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Abstract

| Xeruca formosensis is an endemic genus and species in Taiwan. Distributed main-
ly in the supratidal zone of the mudflat coast, Xeruca formosensis has suffered from
habitat destruction for decades, heading towards serious population decline and almost a
threatened extinction. This study focuses on six stable populations of Xeruca formosen-
sis in the tidal zones of Taiwan from 2019 to 2021. Our study was conducted in Siang-
shan Wetland, Gaomei Wetland, Dadu estuary, Choshui estuary, Pachang estuary, and
Tsengwen estuary. A total of 14 crab species from 185 sampling plots (4 m” per plot)
were recorded. In addition, we have included 124 sampling plots for soil texture, and 79
sampling points for hydrology and water quality. Previous data collected from 1992 to
2018 were analyzed to understand the growth and decline of Xeruca formosensis, and to
explore habitat characteristics and changes in different habitats in Taiwan. Xeruca for-
mosensis was mainly distributed in loamy sand, sandy loam, and sandy clay loam in the
high tide area along the riverbank, reaching upstream to as far as 3-6 kilometers from
the sea shore in the Dadu estuary, Choshui estuary, Pachang estuary, and Tsengwen estu-
ary. By contrast, distribution of Xeruca formosensis along the coasts in Siangshan Wet-
land and Gaomei Wetland was probably due to the long-term fresh water discharge from
the surrounding area. Analysis show that the Shannon’s index was higher in both Gao-
mei Wetland and Dadu estuary than in the other four sites, and the largest population oc-
curred in the Choshui esturary among all sites. In the detrended correspondence analysis
of 14 crab species in 185 sampling plots, we found that the composition of crab species
in the Choshui estuary was different from those in other geographic regions. Artificial
developments, artificial planting of mangroves or coastal erosion are a threat to the hab-

itats of Xeruca formosensis in Taiwan. Currently, the most populated areas of Xeruca
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formosensis are only listed in Taiwan’s Wetlands of Importance, but not included in the

wildlife sanctuary. The Choshui estuary and Taixi Sea Park are currently not protected

by any laws, and these habitats can be developed and used at any time.

Keywords: Xeruca formosensis, Siangshan Wetland, Gaomei Wetland, Dadu estuary,

Choshui estuary, Pachang estuary, Tsengwen estuary, soil texture
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Fig.1. Xeruca formosensis sampling stations in the tidal zones of Taiwan according to estuary and

geographical location (Siangshan Wetland, Gaomei Wetland, Dadu estuary, Choshui estuary,
Pachang estuary, Tsengwen estuary).
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Table 1. Twenty-three sampling stations in six geographical regions of Xeruca formosensis habitats in the

tidal zones of Taiwan.
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Fig.3. Histogram of Xeruca formosensis habitat area size in 23 sampling stations in the tidal zones of
Taiwan.
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2. ZEFERIEH 185 [EFkE 14 BEEHIE BB ER BT R

Table 2. Number of plots and individual numbers of 14 crab species in 185 sampling plots in Xeruca

formosensis habitats, in the tidal zones of Taiwan.

BHMREER - DMBERER

RIFEHED

MR 4mE THIm .
Yot - WROpRAE ERAm O
STDEV.S
B Wb B
Bl Xeruca formosensis 185 10107 13.66 43.12
i if —g s Tubuca arcuata 152 3402 5.60 18.31
Y9 @ 332 Austruca lactea 145 8196 14.13 46.23
A Gelasimus borealis 8 105 3.28 3.27
R S Ilyoplax tansuiensis 6 42 1.75 1.38
& P rr g Tmethypocoelis ceratophora 8 111 3.47 3.06
@L_}% * P {# Macrophthalmus banzai 8 111 3.47 4.00
A EE Helicana doerjesi 70 756 2.70 6.73
R o Helice formosensis 91 966 2.65 7.33
2 RECE Metaplax elegans 6 54 2.25 1.66
VT HLERAR £ [ Parasesarma affine 22 123 1.40 2.00
B 524 £ {®&  Perisesarma bidens 17 99 1.46 1.89
% ‘}?‘ L&A Scylla serrata 1 1 0.25 0.07
% J% [f] g {3 Cardisoma carnifex 1 1 0.25 0.07
3. ZEEHIREE o BRI By & N SR D R S AR TR

Sy an;

Table 3. Statistics of crab individuals in Xeruca formosensis habitats in six geographical regions, in the

tidal zones of Taiwan.

Number of Individuals

ZER VBT Ao b BKE MIRY ERRA ARG

ZEE FREE DR Sk E%E RURE

sampling plots in 411 Eicr =0 Mk =y N = R jgRE IR 9 BT TR T fE R
FUEH 30 MAX 144.00  87.00 246.00 0.00 0.00 0.00 0.00  36.00 9.00 0.00 9.00 6.00 0.00 1.00
AVERAGE 68.00 25.50 94.80 0.00 0.00 0.00 0.00 7.90 1.10 0.00 0.90 0.40 0.00  0.03
STDEVA 33.97 25.60 51.65 0.00 0.00 0.00 0.00 9.10 2.43 0.00 2.25 1.52 0.00  0.18
R 47 MAX 117.00  57.00 144.00 18.00 0.00 18.00 18.00 21.00  39.00 0.00 9.00  12.00 0.00  0.00
AVERAGE 46.02  15.83  60.19 0.57 0.00 1.28 1.15 5.62 5.04 0.00 0.77 0.96 0.00  0.00
STDEVA 26.15 13.63  37.24 291 0.00 3.99 3.62 6.46  10.11 0.00 2.12 2.59 0.00 _ 0.00
KREEZEL 27 MAX 78.00  57.00 159.00 0.00 12.00 24.00 6.00 27.00 21.00 12.00 9.00  12.00 0.00  0.00
AVERAGE  30.56 19.00 28.00 0.00 1.33 1.89 0.33 8.89 6.56 2.00 1.67 1.11 0.00  0.00
STDEVA 17.37 1545  40.29 0.00 3.36 5.83 1.27 7.78 6.86 3.99 2.92 2.78 0.00 _ 0.00
AR 26 MAX 186.00  36.00 138.00 0.00 0.00 0.00  48.00 3.00 27.00 0.00 0.00 0.00 0.00  0.00
AVERAGE  119.77 5.65 8.19 0.00 0.00 0.00 1.85 0.35 6.81 0.00 0.00 0.00 0.00  0.00
STDEVA 50.60 8.33 2771 0.00 0.00 0.00 9.41 0.98 6.71 0.00 0.00 0.00 0.00 _ 0.00
JUER 5  MAX 36.00  75.00 135.00 9.00 3.00 0.00 0.00 6.00 0.00 0.00 0.00 0.00 0.00  0.00
AVERAGE 18.00 36.60 49.80 1.80 1.20 0.00 0.00 1.20 0.00 0.00 0.00 0.00 0.00  0.00
STDEVA 1142 22.69 49.23 4.02 1.64 0.00 0.00 2.68 0.00 0.00 0.00 0.00 0.00 _ 0.00
ESOEIT 50 MAX 111.00  78.00 126.00  33.00 0.00 0.00 0.00 0.00  18.00 0.00 9.00 6.00 1.00  0.00
AVERAGE  37.50 21.00 26.10 1.38 0.00 0.00 0.00 0.00 6.72 0.00 0.30 0.24 0.02  0.00
STDEVA 3149  18.13  26.64 5.43 0.00 0.00 0.00 0.00 6.11 0.00 1.52 1.02 0.14  0.00
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Table 4. Relative importance value of Xeruca formosensis habitats in six geographical regions, in the tidal

zones of Taiwan.

