gastropoda) by
the Ministry of Environment resulted in
following conclusions. In fatty acid analysis of K.
koreana, a total of 16 different types were
detected, among which C20 : 4w6, C18 : 2w6,

C18 : 0, and C18 : 109 were identified as major
fatty acids. Among them, PUFAs accounted for
more than half of total and total amount of fatty
acids showed strongest correlation with changes
in PUFAs. Food sources status according to
season, microhabitat, and region was effectively
reflected in the changes in the fatty acid
composition of K. koreana. Therefore, PUFAs is
effective physiological indicator for habitat
quality change of K. koreana and it is anticipated
that this can be utilized in habitat conservation
policy. Ensuring the preservation of steady
vegetation stands as crucial for safeguarding K
koreana habitats, thus warranting the prohibition
of human-induced physicochemical herbicidal
environments  for

practices  within  these

conservation purposes.
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