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Colonization and Succession of Epilithic Diatoms on Artificial Substrata

Sung Hyun Jang?*, Jung Joon Lee and Jung Ho Lee

Department of Biology Education, Daegu University, Kyungbuk, 712-714, Korea

The purpose of the study is to understand the ecological characteristics of the early stage of community formation
of epilithic diatoms. The samples were daily collected from a site of the Kumho River during 70 days from October
13 to December 21 in 2002. Total 126 diatom taxa collected in the study were classified into 114 species and 12
varieties belonging to 26 genera. About 80% of the taxa collected from the artificial substrata during the whole
studying period were observed until tenth day from the start time of the study. In the study the successional
process of the diatom community was divided into the three stages of the early, the middle and the later by cluster
analysis based on the similarities in species composition among the communities. Cocconeis placentula Ehrenb. and C.
placentula var. lineata (Ehrenb.) V.H., horizontally positioned species, would be divided into the early successional
species, and Diatoma vulgre Bory, vertically positioned species, was the later successional species. Cell densities and
species composition of the diatoms on the artificial substrata were closely similar to them of natural substrata after

40th day from the start time of the study.
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Fig. 1. A map showing the sampling station of the Kumho
River.
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Fig. 2. Daily variation of environment factors at the sampling station of Kumho River during the studying period.
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Fig. 3. Daily variation of species number on artificial substrata
at the sampling station of the Kumho River during the
studying period.
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Fig. 4. Variation of Cocconeis placentula (A & B) and Cocconeis placentula var. lineata (C & D) at the sampling station of the Kumho River
during the studying period (A & C: artificial substrata, B & D: natural substrata).
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Fig. 5. Variation of Diatoma vrigare at the sampling station of the Kumho River during the studying period (A: artificial substrata, B:

natural substrata).
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Fig. 6. Daily variation of standing crops on artificial substrata at

the sampling station of the Kumho River during the
studying period.
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Table 1. Dominant and subdominant species in sampling station of epilithic diatoms of the Kumho River during the studying period

Date

Dominant species

Subdominant species

O 0 N O U b W

U1 U1 O Q1 i b b B B i B B D B 0 W) W 0 O W W W W WRINNDNNNIRNINIR IR 2 o om s s e
WP OO0 T EOILODAESOXXINAEODRN R, ORI AEDODN_, SOOI WO~ O

Nitzschia amphibia (26.8%)
Nitzschia amphibia (23.4%)
Nitzschia amphibia (17.4%)
Nitzschia amphibia (22.3%)
Nitzschia amphibia (21.8%)
Nitzschia amphibia (22.4%)
Nitzschia amphibia (21.0%)
Nitzschia amphibia (29.5%)
Nitzschia amphibia (31.9%)
Nitzschia amphibia (35.6%)
Nitzschia amphibia (33.1%)

Cocconeis placentula (26.0%)

Nitzschia amphibia (40.2%)

Cocconeis placentula (19.8%)

Nitzschia amphibia (36.8%)

Cocconeis placentula (30.4%)

Nitzschia amphibia (38.2%)
Nitzschia amphibia (28.7%)
Nitzschia amphibia (36.0%)
Nitzschia amphibia (45.5%)
Nitzschia amphibia (50.5%)
Nitzschia amphibia (25.1%)
Nitzschia amphibia (28.4%)
Nitzschia amphibia (37.9%)
Nitzschia amphibia (22.4%)
Nitzschia amphibia (23.0%)
Nitzschia amphibia (31.0%)
Nitzschia amphibia (34.1%)
Nitzschia amphibia (31.5%)
Nitzschia amphibia (33.7%)
Nitzschia amphibia (32.1%)
Nitzschia amphibia (32.4%)
Nitzschia amphibia (18.7%)
Nitzschia amphibia (24.8%)
Nitzschia amphibia (18.4%)
Nitzschia amphibia (21.3%)
Nitzschia amphibia (14.3%)
Nitzschia amphibia (17.4%)
Nitzschia amphibia (25.4%)
Nitzschia amphibia (29.2%)
Nitzschia amphibia (20.8%)
Nitzschia amphibia (24.2%)
Nitzschia amphibia (26.8%)
Nitzschia amphibia (32.7%)
Nitzschia amphibia (29.2%)
Nitzschia amphibia (23.9%)
Nitzschia amphibia (20.7%)
Nitzschia amphibia (25.1%)
Nitzschia amphibia (20.3%)
Nitzschia amphibia (24.4%)
Nitzschia amphibia (26.1%)
Nitzschia amphibia (22.1%)
Nitzschia amphibia (34.2%)