: BERE JUEE O JhT KR MIRY] Bk I ERE AR Rk SaE Eed WRE
Number of sampling plots oy ooy e rmw M mem Wtk 5% M % BTN ETM 9 i
FHUCEH 30 MAX 85.71 3793 7593 0.00 0.00 0.00 0.00 17.78 9.23 0.00 5.48 3.28 0.00 0.82

AVERAGE 4433 1591 32.61 0.00 0.00 0.00 0.00 5.17 1.10 0.00 0.65 0.21 0.00 0.03
STDEVA 17.83 12.58 19.13 0.00 0.00 0.00 0.00 4.94 2.25 0.00 1.61 0.79 0.00 0.15
=R 47 MAX 86.70 57.10  90.20  26.10 0.00 590 1670 20.30  23.10 0.00 20.00 17.40 0.00 0.15
AVERAGE 4159 15.77  29.02 0.74 0.00 0.37 1.32 481 3.83 0.00 1.18 1.37 0.00 0.00
STDEVA 2024 1452 18.54 3.99 0.00 1.18 3.97 5.48 7.01 0.00 3.74 3.74 0.00 0.00
KEEZEO 27 MAX 9230  58.10  72.60 0.00 12.80 10.00 6.90 2690 23.30 1430 12.50  14.30 0.00 0.00
AVERAGE 3933 21.64  14.00 0.00 1.41 0.59 0.38 9.37 7.66 2.06 2.06 1.53 0.00 0.00
STDEVA 2397 15.00 17.09 0.00 3.55 2.06 1.45 7.30 8.18 4,22 3.63 3.54 0.00 0.00
KGR 26 MAX 100.00 3450 76.70 0.00 0.00 0.00 25.80 2.20  20.00 0.00 0.00 0.00 0.00 0.00
AVERAGE 82.16 5.81 5.63 0.00 0.00 0.00 0.99 0.21 5.21 0.00 0.00 0.00 0.00 0.00
STDEVA 23.30 9.08 17.04 0.00 0.00 0.00 5.06 0.59 5.28 0.00 0.00 0.00 0.00 0.00
J\ERI 5  MAX 41.40 82.00 69.20 11.80 3.40 0.00 0.00 6.90 0.00 0.00 0.00 0.00 0.00 0.00
AVERAGE 22.18 43.86 28.88 2.36 1.34 0.00 0.00 1.38 0.00 0.00 0.00 0.00 0.00 0.00
STDEVA 1408 24.03 24.50 5.28 1.84 0.00 0.00 3.09 0.00 0.00 0.00 0.00 0.00 0.00
MSELT 50 MAX 9720 76.50 7240  40.00 0.00 0.00 0.00 0.00  30.80 0.00 11.50 8.20 3.10 0.00
AVERAGE 4277 2556 19.33 2.37 0.00 0.00 0.00 0.00 9.12 0.00 0.44 0.34 0.06 0.00
STDEVA 25.01 20.14 20.37 8.21 0.00 0.00 0.00 0.00 8.34 0.00 2.18 1.44 0.44 0.00
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Table 5. Shannon’s diversity index in 185 sampling plots in Xeruca formosensis habitats in the tidal zones
of Taiwan.

Sample Index Evenness Num.Spec. Sample Index Evenness Num.Spec. Sample Index Evenness Num.Spec. Sample Index Evenness Num.Spec. Sample Index Evenness Num.Spec.

£F1-1 054 077 2 125 077 5 086 0.62 4 18 0.00 0.00 1 ¥2-10 129 0.80 5
£12 078 071 3 091 0.83 3 136 0.85 5 ®2-1 024 035 2 ¥2-11 142 088 5
£1-3 065 094 2 149 093 5 1.50  0.94 5 ®2-2 038 0.55 2 %2-12 116 083 4
£2-1 098 071 4 155 0.96 5 135 0.84 5 ®2-3 0.60 0.55 3 §2-13 087 0.79 3
£2:2 098 0.90 3 156 0.97 5 149 0.92 5 #2400 1.00 072 4 %2-14 079 0.72 3
£2-3 082 075 3 147 092 5 1.80 093 7 #2-5 100 072 4 %215 1.00 091 3
£3-1 1.05 096 3 121 087 4 1.68  0.86 7 #2-6 045 041 3 %2-16 137 099 4
%32 0.69 099 2 1Lor 092 3 141 079 6 27 034 031 3 %217 1.06 0.96 3
£33 0.84  0.60 4 1.04 094 3 1.58  0.88 6 28 045 041 3 ¥2-18 117 085 4
£3-4 041 059 2 1.09  1.00 3 143 0.89 5 ®2-9 036 032 3 ¥3-1 125 0.90 4
£3-1 072 0.65 3 115 0.83 4 1.67 0.93 6 #2-10 0.17 024 2 €32 0.69 1.00 2
£42 149 093 5 133 096 4 027 039 2 #2-11 083 076 3 %33 083 075 3
%43 136 085 5 132 095 4 K22 0.66 048 4 #2-12 065 059 3 %34 136 098 4
%44 137 085 5 156 0.97 5 R2-3 079 0.72 3 #2-13 0.08 0.12 2 %35 126 091 4
£5-1 120 0.86 4 134 0.83 5 X2-4 089 0.81 3 B2-14 024 022 3 %36 131 095 4
£52 112 081 4 054 039 4 X3-1 154 096 5 ®2-15 037 033 3 %37 101 092 3
%53 139 086 5 0.8 079 3 X322 076 069 3 #3-1 0.64 058 3 %38 055 0.79 2
£6-1 088 055 5 1.06 077 4 AR3-3 142 080 6 #3-2 1.05 096 3 €39 082 075 3
62 127 092 4 097 070 4 X34 151 094 5 33 0.66 060 3 %310 112 081 4
%63 134 0.83 5 175 0.90 7 AR3-5 1.55 087 6 Al-1 - 1.08 0.99 3 %41 128 093 4
£6-4 127 092 4 174 0.90 7 AR3-6 174 0.90 7 Al2 127 091 4 %42 120 087 4
£6-5 1.19  0.86 4 143 0.89 5 K37 149 0.83 6 A2-1 066 048 4 %43 121 087 4
£6-6 125 0.78 5 140 0.87 5 x3-8 111 080 4 A22 083 076 3 %44 118 085 4
£6-7 127 092 4 092 0.83 3 X399 090 0.65 4 A23 127 079 S %45 118 085 4
£6-8 121 087 4 091 0.83 3 A3-10 049 0.44 3 %1-1 117 084 4 %46 1.02 093 3
£6-9 144 089 5 1.09  0.68 5 X3-11 132 0.82 5 %12 074 0.68 3 ®5-1 097 070 4
£6-10 1.51 0.84 6 112 0.70 5 AR3-12 146 0.81 6 %13 043 061 2 €52 091 083 3
&6-11 131 081 5 039 035 3 AR3-13 126 0.78 5 %14 136 085 5 %53 067 061 3
%£6-12 0.60 055 3 0.99 0.62 5 X3-14 1.56 087 6 %2-1 098 090 3 %54 086 078 3
£6-13 0.63 045 4 0.94 068 4 X3-15 178 0.92 7 %22 092 084 3 %55 082 075 3
Hl-11.02 074 4 0.98 0.71 4 H1-1 009 013 2 %23 094 068 4 %56 122 088 4
%12 089 081 3 1.00  0.62 5 |12 009 012 2 %24 127 079 5 %57 086 0.79 3
H1-3 099 072 4 047 068 2 H1-30.00  0.00 1 %25 110 079 4 ¥5-8 046 042 3
#l4 101 073 4 110 0.68 5 B4 045 041 3 %2-6 140 0.87 5 #5-9 040 036 3
H2-1 094 0.68 4 115 0.83 4 15 038 034 3 %27 116 084 4 %5-10 0.17 024 2
®2:2 1.03 094 3 130 0.81 5 16 026 023 3 %28 104 075 4 %511 0.3 0.8 2
%23 1.19  0.86 4 087 079 3 H1-7_0.09 0.13 2 ¥29 116 084 4 ¥5-12 085 0.6l 4
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Fig.4. A dendrogram showing similarity in 14 crab species in 185 sampling plots by cluster analysis.
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2 6. TIERIRAE 7 FEHERAT B /7 one way-PERMANOVA 7 L EEE M
Table 6. Significance of the pseudo-F-statistic described of the soil particle size between seven
geographical regions by one way-PERMANOVA

