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Relative Immigration Activity of the Hibernal Diatom Community in Eutrophic Waters. Yoon,
Sung-Ae, Nan-Young Kim, Baik-Ho Kim and Soon-Jin Hwang * (Department of Environmental

Science, Konkuk University, Seoul 143-701, Korea)

To understand the relative immigration activities (RIA) of hibernal diatom commu-
nity in Lake llgam (at the station with and without macrophyte) and River Han (at
the station with different current and nutrient), a natural and artificial bed sub-
strate was deposited from 15 to 29 January 2008. For the study period, both waters
comprised huge biomass of diatom, over 75% of total abundance. Nutrients in water
column, ash-free dry matter (AFDM) and chlorophyll-a (Chl-a) concentration in sub-
strates were decreased with increasing of current in rivers, while in lakes the macro-
phyte largely affected the diatom community and water quality. Algal RIA in rivers
was high at stations with high concentration of nutrient, AFDM and Chl-a, and in
high nutrients and no macrophytes in lakes, respectively. The species showing a high-
er RIA was Nitzschia amphibia in rivers and Aulacoseira italica in lakes, while the
dominant species were Navicula sp. in rivers and Syndera acus in lakes, suggesting
no relationship between water algal biomass and its RIA. These results suggest that
the RIA of stream diatom community depends exclusively on the current, while the

planktonic diatom in lake was of the macrophyte.
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Table 1. Physical and physicochemical characteristics of the study station on 15 day of depositon of substrate.
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River Han Lake llgam
JR CG MP PM AM

Width (m) 89 27 78 - -
Depth (cm) 13 18 38 56 53
Current(cms™) 15 30 11 - -

B B : B P: P:G: P:G:
Substrate (%) (101 fss) (3C1 1G:3s)’ (12 1: 1655) %1:1:%:2)t %1:1:%:2)t
Temp. (°C) 9.6 1.5 9.0 6.1 4.4
DO (mgL ) 12.0 18.4 14.0 11.5 13.6
pH 8.1 8.3 7.8 8.3 8.0
coD(mgL™) 30.6 (1.7) 19.4 (1.5) 33.8(0.5) 23.4(0.1) 27.3(1.4)
BOD (mgL™) 9.6(0.0) 2.8 (0.0) 10.2 (0.0) 3.5(0.4) 4.6(0.4)
NO,-N (mg L} 0.063 (0.0) 0.002 (0.0) 0.056 (0.0) 0.015 (0.0) 0.013(0.0)
NO;-N (mg LY 4.7 (0.0) 2.6 (0.0) 4.6(0.0) 2.5(0.0) 2.9(0.0)
NH5-N (mg L1 2.30(0.5) 0.01 (1.0) 1.94(4.1) 0.03(1.3) 0.02(1.8)
TN(mgL™) 12.7(0.2) 4.5 (0.0) 12.6(0.5) 2.9(0.0) 3.3(0.0)
SRP (ugL ™} 210.3(6.0) 1.4 (0.0) 188.4 (20.0) 25.8(3.0) 28.1(2.0)
TP (ugLY) 2000.0 (0.0) 10.0 (0.0) 2170.0(0.3) 30.0(0.0) 30.0(0.0)

JR: Jungrang stream, CG: Cheonggye stream, MP: Merged point with both streams, PM: Presence of macrophyte, AM: Absence of

macrophyte

Numbers in parenthesis: Standard deviation

B: Boulder (>256 mm), C: Cobble (62~256 mm), P: Pebble (16 ~64 mm), G: Gravel (2~16 mm), S: Sand (0.1~ 2mm), St: Silt (<0.1 mm)
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Table 2. Phytoplankton and benthic diatom communities in three tributaries of the River Han.