Nitzschia paleacea (8.0%)

Melosira varians (5.7%)

Nitzschia palea (7.8%)

Fragilaria construens var. venter (13.1%)
Fragilaria construens var. venter (14.2%)
Nitzschia paleacea (10.9%)

Fragilaria construens var. venter (10.5%)
Fragilaria construens var. venter (8.8%)
Fragilaria construens var. venter (10.6%)
Fragilaria construens var. venter (8.7%)
Fragilaria construens var. venter (13.0%)
Nitzschia amphibia (22.8%)

Cocconeis placentula (11.0%)

Nitzschia amphibia (19.3%)

Cocconeis placentula (12.1%)

Nitzschia amphibia (26.0%)

Cocconeis placentula (17.7%)

Nitzschia fonticola (10.2%)

Fragilaria construens var. venter (11.9%)
Cocconeis placentula (9.2%)

Cocconeis placentula (8.4%)

Cocconeis placentula (6.5%)

Cocconeis placentula (10.8%)

Nitzschia fonticola (6.8%)

Navicula capitatoradiata (8.2%)
Nitzschia fonticola (11.1%)

Nitzschia fonticola (12.0%)

Nitzschia fonticola (11.6%)

Nitzschia fonticola (11.7%)

Nitzschia fonticola (12.8%)

Nitzschia fonticola (9.9%)

Nitzschia fonticola (12.4%)

Nitzschia fonticola (11.6%)

Nitzschia fonticola (10.5%)

Nitzschia fonticola (16.7%)

Fragilaria construens var. venter (11.9%)
Nitzschia fonticola (11.8)

Nitzschia fonticola (11.4%)

Nitzschia fonticola (18.8%)

Nitzschia fonticola (13.2%)

Nitzschia fonticola (13.5%)

Nitzschia fonticola (15.7%)

Nitzschia fonticola (13.8%)

Nitzschia fonticola (15.7%)

Nitzschia fonticola (9.5%)

Nitzschia fonticola (11.4%)

Nitzschia fonticola (11.5%)

Nitzschia fonticola (13.7%)

Nitzschia fonticola (15.8%)

Nitzschia fonticola (16.2%)

Nitzschia fonticola (21.7%)

Nitzschia fonticola (17.2%)

Nitzschia fonticola (19.7%)




Table 1. (continued)
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Date Dominant species Subdominant species
54 Nitzschia amphibia (21.4%) Nitzschia fonticola (19.2%)
55 Nitzschia amphibia (37.0%) Nitzschia fonticola (18.7%)
56 Nitzschia amphibia (28.9%) Nitzschia fonticola (16.6%)
57 Nitzschia amphibia (27.5%) Nitzschia fonticola (22.5%)
58 Nitzschia amphibia (23.5%) Nitzschia fonticola (21.9%)
59 Nitzschia fonticola (14.8%) Nitzschia amphibia (14.5%)
60 Nitzschia amphibia (21.8%) Nitzschia fonticola (21.0%)
61 Nitzschia fonticola (22.4%) Nitzschia amphibia (11.5%)
62 Nitzschia fonticola (21.1%) Nitzschia amphibia (20.5%)
63 Nitzschia fonticola (22.4%) Nitzschia amphibia (19.9%)
64 Nitzschia fonticola (25.6%) Nitzschia amphibia (10.9%)
65 Nitzschia fonticola (20.1%) Nitzschia amphibia (16.5%)
66 Nitzschia fonticola (29.1%) Nitzschia amphibia (14.8%)
67 Nitzschia fonticola (16.9%) Nitzschia amphibia (16.5%)
68 Nitzschia fonticola (24.2%) Fragilaria construens var. venter (12.5%)
69 Nitzschia fonticola (27.6%) Nitzschia amphibia (14.7%)
70 Nitzschia fonticola (24.3%) Nitzschia amphibia (19.0%)
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Fig. 8. Daily variation of diversity index, evenness index and