AR HEBE 2021 FUNEH =32RH yNinE AN 7K J\E %

2021 FUEH - 0.02 * 0.48 0.02 * 1

[SEY v R?=0.19 - 1 0.34 0.4

yN: L AN R2=0.09 R2=0.08 - 0.97 1

V7K % R?=0.28 R?=0.17 R?=0.08 - 0.19

J\E % R2=0.01 R2=0.22 R2=0.08 R2=0.29 -

MR R?=0.25 R?=0.16 R?=0.03 R?=0.03 R?=0.26

2012 FEM R?=0.19 R2=0.19 R2=0.24 R2=0.29 R2=0.09
FERE VD ER S o BRI B Y % FeollE A B o RS E=E 24 RS
FA B Rl s RS E AR & I 6 BEHIERATE /7&K 2012 FFE LR
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it 6 R IR {IL B & B 2012 FFE LR S SRS - SR PR G
st oA Sl ([ 8) > & L HATE =
BRI - 7Y 2012 R > KA FRIZAWTFE A - £ 2017 55
KLAEAR > &LATAR A RYRERLIR /N - B4 AT BN (5 4 BREREL ) > B
B VER 20 o HAERARA > P IR 208 AR > P R
PLLERR G o3 HTas R - 2012 SE&R IR R/NEYEE AR B TIE H 2015 4269 0.06
oy B PR H e A T 5 o FHETHY > ) mm %[ 2017 5= 7Y 0.108 mm > - 358 fir
AR L ~ RERLEEBIEES > S HRR ER/INEERHTBIES (18] 10) - [fi{H#E
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Fig.7. Boxplot of soil particle size (sand, silt, clay) of six geographical regions in Xeruca formosensis
habitats in Taiwan.
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standardized PC2 (24.0% explained var.)

2 0 2
standardized PC1 (76.0% explained var.)

T
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- 2012 F AR Y

8. Epr = E ST 6 BRI B & 124 Fl& 2 H IR Sy IE -

Fig.8. Ordination of soil particle size (sand, silt, clay) in 124 sampling plots in six geographical regions of

Xeruca formosensis habitats along the first two PCA axes in Taiwan.
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Fig. 9. Boxplot of soil particle size (sand, silt, clay) in 22 sampling stations in Xeruca formosensis
habitats in Taiwan.
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Fig.10. Average soil particle size of Xeruca formosensis habitats in Gaomei and Shengang wetlands

between years.
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7. 2B IR 70 BRSO/ KE Z BERTERHE 6 i B 7y W RO E R
Table 7. Descriptive statistics from 79 sampling points of hydrology and water quality in six geographical
regions in Xeruca formosensis habitats in Taiwan.

sy Z ko BR RLR M TS
kT e C %o  ms/cm o mg/L
MAX 40.10 9.08 41.00 61.00 185.20 11.57
MIN 18.70 7.12 0.10 0.47 8.70 0.57

>¥MtkE 79
AVERAGE 30.80 8.06 1893 30.06 94.92 6.26

STDEVA 347  0.35 10.62 1596 2733 1.64
MAX 40.10 9.08 41.00 61.00 18520 10.80
MIN 22.10 748  0.60 1.30 870  0.57
AVERAGE 3048 826  22.03 33.67 9575 6.13
STDEVA 3.510 0.38 13.23 1942 39.01 2.12
MAX 31.70 896  33.00 50.00 115.20 8.50
MIN 2770 7.12  0.10 047  46.20 3.53
AVERAGE 29.62 7.77  9.70 15.27 84.55 6.06
STDEVA 1.33 0.43 11.47 17.29 1996 1.35
MAX 36.70 8.65 32.70 49.80 137.00 9.24
MIN 2630 7.20 1.80  3.41 38.00 2.65

HoLRE 23

B F R 11

LaEe 13

AVERAGE 3029 787 1775 2793 7326 4.94

STDEVA 265 036 871 1321 2990 191

MAX 3890 8.74 3860 57.10 139.90 8.53

srEe s MIN 3310 7.69 1250 2050 62.40 3.84

s AVERAGE 3641 823 2626 4059 109.50 6.51

STDEVA 188 026 432 602 1500 0091

MAX 3270 8.61 2400 48.10 17593 11.57

o MIN 2320 751  3.62 731 6410 475
N¥Er g

AVERAGE 28.51 7.88 13.86 27.92 108.68 7.59

STDEVA 3.04 026 726 1441 2032 130

MAX 3960 833  29.90 46.00 130.70 8.32

o MIN 1870 7.89 390 680 83.80 5.50
¥eiir 16

AVERAGE 30.84 8.14  20.66 32.58 104.31 6.88
STDEVA 4.38 0.08 5.94 8.80 11.50 0.79
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* 8. =R 70 BB 1L 6 s ith B (L B 7 & K E 1E A [F] AL B 57 & Z One way-

PERMANOVA 7 FEH#g

Table 8. Significance of the pseudo F-statistic described of hydrology and water quality between six

geographical regions by one way-PERMANOVA.

FHEE B A LRE N XL §okiEe ¥R g2 kv
£ LRk - 0.54 1 1 1 1

% %iB¥  R>=0.10 - 0.84 0.03 * 1 0.02 *
4akiEe R%=0.05 R>=0.12 - 0.35 0.86 0.02 *
Hokikc  R=0.06 R?=0.35 R?=0.20 - 0.08 1

~H R R>=0.05 R>=0.13 R?=0.13 R?=0.30 - 0.47
#2iEr R>=0.05 R>=0.30 R?=0.20 R?=0.09 R’=0.13 -

T B p B (* 1 <0.05) 5 RAIGET R FEEAEGRE R -

standardized PC2 (22.2% explained var.)
o

B =

o F LR K
- HmER (KFED
AWK

- RALEE O AEMKE

- B KR E oMK

- NEEZ oK E

- P XRE v MK Y

2 0 2
standardized PC1 (55.0% explained var.)

)

11, BRI I3 6 R MR B 578 79 TekE /KB Bk 2 s A Fr 3 el (A /KR ~ B pHE

C:HygE-D:H&EYE F:A5R) -

Fig.11. Ordination of hydrology and water quality in 79 sampling plots, in six geographical regions, along
the first two PCA axes in Taiwan (A: Water temperature, B: pH value, C: salinity, D: conductivity, F:

dissolved oxygen).
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Fig.12. Boxplot of hydrology and water quality in 23 sampling stations in Xeruca formosensis habitats in
Taiwan.
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Fi.14. Range of sampling stations in Xeruca formosensis habitats in Siangshan Wetland, Taiwan.

9. FUNRMZE 27D >~ 30 (EEEESEHE EEERER
Table 9. Percentage of crabs relative importance value in 30 sampling plots in Xeruca formosensis habitats
in Siangshan Wetland.

FHR OEE 1A RngE v s N0 LAL ITHEE BYE LRRA
b & p e Cip BER AR ApEE 0
MAX 3514 500 7593 250 185 0.00 000 0.00

31 3 AVERAGE 2829 1.67 68.60 0.83 0.62 0.00 0.00  0.00
STDEVA 6.49 2.89 6.35 1.44 1.07 0.00 0.00 _ 0.00
MAX 52.17 13.19 63.83 4.35 220  0.00 0.00  0.00
32 3 AVERAGE 39.04 797 5080 145 0.73 0.00 0.00  0.00
STDEVA 1169 463 1241 251 1.27 0.00 0.00 _ 0.00
MAX 8571 20.00 4526 1.43 2.86 0.00 0.00  0.00
%3 5 AVERAGE 62.68 479 31.67 029 0.57 0.00 0.00  0.00
STDEVA 16.71 867 1220 0.64 1.28 0.00 0.00 _ 0.00
MAX 46.67 2546 23.64 1231 9.23 0.00 0.00  0.00
34 3 AVERAGE 4120 2336 20.19 8.75 6.51 0.00 0.00  0.00
STDEVA 4.98 2.94 3.36 3.10 280 0.00 0.00 __ 0.00
MAX 54.55 3556 2444 984 444  0.00 0.00  0.00
%5 3 AVERAGE 4530 2523 2098 7.02 1.48 0.00 0.00  0.00
STDEVA 1425 895 324 266 257 0.00 0.00  0.00
MAX 82.11 3793 7534 17.78 2.11 5.48 3.28 0.82
36 13 AVERAGE 42.69 2144 2601 7.65 0.16 1.51 0.48 0.06
STDEVA 19.75 1230 16.50 5.08 0.58 2.21 1.17 0.23
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Fig.15. Range of sampling stations in Xeruca formosensis habitats in Gaomei Wetland, Taiwan.

10 =3RRI EE RN 47 (SR & B E SR ESETE
Table 10. Percentage of crabs relative importance value of 47 sampling plots in Xeruca formosensis
habitats in Gaomei Wetland.

