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ABSTRACT  Absence or redundancy of a certain nutrient in the water often limits
the productivity of epilithic algae. In this study, productivity of epilithic algae was
measured by a recently developed microelectrode, and the nutrient limitation in Wuling
streams was also examined. The highest productivity occurred at the Fish Observation
Deck in the midstream of Cijiawan Stream and Kaoshan Stream in January and April,
reaching 0.22 and 0.14 pmol [O,] mg[Chl a]” s™, respectively. The lowest productivity
was observed in Yusheng Stream, which was seriously polluted by agriculture wastewa-
ter, and at the Reproduction Field in the downstream of Cijiawan Stream. In July and
November, the highest productivity was observed in Taoshan West Stream (0.27 and
0.23 pumol [O,] mg[Chl a]” s™). Cyanobacteria was the dominant algal community,
comprising 58% of the total abundance. Our results suggest that algal nutrient limitation
couldn’t be simply predicted by nitrogen: phosphorus (N:P) molar ratio in the water.
Occurrence of nutrient limitation was influenced by algal community composition. N
limitation occurred at the site dominated by filamentous cyanobacteria. In conclusion,
the growth of epilithic algae was mainly N limited in Cijiawan Stream, which is the only
habitat of Oncorhynchus masou formosanus. Therefore, inputs of fertilizers and sewage
pollutant should be monitored and prohibited in order to maintain water quality and
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avoid algal bloom, which may lead to deterioration of the stream water.
Keywords: nitrogen, cyanobacteria, microelectrode, Oncorhynchus masou formosanus,
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W AR SRR R A RE R 4 R E A4k
4 FE % (Hansson 1992) » LK R HEE
(Lamberti ef al. 1989) > ifi7KIg B g2 th /2 & &4
1C8AVIEE(Oncorhynchus masou formosanus)gs
FHIEPIACE (B 2008) o B A5 HHT 4 Bl
BEERAHRL - ZFFF SRR WO/
(Phinney and Mclntire 1965) ~ S%:(Lowe et al.
1986, Lange et al. 2011) ~ =& E&(Peterson et al.
1983, Stelzer and Lamberti 2001) ~ 7KiF 5%
(Rosemond 1993) ~ it #(Wellnitz and Poff 2006)
% o MR (A B SEHY AT » (15
At A By 2B B A A B R E
i o = ' Ry I 4 5% B 4E & P 7 (Borchardt
1996) - A& E(N) ~ 1 (P) Fe by ST AR RIS (Si) -
B2 H) S B A& R R AR RS
4EREBTHAE(Tilman et al. 2001) -

KPR B ERREEYE
I (SRR A ) Z 2R - B R Eny e
% PR ] (Nutrient limitation) (Dodds et al
2002) ; FRAIMTASEEA RAVEBEBIERC)
N~ P [AE— LR B EE 5 a o Al
Si HATAATE R #a T amAyE 2 N PR
P [R7 - Redfield (1958) 755 s I
JREE T > BN CNP BYEEE
(Redfield molar ratio)#Z£F] 106:16:1 BF(LL4HAE
b & Ry LB - SRS EF R AR -
B H R EEEARZE I AlE R Ry
PREI=E - E7Kd NP EHEEA)R 20 B » H]]
HETREHIER P R > 7K NP EHEL/NR
10 - AIAREE 4 N R I(Borchardt 1996) -

R AR B IR FIAB e 45 R B
¥ &K Redfield Ratio HHEH(Pringle ef al.
1986) - ZA1f » AWIFEET 7K Redfield Ratio
BUEEREIEI TR SE AR &
BRHIAN—EZAKH NP HEHLILEZE
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(Luttenton and Lowe 2006) - Tank and Dodds
(2003) 572 F B A= 558 Y 2 2 (R 1) ] 5 B H A
FRAVEFEEAH AR - DL OTAD > B0 b AR S5
HEaREEKhea@Eag Rk NP EHIE
HEVIRI G B/ A E SR
RiE = BRI 3 42 - IR AR SR AT A 52
farfd e g R - AT IR SIS
A BRI EKE -

