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Effects of vertical location and artificial substrate on colonization of
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Abstract; The colonization of algal periphyton is a complex process in which algae colonize a new habitat and gradually
develop into a mature community. Adhering substrates serve as new habitats and may play an important role in colonization
of the periphyton community, but there is no consensus about the colonization process and succession patterns of algal
periphyton communities on different substrates. Previous studies have mainly focused on diatoms, which tend to be the first
colonizers ; little is known about other types of periphytic algae. In addition, most field investigations have placed substrates
at the bottom of the water column, and no attention has been paid to the colonization of algae on substrates located at
different depths. This study aimed to investigate the process and ecological characteristics of algal periphyton colonization

throughout the water column. Two artificial adhering substrates, granite and tile, were placed at the bottom and at mid—
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depth in a filamentous algae—dominated ecological pond. Algal periphyton on the artificial substrates was sampled every 10
days for analysis of species composition, cell density, and biomass, and the Shannon—Weaver index, Jaccard index, and
time to peak biomass of periphytic algae were calculated. Water samples were collected from each site and water quality
parameters, including total phosphorous, total nitrogen, nitrate, nitrite, ammonia, and chemical oxygen demand, were
determined. The algal periphyton was dominated by diatoms, cyanobacteria, and green algae; 117 species belonging to 73
genera and 8 phyla were identified in the pond. The colonization of algal periphyton on granite and tile showed a similar
pattern at both depths. At the early stage of colonization, unicellular diatoms such as Navicula, Fragilaria, and Achnanthes
sp. were dominant; the dominant species changed to filamentous algae including Lyngbya, Oscillatoria, and Pseudanabaena
sp. at later stage. The type of adhering substrate had no significant effect on species composition, cell density, chlorophyll
a, or diversity of algal periphyton. The Jaccard index of the algal communities was similar for granite and tile. On the other
hand, the effects of water depth on species composition were significant. There were more periphytic diatom species at the
bottom of the water column, while more green algae were present on both substrates placed at mid—depth. The proportion of
cyanobacteria gradually increased during colonization. The biomass ( chlorophyll a content) of periphytic algae was higher
on substrates at the bottom than at mid—depth, but the cell density did not differ significantly. Furthermore, more time was
required to reach peak biomass at the bottom. Correlation analyses between cell density and water quality parameters showed

that the growth of periphytic algae was mainly dependent on the total phosphorus concentration in the ecological pond.
Key Words: periphytic algae; colonization; vertical location; artificial substrate; main factor
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1# 10 K/day 20 X/ day 30 X/ day 40 X/ day 50 K/ day 60 KX/ day 70 X/ day
A1 m JULPESY) B FHE#E e e B B 223 22 R Lipean
( Granite-1 m) 13.0 19.3 21.9 28.3 42.8 30.1 41.5
LR #-0.5 m i i 7 B LEEe4 ith 7 FHE
( Granite-0.5 m) 21.2 17.3 34.2 16.0 43.4 25.0 26.3
Bi%-1m Bl FHE Bl s 22 P 22 P LErA
(Tile-1 m) 18.9 24.0 18.7 28.1 44.1 21.4 50.8
ZA-0.5 m B il il il B 2238 5 iE FHE
(Tile\0.5 m) 15.9 30.2 26.4 27.3 48.4 32.1 29.3
2# 10 X/ day 20 K/day 30 K/day 40 K/day 50 K/day 60 d K/day 70 K/ day
KA1 m FHE B FHE £ LA 22 R B0 P
Rt 216 FHZZHE 17.2 ”