B e LAY REE S0 s 402 AR AL R0 AL SRR ROR
ERE i R G R SE R RE F piE i
MAX 6539 1429 5143 0.00 000 0.00 000 0.00 286  7.69

%1 4 AVERAGE 57.70 11.60 27.06 0.00 0.00 0.00 0.00 0.00 0.71 2.92
STDEVA 1372 235 1645 0.00 0.00 0.00 0.00 0.00 1.43 3.70

MAX 18.18 57.14 65.63  0.00 0.00 1429 938 0.00 1429 476
%82 4 AVERAGE 10.27 4341 33.07 0.00 0.00 6.14 2.34 0.00 3.57 1.19
STDEVA 6.17 1512 26.79  0.00 0.00 7.27 4.69 0.00 7.14 2.38

MAX 86.67 50.00 57.14 26.09 0.00 0.00 2034 23.08 20.00 17.39
%3 15 AVERAGE 36.26 20.81 25.01 1.74 0.00 0.00 6.02 6.49 1.62 2.05
STDEVA 17.35 1350 1546 6.74 0.00 0.00 6.98 8.68 5.21 5.46

MAX 81.97 2991 9020 870 588 16.67 13.64 20.80 7.48 9.76
%4 24 AVERAGE 4746 871 3120 036 0.72 1.55 527  3.45 0.57  0.72
STDEVA 1833 869 1987 1.78 158 435 462  6.53 1.71 246
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Fig.16. Range of sampling stations in Xeruca formosensis habitats in the Dadu estuary,

Taiwan.

120°30'0"

E

11 KR Z BRI 2 27 (AR e S B E AR

Table 11. Percentage of crabs relative importance value of 27 sampling plots in Xeruca formosensis

habitats in the Dadu estuary.

120°31'0"E

B OEW FAS WPE foos kR AR A RAP AR5 4 RE TR ESR
=+ LS ey dew e @ g o, B @ @R pf@E ot
MAX 5160 3100 2670 000 000 690 1330 2330 000 1250 0.0
+1 8 AVERAGE 3433 1775 1645 000 000 128 853 1623 000 541  0.00
STDEVA 1369 1153 664 000 000 255 407 531 000 452  0.00
MAX 9230 3330 7260 000 000 000 1110 1670 000 7.70 830
42 4 AVERAGE 4144 2170 2233 000 000 000 278 418 000 193 208
STDEVA 2722 1031 3443 000 000 000 555 835 000 3.85 4.15
MAX 8670 5810 7260 1280 10.00 000 2690 2140 1430 450 14.30
“3 15 AVERAGE 3235 2483 1643 253 105 000 1193 513 370 030 180
STDEVA 2200 17.05 2133 450 271 000 797 668 515 116 4.1l
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Fig.17. Range of sampling stations in Xeruca formosensis habitats in the Choshui estuary, Taiwan.
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Bk B® FAE RgE e BRSSP 1A
K o e fep R B @
MAX 100.00 5.10 0.00 0.00 0.00 6.80

A1 8 AVERAGE 9594 1381 0.00 0.00 0.00 2.25
STDEVA 4.49 2.13 0.00 0.00 0.00 2.63
MAX 98.40 2550 830 2580 220 20.00
42 15 AVERAGE 84.45 435 1.66 1.72 0.36 7.45
STDEVA 1139 7.22 3.28 6.66 0.76 5.66
MAX 77.80 3450 76.70  0.00 0.00 5.60
M3 3 AVERAGE 3393 23.73 40.50 0.00 0.00 1.87
STDEVA 3897 947 38.53  0.00 0.00 3.23

2 12 E/KR O ZE 2 26 (B & EEA S ERERTR
Table 12. Percentage of crabs relative importance value of 26 sampling plots in Xeruca formosensis
habitats in the Choshui estuary.
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Fig.18. Topographical difference between 2002 and 2012 in Dacheng Wetland of Choshui estuary.
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Fig.19. Range of Xeruca formosensis sampling stations in Pachang estuary, Taiwan.

B BT LA BB fda Aoz KR RAD
sk LS iy R Ry fR i
MAX 41.38 81.97 69.23 11.77 3.45 6.90
~1&2 5 AVERAGE 22.17 4387 28.89 235 1.35 1.38
STDEVA 14.09 2402 2451 5.26 1.84 3.08
# 13, AL SO 5 (SR ERE B3
Table 13. Percentage of crabs relative importance value of five sampling plots in Xeruca formosensis
habitats in the Pachang estuary.
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Fig.20. Range of Xeruca formosensis sampling stations in the Tsengwen estuary, Taiwan.
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Table 14. Percentage of crabs relative importance value of 50 sampling plots in Xeruca formosensis
habitats in the Tsengwen estuary.
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Fig.21. Topographical difference between 2007 and 2019 in the Tsengwen estuary.
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Abstract

There exists an interactive relationship between species and their environment in
which different functional traits would evolve for species to adapt to different environ-
ments. This in turn results in a significant species and morphological diversity while an
obvious environmetal gradient exists. We investigated the relationship between func-
tional traits of Carex (Cyperaceae) species and soil moisture gradient by conducting a
case study at Yuanyang Lake. Target sampling method was used to collect understory
samples of Carex species and environmental factors were measured at Yuanyang Lake.
Cluster analysis of Carex species was conducted for grouping functional traits and gra-
dient analysis was applied to explore the relationship between specific functional traits
and environment variables. The result showed that six Carex taxa at Yuanyang Lake had
different trends in functional trait and functional diversity. Each Carex taxon not only
adapted to specific habitats by its functional traits and formed a soil moisture gradient,
but also revealed an evident functional gradient along the soil moisture conditions. Fur-
thermore, our research found Carex capillacea along the lakeshore had growth strategies

to suit water level change.

R« POE - THEEIPE ~ LIRS - DAY - AREHRS -

Key words: sedge, functional trait, soil moisture gradient, ordination analysis, flood plus
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| BE B E -
Fig 1. Location of study plot in Yuanyang Lake area.

B AR S B i S R S )
AT BAREURRE - (60 B4 T
B BESEERV IO (EE - 5
A8 48 27 B & oy 2 (Numerical
taxonomy ) [FEH (f& 1994) EEIIEEA
AR ~ MIRAYESRELMEIR GRS - Bl
AR —EER AL (Opera-
tion taxonomic unit, OTU) - {ZIHLEETT
VITEEBLTRE T B R 2 et - TIRETE

BTH > BHREAEEBN3 RERE
A ARG RN - &8k
AERGHY A RIRER T

81

121'P'0‘E

1!0’?‘0‘!

122'?0‘!

BR8] (2% Vellend et al.

(1)
PR i B E i B

(2) TR (Soil

2000a ; #k 1987 5 #k 1996 )
&3 (Elevation )

RN EEE -

moisture ) ' {HH=&—TIERAEEE
THOREHET 1 — 108k 8k - (3)

fif et
{5k P B AR A R e e MR 5 B I e 3t T
1.3m fafk el & 7 & - (£ /4 Gap Light
Analyzer ${AG 5T SR BHFE & 2 B 7
th o (4) &A% (Rock rate) @ Hf#
et AR [ P B 2R 7% 30em PA B2 5

i B F& & (Canopy openness )



AEEASE . (5) &A% (Stone
DO FE AN OIRR B R RN R
30em DA B EmaEEH T o
ise 8 &M (2% Pérez-Harguin-
(1) HEY & E
(Plant height) : {2/ 30cm B K EH -
EMEY) EELE MM (B ) THIG =
B R R - Dlm (F B RO
—fiRERESEEMEN  FEEIEF
GATERRE  MATERE RAHEN
S EHIHS - AT SN ERIECEE - (2)
R EE (Leaf width) @ —{EHAHk
=R # ¥ > {# f§ HANLIN — 1052
R ROETT B2 B E91E - B
mm {EEAIFR « (3) FEREE (Leaf
AR E =R
# > i fi§ TECLOCK SM — 112 &
EEHETEMNR TR =R ER I
12 {f B Az 2 P39 ME > DL mm {E BEA1r

rate )

deguy et al. 2013) :

thickness, Lth )

