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Zhenguo YIN, Mana Iwamoro, Nobuo Tsurusaki (Department of Regional Environment, Faculty of Re-
gional Sciences, Tottori University, Tottori City, 680-8551 Japan): Collapse of Odonata community of
Lake Koyama (Tottori City, Honshu, Japan) by induction of the high salinity.
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Abstract — Lake Koyama in Tottori City which was originally a lagoon facing on Sea of Japan had been a
brackish water lake with a subtle salinity less than 1.75 ppt (= ca. 1/20 of seawater salinity) for more than past
400 years except for a short period between 1989-2005 when the salinity was controlled to keep less than 0.35
ppt (= ca. 1/100 of seawater) for agricultural use of lake water. However, Tottori Prefecture and Tottori City
started the project on 12 March 2012 to raise salinity of the lake to 3.5-8.75 ppt (1/10 to 1/4 of seawater salini-
ty) by frequent opening of the Koyamagawa Water Gate in the Koyama River that connects Lake Koyama and
Sea of Japan. This was done without operation of any environmental assessments for the expected faunal and
floral change of the lake. We have monitored salinity changes and faunal change of Odonata in Lake Koyama
from April 2012 to November 2014. The number of odonate species decreased from 23 recorded in the 2003
surveys to 10 and 8 in 2012 and 2013, respectively. The salinity of the lake increased 8.75 ppt as early as in late
July and reached up to 12 ppt in October in 2012. There are no odonate species that can tolerate salinity over
3.5 ppt in Lake Koyama and it seems that all the 8 and 5 species recorded during the 2013 and 2014 surveys
are the species emerged from several short rivers and channels that flow into the lake or adjacent freshwater
ponds and pools.

Key words — Lake Koyama, Odonata community, Tottori City, induction of salinity, faunal change, biodi-
versity
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Fig. 1. Sites where salinity was measured and dragonflies were recorded. #LIJ[[ZK["] (Koyamagawa Water Gate), 3745 (Ido Bridge), FffJ@/INai
(Fuzoku-sho-mae = shore at the Affiliated Elementary School of Tottori University), 2"V — > 7 4 —JL § (Greenfield Park) , f&HES25T (Fukui Scenic
Parking) , #&H-K#fr (Fukui Recreation Zone Parking = Koyama Park), L — 2 k8 (B3 1) (Hotel Lake Taiju, Mouth of Nagara River, L —
27 KAt (i) ) - (Lake Taiju, Nagara River) , # /5 Al (Entrance of Aoshima Islet) , F57EM AR (South Parking of Flower Garden Park).
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Fig. 2. Photos of sites studied along Koyama River and northern shores of Lake Koyama. A: Koyamagawa Water Gate. B: Ido Bridge over the
Koyama River (downstream side).C-D: Shore at the Affiliated Elementary School of Tottori University (C: 26 June 2012. Typha angustifolia L. can
be seen at the left of Phragmites australis community. D: Typha angustifolia was withered by high salinity and its community disappeared in 2013). E:
Moat at the Greenfield Park. F: Fukui Scenic Parking showing a pile of rocks called “Ishigama” that was used in a traditional fishing method.
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Fig. 3. Photos of sites studied at the southwestern coast of Lake Koyama. A-B: Fukui Recreation Park (A: western part of the bog. B: eastern
part of the bog where East Indian lotus Nelumbo nucifera Gaertn. was growing. C-F: A freshwater pond artificially made in the Fukui Recreation
Park (C: 12 June 2012. D: The same freshwater pond after reformation in the winter from 2012 to 2013. E: Lemna aoukikusa (Araceae) and Azolla
sp. (Azollaceae: Pterydophyta). F. Lemna aoukikusa and Azolla sp. disappeared due to overflowing of waters in Lake Koyama with higher salinity.

