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Abstract

The landlocked Formosan salmon (Oncorhynchus masou formosanus) is an endangered species, that
occurs only in the upper Tachia River of the Wulin area of Taiwan. As epilithic periphyta are the main
primary producers of the river, this study was intended to determine their biomass and species

composition, using the non-matric multi-dimensional scaling (MDS) analysis. The results showed that
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there were significant seasonal differences in algal biomass: higher in spring and winter than in summer
and fall. Diatoms were the most abundant species, contributing over 80% of the total number of the
periphyta collected. Most of them belonged to pennatae, of which the genus Achnanthes was the most
abundant at all sites. Values of chlorophyll-a were significantly higher in the Yeaushen Creek than other
creeks. Algal communities also varied among the creeks. The results of BIOENYV analyses suggested that
water temperature, SiO2 and current velocity were the major factors causing the seasonal variation of the
periphyton community in the creeks of the Wulin area, while water temperature, pH, conductivity, DIN
and SiO2 were the causes for the spatial variation.
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Fig. 1. Sampling sites (A-L) at the four creeks of Upper Tachia River in the Wulin area.
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Table 1. Water qualities (mean+=SD) at 12 sites (A-K) on the Upper Tachia River in the Wulin area,
March 2003 to March 2004 (A : Taosan North Creek; B, C, D, E and F: Chijaiwan Creek; G, H and I:

Kaoshan Creek; J, K and L: Yeaushen Creek)

Taosan North Chijaiwan Creek

Kaoshan Creek Yeaushen Creek

Creek
A B C D E F G H | J K L
Temperature 11.443.0 114429 11,721 122418 12.442.3 10,8231 113429 16427 116425 134436 13,5436
(c) 74-15.5 73-16.5 73155 £.5-15.0 9.6-15.0 9.8-16.0 5.1-15.0 6.6-152 79:152  B0-150 B.6-18.5 8.3-18.5
DO (mg/L) 0.R£1.2 10.11.4 9.9+1.6 10.0£1.2 1001 4 9.7£1.7 10,410 103414 104£1.3 102413 9.9+1.3 10.121.1
75114 8.2-13.2 8.1-13.1 83-12.1 6.9:12.3 74123 82-11.3 7.0-13.0 0125 6E-121 7.3-122 80-11.2
Turbidity (NTU) 0142011 0142012 0122011 0.140.13 0.25:0.17  0.29+0.23 026020 025017 0.22:018 021018 042026  0.39:0.2]
0.01-0.35 001039 0.02-030 002037 007058 005067 0.01-062  0.01-052 005053 002054 005063 0004068
BOD (mg/L) 060+0.39 0632027 0644035 0605044 D60:039 063048 0555045 0692026 047035 077044 083043
003140 05108 0.02-1.04 005121 0.00-1.23 015132 03163 005170 020100 001-1L11 0.01-1.55  0.73-1.59
pH BAGK0.28  K22:025 836043 E25:0.37 8395028 H43:031 E314024 8335020 8322023 772:064  S50:033  B63:028
8.12-9.07 796-8.56  7.85-9.14 7.95-9.20 09910 T6S-ES9  TH0-854 807866 R13886 09882 805905 S158%9
Conductivity 2334453 124+19.4 134228 4 1632345 1762366 165£32.0 149+26.3 1524279 1554288 165+34.5 2644555 2894545
(pus/cm ) 200350 90-170 90-190 110230 130-250 130-230 125-200 130-200 130:210 130220 210-390 230-320
Si0; (mg/L) 6.14£0.74 300066 3.97£1.01 4.21£0.74 4.44:0,98 4,370,600 4.83£0.45 4,99:0,75 5054092 4642066  4.38:0.80 456115
5.00-7.01 305507 288-6.43 333546 270-627 3384534 422563 396-593  366-6.61  I6E602 309604 280563
DIN (mg/L} 02370046 017320083 0.190:0.079 12051039 18920650 117240731 05110989 042040657 015320064 258422401 5955:5396 6.566:3.393
01150620 D.069-0.368  .010-0.337 02314011 04692912 03612915 00932212 0.093-2212  0.064-0.270 0.039-7.574 2820-18.620 0.263-11.928
Current velocity  33.2141484 590422215 288242108 764843052 76.53:22.41 767142377 75094896 874742050 52041427 349141023 533322387 426941533
(em/s) 15.00-60.14 15129782 7246000 143312260 334811755 S591-118.15  65.99-88.50 5534-122.03 64.00-110.90 1593-55.10 24.00-9429  31.75-66.67
T{)lﬂl P f [I1g,-"f_ ‘. O016£0.020  0.03420,040 0015£0,015 002120047 001020014 001420030 004120054 00270051 001420018 001620020 0.028+0,032 001140016
0L000-0.056 00000116 0,000-0,040 0.000-0.173 00000049 0,000-0, 108 0.000-0.146  0.000-0,188  0.000-0.051 0.000-0,047  0.000-0.111  0.000-0.049
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Fig. 2. Groupings of periphyton communities by sites (A-L) on the Upper Tachia River of the Wulin area