FTor e (4) EizP)E & & (Leaf dry
mass content, LDMC ) @ — {5 A $k

BEEREET DB RIS ES
FETERS /N 0.0001g @ (53 Hritf R
% AR AN E S HEAE - RS
HIAE 70°C £/V 72h » HARIG AT

82

BEEEE CDER) BYIEFERTEREREBIMG : NEEHRA

TS EE R ERZE - R E ARG E
B SR WK =R E 2 8EW
155 5T AZ  LDMC (mg g') =%
FrégazE (mg) /ZER FrfifE (g) -
(5) #E=H EFE (Leaf area, LA)
{ERE AP = 7 T AL A PREE -
FH 974 2547 18 5 300dpi AH A > L Tm-
age J T TEIRG T R RF5E F TR
(mm?*) - (6) ELEERTHIME (Specific
leaf area, SLA) * 25 5 TH &8 M 2 &
Fr ETERR S 4 THZ TR 48528 BlIA]
fFELEER mifk s 5HE A SLA (mm?/
mg) =HFEHEE (mm®) /R 4B E
(mg) ° (7) “EJEHA (Reproductive
period) : TEHYJZBATCAEREA - &R
KRB ENGEET BAL - RZ A MRS
H% - (8) % (Rhizome) : fHIE
AMREE » R0 DUR BRI RET
G EEREERR AR 0 0 —REEME (Two-
state qualitative ) J&2 B 4R 4 ek (0)
(1) Ao
I JTA

{58 A Microsoft office excel 2019 #E
TERRE BRI E HEER

THERE > BERIHELC S E N Z $hR &



BIBEYZEMT TW J. of Biodivers.24(3):77-95,2022

AL R
£

Bl B By txt {# R x64 3.6.3
AR H% vegan Bz cluster 4H (4 #1714 48
T3

BT RS B RIB IR E
Ty B AR R EREE T (Cluster
analysis ) ¥ B¢ A HE 1T o3 BF - (F FH &
= (Hierarchical ) HY % &5 % (Ag-
glomerative method ) > Wi B [ 5 e (i
F Euclidean Distance ) 5&5¢ sl E
BEOE R R (s 581 B /& (flexible-beta
method ) #7708  HREEE Fy-0.25 -

Ry T PRET B R R & oy SRR L
THEE I BRI AT BE Y~ ThEE
EEEREE R (G AR SE AR Sy
77 (Gradient analysis) 1T » Z &4y
SRR E 7 > AR AT
( Principal Component Analysis, PCA )
(Legendre and Gallagher 2001 ) 77
17 TR B BE 0 M 2 45 SR BB % PCA 4
R thEREB S YRS
R G ELEE AR 2 B A FHEE © 28
THRE T E BRI J7 1A - DI E AR
PR A Ry i B ER B O R P A 1T T B

AN

47 17 (Redundancy Analysis, RDA )

(Legendre and Gallagher 2001) - I

83

SRR 2 - RIRE - B
T FHREE ~ EaREAE AR - HLE]
At 75E 5 )% (Forward selection) #E {7
RAE IR BTN 7B 88 - B {& K PCA B
RDA 455 & 4g Bl B 8 (Bi-plot)
NS B

4L
5 B

— -~ BENt S EEEYEE
AT EE A & 2 E A
3 80 A AN - o3 Bl &0 8 {E 2 BE
P BLS (B B R 5 SRR
75 S A AN RN B B0 8% B 3R T A5 B
i & 4L F 79 (8 £ A T A 418
Z (C. filicina Nees) ~ 1 18 11 2
( C. tristachya Thunb. var. pocilliformis
(Boott) Kitk.) ~ #  Z (C. phaco-
ta Spreng.) ~ B FH ZE (C. capillacea
Boott) ~ JI| FEZE (C. alopecuroides
D.Don ex Tilloch & Taylor ) FIFEE (C.
brunnea Thunb.) F/NHEEBHEY) - &L
AR ZEE &S EBEY) 716
BN - SLEHE B E 4 R
T 2 M EMEE - (BAEMGARIRNIR
HEW S EEHE - HEEK



Jeid ~ ARMAEKER A A - BB
BB R I ERESAEET
BIMG  BEREREEER S HE
TAAEZ ARERIAR T ~ (IEEECH IR
THEZ D HEE > Sy AR L R
FHEECES -

= WEH e EEEYIREE
A%

BREE O ATEE R (1B 2) BURIEM
St 7.5 (VAL E AR 6 TR 79 (i
ARGy FRy 6 BE o REEREE AT R I E
PCA 455 (B 3 /2) » ZEEYHEA
£ PCA il ERTBHE T By 6 B > Ky
BB E 2R > E5

Tl

BEEEE CDER) BYIEFERTEREREBIMG : NEEHRA

—REELSE R E A EE o (HWEEL)
REIPEBEAAE - B —RFEAEE R JE R
EREE - ERHEE - HYEEAILE
HEE - BRI E S E - A
WA AR  ERBEBEEE ([E 3
) o EBEYIS R AR AR
DI E AR TR (B =HEE R
(EZ @Y - 77 Bl e AR
5 WEEEEEYIME PCA # EAHERE
AT > BUREREE A ARER PCA &ERAH
AT 0 SRFR W TR JE AR P AT AE A HH DL
NIHREIVE -

BREERA (Rh > SEVUERAE PCA 45
R EEAHEA AR R S o BRI

Cluster Dendrogram

20

15

Height
10

[RBTREVRIIGIG2E2 222828 REYY

bl

mmmmmmmmmmmmmmmmmmmmmmmm — o w oo

CARERLER FRB8B8

2. FREROIATAESR o BREROIATAE REBUNEBCER BLIEREREE 7.5 AL B Al 6 FREEE 79 AT K 6

e
°

Fig 2. Result of cluster analysis. Diagram shows 79 samples distinguished into six groups in ca. 7.5

Euclidean distances.
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Fig 3. Left bi-plot is a principal component analysis of functional traits of Carex, and each group was
distinguished by cluster analysis. Right bi-plot is a principal component analysis showing position
of Carex species at axes. The variables are indicated by vectors pointing in the direction of
maximum variation. Long vectors indicate strong trends, and the angle between pairs of vectors
approximates the correlation between the respective variables. First and second axes had 63%
explained variation in total. Trait abbreviations: Height, Plant height; Lwi, Leaf width; Lth,
Leaf thickness; LDMC, Leaf dry mass content; LA, Leaf area; SLA, Specific leaf area; Rpe,
Reproductive period. Rhiz, rhizome. Species abbreviations: Cxfili, Carex filicina; CxTris var. Poci,
Carex tristachya var. pocilliformis; CxCapi, Carex capillacea; Cxphac, Carex phacota; CxAlop,

Carex alopecuroides; CxBrun, Carex brunnea.
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Fig 4. Bi-plot of redundancy analysis, in which blue text is environmental variables and red text is
functional traits. Trait abbreviations: Height, Plant height; Lwi, Leaf width; Lth, Leaf thickness;
LDMC, Leaf dry mass cntect; LA, Leaf area; SLA, Specific leaf area; Rpe, Reproductive period.
Rhiz, rhizome. Species abbreviations: Cxfili, Carex filicina; CxTris var. Poci, Carex tristachya var.
pocilliformis; CxCapi, Carex capillacea; Cxphac, Carex phacota; CxAlop, Carex alopecuroides;
CxBrun, Carex brunnea. Environmental abbreviations: Elev, elevation; Moist, soil moist.
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F- #% (Huang et al. 2018 ; Pérez-Har-
guindeguy ef al. 2013) » SEAHMEEE
2 RFEE/KERER - GRFEAR
SRR EE R AN KT » B
AR R RIS [NE PCA SR A &
FEUR A TE B R = FE A (EAERE » ot
Sh - KRR EREBEY S
[E5R T EAVEE R B R AR
fY 3 FC 5 E (Lotus effect) » {55 F
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H BFAYEUKM: - SRR HR0T
F /KT | o Bill et al. (1999) B <fE
FAEKIH Z 7% ST AR EE A R 1
BHEER  MAESAENE - &
FRFE 7K R J ZR B R BLK 7 B KR A
78 (Boedeltje ef al. 2004) » {{XIHFEE
R T A 7K fir B L A Rl A (S
ZHAY -
FNEER)I EIREE - 1E PCA 4551
REASE T SRR BTERZY)E
a& - AEAEEMHERE > EAEEAR
B 7E B A ) M — A A SRS
PRI Db B B 7 A7 465 5 AT DABA e 1 3
RDA % AU RA TR A oA AE 1507
FEARES > BRIFRZEERYIRES » B4 78
- HEEeRE  EREE - X
AHIEAERER - BELTE R TS 2 2 HHR
RDA % FEAREAT (ML « o3 Hr4s R B
R B HYER R B A = SRS E AR
EDL - RPN IE » ATHEAIAR
R TIRERELYESRE EREE
LIhREIVE R INEE R 581 (Pérez-Har-
guindeguy ef al. 2013) - 7\ {K 5E H
TR PG
% b 38 70585 < 0 M0 70 U 2% Ak 1 A St