dominance index at the sampling station of the Kumho

River during the studying period.
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Fig. 9. Dendrogram of cluster analysis of the epilithic diatom
communities at the sampling station of the Kumho River
during the studying period.

yeld gdito 2 F=Fr}(Stevenson 1983; Mclntire 1966;
Horner and Welch 1981) .

B Ao Raktze) Holg e Ana
2719k 71, F712 U e, Heol 27
Cocconeis placentula®} C. placentula var. lineata”},
Z-2 Diatoma vulgareAtt. o= 27| & 59 =
A 71Ad) Bael] f2e RARE 499 Fagol
71 AdzFom, Aol flojre Ble] Al el
Q) +48 FrEol F7 HEEew Yepitiy

wrlo] 2o}, z22]ar Achnanthes convergens®} Cocconeis

}_

S
A

R

N

o
dodr B2 [ oo R

ol
al
37

—

o

placentula var. euglypta, Nitzschia palea, N. amphibia, N.
fonticola, N. paleacea, Navicula viridula var. rostellata, Synedra

ulna 5& AF7AT AQHANN AR WPLE Y

el A3k, 37 3749
ATt = F-2 270

FHY PAFR} $AY PATFR} EAC] Ve 19

r
Iy

2y itzschia amphibia®} Cocconeis
placentula7} $-73F0 2 £33 3= 108 Aol A 254 5 714 2]
A<k, N.amphibia®} N. fonticola7} $-4F 0 2 E3sE 30
Aol 708H 74 5 37 e g FEE = 22E el
o} aelan 2719Ae] 2-E Y] FAMS 30-60% 2 Bt
kom F7)ek A FHE 7] FAMIE 60% A
H1 BB = A Vet ol 2 FE7 AR At
upel Wsleb, 37182 445 T2 U AR
Uehle Aoz olefdtt, FHYEEA AIA e Axis 1=
Z1Eo® AZE A3l wet 27dA 371, $7] dAR
T T uslen, 279A ] AI71EE Sl AHAlE o 2l