based on the Bray-Curtis similarities in the logarithms of species abundance data from the MDS analyses
(Group I, Site A; Group |1, Sites B-F; Group |11, Sites G-I; Group 1V, Sites J-L).

Winter

Spring
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Fig. 3. Groupings of periphyton communities by months (1-12) on the Upper Tachia River of the Wulin

area based on the Bray-Curtis similarities in the logarithms of number of species abundance data from the
MDS analyses (Spring, March; Summer, April-October; Fall, November; Winter, December-February).
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Table 2. Percentage contributions of microalgal species to average spatial similarity of periphyton
communities in the Upper Tachia River of the Wulin area (I, Taosan North Creek; Il, Chijaiwan Creek;
111, Kaoshan Creek; IV, Yeaushen Creek)

I 11 i I\Y
Average similarity within each site 39.88 38.37 41.64 34.59
Species
Bacillariophyta
Achnanthes atomus Hustedt 16.13 18.18 1737 15.52
Achnanthes lanceolata (Brébisson) Grunow 9.76 5.55 11.38 6.65
Achnanthes minutissima Kiitzing 6.88 5.04 7.57 12.51
Achnanthes spp. 18.26 18.48 28.30 17.82
Cocconeis pediculus Ehrenberg var. pediculus 523 1.48 1.33 3.26
Cocconeis placentula var. euglypta 15.11 9.22 1.53 6.07
Cymbella cymbiformis var. nonpunctata 0.91
Cymbella minuta Hilse ex Rabh var. minuta 1.99
Cymbella sinuata Gregory var. sinuate 248 1.25 2.08
Cymbella spp. 1.66
Diatoma hiemale Heiberg var. mesodon (Ehrenberg) Grunow 2.64 1.01 0.60
Diatoma vulgare Bory var. vulgare 3.99
Fragilaria pseudogaillonii 2.53
Gomphonema dichotomum Kiitzing var. dichotomum 1.80
Gomphonema parvulum (Kiitzing) var. subcapitata 1.25 0.61
Gomphonema tergestinum Fricke var. tergestinum 3.40 1.72
Gomphonema spp. 7.71 2.12
Navicula angusta Grunow. 1.43 0.98
Navicula menisculus Schumann 1.07
Navicula spp. 431 1.30 1.33 0.72
Nitzschia spp. 3.86
Cyanobateria
Chroococcus spp. 471
Lyngbya spp. 5.70
Nostoc spp. 0.93
Oscillatoria spp. 8.62 14.87 222