91

(Chen et al. 2015) - {HAR$E #1140
SRELE L ARHIN ] AR RAT R
&% o T RERIAR I SE EREE IR A R
EATENT BEERE AR, > KoK
U 8 A B i ] DA ISR [E B B 2
8 -

&f o i B ST AT ~ PCA B2 RDA 2
SR EBEYECRIE TR KA
RS THERERIE B -
FEZBEYSEA A EER PEE
FEMA MG EIBRIMIP R R
oI A R ELR i = = S AE )
REREPE R A mE Ay £
JEHH > BRZBRRIMG R R Y EH G E
FIRAAETER > FMATZER B
R RE - TR mEfE e EAER
B LETHRET A M it S A R T
FEVIVERE G - ILAh » BEEE
EOAME I ATE A SIS E
AR FE 5 A T U T B M e S SR B
FREERR 7 BSRAL ~ R AL - I
BRSO e L B fEIRIR I A R
RS -
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&
BGRBOUEROLEFRA AR - RO E R ERERUL -
R BIEEE > WEDEE R TR ~ - EHRERER - B « ATP &%
e @RS ES T ARG ) AR - SRR A R A RR AR BB T BV ER
AR - A[ERTR R E - B E B ARSI - TR > R RE
JEHIE < SbeEeEt - DUREDLSBHVEISEN L WERRED - EEAEYE
REAH 2 JEFE IR - &R B CAERMT B A E I ~ P - gt
FEM RN R e as T RS - AERINRG R ENE - RIS EHE S - 1
BRI A BRAR ] - (RIE > o slBeatst R HE R ZE FEk
R « AR R KA RGBT RCE ~ BT EIRER - IRALEHH - g -
SN
Abstract
Chlorophyll fluorescence is a useful tool for photosynthesis research. It can reflect
the light reaction process of photosynthesis, such as absorption, quenching and transfer,
efficiency of photosystem II, electron transport rate, proton gradient, ATP synthesis, and
CO2 fixation. Therefore, chlorophyll fluorescence can provide several important indi-
cators for stress- and eco-physiological researches of plants in the fields of agricultural
production, habitat construction, and ecological monitoring. In recent years, great prog-
ress has been made in experimental design and advanced applications of chlorophyll flu-
orescence parameters, making it more widely used in the plant eco-physiology field. The
chlorophyll fluorescence measurement has the advantages of being simple, fast, reliable,
non-destructive, and as a light instrument; it also provides various photo-physiological
parameters in large quantities in the field. However, chlorophyll fluorescence involves

many complicated physiological mechanisms. Therefore, the experimental design of a
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research and the timing to determine these parameters are very important.
Key words: Chlorophyll fluorescence, PSII efficiency, electron transport rate,

non-photochemical quenching, photoprotection, photoinhibition

Fv/Fm, Potential quantum efficiency of PSII, Y& Z4¢ 11 £ KOG BEVERE

AF/Fm’, Actual quantum efficiency of PSIIL, Y&& %45 11 EFEBEE

ETR, Electron transport rate, 85 T {HIE 4%

NPQ, Non-photochemical quenching, FE%{EEE Mk

qE, Energy-dependent quenching, {{R¥HEE 5 ZZ15HR 2 BUHHT (AT )

gZ, Xanthophyll cycle-dependent energy quenching, {{<FEEE &5 ZEIR 2 ZUHHT (XS
HIEB T )

qT, phosphorylation shift-dependent quenching, (gt { b5 ik

ql, Photoinhibitory quenching, PSIT FY{&25 Fri pk Ay G

A4

(1) Fo (minimum fluorescence) » fXFR KL 240V G/ NI & -

(2) Fm (maximum fluorescence) » H VI R E NI E » BAREBRERT K
PSII SO Y E AR -

(3) Fv (variable fluorescence, Fv = Fm-Fo) » % E{% H PSIL S fE STt 2
O E » AR AEE S PSI K EH LHYEEE -

(4) Fo’ (minimum fluorescence in the light-adapted state) > FEY NAVE/ NEE&E ©

(5) Fs (the steady state fluorescence) * Y&HE T~ PSII 4% i 88 1 {H & #1485 T 2 PSI
TR E PSR & -

(6) Fm’ (maximum fluorescence in the light-adapted state) > YEHE T PSII [88 PARF 5 A
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(7) ETR (electron transport rate) = ®PSII x 0.5 x 0.84 x PPFD > B {HIE R -

(8) AF/ Fm’ = (Fv’/Fm’) / (Fv/Fm) » % PSII & ELAF] ©

(9) NPQ (non-photochemical quenching) = (Fm/Fm’) - 1 » JESRAEERRHL -

(10) E = (FmT - Fm’) / Fm’ > NPQ T Ez PR IERVEN 7T - T Rl Sief] (2 778 ) -

(11) ¢Z = (FmT - Fm’) / Fm* > NPQ #{& S fERYHEN 7T - T RyHs AT (4-30 73§ )

(12) qT = (FmD30 - FmT) / FmT > NPQ o' (LHC) II HYBEE(LAZENAVEL ST > T Ryl

SR ] -

(13) gl = (FmO - FmD30) / FmT > NPQ FOEHIHIATE 7> > O ReRIEDLH - T RitgiH

] -

)

TEYI RSB T « SR
VTR IR I R NE > A B AR
B2 o GEtEYIFE A S ER > AR
b5 RE R FE Y [E{E (assimilation) pA
Y- EMLRE NS BHEYM 2 £ &
77 BEOE Y R R A R R ITH
BIVRE > FEMLRE g 22 H AR
B B AT 2 4 AR AR TR 1 2 52
2 Y tER R gRHEAE
4 RER B DL R R A T 2
(Wong et al. 2016) » FFZEAR[EYFE > 5
EfEHFIERE R 2 F G B A R4

=2
—_ N R

I =3
RIRE
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HWSE » RMAYES R E 2 B
FE -
BENHBRMEAN K alIHAE
FER LRI » A0S EEIGR 4,000
m Z &L RIS 100 m o SFOR
LA 0.5 °C o AR &=t o] 18828
Z 1,000 mm % (I & ~ 3,000 mm 2
o IO RIS R ) s B AR
STEEY) Ry T EERERERE 5P
RE R A FINA R EIRYRIE - R
FAHESEREHEYNE - SR
R PRET YA R AR BT RAF ST
H RS RIS E RERET - Y



BB YIS R TW J. of Biodivers.24(3):96-128,2022

PAFERER T T 2 e aRE - H45
ENRE PR B R F B I RS
R S Y 4 e RS
FrABIRGHIEN S - HEAET S

o HREM B A U704 - ReEE
VIR 2R A ER Z B4 3T
a2 kR R CHIEC Al AR
R - HNTEGRBE R ZAERR
Hesiy > HIERIE - &F > J5(E
RERE N = R IR M (8 - AT
FyERFE B HE (Weng et al. 2005) » DA
T RE YRR A R - mT AU
SRAG SO E AR B - BB K
BN B ERES - AR B SN 1E
FREER > FEAMRARRAERHZE
= 45 £5 %2 ] (Weng 2006; Wong et al.
2012a) «

.