JR CG MP
Species
NS W AS W NS W AS W NS W AS W
Ach. lanceolata - - - - 997 - 160 - - - 1288 -
Ach. lanceolata
var. rostrata B B 452 B B B 40 B B B B B
Achnanthes sp. 3638 - 4972 7500 - - 2321 - - - 16317 -
Ankistrodesmus sp. - - - - - - - - - 5000 - -
Ast. formosa - - - 5000 - 7500 40 15000 2677 5000 14170 2500
Aul. granulata - - - - 199 - 40 - 15167 - 29199 -
Aul. italica - - - - - - - - 1487 2500 1288 -
Chl. ellipsoidea - - - 5000 - - - - - 2500 - -
Coc. placentula
var.peuglypta B B B B B B B B B B 1718 B
Cyc. dubius - - - - - - - - 297 - 7300 -
Cycl. meneghiniana - 2500 226 2500 - - - - - 5000 - -
Cycl. stelligera - - - - - - - - - - 1718 2500
Cyclotella sp. 546 7500 6328 - 3192 7500 3321 447500 892 - - -
Cym. lacustris 5821 - 452 - 598 - 80 - - - 859 -
Cym. tumida - - 226 - 598 - 240 - 11003 - 38217 -
Dia. vulgare - - 452 2500 - - - - 297 - 859 -
Eunotia sp. 1455 - - - 598 - 400 - 2082 - 4294 -
Fra. capucina - - - - - - 80 - - - - -
Fra. crotonensis - - - - - - 80 - 595 - 429 -
Fra. vaucheriae - - - - - - - - - - 1288 -
Fragilaria sp. - - - - - - - - - - - 2500
Gom. angustum 6366 — 9492 - 3591 - 600 - 595 - 4723 -
Gom. parvulum 1091 - - - 1396 - 360 - - - - -
Gom. pseudoaugur 2001 - 2260 - 199 - 160 - - - - 2500
Gom. quadripuncatum 1637 - 2938 - 1197 - 560 - - - - -
Merismopedia sp. - - - 2500 - - - - - - - -
Nav. decussis - - 226 - - - 40 - 297 - - -
Nav. goeppertiana 2365 2500 2938 5000 199 - 680 - - - 429 -
Nav. pupula var. capitata - - - - - - - - - - 429 2500
Navicula sp. 43108 — 98989 - 8776 - 23888 - 6542 - 34782 5000
Nit. amphibia - - 16046 - - - 240 - 892 - 36070 2500
Nitzschia sp. 182 - - - 199 - - - - - 429 2500
Oscillatoria sp. - - - - - - - - - 2500 - 2500
Sta. acuta 364 - - - - - - - - - - -
Surirella sp. - - - - - - - 2500 - - - -
Syn. ulna 1273 - 678 2500 2394 - - 2500 2379 - 4723 -
Trachelomonas sp. - 2500 - 2500 - 7500 - 15000 - 35000 - -

JR: Jungrang stream, CG: Cheonggye stream, MP: Merged point with both streams,

Water

NS: Natural substrates, AS: Artificial substrates, W:

Ach.: Achnanthes, Ast.: Asterionella, Aul.: Aulacoseira, Chl.: Chlorella, Coc.: Cocconeis, Cyc.: Cyclostephanos, Cycl.: Cyclotella, Cym.: Cym-
bella, Dia.: Diatoma, Fra.: Fragilaria, Gom.: Gomphonema, Nav.: Navicula, Nit.: Nitzschia, Sta.: Stauroneis, Syn.: Synedra

Cyclotella 4 3%, Navicula 4 33, Nitzschia 4 2% %
o] Zdslglom, T4 ¢ JAS HH> 44 IRe] 7%,
1,400 cellsmL™t, CG~} 4%, 80,400 cellsmL™t, MP~7} 15
%, 3,100 cells mL™ ' A3kt #7129 5
ZHE = 144 23%F 02 Gomphonema 4 4%, Navic-
ula % 3% FolgliL B4 9 AS FFES 47 IRel

133, 5,300 cellscm™2, CG7} 143, 1,700 cells cm™2, MP

7} 14%, 3,200 cellscm™2& x}A|3}gith 2714 W &=
& $-H&& JRo] Navicula sp. (61.7%), Gomphonema
angustum (9.1%), CG7} Navicula sp. (36.4%), Gompho-
nema angustum (14.9%), MP~} Aulacoseira granulata
(33.6%), Cymbella tumida (24.3%) 5o 2 epydo) Q12
714 W &3 F2HFE £ 145 19 £ Gomphonema
4 4% Nitzschia & 4% o= ety 24 4 74



N2l A=

7o fes 315

Table 3. Phytoplankton and benthic diatom community in the eutrophic lake, Lake llgam (Seoul).

