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Variations 1n algal distribution and diversity in oceanic 1sland and
inland freshwater reservoirs : a step toward for securing diverse
freshwater resources
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Abstract This study analyzed the distribution, diversity, and density variation of algal clusters
in a freshwater reservoir from an oceanic island and a traditional inland water system to gain
insights on future marine freshwater resource management. In the Paldang water system (Han
River), despite the upstream Paldang Dam and the downstream Jamsil underwater reservoir being
in the same meteorological zone, their algae density patterns varied inversely. The distinct algal
cluster structure (diversity/dominance) of Paldang was altered in the downstream reservoir, suggest-
ing that physical devices aid algaec management in traditional water systems. In contrast, 24 out
of 35 genera (63.2%) identified in the Jeolgol Reservoir (Baeknyeong Island) were unique, lacking
regulatory mechanisms, and existing in a complex ecotone. The desmid Chlorophyceae Cosmarium,
adapted to higher photosynthetic stress and low temperatures, dominated in January (38.04%)
and August (86.45%) during the periods of extreme photosynthetic stress. Jeolgol's annual algal
cluster structure (H' 2.097; D 0.259; S' 35) demonstrated higher stability than Paldang (H' 1.125;
D 0.448; S' 13) and the Jamsil underwater reservoir (H' 1.078; D 0.469; S' 12), maintaining
an H' above 1.5 even during midwinters. No evidence of TN/TP inflow from surrounding soils
was observed, even during torrential rainfalls, with phosphorus being the limiting factor for algal
growth. TOC, BOD, chlorophyll-a, and turbidity peaked during Cosmarium bloom. Future climate
change is expected to cause fluctuations in algal clusters and related water quality factors. The
complex transitional nature of the Jeolgol Reservoir, its algal diversity, and the interspecies inter-
actions contribute to the high stability of its algal community.

Keywords : Climate change, ecotone, freshwater algae, freshwater reservoir, microbial diversity,
water resources
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Table 1. Sampling site information
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Fig 1. Aerial view location of sampling site

o

C) Jeolgol reservoir,
Baengnyeang'lslands

The aerial images were collected using the Google Earth program (version 7.3.3) and modified for this study.
Sampling sites are highlighted with white line. The application altitude of figure A) and B) is 30.64 km, the
figure C) is 20.01 km. A) Jamsil underwater reservoir and B) Paldang reservoir and C) The Jeolgol Reservoir

located in the west side of the Baeknyeong islands
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Table 2. Taxonomic location of algae native to the Jeolgol Reservoir
Kingdom Phylum Class Order Family Genera
. . Chroococcales Microcystaceae Microcystis
Bacteria  Cyanobacteriota Cyanophyceae Pseudanabaenales Pseudanabaenaceae  Pseudanabaena
Haematococcaceae Haematococcus
Chlamydomonadales Eudorina
Volvocaceae P —
Gonium
Hydrodictyaceae Pediastrum
Chlorophyceae Coelastrum
d
Sphaeropleales Scenedesmaceae Scenedestus
Tetraedron
Chlorophyta Soirgedion
Eukarvota Tetrallantos
Viridiplantae Nephrocytiaceae Nephrocytium
(greenplants) Cyanophyceae Synechococcales Merismopediaceae Merismopedia
Chlorellaceae Micractinium
. Chlorellales ;
Trebouxiophyceae Oocystaceae Oocystis
incertae sedis incertae sedis Crucigenia
Klebsormidiophyceae = Klebsormidiales Elakatotrichaceae Elakatothrix
Desmidiales Desmidiaceae Staurastrum
Streptophyta  Zygnemophyceae (desmids) Cosmarium
Zygnematales Zygnemataceae Mougeotia
Bacillariales Bacillariaceae Nitzschia
Bacillariophyceae Cymbellales Cymbellaceae Cymbella
Naviculales Naviculaceae Navicula
Aulacoseirales Aulacoseiraceae Aulacoseira
U Coscinodiscophyceae . . Cyclotella
Bacillariophyta Stephanodiscales Stephanodiscaceae :
Stephanodiscus
Asterionella
g o o Diatoma
Eukaryota Fragilariophyceae Fragilariales Fragilariaceae Fragilaria
Synedra
Chromulinales Dinobryaceae Dinodryon
. Chrysophyceae Synurales Mallomonadaceae Mallomonas
Gyrista
Cryptomonadales Cryptomonadaceae  Cryptomonas
Bacillariophyceae Thalassiophysales Catenulaceae Amphora
Dinoflagellata Dinophyceae Peridiniales Peridiniaceae Peridinium
Euglenozoa  Euglenida Euglenales Euglenaceae Euglena
Number of 7 13 2 2 34
axa