Salinity in the freshwater pond was 6.0 psu (= ppt).
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Fig.4. Photos of sites studied on the southern coast of Lake Koyama and a creek in the farm of Tottori University. A: Left bank of Nagara River
directly facing Lake Koyama. B: Mouth of Nagara River in front of the Hotel Lake Taiju (200 m upstream from the rivermouth). C: Entrance
of Aoshima Islet, Note a growth of Typha angustifolia L. near the shore. D: South Parking of the Flower Garden Park. E: A creek of the Tottori
University Farm. Water surface of the creek is covered by Trapa japonica (Lythraceae). F: the same creek in front of pumping facilities.
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Fig. 5. Change of Salinity in Lake Koyama from April 2012 to November 2013. Abscissa axis denotes days from 12 March 2012 when induction of
high salinity started by opening Koyamagawa Water Gate. A: Three sites on the northern coast (Fuzoku-sho-mae, Greenfield, Fukui Scenic Parking.
B: Three sites on the southern coast (Hotel Lake Taiju, Entrance of Aoshima Islet, South Parking of Flower Garden Park. C: Three sites near the
river mouths of inpouring rivers (Fukui Recreation Park, River mouth of Nagara River facing Lake Koyama (Hotel Lake Taiju), Nagara River in front
of Hotel Lake Taiju), D: Fukui Recreation Parking and Freshwater Pond artificially made. Salinity Unit is PSU (=ppt, Sea Water is 35 ppt), Shaded
areas denote the salinity range from 1/10 to 1/4 sea water targeted in the “Lake Koyama Future Vision” planned by Tottori Prefecture and Tottori

City.
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Fig. 6. Change in the salinity in three sites on northern shores of Lake Koyama from April 2012 to December 2014. Abscissa axis denotes number
of days from 12 March 2012 when induction of high salinity stated by opening Koyamagawa Water Gate. Salinity Unit is PSU (= ppt, Sea Water is 35

ppt), Shaded area denotes the salinity range from 1/10 to 1/4 sea water.
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Table. 1. Emergence of adult dragonflies from 2012 to 2014.
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Fig. 7. Four representative dragonflies observed in 2012 in the lakefront of Lake Koyama. A-B: Paracercion hieroglyphicum (Brauer 1965); A, male
(Freshwater Pond in Fukui Recreation Park); B, female (Greenfield Park). C: Ischnura asiatica Brauer 1865, male (Freshwater Pond in Fukui
Recreation Park). D: Sinictinogomphus clavatus (Fabricius 1775), male (Fukui Scenic Parking). E: Deielia phaon (Selys 1883), male (Greenfield). F:
Orthetrum albistylum (Selys 1848), female (Greenfield).
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Table 2. All the species of dragonflies and dameselflies recorded from Lake Koyama and their occurrence in each year. O = literature records
alone.
Records in 2003, 2010, and 2012-2014 are based on Todoroki & Tsurusaki (2015), Tsurusaki & Tsurusaki (2013), and present study,
respectively.
Please note that records in 2010 and 2014 are not comparable with the other records due to low frequency of surveys.
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NT; 2013.8.29, 14", ZY - NT); fRJFEE#85 (2012.6.12, 2
$1%,ZY - MI - NT; 2012.6.26, 14'1%, ZY - MI - NT); #&
JEAIK BOFF (2012.8.7, 5 ex., ZY - MI - NT; 2012.7.23, 18" +
4 ex., NT; 2012.8.21, 10 ex., ZY - MI - NT; 2012.9.26, 1%,
ZY - MI - NT); f@ R S ik Kl (2013.6.14, 2 ex.(H %),
NT; 2013.6.30, 2 ex. (H*%), NT); Bic Eh (2012.6.26, 24'3
% ZY - MI - NT; L — 7 Kt Lyt (2012.8.7, 1 ex., ZY -

- NT); &AM AIT1(2013.7.13, lex. (H%), NT - ZY) ;

H %)\D, 2012.6.12, 28'1%, ZY - MI - NT; 2012.6.26, 24",
ZY - MI - NT).
DANF IR ) -V T 4 =)L (201287, 1 ex., ZY -
MI - NT'; 2013.7.13, 1 ex.(H %), NT - ZY); f& H 1K & fr
(2012.7.23, 5 ex., NT ; 2012.8.21, 13 (I A&) +10 ex.(H %),
ZY - MI - NT ; 2012.9.12, 5 ex., NT; 2013.6.14, 4 ex. (H

), NT; 2013.6.30, 4 ex.(H "), NT; 2013.7.13, lex.(H %),
NT - ZY; 2013.8.29, 10 ex. (H %), ZY - NT). & H-IR T %
7k Wb (2013.6.30, 2 ex. (H %), NT; 2013.6.30, 1 ex. (H %),
NT; 2013.8.11, 2 ex.(H %), ZY - NT); L — & KAHb L]
(2012.8.7, 1ex. (H*#), ZY - MI - NT).

