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Relative Immigration Activity of Epilithic Diatom in Sum River : Comparison of Natural and
Artificial Substrate. Yoon, Sung-Ae, Nan-Young Kim, Myeong-Seop Byoen?, Baik-Ho Kim and
Soon-Jin Hwang * (Department of Environmental Science, Konkuk University, Seoul 143-701,
Korea; 'Water Environment Management Department, National Institute of Environment
Research, Incheon 407-708, Korea)

Effects of substrates on the relative immigration activities (RIAs) of epilithic diatoms
were examined in Sum River, a tributary of South Han River, Korea. Two hundreds
of tile substrates coated with 5% agar were deposited at seven study stations (30 tiles
per site) for one month from March 7 to April 7, 2008. Water sampling, physico-chemi-
cal factor measurement, and diatom analysis were performed in the field and labora-
tory. Over the study, major epilithic diatom species were Nitzschia amphibia, Navicula
subminuscula, Cymbella minuta in both the natural and artificial substrates. Two
dominant species, Nitzschia amphibia and Cymbella minuta often found at seven
stations. Among all observed taxa, Nav. subminuscula and Caloneis silicula showed
the highest RIA, with the value over 15 throughout the study. Regarding the algal
morphology, the biraphe type species showed higher RIA than any other morph,
while they comprised over 55% of total biomass, indicating a density effect. Addition-
ally, a significant relationship between RIA and 20-day deposited substrate (p<0.05)
showed in two diatom species, Nitzschia fonticola, Gomphonema quadripunctatum,
which showed relatively high RIAs. These results indicate that the relative immigra-
tion activities of epilithic diatom species can be influenced by algal density in the
water and substrate, nutrients, and deposited time at least 20 days.
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=22 ¢le} (McCormick and Stevenson, 1998). =3t A
el A] t}ed5 (polysaccharide)E 24]8}37 (Round, 2007),
wE Geee s 712 wRe sl wA
o} (Wetherbee et al., 1998). Fx72] Hze tlefsl
X215 7oA w# (durbulence)d} 722 B3 Qgloz
Qs YA EF=E(tychoplankton) efz 71d =™
o ¥x FEX e Bo|a, vt oke}t A 71A
=] AE9-E 3 A3t} (Cushing and Allan, 2001;
Small et al., 2008). 3 A5l AELS wWr} Y}
SA A 7] 22 (Khatoon et al., 2007), o3t of oF-o] Jj‘ﬂ
(Van Dam et al., 2002)2} wjoksl B2 AZ}FS FFAHA
715} (Shankar and Mohan, 2001).

Bzl AA 6935 (Relative immigration acti-
vities : RIA)S o)A 7k 7)Aol RAE L 2EA| £
A A9l Ay B2 2)n] s}l (Stevenson and Peterson,
1989), 34, AEH & W, 2= Tl ZA 3
"o (Biggs, 1996; Azim et al., 2005), YuFd o= 43
W $HZ2Y4E =2 RIAZE HeRJT} (Stevenson et al.,
1996). S5 FALS 93k Q137" Y o].&ﬁ_ AR 7 &
=3 xd7|Arot ABA o} sfelxtz gl o= =
ol mAHo|m, ATl wie JFe mAden
gjelsl 4~ 9l AA o] 9lr} (Herder-Brouwer, 1975; Wil-
bert, 1976; A =, 1996).
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Fig. 1. A map showing the sampling stations in Sum River.
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Table 1. Physical characteristics of the sampling stations in the study stream.