2.4 ™R E

YR EIT A F NG » BE4RE
FURERE - HATR L SERERR T H
TEETER (HEABERHAL . photochem-
ical quenching) Z4h » ZERIVEEE T LA
BRI EUMEL (FRALERRREL

100

non-photochemical quenching) » 5 f#%
JHBURF - R & O R SuE MR
& B ORI REE >
= PR Y I (photoinhibition) (Dem-
mig-Adams and Adams 1992; Dem-
mig-Adams et al. 1996; Maxwell and
1t
REMRET - L E=FEEE (KLETE
i~ FRCALERHEL - BFDLRE) 94
MIH & BOHE Eak R B G
Y2 e B KOt RE R ZET SRS
(Demmig-Adams et al. 1996; Maxwell

Johnson 2000; Miiller et al. 2001) °

and Johnson 2000; Miiller et al. 2001) °
T B S &k Z 8 ot 2 M i (R R

FRERRIEAG—FEER » AR ST
SRS BE S RRR S M S R E - Uk
FotE ) A 2 R AR R A B 9% 2 ST
72 (Maxwell and Johnson 2000) °

CEEFEE Y R Sl
SERT B
BLERRBL2HRS
ams et al. 1996; Rohacek and Bartak
1E

X

%
(Demmig-Ad-

1999; Maxwell and Johnson 2000) °
bR T 4E AR T EE S



(—) ~ Fv/Fm: PSII iy ¢ KB 28
RE - Y2 IR ERE B
et

Fv/Fm 1B )5 £ 7 4% 20-30 77§
SRR 2 I EIER - TS IR AR R
ez A8 (Fv) B K (Fm) |8 6D
{8 Hep Fv /i K& HE (Fm) BZE
ELHE S E (Fo) ATfs  FJF, Al
JE G 1L (PSIT) #Y e RSB REREAE
R EEYIZ IR LS 2 EEE
18 (Rohagek and Bartak 1999; Maxwell
and Johnson 2000) o #1( 5 € (¥ 2%
PR - d K & 5 R LA RA T
B CO, EAFER » [t FHHGHHAE
1 2 B8 [ HERE /T TR - 40 SO F 5
I VIR RS 5 dE R
G EEOE G XA T [ (Da’Matta et
al. 1997; Kao et al. 1998; Warren et al.
1998; Liu et al. 2020 ) o Ho{t B 5 4
s R L AT R I 2 AR 5
A T A A F A (Thomas and
Turner 2001; Colom et al. 2003; Slavka
et al. 2019) - HIZE BEF 2 Fv/Fm {E B[]
A PSIT <2522 2 A2 15 - AH R SCRR
RIEHCER - (0225 5 BRI vh R R
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T PSR EALE I - A REMUFE
Skt e AR E R -

1 5 PAH 82 B% (mannitol) Fft &
R (G2 502 135 JBR 7 K 5y 19 555 e B
% » #8881 (Ficus microcarpa) TEF {E A
HESYEAT ~ o IR BT HA R R 2 1% 1Y R
B B MRS o HPSIT 2 (R &R
ELFE ARG S 2 i KO L2 B AR
(Fv/Fm) » Fe AF ¢ 4% B4 T > PSIT 2
BRI BRRR (AF/Fm’) Z (b 1E
J (Weng et al. 2011) = W1 o > #4
B EE R 28R (R Y 7K o0 85 i
B 15 /N4 ([ 1 22 Time 0 hr) » 2
FRIEYE > H Fv/Fm YRELERFE IR H
{H (= 0.8) [T - (HE—FARidtE
B AF/Fm’ BHE[EAK - fERHIE % 2
20 7y 2R B R
B Fv/Fm GUE[E T - 2 1% AR 12 [E]
T WK% > KRR Fv/Fm 0] [H]{E
FIEHAE - 2R AR R
ISR TR RIS 20 2358 - Sl T4
VBT R Fv/Fm 2 [O{ERZFEg#E

FRIG IR 18 2 % 75 8 19 > AF/
Fm’ &R « R T8 R E58
ST HPTR U SRR fEE 4 R
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1200 1800 [pumol m'25‘1] DARK
e

o
o)

F./F,. OR AF/F,'
(@]
~

o
N

TIME [h]

L. #8685 (Ficus microcarpa) Z &5 (EIY ) KVIE (=) BR -~ &R ERE Z VKR (220
0 M mannitol * N-FF5C5% : 0.5 M mannitol » ELLECHE © 1.0 M mannitol) & » EARIEHT > 58
S (1,200 % 1,800 zmol m s ' PPFD) WASTHAR » R #0) ISR ERHART - H PSIL 2 %1k
EXCR [Fv/Fm (BE3]) K AF/Fm’  (BAH)] ZSE{L15F (Weng et al. 2011) ©

Fig. 1. PSII efficiency (Fv/Fm and AF/Fm’) of osmotic-stressed and control Ficus microcarpa leaves
under the time course of illumination at 1,200 pmol m > s~ PPED for 20 min, followed by 1,800
umol m~*s~' PPFD for 120 min, and then at darkness for 12 h. Values are means + SE; o and A: no

osmotic stress; @and 4\ : 0.5 M mannitol; ® and A : 1.0 M mannitol; circle and triangle symbols:
attached and detached leaves, respectively (Weng et al. 2011).
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HEMEH L BEsris g REIIE L
LAY (NPQ) » RS TR e pE A Z
R > i PSITRCR T #
NERGZEGE - B TEREEH
(Demmig-Adams and Adams 1996; Li
et al. 2000; Adams et al. 2004) - [RY%
PREES [FEZ PSITSRE T [ Al FE BRI
&R EE - Y PSILRERAY A R
F9ER (down regulation) o HE:—EGHE
[E1& » AF/Fm’ G218 [# (R 2 R N fy s
FIHAE(GE T PSIL > (HH AF/Fm’ £
30 sy #EHVIE R B - 2
AEEE & Ry Y] (Verhoeven et
al. 1999; Werner et al. 2002) °

1. 57 € 20-30 73§ PRI 2 Fv/Fm
EEE TR + RIS
WA BB EE R &
20-30 77 S E ETR - B2 R
ZEER > H Fv/Fm 5 AL R 2 1EH K
#E (= 0.8) > BLIBEIEEEIIL A GE
sea[alfE o WETE L PSILREE (Fv/
Fm) N - BEERRR [EIE 2 &7 16
SO HASYEA0I] (temporary or dynamic pho-
toinhibition) » [F & A BE [E18 =~ & 77 7§
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B HYEHIE] (chronic photoinhibition)
(Werner et al. 2002) - HFiZ#OCRCET
CUNIERESH E 20-30 9788 Fv/Fm {8
BAEE 1 A[FEH - AERKREEZ [
HRHDEHIH BRI IR 2 M2 2
AR AT MZ0F AR R E R AT
RHERF R R » A2 H ZREH 2O E
Fv/Fm » 3 BIZRES 56 8 R R B -

2. B2HH Fv/Fm 22 025

N EEGRTHL » B/ R R FR
TR e a8 7R » 1E I H ZREA B L Al =
Fv/Fm g » %5 HAEROS SR PR A Ry {1
AR PSIL 25 E - NEEERH
18 » SE PR EHRDERE (RH
K& FoKEZ zeaxanthin JZ{EEZ an-
theraxanthin) 5[#2 2 PSII 2 AE T [ A
gE [2] 18 (Verhoeven et al. 1999; Adams
et al. 2004) » BEADEHIHE] - HERETE
A REOREEYID S RFR 22
H 1999 2 2001 4 =F N FIAE
DI IE N (23°29°N, 120°53°E,
2,650 m) M| E & & EAZ (Picea morri-
sonicola) Y& & 71 J 2R B4 Fv/Fm {H
Z ZEnEEAL - &R ([E 2 - Weng et al.
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Fig. 2. Mean (o) and minimum (m) daily temperatures of each measuring day (panel A), seasonal

variations in photosynthetic capacity (panel B), chlorophyll fluorescence (Fv/Fm) (panel C),

and soluble protein of needles (panel D) of Taiwan spruce measured at the Tatachia forest site
(23°29°N, 120°53’E, 2600 m). @, o and A : needles emerged in the spring of 1998, 1999, and 2000,
respectively. Vertical bars indicate the standard errors (n = 3—4) (Weng et al. 2005).