67 —
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Table 3. Taxonomic location of algae native to the inland freshwater (Paldang water system)

Jamsil  po1gan
8
Kingdom Phylum Class Order Family Genera U&cizx:i’;er reservoir
2021 2022 20212022
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Bacillariales Bacillariaceae Nitzschia O O O O
Bacillariophyceae =~ Cymbellales ~ Cymbellaceae Cymbella O
Naviculales Naviculaceae Navicula O O O O
c di b Aulacoseirales Aulacoseiraceae Aulacoseira 0O O O O
Bac1llar10phyta oscinodiscophycea . Cuclotell O O O O
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Y Asteriondlla___ O __O_ OO
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Synedra O O O O
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Gyrista Chromulinales Dinobryaceae Dinobryon ®) ®)
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Eudori ©]
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Eukaryota Chl h ales Gonium ©) (@)
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(2021) (2021)
Fig. 2. Diversity of the algae clusters native to the each reservoir (2021)
Table 4. Annual microbial diversity of the algae native to the each sampling sites
Jeolgol Jamsil Paldang untliiz?vsszi;ter Paldang
Diversity indices Rese r%zoir underwater reservoir reServoir reservoir
Cell density (/ml) 20,488 34,704 52,654 18,081 19,192
Richness (S') 34 12 13 15 19
Simpson's index (D) 0.259 0.469 0.448 0.257 0.243
Shannon’s diversity (H’) 2.097 1.078 1.125 1.348 1.750
Margalef’s richness (Dmg) 3.324 1.052 1.104 1.428 1.825
Menbhinick's index (Dmn) 0.238 0.064 0.057 0.112 0.137
Shannon's equitability Index (En) 0.595 0.434 0.439 0.498 0.594
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Fig. 3. Diversity variation of the algae clusters native to the each reservoir



J. Mar. Biosci. Biotechnol. 2024, p. 56 - 79

Vol. 16, No. 1 [Research Paper]

ZERYET F0
3529 AT FY, A= A7 AEHA
T, shdoll XS A TR E84 wgo] =
FoR A& dFs getatr] 98 oy Wt
(Fig. 3), &FE % W3 (Fig. 4-AB)E E43sl1 F
Ao €¥ S HEe FHH t(Fig. 4-C,D)
2021 2335+ B3 HY 2/FEEE 753
(59 4,196/m0), =T %:7}91 FaRle FAFFA o
= TEF (Cyclotella <), A<

A2 FE2E FEsE
Fsl= 2R (Asterzonella )] §43% F7tol
™,

F47] o Yo Q8| T8 §

rr

Algal density variation
A) (2021)
25,000
20,000

tn
=

Apr May Jun Jul Aug Sep Dec

W lamsil underwaler reservor (2021) 1Paldang reservoir (2021)

C) Algal density variation
(2021)
25,000

20,000
15,000
10,000

5.000
\\‘* _——_——-———_______._—_-"
lan Feb  Mar Apr  May Jun Jul Avg Sep Ot Nov Dec

—Jamsil underwater reservor (2021) Paldang reservoir (2021)

ko 2 o) 18y 2022 FHEE T E 9

FOoZA 7HEE HA 2F/FEE (102 22,319/m)E
Z1Z23lo ol AR HAMA Aulacoseira <,

Fragilaria < 2 Synedra 2] 719} &7 o] F 1
A Oscillatoria 42 23 2 Z7}o] W& A o]
o F 3zt o] H g ztol= A
Azt 7178 ﬁo]«] Zfolol o] gk

=
9", ES/E 5
A

1o 2 A gFHT 1

¢

ZRUEE YERY

2
ATt 20220l = BZH 27/ S7HF ot

B) Algal density variation
(2022)
25,000
20,000
15,000
22,319
10,000
14,558
5,000
i iﬂ i“ gl il
i |
_ J - "# &21 - L
Apr May Jun Sep oot Nov Dec

o Jamsil underwater reservoir (2022) iPaldang resesvoir (2022)

D) Algal density variation
(2022)
25,000

20.000
15,000
10,000

5,000
/M /\ \__\/
——
Jan Feb Mar Apr Moy Jun Jut Aug Sep Oct Nov  Dec

— lamsil vnderwaier reservor (2022) Paldong reservoir (2022)

Fig. 4. Algal density variation in Paldang water system (2021~2022) A and B showing density variation in each
month, C and D showing pattern of increasing and decreasing



J. Mar. Biosci. Biotechnol. 2024, p. 56 - 79

Vol. 16, No. 1 [Research Paper]

4~69ol AA =2FL=E7F F435kaL, 7120] &3t
= StA7IQ 79€d A%t o 2/REE

o, o] 7|13t TH

dgsoN =57
].