Stream Stream Sediments (diameter : mm)*

Stations width depth Boulder Cobble Pebble Gravel Sand Silt
(m) (cm) > 256 62~ 256 16~64 2~16 0.1~2 <0.1

1 10 44 10 10 30 40 10 -

2 27 51 - 10 10 60 20 -

3 37 47 10 20 20 30 20 -

4 12 16 50 10 10 10 10 10

5 31 67 20 10 20 30 30 —

6 82 61 - 10 30 40 20 -

7 230 71 - 10 20 50 20 -

St. 1, 2, 3, 6 and 7: the sampling stations in the Sum River (S)
St. 4 and 5: the sampling stations in the Wonju Stream (W)
*Modified Wentworth’s classification by Cummins (1962)
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Fig. 2. Physicochemical factors in the sampling station in the Sum River from March 7 to April 7, 2008 (10d : 10 day, 20d :
20 day, 30d : 30 day).
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Table 2. Dominant epilithic diatom species and their relative abundance (%) in each sampling stations with different

deposition times (day) in the Sum River.

Stations 10 day 20 day 30 day
- - _ Gomphonema Gomphonema
N Nitzschia amphibia (35.3) quadripunctatum (31.1) quadripunctatum (24.6)
1 Fragilaria vaucheriae (11.8) Cymbella minuta (21.4) Cymbella minuta (16.9)
Cymbella minuta (16.2) Cymbella minuta (46.5) Cymbella minuta (48.6)
A - - - Cymbella minuta var.
Nitzschia amphibia (5.4) Achnanthes convergens (9.3) silesiaca (17.1)
N Navicula symmetrica (18.2) Achnanthes convergens (24.1) Navicula gregaria (27.8)
Cocconeis placentula (13.6) Fragilaria capucina (20.7) Nitzschia fonticola (27.8)
2 Fragilaria arcus (10.0) Gomphonema parvulum (24.0) Caloneis silicula (54.0)
A G&E%T?gjm:?atum (10.0) Nitzschia fonticola (12.0) Navicula minima (16.0)
N Fragilaria vaucheriae (16.7) Navicula gregaria (41.7) Achnanthes convergens (50.0)
Navicula minima (16.7) Nitzschia amphibia (25.0) Fragilaria crotensis (20.8)
3 A Cymbella tumida (10.8) Navicula symmetrica (74.7) Nitzschia amphibia (19.2)
Navicula gregaria (10.8) Navicula gregaria (13.0) Achnanthes convergens (17.8)
N Nitzschia amphibia (54.3) Nitzschia amphibia (46.7) Nitzschia amphibia (40.5)
Nitzschia palea (13.0) Nitzschia fonticola (20.0) Cymbella minuta (16.2)
4 Nitzschia amphibia (72.4) Nitzschia amphibia (76.1) Cymbella minuta (55.6)
A . . . . Cymbella minuta var.
Nitzschia fonticola (3.8) Cymbella minuta (10.4) silesiaca (11.1)
Achnanthes convergens (35.7) Navicula subminuscula (26.1) Navicula subminuscula (40.4)
N Gomphonema Gomphonema Gomphonema
5 quadripunctatum (21.4) quadripunctatum (21.7) quadripunctatum (11.5)
A Navicula symmetrica (58.8) Navicula subminuscula (61.5) Navicula subminuscula (81.1)
Gomphonema gracile (14.1) Gomphonema parvulum (12.3) Epithemia adnata (8.7)
N Navicula subminuscula (39.4) Nitzschia amphibia (37.5) Nitzschia amphibia (33.3)
Nitzschia amphibia (36.4) Navicula subminuscula (17.9) Navicula minima (15.9)
6 A Fragilaria vaucheriae (46.7) Navicula subminuscula (55.4) Nitzschia amphibia (52.8)
Nitzschia amphibia (23.6) Nitzschia amphibia (17.4) Epithemia adnata (22.0)
N Navicula subminuscula (28.3) Nitzschia amphibia (46.4) Navicula subminuscula (39.0)
Achnanthes convergens (18.9) Nitzschia palea (8.7) Nitzschia amphibia (23.4)
7
A Navicula subminuscula (31.2) Navicula subminuscula (80.7) Nitzschia amphibia (57.7)

Nitzschia amphibia (17.8)