A 5T A FH AT 85 B 1Y A SR R
(microelectrode) 2K & HIFT 4= SRRV AE ZE ST © T
SRR Sy 2Rl AR 90-100 pum YA EEAS » AT
I R A S (b (umol L) » MitaE
B 1] ] 7 6 P P R 1 B A e 2
SRR  SRE S RN - SR %

and Dodds 2003, Ludwig et al. 2008) » {H [ 5T
TS 52 B 7K B e BB AR T8« T A
SRR W TR F S A R R AR AE B #)
4 4 FE S1F5FE(McMinn and Ashworth 1998,
Larkum ez al. 2003) > (RELARHSE H B2 F T
BREMBEET - 1. CREEONAEREEETS
HIBF 22840 5 2. AMAEREGH2&®R
Hil? 3. AR S S B REIHEE ?

MRHERTT A
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FE(EE 2010)  BIEHGHBRHE) LA S0
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ABTFER 2010 £~ (%) ~ TUCH) ~ £
(B) FA— (k) A 1E s i 1 £ 5088 7 e
TTER - REHER D B E R ILTEIRE#2) -
Bl o) ~ SUNRM#S) - BISWHS) A %
HOHHTHE(E 1) — AERE ARG sl
BRHB)EEITERAR - +— A BRI e HER S
=EHSFEAELT - HARPEE A TERIEY -

BRI TS T = SR DUREET
(Flowtracker Handheld ADV, Sontek/YSI, USA)
S EBERTAE AL BT SoK ok - A& 7KE
#(600XLM, YSI, USA)MIE/KE ~ pH ~ /K
BEE RoKPIERRE - DUBRE ST (2020e
TURBIDIMETER, LaMotte, USA)HI& /K F1%
J& o FHEK et 78 35 # [& 5 T(Spherical Den-
siometer Model-A, CSP, USA)A %A% B
I ¥ ENERIAA R - HIEEE R iEEK
HfsE &SRV E oL BIRE SR - K
HrE BB IR E R EBRIE K  fRER
-20°C JKAE el B B AT -

= BEIRGIER

PHIEBE R 12 B AN ARG
FA(EIK49 10-30 em) B 70 AFHEAK - T

R AESH _O——FEE _+—BE =W
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P R S AR SRR AR A T R B R

TEIAE I AR K A LS o > W B IR [A] 2
HETERERNINE - B RyEsIH K57 R
ANIIN K P YR E SR » & =82E - Eig
ETFHEES R 25 emx20 cmx14 ¢cm
HIBE ST FI7KET » S EA S ATHIIEK » B A TE
i | ] e i N I | == 4 & D
154 /B 15 (Metal Halide Lamps 1500 W, VEN-
TURE, USA)FEGTHT 435808 - BUBH AR >

1o S 2B S P 2 R FE PRI AE 750~850 pmol
photons m™ s« 43 I B BB RANAT 1% T 57
SEEE > HIE — I AR A R E L EETH
AL ER) DR EBENIFIEES
HREERT KA SERFIBE o MR
BB EBRATE R AR B 5 h 35 B
b A=A e B IR > AR IS Sk B % 4w
oyeE > MRS A REERIARA - 14
UB A EMCHI R E DU E M A
ERki e T oD ik iy = RTIE - 1
BN ESFRBENRR 22 EYEN
P WEbEAEYES PR EF R - )
e 3t T T A S SR BOE FUB T R [ 40 = 4
$ > RILAE B DL Ty $ R I B HRE R -

b A S E A o PR DA B A I A BE A
a(Chl a)RFEREE(LIR - BIA M A
07 o It AR A R E S B R MUA A EK
(0X-100, UNISENSE, DENMARK) » & JIfff 4
SEIERTE SR E (Diffusing Boundary Layer, DBL)
RS EEARETE - AR Jergensen and
Revsbech (1985477774 » LAUNFIAGHE T
BN ERELE

J=D xA[0,] / Z;

Hep T RS R EE R (umol [0,] m? s7) -
D Fy/Krb S AR B (em” s™) o A[O] Btk
BHE TR 2RI ARREEIE (L E (umol
L) © Zy Byl SR (um) -
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F 1. ZHEA—(an.) ~ —(Feb.) ~ PU(Apr.) ~ t(Jul.) &z+— B (Nov.) S IEIBE R T &k
Ay G AAOR(C) MHEME(S/em) jfis(m/s) ##[E(%) DIN(mgL) DIPmgL)  N/P