( Granite-1 m) 10.1 18.5 17.6 R L #21.0 29.4
R #-0.5 m JErT4 T4 HH 52 B P2 LiiEea LiiEea FHE#
( Granite-0.5 m) 30.2 15.7 22.7 11.3 45.3 37.9 21.1
Y| =i yaREeN) . 22 oAl TEpeaL Y i 22
ﬁf"x‘ m JHaAT5E @gﬁ't I 21.8 i 22 22 P S 22 B 2235
(Tile-1 m) 22.3 ¥ 38.3 15.4 22.4 20.7 32.7
BHE-0.5 m FHE B Pl i e Bl Bl B 2235 FHE
(Tile-0.5 m) 53.3 W 21.5 10.2 25.4 24.6 49.4 34.0

2R AT AR T AN T b 5 AR ) RE B SRR B R AR T Ak 25 5 IR AN R K 2 2 A 1 S S R e A R T 2 2
5 (HRE B SR SR ISR 22 A W25 (P<0.01) o FEBETFE /KRS LA B 2 MR 5, Ty 152 Bl KRB 1322 B, SR 3N FE K 3 LA
LR EEL, N 1443 B KRR 1243 Fl

http ; //www.ecologica.cn



15 GRRR A AR SN THE O 3 A B 2 R P i 5 ) 5

2.2 Jaccard F8%X

Jaccard 85U T —Fh i 38 AS [R5 7% 18] 90 Fb 11 AFLAL 075 - o R I TER-0.5m
PER 22 S PR AR bR . AL AT, A S P 2 A A 070 = ﬁg%ﬁ fggﬂ
ANF)FE AN [R] K 2 BT AR B0 H 8 AR AR M 2R 2007 st i - FEIHE-0.5m: ZFE-0.5 m
S ) S84 0 5 R AR AR I PN B 8 2R A i
HHIE N 0.54, it Hg, 6 B A A RHE AR [RIZK )2 Br
B 1 A 2R I AR UM ROk 0.55, & ik 119k 0.
50; FEAKIRJEHR , Jaccard RRECH 0.57, AKAKHEEHI 4 0.
52, I 4 AT H REER AR P g Ews OO0
FETEARIE 22802 55 AN K, IR ik ok o 3 ko7, L3 040 , , , L ,
Z A TC B 35 e 2% 5. Sullian K Y AHIMEFE BOR T o 120 E?#H;:‘Zﬂ c140t30y i 6070
0.5 B, 2 W HE 9% A] HoA AR 4 O AR LT Bir LA, 1
BB RS WIRAL R K OB T AR Rk pop B4 ARATERRMZRARARELREDMAOBRUL R
%KH Tj’ ’ 1’ )@ 1[ ] lél 4] Eﬂé * H { u‘lﬁ %B ﬁﬁ _[%< le:l[’izl 4 Fﬁ‘ﬁ'\‘) ) Fig. 4 Jaccard index of the periphyton species at different
2.3 HEREWRENA

SHRAE E R AOBIFST , El R 300 1R 25 A SR I A A e e S R a RIS L S A A AR R SR 43
M, W S s

A X RS A A T AT R B, TOIS AR 3R a IR AN i 25 1R IS E R IR B o ¥ O B 25 2%
S B AR AEY IR RAMSEE a FEANFZS 02 K b B 3 255 (P<0.01) |, 4i i 2% i )
T EMEER KR4 2 a BN 25.74 pg/em® , KIRHFFRN 13.79 pg/em’,

1 #4655 (815 1 #=Granite) 4 1 #7KMANEER (1 m) AIHEB(0.5 m) 4657 S BBEEAE LU, IR E
IR o YR B T s, 20910 38.89 +18.38pg /em? . 19.05 +5.41ug/em’; IERRIM4E a TKIE(H
FIHE] A 50 K, FREsce ol 30 K, 4 2 B A JRE SRR Hh i U G (8 2 25 7, RS IR W A s [) Shy 70 K, HAE
K 2.14x10° ind/em? , P& K 50 KK 2.17x10° ind/em?®, 42 BESTEIE A Wy H 3k B 28 5 %8 19
BFE WS | B TS R B AR B iR 4 SR A W AL s A W i G IR, ERE
BEVEHEN T AR K 4

