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Abstract

Abstract

The coastal ecosystem of Taroko National Park might represent the most unique piece of the
coastal line in Taiwan due to its marvelous topography and valuable natural resources. In the
previous study we have identified the significant environmental factors that might stress the coastal
plants, which include the strong winds, the high ion deposition caused by salt spray, and the low
solar radiation caused by the frequent cloud coverage. How could the coastal plants of the Taroko
National Park survive under these harsh conditions remained as an unknown question. The objective
of this study was to characterize their ecophysiological properties that might explain the adaptive
mechanism. We continued the monitoring program of atmospheric deposition at the coastal plot as
well as the other two plots at middle and high altitude in the National Park. The pH, electrical
conductivity, and the main ion concentrations were measured biweekly. The determination of cloud
coverage for the coastal area was done by analyzing the daily satellite pictures of MODIS -Terra and
MODIS-Aqua. The criterion of cloud cover was the albedo larger than 0.3 of Band 1. The
ecophysiological properties of photosynthesis were measured by a portable spectral analysis system.
Indices related to photosystem efficiency and photosynthetic pigments were calculated. The
chlorophyll concentration of leaves and the leaf mass per areca were determined. All of the
measurements were done for three plant species having cross-altitudinal distribution and for three

other coastal plants.

The results showed that the coastal area received significantly higher atmospheric
depositions of ions, which might result in a high water stress for the coastal plants. The cloud
coverage of the coastal area was significantly higher than that of the whole area of the National Park.
The cloud coverage was higher in the afternoon than in the morning. The leaf mass per area was
higher and the chlorophyll concentration was lower for the coastal plants. The reflectance in the
400 — 1100 nm range was higher for the coastal plants, indicating that the plants avoid transpiration

demand and water stress by reducing the absorption of shortwave radiation.

A hypothesis was addressed according to the findings of this study: the coastal plants in the
Taroko National Park have adapted to the environment of high water stress by enhancing the
reflectance of the shortwave radiation. The high cloud coverage in this area reduces the transpiration
demand, thus further reduce the risk of wilting. Further work on the soil water condition and the sap

flow will be needed to test it.



%

A k2 RICA AL B AR BTy R E S

)

1



¥-F Nw

A RARE RAZE 1.6x106 kmo s FAS Rl B o T ek pEE R 0 LR Y}
m?f‘ MRehpE o B G A B2 fE i (coastal ecosystems)(Burke et al., 2001) & gL 4 f & & e 3k b

A4 BEE A Ak B4 i\ﬁa‘%xh 1% R A fi & PRI% (ecosystem services)£? 4 fi k& B4 B

(ecosystem goods) o d ** H ¥ F chp RAF AL Qe 2 M4 > B H S &2 X A FEHERE
%8 P end ik (Hassan et al., 2005) o AFT g STER A B A fE ko RN EER G o

2

X g{fg[&] ,;}@gjé[g]p\ gL Ts A Ao ‘“‘il-\‘fr']” Er oo @ 3% %’?&%iﬁi » £ % 9 km o B2 2%
EREBE Lz E AR E ?ﬂf??’rv.ﬂ' Tl LRRF Lo s AR m/,%lx 41 (2408 m a.s.1.,
24°14° N, 121°39 E):> &2i3 g2 BFenT 3o B §:E 35" > @ kb fRT A & L BITLE o Aot

B G R ERRITA R B A A AR B L AR R § RR -

2R BEASL AR SRR N 1986 £ A 2 hk § BRI RS Bl Bp o @ 7
t“i;@,ﬁ‘ﬂ“ﬁfﬁ/Qﬁkﬁlaﬁ%%ﬁﬂﬁk?f?ﬁ%ﬁﬂ“ﬁiﬁ BLRRZCh > by A LT e

GHEREAL T O KA RLE G0 RERE L RS EFL L A
RIS T TN ol f R el ISR gt N S VIR LI o I S sk - L SRR R §
e B AL e Z o e EA 139 Smith (1989)chg 72 - 2 & 5 ¥ 783 B G = kT &
ARSI

2

= =& {3 (components) : ¢ 4% & # 4 F (inorganic substances) ~ F 1% 4 F (organic
substances) ~ F iF (climate) ~ 2 & —‘ﬁ (producers) ~ ij" % f % (consumers) ~ ¥ & ﬁir’ﬁ
(decomposers) °

* %17 3" (structural patterns) 8 1 % (food web) ~ % & {4 (diversity: species
variation in space) ~ 14 % /& ’*q*(successmn: species variation in time) °

*  # i (functional processes) : it & it # (energy flow) ~ ™ 2 2 3= 3k v F Ik
(biogeochemical cycling) -

d T S ke B e R G WS- B2 - e
CAES EE AN S LS T 1L EE TLE R L SN S
R B - e T GEEI G AR E T B L2

3
SR T 4 R R i LAE R L (e & e

—\

-
a

<
4y

~ 2 P

AR AREL G AT A ESF Y LT NPRKTE R SFREF]T 0 R F %
F]F LR AR VB FF S 5 0 A ke RiCE A2 FRE S5
AREA R AR PR R E  AHRFAEP AP S LB AR FORRE G RS
L AR B ER > AR P BkanhE o R R A AT kG ‘

N

A=
i
-3
3
o

o
=
x4
B

'



iy 2 s p a2 ;i ok g r e ES
RAPA AL RTEAALEAED LT TS

I

)