Total 89.44 88.02 90.48 88.75
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Table 3. Percentage contributions of microalgal species to average seasonal similarity of periphyton

communities in the Upper Tachia River of the Wulin area

Spring Summer Fall Winter
Average similarity within each season 18.30 16.82 24.39 14.47
Species
Bacillariophyta
Achnanthes atomus Hustedt 42.88 23:51 21.90 30.63
Achnanthes lanceolata (Brébisson) Grunow 2.78 4.09 5.72 4.49
Achnanthes minutissima Kiitzing 5.21 3.67 3.68 3.63
Achnanthes spp. 10.57 13.32 17.14 18.11
Calonis sp. 6.34
Cocconeis pediculus Ehrenberg var. pediculus 4.35
Cocconeis placentula var. euglypta 10.64 27.93 33.67
Cymbella spp. 1.27 6.97
Fragilaria pseudogaillonii 2.09
Gomphonema sp. 2.12
Navicula sp. 1.11
Cyanobateria
Chroococcus spp. 1.20 2.67 3.39
Lyngbya sp. 2.63
Oscillatoria spp. 9.04 8.30 593 14.79
Chlorophyta
Cladophora sp. 0.9
Total 90.81 90.31 90.13 91.87
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Table 4. Percentage contributions of microalgal species to average spatial and temporal similarity of
periphyton communities in the Upper Tachia River of the Wulin area

gie  Taosan North Creek  Chijaiwan Creek Kaoshan Creek Yeaushen Creek
Season A B-F G-I J-L
Spring Achnanthes atomus Achnanthes atomus Achnanthes atomus Achnanthes atomus
Achnanthes spp. Achnanthes spp. Achnanthes lanceolata Achnanthes minutissima
Cocconeis pediculus Oscillatoria spp. Achnanthes spp. Achnanthes spp.
Summer Achnanthes atomus Achnanthes atomus Achnanthes atomus Achnanthes atomus
Achnanthes lanceolata Cocconeis placentula ~ Achnanthes spp. Achnanthes minutissima
Cocconeis placentula Oscillatoria spp. Cocconeis placentula Cocconeis placentula
Fall Achnanthes atomus Achnanthes atomus Achnanthes atomus Achnanthes atomus
Achnanthes spp. Achnanthes spp. Achnanthes lanceolata Achnanthes lanceolata
Cocconeis placentula Cocconeis placentula Achnanthes spp. Achnanthes spp.
Winter  Achnanthes atomus Achnanthes atomus Achnanthes atomus Achnanthes atomus
Achnanthes spp. Calonis sp. Achnanthes spp. Achnanthes spp.
Cocconeis pediculus Oscillatoria spp. Cymbella spp. Cymbella spp.

P, [ Hh [t v B0 A= P B A ] R sy LT B e 8 T 7 S b 2

Table 5. Two-way ANOVA of periphyton biomass expressed by chlorophyll-a among four seasons at the
four creeks in the Upper Tachia River of the Wulin area (I, Taosan North Creek; Il, Chijaiwan Creek; |11,
Kaoshan Creek; 1V, Yeaushen Creek)

Sources DF F-value  P-value Separation

Sites 3 23.43 <.0001 ATA (1A | G

Seasons 3 3.43 0.017 Spring"  Winter® Summer” Fall®
Site x seasons 9 2.64 0.006

a and b: significantly different between those with superscript a and those with b (least square means test, p< 0.05).
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Y B EE# » B BEL AR T - 1R
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Soininen et al. 2004 : Soininen and Koéndnen
2004).

2

2 T 5 52 0 A B A v R B 2 ]
Bl Z 725 MR LAY e > oS
v e S i A B 80% LA [ o i vt B A v
J& > HAEREE - SIng - Skildbg kG
B2 TR A RE N - WS R LA
WiEhkeE » BERESE - KRTAERE
B AR G B 2 5 - TRl IR
13 A7 (P BR BE R 2 19 B Bl e Sl > T 2
P B 22 ] o AT W BR B IR 7 E 2 A5 /KR ~ pH
fiEl ~ R ~ MRS S YR o
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