PM AM
Species

NS W AS W NS W AS W
Achnanthes sp. 243 2500 1149 287 - 126 -
Ankistrodesmus sp. - 7500 - 7500 - 2500 - 2500
Ast. formosa 243 - 36 - - - 126 -
Aul. granulata - - 36 - - - 252 -
Aul. italica 426 2500 72 2500 11208 7500 1385 2500
Chl. ellipsoidea - 2500 - 2500 - - - -
Cosmarium sp. - 7500 - - - -
Cycl. meneghiniana - - 503 - - - 1007 -
Cycl. stelligera - - 72 - 862 2500 2015 -
Cyclotella sp. - 2500 - 5000 - - - -
Cym. subaequalis - - — 287 — 126 -
Cym. tumida - - - - 1293 5000 252 -
Dia. vulgare - - - - - - 252 -
Eunotia sp. 2130 - 4271 - 14226 - 8184 -
Fra. crotonensis 61 - 36 457500 - - - -
Gom. angustum 669 - 431 - 1581 - 881 5000
Gom. parvulum - - 3913 - - — - -
Gom. pseudoaugur - 2500 - - 575 5000 252 -
Gom. quadripunctatum - 2500 - - - - -
Gom. truncatum - - - - - - 126 -
Nav. cuspidata - - - - - - 126 -
Nav. goeppertiana - - 36 - 144 - 126 -
Nav. pupula var. capitata - - 718 - - — 4155 -
Navicula sp. - 17500 36 5000 144 2500 - -
Nit. amphibia - - 36 - - -
Nitzschia sp. - - - - - 126 -
Pediastrum sp. - 2500 - 2500 - 2500 - 2500
Polyedriopsis sp. - - - - - 10000 - 10000
Sce. aculeato-granulatus - 125000 — 5000 - 30000 - 40000
Sce. acutus - 112500 - 10000 - 15000 - 15000
Sta. acuta - - - - - - 252 -
Syn. acus 3225 228750 6964 - 49862 - 52003 -
Syn. ulna 61 - - 677500 - 847500

PM: Presence of macrophyte, AM: Absence of macrophyte, NS: Natural substrates, AS: Artificial substrates, W: Water
Ast.: Asterionella, Aul.: Aulacoseira, Chl.: Chlorella, Cycl.: Cyclotella, Cym.: Cymbella, Dia.: Diatoma, Fra.: Fragilaria, Gom.: Gomphonema,
Nav.: Navicula, Nit.: Nitzschia, Sce.: Scenedesmus, Sta.: Stauroneis, Syn.: Synedra

4= HJFL 7247k JRo] 15%, 9,700cells cm 2, CG7} 19%
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(67.5%), Gomphonema angustum (6.5%), CG”} Navicu-
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tumida (19.1%), Nitzschia amphibia (18.0%) S22 %
a5l
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Navicula & 1F So] &33l91, 254 9 /A5 2
2 7}z PMeo] 8%, 66,200 cellsmL™, AMeo] 7%, 172,700
cellsmL™& AR ek 2kd71A W &3 27+ 3
104 14% = Synedra & 2%, Aulacoseira 4 1% 50
R, F5 Y ANAS FE> A7 PMeo| 8%, 800 cells
cm™2, AMeo] 11%, 7,300 cells cm™2& x}A|3}¢lc}. #AF4d7)
A Y =3 =2 ZH7zF PMo] Synedra acus (45.7%),
Eunotia sp. (30.2%), AMe°] Synedra acus (62.0%), Euno-
tia sp. (17.7%)7} 22t 233kt /13714 W &3
e F 135 3% &
2%, Gomphonema & 2% o= Jehyta, ¢ 42 )
A4 Fg2 ZH7F PMo] 153, 1,200 cells cm™2, AMo] 19

Navicula 4 33, Cyclotella 4
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Fig. 1. Concentrations of ash-free dry matter (AFDM) of and natural and artificial substrates in the study station. JR:
Jungrang stream, CG: Cheonggye stream, MP: Merged point with both streams, PM: Presence of macrophyte, AM:
Absence of macrophyte, NS: Natural substrates, AS: Artificial substrates.
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Fig. 2. Differences in the concentrations of chlorophyll-a
(CHL) between 15 days of water and artificial sub-
strates. JR: Jungrang stream, CG: Cheonggye stre-
am, MP: Merged point with both streams, PM:
Presence of macrophyte, AM: Absence of macro-
phyte, NS: Natural substrates, AS: Artificial sub-
strates, W: Water, S: Substrate.
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Table 4. Relative immigration activities of diatom communities in the study station.