#2 8.04+£0.00 186.00+0.00 0.40+0.18 48.7 0.71£0.03  0.02+0.00  45.13+11.03
#4 8.04+0.00  262.00£0.00 0.41+0.06 14.1 2.76£0.23  0.02+£0.00  137.94+3.12
Jan. #3 5.46+0.01 222.33+0.33 0.49+0.10 71.5 0.44+0.07  0.02+0.00 27.60+4.54
#5 10.11+0.00  249.00+0.58  0.87+0.23 38.8 1.67+£0.20  0.02+0.00 66.14+8.17
#9 11.24+0.00  333.00+0.00 0.52+0.11 39.8 4.62+0.48  0.01+0.00  444.34+71.09
Feb. #4 9.73+£0.01  255.00+£0.58 0.28+0.10 12.8 2.33+0.02  0.03+0.00 89.50+5.36
#3 8.25+0.01  224.00+0.58 0.26+0.06 78.1 0.54+0.08 0.03+0.00 20.01+4.70
#2 10.32+0.03  190.00+£0.00  0.70+0.29 48.4 0.59£0.16  0.01£0.00  56.06+18.85
#4 11.86+0.00 236.67+0.33  0.29+0.09 16.7 1.74+£0.37  0.02+0.00  81.26+33.31
Apr. #8 11.61+0.00 243.67+0.33  0.60+0.06 73.7 0.90+0.05 0.03+0.00 33.67+0.39
#5 12.23+0.00 246.33+0.33 0.77+0.18 42.7 1.36+0.05 0.03+0.00 55.3442.87
#9 14.40+0.00 391.67+0.33  0.48+0.24 50.3 6.43+1.02  0.01+0.00 933.97+296.38
#2 13.67+0.00 213.00+£1.00 0.83+0.14 513 0.56+0.05 0.01+0.00 45.15+£3.49
#4 14.21+£0.00 281.67+0.33  0.66+0.06 14.1 2.47+£0.05 0.01+0.00 168.60+8.91
Jul. #8 14.00+£0.00 243.33+0.33  0.66+0.07 91.2 0.74+0.04 0.01+0.00 63.74+3.56
#5 14.53+£0.00 237.00+£0.58  0.63+0.11 39.8 1.73+0.03  0.02+0.00 93.36+5.66
#9 15.67+0.00 373.33+0.33  0.50+0.15 50.3 5.90£0.50 0.01£0.00 469.77+46.47
#2 11.20+£0.00 167.7£0.30  0.73+0.06 51.8 0.66+0.25 0.01+£0.00  46.04+19.93
#4 12.50+0.00 241.00+0.00 0.67+0.14 12.8 1.93+0.51 0.02+0.00  86.60+23.89
Now. #8 11.40+0.00  195.33+0.03  0.72+0.09 81.0 0.77+0.09  0.02+0.00 33.56+5.12
#5 10.20+£0.00 216.00+£0.00 0.66+0.15 333 1.70£0.04  0.03+0.00 62.67+2.10
#9 9.90+0.00 263.00+£0.00 0.41+0.05 46.1 6.05+0.11 0.01+0.00 515.82+25.03

B L) Mean=SE FoR(n=3) 5 BKLLITEZ#2) ~ Bl E#4) ~ BIESHS) ~ mLULIEHS) ~ ARIZ(H9) 5 DIN TR
Vi frEf#% S (Dissolved inorganic nitrogen) » DIP FRIAMEME M4 (Dissolved inorganic phosphate) » N/P 3=
TR E B RELLE

W 111205B R /AFE £ .indd 14

JEREHL Chl a - FIERFRRN 10%H TR AR
7 TR T FEH YRR
THAHRCHIAR S B - fg R B R ST =
4 FE > S KE BE WY 25 18 (Oemke and Burton
1986) - AR LIPREE 77 R ARHH » 73 Al Ky
4% iR &% 5 (Filamentous chlorophytes) ~ %7 53
(Diatoms) ~ %4k B% 4% & (Filamentous cyano-
bacteria) Kz K Ik B% 4% 1 (Coccoid  cyanobacte-
ria) > SEEFHSYEE F TS Cox(1996) ~ T+(2008)
J2ER(2009) -