Nitzschia amphibia (3.5)

Nitzschia linearis (16.3)

St. 1, 2, 3, 6 and 7: the sampling stations in the Sum River (S)
St. 4 and 5: the sampling stations in the Wonju Stream (W)

N : Natural substrates

A Artificial substrates
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At 712 2] ¢ N. amphibia (103]), Nav. subminuscula
(63)]), C. minuta (33)), 9J27]12¢] 49 N. amphibia (10
3)), Nav. subminuscula (53]), C. minuta (53]) 52 <<
2 49T A7 A ABA1A $AEL wkel
At} (Table 2).

A7 W $HEE 3 14F 2Pt 1 F AR
HIHs] &3k F2 N. amphibia (103])e]™, 2|4 2,55
AL wE A3} 7)7elA T2A SRS A 4
ol A 40% o]Ate] =& $A-8-& WYt} Nav. subminus-
culai= A4 5,6, 714 A3, BE 7)) 127
A8t = C. minuta= A4 1, 4ol A 313k

V3714 W $AHFL> 5 18%F 233+ 1 5 7
W3] 33 F2 N amphibia (103])e]™, 2|4 2,55
A &gt w5 A 7|7kl 2A skl XA 4el
A 70% o] AFe] - 2 &S ¥k Nav. submi-
nusculat= 3139 31733l A4 5,6, 7oA 331

1048 AA 78 AlQlstar 55% o] = —r%&‘%%

B}t C. minutax= A& 1, 494 A3 G, mE 7
Zrell 2 A $-A313 -

—_—

3. 2kd71 A%} F71A e Bl

A M e 2 A FE Aoz @ N
209 ol 7143} AF71Ao] F21% L B
3 (Table 3), A1 3 2E Aol 22A $xA
R R
Aol 35k Ao v

1094 Ad7183) 13714 §%S FolehA o
o AHAS Hg) o} (Table 3), N. amphibiax XA 2
E A Y3t n& A7 7]Ae] §-435 ) C. minutax
AA 1, 4,69 BE )& $3)8t 3, A& 5, 7oA <l
&-a1stglTh N. fonticolax XA 2, 4, 5, 62]
a7, G. quadripunctatum-2 X34
013}33157_ A A 5] 2t 7] A A
H 9o} Nav. subminuscula$}
C.siliculax: =& x]@Tjr 718 434 gsket (Table
4).
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Table 3. Correlation coefficients between relative immi-
gration activities of the epilithic diatom commu-
nity at the natural and artificial substrates in
the Sum River during the study periods.

Substrate 10N 20N 30N
10A 0.090
20A -0.013 0.220*
30A 0.008 —-0.031 0.614*
*p<0.01

10N, 20N and 30N : Natural substrate deposited for 10, 20, and
30 days in each sampling station in the Sum River, respectively.
10A, 20A and 30A : Artificial substrate deposited for 10, 20, and
30 days in each sampling station in the Sum River, respectively.

200 A7)43} Q1FANAS] G ol
A (p<0.01)& ¥} (Table 3). N. amphibia:= A4 1,
= Xﬂilﬁﬂ. C. minuta:= A& 1, 7% A 93 nE X]XUJr
71Ae] §-913}edtt. N. fonticola:= A& 3, 4, 78] =
Je] flstslm, A8 69 9371404 83602 ]
¥ 2 FYU5E vyd G quadrlpunctatum—c’— X]Xé
4(7.53), A1A 7(2.27)9] AA7 AT 3k
0]*19] By 2 §4%S 2ok Nav. subminuscu-
ax A4 7elA 174 (15.74)¢] #1714 (1.13) 2
9# 150 Ax ¥ $UeE
A3} 712l 5

o
}\0]— gil

)]

o
Q137
Lol=29 HY T, C. siliculax= 25

=
#4514 shateh (Table 4).