River Han

Lake llgam

Species Morph JR

CG

MP PM AM

NS

AS NS NS AS NS AS

Achnanthes sp.

Ast. formosa

Aul. italica

Cycl. meneghiniana
Cycl. stelligera
Cyclotella sp.

Cym. tumida

Dia. vulgare

Fra. crotonensis
Gom. angustum
Gom. pseudoaugur
Nav. goeppertiana
Nav. pupula var. capitata
Navicula sp.

Nit. amphibia
Nitzschia sp.

Syn. acus

Syn. ulna

0.20 0.14

PP WO ITTTIT>>TOO00>ZI

0.06

0.40

0.04

0.68
0.76

7.11

12.46

0.78

14.11

3.26

2.44

7.14

0.11

1.09

0.54

1.03

JR: Jungrang stream, CG: Cheonggye stream, MP: Merged point with both streams, PM: Presence of macrophyte, AM: Absence of
macrophyte, NS: Natural substrates, AS: Artificial substrates, A: Araphid, M: Monoraphid, B: Biraphid, C: Centric
Ach.: Achnanthes, Ast.: Asterionella, Aul.: Aulacoseira, Cycl.: Cyclotella, Cym.: Cymbella, Dia.: Diatoma, Fra.: Fragilaria, Gom.: Gompho-

nema, Nav.: Navicula, Nit.: Nitzschia, Syn.: Synedra

w

FEF FY

Pt dzkzel A 71" (21714, F71E) =2 &
Hel 5= 7Zh7t 13F 9Z 02 el (Table
AR R R s P R e i o e B il
0.41, 031|513, & B3l F5E
Sieh e Azksol Aei7]Al
W5 77} 5.26, 2,081 %,
7%, 4% BE 49
A Aol AFFgle] Aulacoseira italica (0.76), Asterio-
nella formosa (0.68), Cyclotella sp. (0.40) 5-2] <o & 1}
el Q@7 "e M= Ao Atgle] Nitzschia am-
phibia (1.80), Navicula sp. (0.87), Asterionella formosa
(0.71) 59) wo= vehdeh w3 Udgtze) xlz) el
A= XA AF#gle] Aulacoseira italica (14.11, 12.46),
Achnanthes sp. (7.06), Cyclotella stelligera (3.26) 52| <
o2 e, 371 =-AME XA Agle] Aulaco-
seira italica (7.14), Gomphonema angustum (2.27) 5-2]
o= ekt

A U5 Adr)Ae A%, BReINE IRl
0.11 (0.02~0.20), CG~”} 0.40 (0.40), MP7} 0.72 (0.68~
0.76), 973 ME 247+ PMo| 6.87 (7.11~12.46), AM

olr

Ho

=
T

i
<o
=

o

o o)i-o

7}

77t 4%, 12%

0.
= 5712

fF o 4o o Ji S

o] 4.29(0.54~14.11) S o2 vtehyg) w3k Q37| Ae
72 37}el A= JRe] 0.09(0.02~0.16), CG7} 0.07 (0.04
~0.11), MP7} 0.58 (0.02~1.80), &7} 3elA= PMe] 0.33
(0.00~0.78), AMo] 4.71(2.27~7.14) o= ‘el
(Table 4).