1 #4565 (K5 1 #-Tile) : 1 #%1% b5 /£ 34428 a AN A AL A 1 #4654 5 b A8 AL —3, kA
TR 2 S WM 4k 40.22 we/em® 20.77 pe/em’ ; ISES AN LA BRI 2.49%10° ind/cm? 1B
H2.01x10° ind/em® , 5 4 B2 AR Y IR (E IS IS 3 a SR80 IS HH B/ IR 1) 38 A0 i 28 0 — B

2 #4ERA A (1B 6 2 #-Granite) ;2 #4655 TE KSR ANt BB 25 (10 25 A5 B T 40 3K 2 AN 2% B 38 0
HES, IRHEAEBERM G E a fF 70 KiEFIWEME, (64 89.47 pg/cm”; FHRAYNILE 60 K, K 27.69 pe/
em’ A6 7 TE G 4 it 2 2 R A B IS ] Sh 70 K (B 3.27%10° ind/em? ; HRE 50 KISk IE(E , hy 3.85%10°
ind/cm?,

2 #ENE (816 2 #-Tile) .2 #& AL EAKMAFR A P & B A WA R IC B 2R, R4 E a 78
70 FIBWEAE , TrEBIALE 30 K, HUEAE 3 9 47.52 wg/em? 25.18 pg/em®, JIEFRZN 25 BEAE 70 TS B I
HEE 50 RET LR 4> H24 1.74%10° ind/em? . 2.52%x10° ind/cm?,

It FIRAHT 1 #F0 2 #AN IR 23 (]2 R AR ) e kW0 ) [B) A7 AE W AN TR) R IG5 A B 2R A
HORIE AT R R 70 Kal 50 K i Hs s 60 K 50 Kal 30 K, 1 #1048 K A FUghs EItE %
AR R o BB EZES 1 /KRR SR 2 W 0 2 R TP, 2 #nh 4R 3R a T & X 5 1 40 i 2
FEAE 1 #M12 # B E LS,

Jaccard & %} Jaccard index
(=]
W
W

artificial substrates and vertical location

http ; //www.ecologica.cn



36 &

80

60

1#-1E R
—m—chla-1m  --O-cells density-1 m
—A— chla-0.5 m --A-cells density-0.5 m

g
Q
S~
on
=,
<
=
=
= &
%8
=
i ©
& o
TE
g
=
15
=]
3
o
=
=
0 A a2
0 10 20 30 40 50 60 70

Fig.5
100
80
£ 60
E
= 40
S
>
= 20
5
B
# 5
& ©
T §
E
=
3
=
8 25
o
<
=
0

Fig.6 Changes of chlorophyll a and cell density of granite and tile placed at different water column at No.2 station
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B ( Cladophora sp.) R F M 2LARERBMRA , THIF- TOKARRZ Bt ATE TR AR 00 RDRL LU ISR A B R RE R 6 5 22 11 4
B, A RREUONE A BRI A E Y AR bR th U R R o A WS R IEAEA s e AT M
AR AL « 1 7K IR E AR B A 2 R a VR B2 TOKAR T, 2 #005 HE BEE R 3 a ANAFAE & X
S, HIFEHEATRER 1 #1402 # B AR EYRNTUKEY) , ENTEAR A A K RAF HAHRATIA 1.5 m, 7EK K
R0 AR 2 BRI E T AT RE SR TIRAR , AOMAE BERN S R a TR bR W] R B AR S I A ) % AL
S RURIDIE 3 0 0 25 T o8 B PR DS T TR SR L 2RSS I T SR RS A, T A S 6 vh i 3 AR e S e
REG UL TR 2R 2 TR AR 1 SR ARSI, JL A0 2% B AR i B B P 22 57 AR TR
HhK AR (1) AE SIS A 30 e o A W i JIT s R B S A T K A R 3 ISR R 22 Ry 70 SRR 50 K sk A
FREIIA 60 K (50 KK 30 K, 5 4R 110 26 A i 2 A AE IS (B AF LU, 0O 6 52 L S Ak B 37 A A5 0 vh i o A R
AR TR I ) B DR T R T AR IR AR A R TP 22 W S AR A I
FA W 0 m>0.5 m>1 m>1.5 m, HIKFEE— IR AR )& 30 K™ BIRPZE A —e a5, IR IR T g e
IR A A 2530 v e X IalAR ELA AR 2 iR B ( MLverticillatum, L) JA¥E (P. crispus) ZEDUKAEY) , HARF X &
A BEZR IS AT RS T 250 T LU SO S AR WA R A T s i A i,