097 A4 210 FUS KL B
Al (p<0.01)::,_— X} (Table 3). N. amphibiax= A& 3,
56,79 % 7]7001] g3kl C. minutas 2B X

@_4 z].o:]7]7<1oﬂ eolstgdy, A 1,3, 49 93| A

$-9lsls. N. fonticolax A& 1, 3, 52] ZE 7)Ao
Lolslaar, A& 2, 49] AA7|A A §-3tA . G.
quadripunctatum-& A3 1, 62] == 7)) §-9)51]
a7, Nav. subminuscula:= X3 52] zt4d7]Al (27.06)Z}

Q15714 (54.35)0l Aoz wi¢ =2 FY5S A
o, C.silicula: A 29 pd7) A §-484A] kst
o QlE7|Ae| 34.02% wWi$ =& §91%S ®Woo
(Table 4).

=

22 oz QgsAel A4
A W3S dolr gt} (Table 4), N. amphibia2} C. min-
utax 2E X AHd 124 f9= zo]?,i_ﬂ, Nav. submi-
nuscula®} C.silicula: §-8%50] =2 Zo g 14-51-‘,&1;]-

N. amphibiax= =& 2]A 7} 7]7P°1] =27 5434
32, 206l WEHEe] =A yehyith A1 34 20 ]l
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Table 4. Relative immigration activities of major epilithic diatom species in each sampling station of the Sum River over

the study.
. NTAP CBMT NTFC GPQP NVSM CNSC
Station
N A N A N N A N A N A
1 3.53 0.44 0.13 0.28 - - - — - - -
2 - - - - 0.30 0.91 0.74 - - - -
3 3.08 1.10 — - - - - - - -
10 day 4 3.42 431 0.15 0.16 0.29 0.68 0.21 - - - -
5 3.23 1.07 - 0.50 4.04 24.21 - — - - -
6 5.45 3.30 0.49 0.08 3.18 - - - - - -
7 0.38 0.50 - 0.15 - - — - - -
1 — — — — — — — — — — —
2 3.83 4.67 1.17 2.60 - - - — - - -
3 3.92 6.97 0.47 0.46 3.52 0.58 - - — - - -
20 day 4 0.84 0.42 0.56 0.28 1.67 0.19 7.53 - — - - -
5 1.40 - 0.20 0.14 — - = - 3.28 - -
6 4.95 2.28 0.39 0.07 - 8.36 - - - - - -
7 3.63 0.68 0.14 - 0.65 0.20 2.27 - 1.13 15.74 - -
1 - 0.24 1.52 4.35 0.69 0.64 7.71 1.34 — - 1.45 -
2 - - 3.50 - 0.63 - - - - - 34.02
3 0.43 1.99 0.36 0.12 0.31 0.31 - - - - -
30 day 4 1.52 - 0.90 3.07 0.59 - - - - - -
5 0.43 0.27 0.32 - 1.29 1.41 0.77 - 27.06 54.35 - -
6 1.59 2.52 0.79 - - 0.44 0.09 — - - -
7 1.22 3.01 1.04 - 0.17 - 2.19 - - -

Nitzschia amphibia (NTAP), Cymbella minuta (CBMT), Nitzschia fonticola (NTFC), Gomphonema quadripunctatum (GPQP), Navicula sub-

minuscula (NVSM), Caloneis silicula (CNSC)
N : Natural substrates
A Artificial substrates

6972 714 F& 0% 13l W, A4 selA 209
2] ket 2| 604 2026 2.28%
S B4t} C. minuta:= 10, 20e]] =
912 st o), 302 A 1,3, 4
o w3k A7 le we} §3o
< ~0.50), 20! (0.07~
2.60), 309 (0:12~4.35) 2o %a;% %912 Jelch N,
fonticola= 109 okoka1, 20l XA
5¢]|A] 8.362] nv]wA l-f% 358 ¥y G. quadri-
punctatum-2 20del] BE A6 $91& Holx] &gt
Nav. subminuscula® 209 o]& 2|A 5, 744 #%&
By, 2099 A 7(15.74)% 3022 A 5(54.35)0]
Al 22§45 B Cosilicula: 30Y¢] A
A 20| A EE 95 BT, 34.022 wi§- A eRg

w) A1 338l (raphe form)el] w2 82152 k37| A=} o
IR RE 7|7t A EulA et R we] 23x

3t} (Fig. 3).