212 B FEF G AW A2 SR
=l A (monoraphid) 3.63, 4] 3 (centric) 3.56, $-4+3 2]
—“LHH** (biraphid) 0.87, %43 ¢] FujAl (araphid) 0.37

o=z Jepgrh F48 wiAds el F2 Aulaco-

&3l 17, A2 Achnan-

thes <4, EujA-2 Cymbella 4, Gomphonema <, Navi-

seira <4, Cyclotella &o] =3

Nitzschia <, FujAl2-
<, Synedra 0] &33}3] -

cula <, Diatoma <, Fragilaria

o F#
dx ES A 9stu oJoFdd Chl-azl 3H73A]A Q)
JR’ d7+s 2] AMOIA A YERdt s el
PZ A|93sln 7 A IR, MP, CG 02 =7
»}E}m, U7tz AAM NO;NI NHe-NE Al 98
AM, PM &0 2 27 vepge 714 4 Chl-a: §737]



318

Aol IR, MP, CG =22 ¥/ Jelyts, d7ts A4
oA AM, PM 2.2 =7 vebgdt

714 W F2F NAS - AL JRe| WAL,
U7rE AH L] AMo| Hstort E8 $AHFS AA
9] JR, CG7} dAI5tar, d3s A PM, AMo] U3
stodet. 714 W w2 A HdS 3EAA A IR,
MP, CG o2 Yelyts, 4715 XAHdA] AM, PM &
o2 vepyd EE 7A6A AL IR
3} CG+E Navicula sp.¢} Gomphonema angustum© &
el %] 8}9] o1}, MPE Cymbella tumidaz} &8 319w, o
Zrs XA 2] PM3} AM-2 2% Synedra acus$} Eunotia
sp.2 4A5+t

[ =z o
‘T‘71:5] S

FEF) AT $3e LT BPAA A o
o}l 8 Chi-a(REP)7} 22T, 40l Wsten,

AV

5 AR A% FANEL f500 w2} Aolr) e
FaFel WA el whet 2ol7h vepdet @
- Nitzschia amphibia (1.80)2 A £]3}
47} 1 ]38} (0.02~0.87)2 =27

s W IR, CG, MP £0.2 oJofd}
Chl-a7} ¥9t31, §-<0] Fol Stevenson and Peterson
(1991)3} Stevenson (1984)2] ZAz}e} dx|slelct. =3t
Chl-at® +x72] 7HAl42F DA AR (3 &, 1999)°]
Qlom, F27 A4t Bess 0% 427 ol
=4 (Stevenson and Shaharum, 1989), Chl-a7} &

[e]

=
% 2% FA7 FAR 2 As) YA Waks
1

]

i
J

AR FY5e ¥ B FE AT £ S=ot
o4 (103~ 141102 weA vehda, 4% FES

AM,PM 0.2 5845 Jo¥g % Chi-arh 3t o]
A4 R REE AM AR dokele] B wEal
Aoz AlrEn, 2 (20072 Bael o)ste] SaAlE
Weke] ojosl Ao moAel Aoz Heidl vl gl

e Bel 279 WA el AP B2t ol
A ejel FAE Ferk 7B 2 Jelde S48 8
7l =74 Jehd 7& Stevenson and Peterson (1989)
3 4 5 (908)9 ALA Ashsl fArsd et $4%
Aol Al el A, B, Rl oz vehd Ak
QA Qstet BRARNN 1 we FU% A
(0.71)= w3l =2 Asterionella formosaz Az 72| 2
o7} 40~130um A =2 A3 Fejo|, F2 Fok
o} wodop gelel E3) FRehe (4, 1009)0)%e
o, 473 AAAA M B2 F9%5 A (14105 B
¢l =2 Aulacoseira italicaZ F=& ¥-oJok3lxl 42}

54 Fol AAsh % (4, 1999)0) 5.

(<]
=2 TYE

oigk
My
M

2

48] 3ojof 37 FEzA

< olalizlr] $5}ed, 20089 14

=47} o159 #9)
15~29947}#] 37k

5

7))

A3)shx, 37 2.9l
=

o] AFAAE 159 F
FER FU5E 47 2k 243 fgel

A 7Pt 2o vles wel £ 2FE= 27 Navicula
sp. (37H¢} Synedra acus (7t3)o|glom, 713 =2

$eol9 wol 8= 7M7) Nitzschia amphibia (317} 2}

#9052 ¥, £71%, Chl-a ol ¥
= 370 ehgor], QzkseAlE kel ¥
Fo] gl FolN ¥ A% Aer] FEF)
o AHGHE GFRI g, BhelNE S

G ool wel =) W wE Aoz Aas

0
2
il
lo

Ab A

2 A7 wN 4 A AT AR (ol

AN e BT FAEARA 2% 7] (306000-

03-2-CG000)s]| <3} A4 2 AFE 93kl
o O

=
740 2RAAY A7
AEA A=,

= -_—
A E=H
BARE 294, 3l

A, #E7).
A #2H e ob} qFERel
el oFe} 3] 3:271-275.