DF AT bR WEANERGT (2012.6.12, 18'1%, ZY -
MI - NT; 2013.7.13, 1 ex. (H %) , NT - ZY): 2013.7.27, 1"
(H %1% (% #), ZY - #1%; 2013.8.11, 1 ex., NT - ZY); &
)= 74 —)LF (2012.6.12, 1%, ZY - MI - NT; 2012.7.23,
14 NT; 2012.9.26, 1%, ZY - MI - NT; 2013.7.27,1 & (H
),ZY - #5R); t5 R R HLY (2012.6.12, 19, ZY - MI -
NT); #HHREAT (2012.7.10, 24", ZY - MI - NT ; 2012.7.23,
1 ex., NT; 2012.8.7, 5 ex., ZY - MI - NT; 2012.8.21, 131 %,

) ZY - NT:

ZY - MI - NT; 2012.8.21, 18'1%, ZY - MI - NT; 2012.9.12,
lex., NT; 2013.5.20, 14", NT; 2013.7.13, 7 ex. (H*%) ,

ZY; 2013.8.11, 5 ex.(H %), NT- ZY; 2013.8.29, 53'1 & (E )
ZY - NT; 2013.9.14, 2 ex. (H®), ZY; 2014.8.22, 2 ex. (H%),
ZY; KBTI KM (2014.7.22, 3 ex. (H®), ZY); L —2
TR (2013.7.27,1 & (H™®), ZY -#816); L — 27 KAt
M (2013.8.11, 18 (H®), NT - ZY); W11l Fs fEH 23 B
MBI (2012.6.26,2%, ZY - MI - NT).

(BERHERE~ AT )
150y % 384 U 720K & P8 T o it sk, Wil i
B 6 I2IIF LTS,

T4 b bR HLIITAKM (2012912, 28'2%, NT ;
2013.8.11, 1%, ZY).
F a3 b ARELINTAM (2013.7.13, 1 ex. (H %), NT -
ZY).

7 X bR ARG (2013.7.13, 1 ex. (H %),

NT ZY) .
a7 Fx b2 AR WLIEEL)KE (2013.8.29, 13, ZY - NT) .
7 ZINF b AR GEHILIELIIAKP (2012.8.21, 6 ex., ZY -
MI - NT ;5 2013.8.11, 1 ex. (H™®), NT - ZY 5 2014.7.22, 7 ex.
(H™®), ZY ; 2014.8.22, 10 ex.LA | (H™2), ZY).
F AT MRS (2013.7.13, 1 ex. (H %),
NT - ZY) .

(EmM#MILETRE BRAFERISAKE]
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BARMERE DY) 2 - T4 S ’%Jﬂﬁbt(ﬁﬁm 1N
M & HPfEToRE WO RE» 5133 F LT3,

XTI A b bR BRRGAMAM (2013.8.29, 15, NT).
TAEA DMK BREGAMAM (2013.5.20, 24,
ZY - NT; 2013.6.14, lex. (H™), NT; 2013.8.29, 14", ZY); &
KGR~ 7R (2013.5.20, 14, NT ; 2013.8.29, 14,
NT).

X2 27 LT RS KRS K KT ED (2013.9.14, 1
ex.(H™R), ZY); LN B B KRG K& R v 77(2014.7.22, 1
ex.(H®), NT - ZY).

AT X bR WL RS KRG AP (2013.7.13, 1
ex. (H¥), NT - ZY). @i LW mg B EUR 2= R IGHAK K~ 7
Tl (2013.6.30, 1 ex. (H "), NT; 2013.7.13, 1 ex. (H*8), NT -
ZY).
=L WL R LY o N
Pk S REVE (2013.6.14, 1 ex. (H™®), NT).
7 ZINF b AR LT R R K B KT (2013.8.11,
lex. (H%), ZY).
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