Eaj A e (biraphid)e Ad71dz AF71A 2F
209l F7kahet 304del ke e R, 55%
ol 4o ¥ A& Bvh whllAl 3| (monoraphid)
v g7lAnn A o B Aas 6ol
37, A7) Aol A 109 (23.5%), 302 (12.5%) 2 A 7kel] ot
2} zrastsich A 3 (araphid): 10, 2096l =hd
71ARG AF7|1-AA 2 AHES 2ot 304
AA7| A A > HAFES B, Ad71de] 7S
8.8%¢°l|A] 18.8% = A|7tel| whe} F7gt b, <lF7]d 9]
719 20.5%¢0l| A4 13.9%= A|7tel] uig} ZrAsldch 4
3] 3 (centric)x= A}H7]A o] AH$ 0.0%~3.1%= wj-$-
g A8-gS By, AF7Ae AS 2.3%4 8.3%
o2 Azbel] wel Frbeksict.
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Ar#A S W9t} (Table 5). XX G. quadripuncta-
tum (p<0.01), N. amphibia(p<0.01), N. fonticola (p<
0.05)°] #aA7|dz frol3 ARAdE B3, C. minuta

Avrtificial substrate

Natural substrate

30 day

Fig. 3. Temporal changes in relative immigration activi-
ties (RIA) of epilithic diatom with different morphs
fund in natural and artificial substrates in the Sum
River from March 7 to April 7, 2008. Centric (C),
araphid (A), monoraphid (M), and biraphid (B).
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Table 5. Correlation coefficients between nutrients and density and relative immigration activities of the major epilithic

diatom species in the Sum River.

Diatoms Density NH; TN SRP TP
c N -0.013 —-0.148 —-0.148 —-0.290 —0.249
BMT A 0.711** —-0.226 -0.201 —0.286 —0.259

GPQP N 0.525* 0.783** 0.680** 0.729** 0.535*
A 0.042 -0.178 —-0.180 -0.234 —-0.208

NTAP N 0.507* 0.432 0.416 0.506* 0.514*
A 0.247 —-0.140 -0.114 0.006 —-0.083

NTEC N 0.902** 0.623** 0.588** 0.566** 0.666**
A 0.064 0.026 0.043 0.012 0.048

Cymbella minuta (CBMT), Gomphonema quadripunctatum (GPQP), Nitzschia amphibia (NTAP), Nitzschia fonticola (NTFC)

N : Natural substrates, A : Artificial substrates
*p<0.05, *p<0.01



132 SMof - ke - WY -

Zoz oAd#x 9} (A, 1993). & Nav. subminuscula
£ ek 30dA A|A 5ellA 54.359] ¢ 2 S
Hojon, o] & AVHEEI} B& FAoA BHF O
2 2333, oEte foelA F2 S AkE
S WA e] 7}alel (A, 1993). =38k Watanabe et al. (1986)
o o8] Agtsl §71E29 #H7}x)4=(Diatom Assemblage
Index : DAlpo)E Hw $Ae] ofslgl 2ol rAE=
% 2 e}AZ(Saprophilous taxa)ql Aoz oA gt

ZHol BA3 RAFxo] 3 (morphological group)
 EHEb 22 A Feih 7 ge] 2dsksien,
o] 7F(1998)7 & 5 (2008)°] el dA|sHH. 7
(1998)3} Al 5-(1998)°] AFelM = F4% F5° 4
=3S dolrr] 9sle] §UA S (immigration coeffici-
ents)E T3, o5 F3l FwiA Hele] f4AS
7b @ AL A 4 it olMF Al el
2ot F4Ae7E AR gl Rxse Hert Fof
A A 22§45 2ol Aoz AdE ok (Steven-
son and Peterson, 1989).