BB AH 73 BI04 % $ (NaNOs) 1F £y 5
HI(N) » IR IOmE I — 81 (KH,PO,) 1t i
(P) » RIS FOR & B N: 6.6 gL' » 5 mL
&Psm@Llwnmoﬁ%@ﬂmm¢%”

o8N HMRIE % NI E R E
Jﬁﬁﬁﬁ%EQMﬁm%%’ﬁﬂMWDN'ﬂ8g
L'>5mL BP:56mgL' > 5mL e J{igsE
1% - HEUKELNE é/%V%ﬂE N: 6.6
mg L' P:0.032 mg L™ AR M KEL A&
BEAE AR ZE N: 17.8 mg L+ P: 0.056 mg
L'

12

7K 7 fiE 1 4 14 5 (Dissolved  inorganic
nitrogen, DIN) & NO; ~ NO, ~ NH, JEE4& ] »
JETE BRI & DAEE T /@M€ (Tons Chromatogra-
phy, Dionex, USA)#ETT 73 Hf7 - /K i i R it
t# (Dissolved inorganic phosphorus, DIP)43#7
T3 7 (5 Y B I W w8k $H LG 5725 (Murphy  and
Riley 1962) » L4334 F(U2001, HITACHI,
JAPAN) A £ 880 nm JITE PO, JEFE -

i~ SEtotr

YR F T RIBE(n=5) K R Efi(n=5)[H 2= 52
DL Two-way ANOVA #Ef 75 [5]85 15 4347 » {55
SAS (ver. 9.D)EREG I - INE R ARG SR %
T T L RN SN LT
BT T A (Clarke and Warwick 2001) -

WA A i AR I E B R 2o
EREEZER > [ Paired t-test #ETTS3HT - £
PR F- B A ¥ 8 B B X - A AH B o0 A
HIJFIFH K7 B A A B 441 (Pearson correlation) »
{5 F SPSS 12.0 &RTERAGH#EIT53HTT «
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FHEEER TR 1 KCRERE
P E 22 (13.67-15.67°C) 15 It % 2= (5.46-11.24
C) o BRI AT F#2 145 HE(0.40-0.87
ms") o ZEETKBREZENIH9 FE - K
DIN JEFE By 5 0% 55(4.62-6.43 mg L) » %
S S E R B A JIE K b DIN R
K (1.74-2.76 mg L) » A By li@his i/ Vi
#2 F#8 Sl > /Kbt DIN S I {i(0.56-0.71
mg L 7 0.44-0.9 mg L) - 5082 & MK
1 DIP JERER S » /172 0.007-0.03 mg L - &
LK o NoP BEELER B @A 20 » #9 JAlEAK o
N:P ELHEEA[ZEE] 400 DL -
2 2. MBS Chla 2 R AR B ZRE ROH
I [ Sy

P R S AR SRR AR A T R B R

HARE(E 2) - — H Z#9 kT A% Chl a
BTS2 400 mg [chl a] m” o A BT/ DAJ#HS
B4 SHINE A PRSI A4 S50 Chl o SR - 43
Rk 10.33 K 14.09 mg [chl ] m™ » G:#4 5
Ah > i AEESE Chl o BEAA TR S > +—H
ARG A MRS & M5 4 558 Chl
a EFEFEE AR > P15 Chl a JEEE 11.89 mg
[chl a] m™ - [Fff4E556%8 Chl a AR ELKd DIN
S (p=0.002) Fz/K 1 N:P ELHEE(p=0.006)F
FEETEAHRAGR 3) » BERITAESE Chl o ke
7K DIN A INMmIE -

R 3. VIR T EBREIN TR AT EER (n=T5)

M4 Chla e 4RSS

Chla EEH

r p value r p value
7K 0.007 n.s. 0.125  ns.
BEE  -0.057 ns. -0.117  ns.
TR -0.039 n.s. 0.169  ns.
DIN 0356  0.002** -0212 ns.
DIP 0.065 n.s. 0011  ns.

N:PRatio  0.348 0.006*  -0.236  n.s.