WA, 7R e Al7]So] 2 ®AE 0] ARt

ES

F24 2 272 FANEE

" <

9 ox rir
<
2
R=)
iui

A
o
il
o
1o
of ~
BN



Jang et al.: Colonization and Succession of Epilithic Diatoms 303

20 048—r
A
0.6~
10
A
0.5
15
A 25
03+ A
30 55
0.2~ A A
40
A 70
Z ] ] 1 ] ] L1 A |
K ! | | | 1 1 A | 17 L
-9.8 -0.6 -0.5 -0.3 -0.2 0.2 0.3 L .5 ocA 08
A A 5
5 -0.2-4 35 A
A A
A
-0.3-
3 -0.5-
A
2 -0.61-
A
sl
Axis 1
Fig. 10. Distributions of loading factor by PCA.
Biggs and Stokseth(1996)+= <1-87]2-& o] &3t F 2tz olFT, HE. 1998, FH(FAEE XY FATFRe FHT
23 FATgel JFE FE 890 2 =2, A =, W {7 26: 22575
_ AR, ARt AU s, A, o] FH 19%. FEed WP S 9
SIREEES 2= TEld =g B = © ’ ’
= ¥, /5 T PPIE dasied, & a7dE = & o1 A0, FAxR BAse] vl A5l AT
7] P = &0l 7P o aRlelw, F719 $7] H=-9-52813] 7] 14: 95-111,
oA #2 B AGA Vet B S v Ao AL AE 1987 FAREe 0 QA A7), @Rt
=E) A] 2: 139-146.
%, AAN, ol E. 1902, BATFEA €3 A SR
91734255 10: 923,
Ab AL BE, AR, ol B, 1998, $AFE T f7] 98 AF
(DAIpo)ell °J3t 5373e] 497} 3= 3]A] 11 43-
_ . - 58.
B Qe 00 tlrdistm A7) Agle] o5
E 204ERAE TR AT ALl SRl ) o, amas ol ga v 24 9%
FHEUT E A7E Ase] AR AP A= Gl 475
Eie T dTdidte EwSd SeEAFEALEA 0 F8, FE 190, AR g S FAC) 497} 7
At=sYT} gty SRt A T4 =8 4 33-54.
D% 1%, FACG TN DI, Fo1E, AL
o Asai K. and Watanabe T. 1995. Statistic classification of epilithic
elZ=el diatom species into three ecological groups relating to
organic water pollution (2) Saprophilous and saproxenous
71998k 1987, 17| AL o] 43l F| 2o A T Hold] Fal A taxa. Diatom 10: 35-47.
T, B 283 R 2: 7391, Barbour M.T., Stribling T.B. and Karr J.R. 1995. Multimetric
olF 5. 1998. YE7te] Btz 7] L8R (DAlpo). =5 approach for establishing bio-criteria and measuring biological

8}3] %] 31: 38-44.
o|HZ. 2003, F-AFZE o] &3t AEEA
g7 #7] 7} ABA GG E A,
L AEA. 19%. GER S HEe] RATE
7AW ET 3] A] 14: 18-28.
: @é 191. 2579 Qe the Atz
. A= §55h]A] 25: 3140,

e 7] 9@

OOl I

S .

3

FHA

rE

A

%

condition. In Biological Assessment and Criteria: Tools for water
Resource Planning and Decision Making. Lewis Publishers.
Biggs B.J.F. 1988. Artificial substrate exposure times for
periphyton biomass estimates in Rivers. New Zeal. ]. Mar.
and Fresh Research 22: 507-515.
Biggs B.J.F. and Stokseth S. 1996. Hydraulic habitate suitability
for periphyton in Rivers. Regulated Rivers; Research and



304 Algae Vol. 21(3), 2006

Management 12: 251-261.

Butcher R.W. 1932. Studies on the ecology of Rivers II. The
microflora of Rivers with special reference to the algae on
the River bed. Ann. Bot. (Lond.) 46: 813-862.

Cairns J., Jr. Dahlberg M.L., Dickson K.L., Smith N. and Waller
T. 1969. The relationship of freshwater protozoan
communities to the MacArthur-Wilson equilibrium model.
Am. Nat. 103: 439-454.

Castenholz R.W. 1960. Seasonal changes in the attached algae of
freshwater and saline lakes in the Lower Grand Coulee,
Washington. Limnol. Oceanogr. 5: 1-28.

Choi ].S. and Chung J. 1990. An assessment of water quality by
epilithic diatoms of Namchun water system. Kor. J. Phycol.
5:173-191.

Chung J., Watanabe T. and Horki A. 1985. Assessment of Water
Quality by Epilithic Diatoms of Sin-Chun Water-system.
Res. Rev. Kyungpook Nat. Univ. 39: 99-112.

Cox E.J. 1991. What is the basis for using diatoms as monitors of
river quality? In: Whitton B.A., Rott E. and Friderich G.
(eds), Use of algae for monitoring rivers. Institutfur
Botanik, Universitat Innsbruck. pp. 33-44.

Danilov R.A. and Ekelund N.G.A. 2001. Gomparison of
usefulness of three types of artificial substrata (glass, wood
and plastic) when studying settlement patterns of
periphyton in lakes of different trophic status. J. Microbio.
Methods 45: 167-170.