2td71A 3 1F71de 53 FAGxe §4% =4t
23 7 714 F5S vy = =

o
w, 43718 wepAIze 209 o4l A7l Ae

el
A o) vehiteh. 71 dersiel 2obael dgr wat
zka st Aoz FE Q=1 (Stevenson et al., 1991; §
=, 2008), & oo A] N. fonticola, G. quadripunctatum
5e odopdel sl o8 AR (p<005)E he
o}.

A%, AReAe) RAFE 505 43 9 2EAY)A

ZREE(AEP ) FH JgFPel o) =24 2

B =
a2
R 32
N e
it i
filo o,
=2

ke

1
>
30
o
s,
e
U]
LN
32,
T

F3} AR AdeAle] R A 9 238E
3 olr mat spvlefom A W 77 A& A
Aeta, Ad7| Az AdF7|AANAM BAFEY {9
SRIA) Y A2BAEAIE ANST 2AAT, 22
7z 44 22 »E 7|&dA] N. amphibia, Nav. sub-

minuta 5-o] $A3}9] 3, N. amphibia, C.
minutat= A A Ao =274 BE3H. AP F 7}
7} =2 golio nol 2 Nav. subminuscula, C. sili-
cula® RIA 15 o]A}o] i) BE FAIX| A A =2 9]
e wel 22 24 PuE ngew, 7 s)deA

Lo

55% o] 4] 2 WxE Jepith Blad ¥ f4%

< 122l N. fonticola, G. quadripunctatum-2 1

9] ¥ (p<0.05)3 209 b W FRE A7)l (p

<0.05) B2 AAAE g o4 AFe FIeA
°d 9

A7 R S5 A A
A7 Z=AF 2 97} (20080501169-01)0)] ]3] 4=3)

ATE 9Iste] AR ARl =3 F A

= O

A7 M, M-83k 2007 A7 AFA, WA a2l F

& FURAL FA AL A E I A 10(4): 191-
196.

A, 7ARE, =HA, 7184, 1998. 3|5l A2 <lF7|A
EHAM v 2Fe] B Ak )L Bz 9 Aol gk
oF8}3]%| 3(4): 249-260

FAdol, Zted, 7wl 5, =2l 2008, A7) HJoF A T
2739 §9%. P 543]A] 41(3): 311-319.

Ade], Hla, A3, 91904, o] FHl 1996, 0 TS
L8k 719 (1) FARF ZASt)] vl 7)A S|4
A7 AL 14(1): 95-111
=

. 1993, =tz f et obylHwA A, A2
-1997. £A e AFAFAHY. FIE AL
o3, A4 1998. A7 AL H 4
Modeling. 33173 9] A 8} 3] 2] 24(1): 80-86.

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

Azim, M.E., M.C.J. Verdegem, A.A. van Dam and M.C.M.
Beveridge. 2005. Periphyton: Ecology, Exploitation and
Management. CABI Publishing.

bl o
0, ox,
@
2
N

r
;
r

Biggs, B.J.F. 1996. Patterns in benthic algae of streams, p.
31-56. In: Algal Ecology: Freshwater Benthic Ecosy-
stems (Stevenson, R.J., M.L. Bothwell and R.L. Lowe,
eds.). Academic Press, San Diego, California.

Cushing, C.E. and J.D. Allan. 2001. Streams: their Ecology
and Life. Academic Press, Philadelphia.



Mz 2

Herder-Brouwer, S.J. 1975. The development of periphyton
on artificial substrates. Aquatic Ecology 9(2): 81-86.
Hodoki, Y. 2005. Bacteria biofilm encourages algal immigra-
tion onto substrata in lotic systems. Hydrobiologia 539

(2): 27-34.