S’ @3 Ey @ I3 39

=
& M7t PaseeE $UE 7]

2 =9
M7 S8 3 SA| 2HEEE FHAFEH0)
Q Z

U, 5947 A FEFTRANAE 211/mE 7

o
Sttt =3 o2 HAlS FSl= Asterionella

N WO B B o (S o

2
St AR st 2R AEE dARE &
T F1E ) At oz Bo] B 85
S5 F7MNA BAS Adstar, Ao YAl
713 & AdstH, 4 5o FUEdE o] 8
32 aTstE 2 .

Sl &35t 98 2das} st
ol YXs FAFFH Azl 2/FEE S
(Fig. 4-C,D)S 7d3) Bt dFdse} FAFFTH

[e}
A% HUF WS} Piol BYYe] WRF 2ol
2 A9 AL

.

e s B FYd3Fd Fe-Fo] T3
grEE AAd 7hed ZlolH, o3| &= <3|
7] e 94 39ds REe] 34 4§ o
Het 2H G AT Ao, FlEF 2AE
AT 713 ZasH 2 = Aok 288 ol F
2202195 8~9¢Y Fall2F ARI7F IdHEYoH,
o] FFs e P iR WFE B ZFRAE}
AAE & At E WSS g HEAS
Ao} 2L Zago Af 28 2H a8l flo]
THTZE WA Aug et FHo] dS F
AEA] FFE o ok g,
HIMX| XY =R2E S48t
TE MMM

b B Ao e AIZAFA I A3 B33
ol Ao Aol FEE = 2/ EFTY A’
I 2/ R ] A T AT dazgool
T3] WA 3 & 5 54 279 #Le dAs)
I TR FE el Aol

43 Zloltt.

o
il
f
:?LL
)

=

B 7l oF 2ATE wY ol P
4 Hue s nas Bons AT 25

FHe PR L BRY 3o
BY B FAFER oA 3HE7] 7S
fehE =Rerel Hol ol% 2xe) AAHo] W
5 9} W 8ka 3,
T= =

Wi
Ay
s
N
—_
x0
* o
~
e
()]

du 4@

Table 5). 2022
Al Oscillatoria 4°] 72D 0247, H’ 1.762, ZFE %
542/mb) ° =¥sHA ¥TH7F 8€(D’ 0.591, H’ 1.514,
ZFYUE 3,100/me)0l EdstRon, == 211/
n & 7153 8ol 3T WA &9 (S)7t
1I7HEA AzF A Ao 23lon, MAT=E Hd
oF 500/m¢ th¥] 3,100/ml 2 FZ3FA =0, ol A
M 71 AL R

. P .
Aulacoseira 45 °1t}. Aulacoseira <52 =221

=
=

ZRAE Z7}o

> g

OlE FTXF/F 428 A2 9€ (D 0.178, H 1.798,
ZFEE 500/ml) o)A T, ojwj FE AZ7tA] A
=9 &) UYL oA FF0 7 3| EF A



J. Mar. Biosci. Biotechnol. 2024, p. 56 - 79

Vol. 16, No. 1 [Research Paper]

531 A th(Fig. 3)
ol AEAFA A 7o tIRASIAE
z 9 dz27 72 HojEWA AEHI,

Aol AA 279 4(S°) 2 H ato] 345

P,L—O‘
SN

ST )

S L N
o fr M X ot i

RN

ofN X
ox % 2 o\ -lkz Mo o of ko o
|

L

5 , 32 Z71
g & Hbo) gtk T A3 Ao A s
o Fell A& FEA F5A] WEHoF GA|
Bt} 7 S(fungal genera) TFFA & 3 <HA A o]

=0+ AFAHEIZE A5 R Y3

O
)
2
N
=)
e

olHY AEAFTA Y 7 AP S I &= T
g2 AEATA] 2F7HS 7S S =27
LS| AEEHA A8 AR Ao, o]
g AEAFA 5 A AL A 7 F
WHFo] A Agafo] 2 I AR ol A H FF
2het, AzA B9 53 2L o £ #e
2ol HEEHNS u FzF TA &3 {717F Ul
5 Al vl &3t FEskA glE e S
Rl I%e g3, 7€ AsE AEAS
o 27 A Wk AL A B a9t oo
Adete AT fraAlEF AT HAE B R
nl& oA el H 4 571 Dmgét S8 57k DAk
Ao|Th3, 6, 14, 15]. =2 AL S = o=
B7rE= A 549 299 Aol 297 A
2o FeHE BEFET ddste A %7 "ok
[26, 37, 38, 41, 43-45]. o] & AFol|A AAIF +F
T2 D Ui AFES 27 73 AHA JES
A7t et BEA A7 2 Aot

o
= AEAgA et AdeTH] AY A
=d51=
.