B9 HEEEH FE pE GHEESET FE pHE

D (As 4 1.689 16.90<.0001 4 0.901 17.50<.0001
&S] 4 0.789 7.90<.0001 4 0462 8.96 <.0001

XEAEA 13 0.170 17.00 0.086 13 0.213 414.00 0.0001

600 -

ZAN
7
b

500 -

I
S
S

Chl a i & (mg [Chl a] m™%)

2. BZMIEAEH (3435 Chla JRRE
Ll meantSE FrR(n=3) - il s 25 5T

=

=~ IffAeEE Chla RS

b AE3588 Chl a R HINE(p<0.0001)52
FHfi(p<0.000)EHHHE Z (R 2) - ZEE
TR EEIHO ik - A2 35 8 Chl a =R

ERAESEHR _O——FE _+—EF =M

*p<0.05> **p<0.01 > n.s.=none-significant.

= AR E D

bt 2B S AR A T R B A B
SEAER(p=0.0001, & 2) - TRA—H#2 H
Wb AR S A T Ry B R = ([ 3) - o3 )
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3. R [E b A= AR 2 7> DL mean
ISE FoR(n=3) » T Fy 2 MBS A5

#0.27 K 0.24 pmole [O,] mg[Chl a]” s - #4
SREF AR SSEE A 2 I — B R 2 Ak = 0 2
0.22 umole [0,] mg[Chl a]™ s™ o #9 J#5 ik
b AR5 AR T AT WA G > SRR A= e
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A E R (%)
e R (%)

100

100
80 - 80 -

60 60 -

AEHER (%)
YR (%)

40 40 A

20

20 4 A A 1
0- 2} 0
#2 #4 #8 #5 #9

4. FMEAE A O3 AR REE R (@) — > ZH (b)) WA (o) £A () +—H ; il

RS AR R
A SRR B EIRIE IR T HHRE o A R
ERiRERE 33 IRAREESR SRBESR

HEAGE  pf{E MHEAGE  pE HEGE  pE GislERER plE
7K (C) 0.174 n.s. 0.025 n.s. -0.307  0.030% 0.100 ns.
HFEE (uS/em) 0.133 n.s. -0.303 0.032* -0.107 ns. 0.276 n.s.
BEE (%) 0.093 n.s. 0.450 0.001** -0.323  0.022%* -0.233 n.s.
T (m/s) -0.027 n.s. 0.267 n.s. -0.285  0.045% 0.066 n.s.
DIN (mg/L) 0.063 n.s. -0.200 n.s. -0.192 n.s. 0.347 0.014*
DIP (mg/L) -0.153 n.s. 0.118 n.s. 0.187 n.s. -0.144 n.s.

*p<0.05> **p<0.01 > n.s.=none-significant.

AEESI53 7 R 0.04 J2 0.03 pmole [O,] mg[Chl + TR AL
all s A RSN AR A E R b T RIEIR 2 IR A SR SR A P DUBE

SRR TERAGESS - #4 JNERI L FHE LN Ry BEBA(E 4) - FELASRHIREESKERYETR
b AR AR T - MR TS SRR (R (Oscillatoria spp.) &KERIREESKIRHY Chroococcus
3) - Bt ARSI AR 7 T BAERIS R G BE Y spp. WA & Y S 4k B 4H Ak > I B
TERBAME - 58% o &MIREELREMHET & EK T DIN 2R

HHEIZIEHR(p=0.014, & 4) - BRIREE LR

14 B AESEH _O——FF5 - —&FH =M
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R R B KR (p=0.03) ~ 37 3E(p=0.045) K, 78
FEE (p=0.022)H HE A MHRH - &pikékE F 2L
Wl 5% (Cladophora spp.)4HEY B 2x(£ H)&wik
CREHIRE 4 RATH2 Ba#9 JnL(E 4c) - Firfh
R 5 B Ry 93% K2 76% = B3 HIAHS S
AR S VS SR (B 4) » M S
B 5 [ A B IEAHRA (p=0.001) » BE/K R 18R
[EAEE AR (p=0.032, & 4) > +—HZHf
AT AR A B DA SR BE A B LY S5 Ry T (18
4d) -

.~ MR SER Y E B

ERENIERGERERE 5) > N IR
SEAJRUUFH2 a5 Hlh(p=0.024 Kz p=0.014) >
£ H#4 Huhi(p=0.04) » {HZZHIEILARA P IR
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