Hudon, C. and E. Bourget. 1981. Initial colonization of arti-
ficial substrate: community development and structure
studied by scaning electron microscopy. Canadian Jour-
nal of Fish and Aquatic Science 38(11): 1371-1384.

Khatoon, H., F. Yusoff, S. Banerjee, M. Shariff and J.S. Bu-
jang. 2007. Formation of periphyton biofilm and subse-
quent biofouling on different substrates in nutrient
enriched brackishwater shrimp ponds. Journal of Aqu-
aculture 273(4): 470-477.

Krammer, K. and H. Lange-Bertalot. 2007a. Stsswasser-
flora von Mitteleuropa, Band 2/1: Bacillariophyceae 1.
Teil: Naviculaceae (Ettl, H., J. Gerloff, H. Heynig and
D. Mollenhauer, eds.). Elsevier Book Co., Germany.

Krammer, K. and H. Lange-Bertalot. 2007b. Sisswasser-
flora von Mitteleuropa, Band 2/1: Bacillariophyceae 1.
Teil: Bacillariaceae, Epithemiaceae, Surirellaceae (Ettl,
H., J. Gerloff, H. Heynig and D. Mollenhauer, eds.). El-
sevier Book Co., Germany.

McCormick, P.V. and R.J. Stevenson. 1998. Periphyton as a
tool for ecological assessment and management in the
florida everglades. Journal of Phycology 34(5): 726-733.

Miller-Haeckel, A. 1966. Diatomeendrift in fliessgewassern.
Hydrobiologia 28(1): 73-87.

Round, F.E., R.M. Crawford and D.G. Mann. 2007. The dia-
toms; Biology & Morphology of The genera. Cambridge
University Press, UK.

Shankar, K.M. and C.V. Mohan. 2001. The potential of
biofilm in aquaculture. World Aquaculture Society 32:
62-63.

T=o 7Y

133

oIr

Small, J.A., A. Bunn, C. McKinstry, A. Peacock and A.L.
Miracle. 2008. Investigating freshwater periphyton com-
munity response to uranium with phospholipid fatty
acid and denaturing gradient gel electrophoresis analy-
ses. Journal of Environmental Radioactivity 99(4): 730-
738.

Stevenson, R.J. and C. Peterson. 1989. Variation in benthic
diatom (Bacillariophyceae) immigration with habitat
characteristics and cell morphology. Journal of Phyco-
logy 25(1): 120-129.

Stevenson, R.J., C.G. Peterson and D.B. Kirschtel. 1991.
Density-dependent growth, ecological strategies, and
effects of nutrients and shading on benthic diatom suc-
cession in streams. Journal of Phycology 27(1): 59-69.

Stevenson, R.J., M.L. Vothwell, R.L. Lowe and J.H. Thorp.
1996. Algal ecology: freshwater benthic ecosystems.
Academic Press, San Diego, California.

Van Dam, A.A., M.C.M. Beveridge, M.E. Azim and M.C.J.
Verdegem. 2002. The potential of fish production based
on periphyton. Reviews in Fish Biology and Fisheries
12(1): 1-31.

Watanabe, T., K. Asai and A. Houki. 1986. Numerical esti-
mation of organic pollution of flowing water by using the
epilithic diatom assemblage-Diatom Assemblage Index
(DAIpo). Science of the Total Environment 55: 209-218.

Wetherbee, R., J.L. Lind, J. Burke and R.S. Quatrano. 1998.
The first Kiss: establishment and control of initial adhe-
sion by raphid diatoms. Journal of Phycology 34(1): 9-15.

Wilbert, N. 1976. A standardized method for identifying and
counting the vagile and sessile periphyton. Oecologia
24(4): 343-347.

(Manuscript received 8 February 2009,
Revision accepted 8 March 2009)