S o] oW JFS

Jamsil underwater
TEServoir

Fig. 5. Geo-ecological segregation and resulting unique
ness taxa distribution of the Jeolgol algal cluster

AEATA 2@ F 3470 7HH 65.8%0 st
2550 B BA FEAN FEAFA MY S

Aoz 3% A TtHFig. 6, Supplement Figure S1).



J. Mar. Biosci. Biotechnol. 2024, p. 56 - 79 Vol. 16, No. 1 [Research Paper]

Do - 1000 01060 2000 2000 3000 13000 -4000 14000 -S000

O 5000 -4 000 04000 7000 07000 8000 CS000 -F000

!
\ o ERET P
Frprwmophrced  oeuridoles pewmisiocess |
- fctaarmiaey |
L T e [agarnagsfryek) |
My Bu |

|
L D

Supplement Figure S1. Algal taxa composition native to the Jeolgol Reservoir (Occurred taxon and resulting dominance).

The order of the sunburst chart is Class, Order, Family, and Genera from the inside out
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Table 6. Water quality factor of the Jeolgol Reservoir

Water BOD DO T-P T-N  Chlorophyll-a Turbidity Chloride Fe  Boron TOC
temp(°C)  (mg/t)  (mg/e)  (mg/e)  (mg/e) (mg/m’) (NTU) (mg/e)  (mg/e) (mg/e) (mg/e)
Jan, 2021 4.0 2.3 13.0 0.017 1.302 10.1 2.14 43.6 0.36 0.02 8.57
Feb, 2021 6.0 2.3 10.5 0.013 1.095 3.8 1.14 43.5 0.44 0.02 7.64
Mar, 2021 8.0 1.1 10.5 0.013 1.093 2.0 1.03 43.6 0.39 0.02 6.79
Apr, 2021 11.0 1.0 11.1 0.003 0.949 1.5 0.83 41.3 0.22 0.03 6.80
May, 2021 15.0 15 10.2 0.009 1.254 1.9 0.84 43.3 0.10 0.03 6.70
Jun, 2021 19.0 2.3 8.5 ND 0.774 3.8 1.48 43.9 ND 0.02 6.31
Jul, 2021  24.0 2.0 9.4 0.011 1.116 0.6 2.06 424 ND 0.02 7.84
Aug, 2021 28.0 3.8 8.7 0.008 0.654 3.1 7.71 443 0.33 0.03 8.80
Sep, 2021  26.0 14 7.2 0.010 0.885 10.4 2.83 37.5 0.13 0.03 7.46
Oct, 2021 24.5 2.5 7.9 0.011 0.633 9.3 427 36.4 0.17 0.03 7.05
Nov, 2021 18.5 1.6 8.0 0.008 0.847 2.1 0.94 37.5 0.47 0.03 6.17
Dec, 2021 11.0 3.6 11.1 0.011 0.931 4.0 1.95 39.4 1.27 0.03 7.09
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Table 7. Water quality factor of the Paldang reservoir

Water BOD DO T-P T-N  Chlorophyll-a Turbidity Chloride  Fe Boron TOC
temp(°C)  (mg/¢) (mg/t) (mg/e) (mg/t) (mg/m’) (NTU) (mg/t) (mg/e) (mg/e)  (mg/e)
Jan, 2021 19 1.6 14.0 0.016 2.416 7.6 2.25 15.3 ND 0.01 1.42
Feb, 2021 2.3 14 13.8 0.017 2.253 11.7 2.82 17.0 0.08 0.01 1.24
Mar, 2021 4.3 1.9 13.0 0.010 2.461 17.0 5.57 25.0 0.15 0.01 1.84
Apr, 2021 109 1.3 11.8 0.001 1.856 9.7 3.28 17.0 0.07 0.02 1.57
May, 2021 158 1.2 10.8 0.013 1.894 4.4 2.95 17.0 0.10 0.01 2.07
Jun, 2021 21.2 1.8 10.2 0.016 2.061 20.4 3.72 17.0 0.09 0.01 2.48
Jul, 2021 22.8 1.3 8.6 0.012 1.761 9.0 3.91 15.0 0.14 0.01 2.27
Aug, 2021 279 1.1 7.6 0.012 1.934 2.2 3.58 14.0 0.17 0.02 1.73
Sep, 2021 225 0.7 7.5 0.031 1.885 10.2 8.10 13.0 0.24 0.02 3.42
Oct, 2021 235 2.1 9.3 0.021 1.868 11.7 2.25 16.0 0.07 0.02 2.53
Nov, 2021 154 1.8 10.3 0.005 1.861 10.1 2.14 15.0 0.09 0.02 1.90
Dec, 2021 7.7 14 11.7 0.006 2.010 11.4 3.18 22.0 0.16 0.02 1.89
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