AN, AAE 293, A4, 1908, el #7371
R ERRES DL E I R S
oFs}3]%] 3: 249-260.

A, 7AAE 2HA, 23, wiAAL 1999, sl A7 <l

oA A 2fe] AT AL G54 o
YA, =l ket 3] A] 4: 136-143.

3], w7, WA, 2B A 2007, Q1F A AelA Al
7o B AT 7+ F= F=235EA] 23 676-

i
f
.

682.

Aodel, H, AWM s, $190A, o] Ful. 1996, A0 A&
3k 71 AR () 2R EF ZAEe] vHE 7" Ee)A
A AANE 14: 95-111.



N2l A=

=3} ol7kE|n] 4, 496p.
A3k, =4 2007. %L‘%}:Q‘_
Fol 5

4: 349-362.

5&73]1?_. 1997. 4~ ) o:l_-_z-]/\] 64@ E;}y] )\_]%_

APHA. 1995. Standard methods for the examination of
water and wastewater, 18th Ed. American Public Heal-
th Association. Washington, D.C.

Callow, M.E. 1993. A review of fouling in freshwaters.
Biofouling 7: 313-327.

Caron, D.A. and J.M. Sieburth. 1981. Disruption of the pri-
mary fouling sequence on fiber glass-reinforced plastic
submerged in the marine environment. Applied and
Environment Microbiology 41: 268-273.

Cuba, T.R. and N.J. Blake. 1983. The initial development
of a marine fouling assemblage on a natural substrate
in a subtropical estuary. Botanica Marina 26: 259-264.

Krammer, K. and H. Lange-Bertalot. 2007. Stisswasserflo-
ra von Mitteleuropa, Bd 2/1: Bacillariophyceae 1. Teil:
Naviculaceae, 876p. In: Elsevier Book Co., Germany.

Krammer, K. and H. Lange-Bertalot. 2007. Susswasserflo-
ra von Mitteleuropa, Bd 2/1: Bacillariophyceae 1. Teil:
Bacillariaceae, Epithemiaceae, Surirellaceae, 596p. In:
Elsevier Book Co., Germany.

Marcus, M.D. 1980. Periphytic community response to
chronic nutrient enrichment by a reservoir discharge.
Ecology 61: 387-399.

Meenakumari, B. and N.B. Nair. 1994. The effects of slime

7o rels 319

film on barnacle settlement, p. 3-9. In: Recent Develop-
ments in Biofouling Control (Thompson, M.F, R. Naga-
bhushanam, R. Sarojini and M. Fingerman, eds.). Bal-
kema, Rotterdam.

Sieburth, J.M. 1975. Microbial Seascapes, 319p. Univ.
Park. Press, Baltimore. MD. USA.

Stevenson, R.J. 1984. How currents on different sides of
substrates in streams affect mechanisms of benthic
algal accumulation. Internationale Revue der Gesam-
ten Hydrobiologie 69: 241-262.

Stevenson, R.J. and C. Peterson. 1989. Variation in benthic
diatom (Bacillariophyceae) immigration with habitat
characteristics and cell morphology. Journal of Phycol-
ogy 25: 120-129.

Stevenson, R.J. and H. Shaharum. 1989. Variation in
diatom community structure among habitats in sandy
streams. Journal of Phycology 25: 678-686.

Stevenson, R.J. and S. Hashim. 1989. Variation in diatom
community structure among habitats in sandy streams.
Journal of Phycology 25: 678-686.

Tanner, C.C. and J.P. Sukias. 1995. Accumulation of orga-
nic solids in gravel-bed constructed wetlands. Water
Science and Technology 32: 229-239.

Wetzel, R.G. 1996. Benthic algae and nutrition cycling in
lentic freshwater ecosystems. In: Algal Ecology, p. 641-
647. In: Freshwater Benthic Ecosystems (Stevenson,
R.J., M.L. Bothwell and R.L. Lowe, eds.). Academic
Press, New York.

(Manuscript received 5 June 2008,
Revision accepted 6 September 2008)