104



2005) #Un 0 R T 3-4 HfpiEERSE
Bigh I REKE ERFYE R
i~ Fv/Fm B & RE ) 2 S E —
£ o £ 3-4 ¥ AEK&ZFE CO,
[ E B SR > SRR R EA &
2 st A E L E WA
TS PR (R FTEL (1B 2D) © [hAh > 1EE
1 1999-2003 4F > DAEE " BEFA (Pinus
taiwanensis) Ky GFTRIG 2 4557
GEIEI P o2 E R (L9 S B e /N
B E P L B ER IR B P Y 2R 7 1 8
{E—%% (Weng et al. 2009) - iz L& 4% 5
BUT B8Ry HA S MIE 2 #kk
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Fig. 3. When the temperature exceeds the critical point (Tc), the Fo of the leaves will increase sharply

(Weng and Lai 2005)
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Fig. 4. Diurnal variation of photosynthetic photon flux density (PPFD) of solar radiation (panel A); leaf
temperature (0: under irradiation, m: leaf clips were shaded with Styrofoam plate, panel B), and
minimal and maximal chlorophyll fluorescence (Fo and Fm, panel C and D) taken immediately
after (open bars), 10 min (diagonal-marked bars) and 20 min (crossed bars) after the leaves were
darkened with leaf clips (Weng 2006).
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Fig. 5. The relationship between the maximum fluorescence value (Fm) and chlorophyll content of
Brassica oleracea L. with different leaf colors (o: yellow-green, @: green, e: dark-green) (Huang,
2000).
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IS SEYE{E (Wong et al. 2012a) ©

Fig. 6. The relationship between ratio of ETR/P; and leaf temperature of Alnus formosana ([2]) and
Pyrrosia lingus (0). Each point represents the mean value of four to six leaves measured at 100,
200, 400, 800; 1,200; and 2,000 pumol m~ s™ photon flux density. Data are means + SD. *: P<0.05,
**: P<0.01 (Wong et al. 2012a).
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Fig. 7. The correlation of electron transport rate (ETR) with net photosynthetic rate (Py) for Miscanthus

30C K 40 % RH) T » 1L

oA kA

=1

floridulus (panel A) and Pennisetum purpureum (panel B) under different temperatures and
humidities (e, A, o, A\ : respectively represent 15 °C, 20 °C, 25 °C, 30 °C and 60% RH; \/ : 30
°C and 40% RH) conditions. ***: P<0.001 (Wong et al. 2014a).
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somai > FEFYEESEHERZ ) o (K Huang et al. 2021a BHRIEE] ) -

Fig. 8. Light-response curves of gross photosynthetic rate (Pg) and ETRy for Pyrrosia lingus and
Archangiopteris somai under different PPFD. ETR; is electron transport rate obtained from
rapid light response. o and e: Pyrrosia lingu (light shade-tolerant plant adapted to slight shade)
cultivated under full sunlight and 90% shading, respectively. A : Archangiopteris somai (adapted to
heavy shade) cultivated under 90% shading. (Data from Huang et al. 2021a.)

9. FEREESE (PPED, A HROETEE ) T » 58755 (Alnus formosana) 2 Pg (FHYEEHI% )
B ETR ( MR CHhGUEFTHIG 2 B IR E R ) 2Ll - TR K - 25
SRR FERK - BIPECHRARELGIK o (R Huang et al. 2021a EHE(FE )

Fig. 9. Light-response curves of gross photosynthetic rate (Pg) and ETRy for Alnus formosana under

N

different PPFD. ETRy is electron transport rate obtained from rapid light response. Squares,
diamonds, and stars indicate measurement under well-watered, and mild and severe drought
conditions, respectively. (Data from Huang et al. 2021a.)
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Fig. 10. Relationship between gross photosynthetic rate (Pg) and ETR; x g, for Alnus formosana. Squares,

diamonds, and stars indicate measurement under well-watered, and mild and severe drought

conditions, respectively (Huang et al. 2022a).
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2014a) -

Fig. 11. The association of electron transport rate (ETR) and net photosynthetic rate (Py) for Pennisetum

purpureum. Closed symbol and solid line vs. open symbol and dotted line: o= 0.84 and 0.80—0.89

respectively, used for calculating ETR. ***: P<0.001 (Wong et al. 2014a).
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Fig. 12. Light-response curves of Py, qE and ql for Pyrrosia lingus (panels A, E, and 1), Asplenium
antiqguum (panels A, E, and 1), Diplazium donianum (panels A, E, and 1), and Archangiopteris
somai (panels D, H, and L) under 50, 100, 300, 500, 1,000, and 2000 pmol m™ s photosynthetic
photon flux density for 30 min. Materials were cultivated under 100% (©), 50% ( D ), and 10% (e)
of sunlight for at least six months. **, *** and ns: P < 0.01, P < 0.001 and not significant. (Data
from Wong et al. 2012a, 2016.)
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Fig. 13. Light-response curves of NPQ for Pyrrosia lingus, Asplenium antiquum, Diplazium donianum,

and Archangiopteris somai under 50, 100, 300, 500, 1,000, and 2000 pmol m™ s™ photosynthetic
photon flux density for 30 min. Materials were cultivated under 100% (©), 50% (), and 10% (e)
sunlight for at least six months. (Data from Wong et al. 2016.)
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Fig. 14. Time course of illumination and darkness:-and-variation in nonphotochemical quenching (NPQ,
panel A), and gross photosynthetic rate (P;) at 30 min after the start of light induction (panel B) in

Alnus formosana ([2]), Pyrrosia lingus (o), and Archangiopteris somai (%) cultivated under 100%
(open symbols) and/or 10% (closed symbols) of sunlight. Variables were measured under 2,000

umol m~ s™' photosynthetic photon flux density at 25°C and ambient CO, concentration. Data are

means + SE (n = 4-6) (Wong et al. 2014b).
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NPQ2min) 27 5% (Wong et al. 2014b) °
Fig. 15. Relation between nonphotochemical quenching (NPQ) values and relative value of potential
quantum efficiency of PSII (Fv/Fm%, Fv/Fm of the same leaves before illumination set to100%),
in leaves exposed to 2,000 umol m > s™' PPED for 30 min in three woody species [Alnus formosana
([20), Ardisia crenata (V), and Ardisia cornudentata (A)] and four fern species [Pyrrosia lingus
(0), Asplenium antiquum (), Diplazium donianum ( 49 ), and Archangiopteris somai (%)]
cultivated under 100% (open symbols) and 10% (closed symbols) sunlight. NPQ,,... (panel A) and
NPQ,,... (panel B) were measured when leaves were exposed to 2000 umol m > s PPFD for 1 min

and 2 min, respectively (Wong et al. 2014b).
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Fig. 16. Variations of Fv/Fm and Fv’/Fm’ (panel A) and NPQ (panel B) of sweet potato at different
temperatures (®: 35°C; o: 25°C; A: 10°C) and light and dark treatments under different light
intensities (20, 100, 200, 400, 800, 1,200, 2,000 umol m™s™"). m: Darkness; 0: Light. (Jhuang 2007)

17. FEEGONHEEPFNEZLE T > HFPv/Pm( =/A509%) 8 AFFm ([ElRCHE) 2 SEET -
SCERF R FURE 20° C (Huang et al. 2022b) °

Fig. 17. The changes of Fv/Fm (triangle-symbet) and AF/Fm" (circle) of sweet potatoes with different
leaf colors under natural light at noon. The closed symbols mean that the temperature at noon was
below 20°C (Huang et al. 2022b).
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Fig. 18. The photosynthesis and the composition of NPQ (qE, qZ+qT and ql) for K. obovata and
Rhizophora stylosa cultivated under 20%o and 40%o salinity with no submerging (N) and

submerging (S) treatments. Measurements were made at 25 °C and 800 pmol m > s™' PPFD in

90 minutes (A) and after dark period 30 minutes (B). Each data point represents the mean of five

leaves. Data are mean + standard error (SE). Different letters indicate significant differences in the

Tukey’s HSD analyses at eight treatments (P < 0.05). * : Significant differences in T-tests between

no submerging and submerging for NPQ of measured value (P < 0.05) (Wang et al. 2021).
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10.

Table should be typed on a separate sheet and be headed by a title of dual languages (Chinese and
English). It consists of only horizontal lines and typed with English terms (if possible) and Arabic
numerals. If foot notes are required, mark with superscripts 1, 2, *, #, etc.

Figure should be drawn with black ink on a separate white tracing paper with a figure legend of the
dual languages below. Computer graph made from laser printer is acceptable.
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