XHEIE A A AT R T A G AR i 2R A W i S PR SR B A I R A DG . AN Toetz 384 34
1 B K AT Valley W & SRR A2 o 22 A B M A AR 2SR 120 o) 6 Al b PR 9 7 A 8 9 AR T 7 o
AT B S R S e I A7 T A B B I i i e 1) S S B 1, Wl vk B2 i R Al i 3 AR R A Y
FRLER I 2 3 e AR TV JR A 2t A5 ) YRR IAT 3 SR N B S A A R A2 M R e Y R AR
BRI (AGP) 13 I AL & 8 F- b & AR W BB (50 0.065 mg/L>Y W e 4558 i R i BG11 K557
BEVR AT BN 5 = KRS K TR R TR, 55 97 N = K SR AR TR G el AT 30785 AGP A4l 8 SR Ak 1k
R, 75 28 5 /K BB B (B M 0.053-0.064 mg/L'> R X SEHFoe i T 5 FR A & A8 0 B, (HL 52 56
W55 RIRINA KA B AFTEAR R B 22 53 . ASBIFGEAT 1 A= 25 vh 4 AR e AR Wy i 02 B2l 1 18
B LA BB 32 B 2 R EEG 52 m T LU e 2R A8 A B 2K 48 A 1 R E IR 75 20T R RGETR A
W5,

4 ZEig

(1) AEZRYE PSR 8 1173 J& 117 T AR e Hoh LARESE RS NS N LA 6 LR e 2R AR e
ARSI ) AR S AR T KRR AN T AR A AR R — R T — R R —REE T TRIEE E]  TEAREAS 10 RZ LU
W5 ( Scenedesmus sp.) FIYEAT#E ( Fragilaria sp.) "N 3, 55 20 K3 40 KB} A& N FHE B ( Navicula sp.) 5152
¥ (Achnanthes sp.) S5 ( Pseudanabaena sp.) , 5 ¥ 2238 (Lyngbya sp.) AP HY, 5250 A W VL #H
223 (Lyngbya sp.) SFHE#E ( Navicula sp.) H 3,

(2) A5 FIEE it AR LT 6 A 35 2K 1) 988 2 ) o 21 20 0 200 i %8 8 ) b Z2 R PR X TS il 9 b o R
B A R YR B R DA — TR R UL AR WS e S AR PR ETC G R H R A &
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15 SFHR 55 A2 R BN TR BUG 26 A S R RR I 1) 52 ) 9

A I PERNZE R A O,
(3) AN[FIKIZRT AR B ANE REAE i GA A Y S VA P 75 IR (] A S 3 s e, KA ICHB Y
%é?ﬁéé’éﬂﬁﬁz%ﬁﬁ TR R I ELAT B 22 o i [ o) I A 10 R S P S B AR S i n 2 A
A X A S A W SR W (B ) I (] R4 T 44T, KA P 11 25 A s 2 A i 2 B W {174 I [ 4 0
60 Tc 50 K&k 30 K, ARG 2 70 KB 50 K,
(4) BTGB A R e A rp A R 78 S 852 AR IR 2 )

BT SR T SF |k SC kA SCRE BB B, B SOK R SRS N PG I AR f A KA P A ) iR
RAF AR AN RAE AL SR AR R 45 T B R I B
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