Gause G.F. 1936. The principles of biocoenology. Q. Rev. Biol.
11: 20-336.

Hendey N.I. 1974. The permanganate method for cleaning
using diatoms. Nova Hedwigia Bein. 64: 305-323.

Horne AJ. and Goldman C.R. 1994. Limnology. McGraw-Hill,
New York.

Horner R.R. and Welch E.B. 1981. Stream periphyton
development in relation to current velocity and nutrients.
Can. J. Fish. Aquat. Sci. 38: 449-457.

Knopp H. 1955. Ein neuer weg zur Darstellung biologischer
Borfluternutesuchungen erlauter an einem Gutelangsschnitt
des Mains. Die Wasserwirtschalft 45: 9-15.

Lange-Bertalot H. 1979. Pollution tolerance of diatoms as a
criterion for water quality estimation. Nova Hedwigia, beih.
64: 285-304.

McIntire C.D. 1966. Some effects of current velocity on
periphyton communities in laboratory streams.
Hydrobiologia 27: 559-570.

Norris R.H. and Norris K.B. 1995. The need for biological
assessment of water quality: Australian perspective.
Australian Journal of Ecology 20: 1-6.

Patrick R. 1973. Use of algae, especially diatoms, in the

assessment of water quality. In Biological Methods for the
Assessment of Water Quality. Philadelphia, PA: American
Society for Testing and Materials.

Pielou E.C. 1966. The measurement of diversity in different of
biological collections. J. Theroet. Biol. 13: 131-144.

Richards C., Johnson L.B. and Host G.E. 1996. Landscape-scale
influences on stream habitats and biota. Canadian Journal of
Fisheries and Aquatic Sciences 53(Supplement 1): 295-311.

Round F.E. 1991. Diatoms in River water-monitoring studies.
Journal of Applied Phycology 3: 129-145.

Round F.E., Crawford R.M. and Mann D.G. 1990. The Diatoms.
Biology & Morphology of the genera. Cambridge Univ. Press.

Schoen S. 1988. Cell counting. In: Experimental Phycology A
Laboratory Manual (Christopher, S.L., ].C. David & P.K.
Bruno, eds.). Cambrige Univ. Press., London.

Shannon E. and Weaver W. 1963. The mathematical theory of
communication. Urbana. Illinoise Univ. Press.

Shimpson E.H. 1949. Measurement of diversity. Nat. 163: 1-688.

Simonsen R. 1979. The diatom system: Ideas on Phylogeny.
Basc. 2: 9-71.

Sladecek V. 1973. System of water quality from the biological
point of view. Archiv fuer Hydrobiologie 7: 1-218.

Spoon D.M. and Burbanck W.D. 1967. A new method of
collecting sessile ciliates in plastic petri dishes with tight
fitting lids. J. Protozool. 14: 735-739.

Stevenson R.]J. 1983. Effects of current and conditions
simulating autogenically changing microhabitats on
benthic diatom immigration. Ecology 64: 1514-1524.

Stevenson R.J. and Lowe R.L. 1986. Sampling and interpretation
of algal patterns for water quality assessment. In Rationale
for sampling and Interpretation of Ecological Data in the
Assessment of Freshwater Ecosystems, Philadelphia, PA:
American Society for Testing and Materials.

Stevenson R.J. and Pan Y. 1999. Assessing environmental
condition in Rivers and streams with diatom. In The
Diatoms: Applications for the Enviromental and Earth Sciences,
Cambridge Univ. Press.

Tuchman M. and Blinn D.W. 1979. Comparison of attached
algal communities on natural and artificial substrata along
a thermal gradient. Br. Phycol. |. 14: 243-254.

Wetzel R.G. 1983. Limnology. 2nd. Sounders Coll. New York,
Publishers.

Zelinka M. and Marvan P. 1961. Zur Prazisierung der
Biologischen Klassifikation des Reinheit Fliessender
Gewaser. Archiv fuer Hydrobiologie 57: 389-407.

Received 11 July 2006
Accepted 10 August 2006