EaEL A

F_*

PR S et A AT b o A BT BT F % o
L R AT TN Bl T A8 (DEFEHER
AAAE A S RBFFRAFERE AL B e HELBIR NG 2 FF 2 FRE
HNrIZ A F AR o QFHFTS AL NS P
BERT L BAREEE Q) LA AF RS MRS AL

il B4l (T AL B L BT BRI R

Riprmy a1 it 33 o



Iy
s
kel
&
i
1%
=
2

BRiZA G2 Fabd PR TG T AP RARREFFECFREF]F S B e KEF
+ e
i F %5

F % F1F > & 35 5 BB i S (solar radiation) ~ b #E R v ~ FE CAAEHIBRE R EE Y
G- B A PERE PP AR PSR FER SRERTAEFLL L T
FRFF T AV RE &

TR EBERA I T BA AR R G e L2 S BRSO E RS G R
BIRE HFPREAR ofp pOEEFEL 20 kg2 Wi&iﬁf%ﬁkfﬂ'i (1A =
LIRS SR A P TS N o LA S BRTCA AL ks h‘i—
BHEREFA YR FAEZ AKRBANE B 4/ 4 Fa B K4 i it &
e AH AR SRE KR AL 2 FORE T s § g sk
22 57545k (diffuse radiation) st &) o

" R EFTE RO AR T A A2 £ & 2t F kg 5] (Kramer et al., 2001,
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- Structure-independent Pigment Index (SIPI) (Rgoo — R445)/(R800 — R680)
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322 AGPRATRFR KL LRI ER SRR - A KRBEBI A EPRIRFE A (TH) - FHH 4
2 (BL)~frg b st (HH) - A4S 2011 £ 37 9p 2 2011 & 127 16 P » %7 #okpm
FAAREL 2 PRHR K o I 3 BEPREPTIOE

sampling date _Conductivity pH cl” NO3 S042" Na* NH4* K* mMg?* ca?
[ps cm™] [mg 17

2011/03/23 HH 8 6.12 0.18 0.56 0.92 0.03 0.24 0.05 0.03 0.03
BL 11 5.41 0.22 0.45 1.11 0.05 0.01 0.12 0.04 0.14

TH 72 5.32 3.86 5.19 7.45 4.74 1.77 0.09 0.44 3.13

2011/04/14 HH 6 6.48 0.18 0.55 0.66 0.04 0.15 0.05 0.04 0.07
BL 7 6.53 0.20 0.18 0.93 0.05 0.01 0.09 0.05 0.49

TH 68 6.54 4.78 7.16 8.60 4.89 1.24 0.26 0.62 4.71

2011/04/29 HH 21 4.83 1.37 6.95 27.21 0.05 0.70 0.09 0.01 0.15
BL 24 4.57 2.20 6.78 32.50 0.10 0.01 0.10 0.01 0.29

TH 105 5.49 81.56 71.48 165.02 2.37 2.28 0.12 0.44 1.50

2011/05/12 HH 7 5.40 0.49 2.77 5.20 0.03 0.04 0.09 0.00 0.10
BL 4 5.93 1.10 0.06 3.90 0.06 0.01 0.10 0.01 0.12

TH 38 6.22 27.47 8.84 53.98 0.88 0.13 0.10 0.12 0.76

2011/05/26 HH 3 5.93 0.78 0.88 1.70 0.04 0.01 0.09 0.00 0.09
BL 2 6.21 0.16 0.07 1.30 0.02 0.00 0.09 0.00 0.09

TH 40 4.39 11.94 15.63 35.00 0.36 0.05 0.09 0.04 0.35

2011/06/09 HH 2 5.56 0.12 0.06 0.14 0.01 0.00 0.01 0.00 0.02
BL 3 5.94 0.13 0.06 0.14 0.02 0.00 0.01 0.00 0.02

TH 14 5.67 0.82 1.06 2.09 0.50 0.04 0.02 0.09 0.31

2011/06/22 HH 3 6.03 0.14 0.33 0.31 0.02 0.03 0.01 0.01 0.02
BL 5 5.94 0.23 0.06 0.36 0.03 0.03 0.11 0.02 0.04

TH 24 6.11 2.61 0.84 2.95 1.90 0.06 0.06 0.24 1.55

2011/07/05 HH 4 5.54 0.12 0.18 0.24 0.01 0.01 0.01 0.00 0.01
BL 5 5.70 0.21 0.06 0.31 0.04 0.01 0.10 0.01 0.03

TH 26 6.03 1.88 1.37 4.20 1.29 0.12 0.07 0.20 1.65

2011/07/20 HH 5 5.54 0.22 0.11 0.26 0.03 0.05 0.19 0.00 0.01
BL 4 5.88 0.13 0.05 0.24 0.02 0.01 0.01 0.00 0.01

TH 17 6.13 1.01 0.82 2.32 0.70 0.01 0.02 0.13 1.19

2011/08/05 HH 4 5.73 0.20 0.06 0.21 0.05 0.01 0.04 0.00 0.02
BL 17 6.02 0.76 0.23 0.55 0.65 0.05 0.84 0.12 1.14

TH 42 6.66 3.95 0.49 1.99 2.91 0.02 0.12 0.40 3.79

2011/08/16 HH 5 5.98 0.15 0.36 0.23 0.02 0.73 0.05 0.00 0.01
BL 7 6.25 0.25 0.07 0.33 0.04 0.01 0.28 0.01 0.04

TH 27 6.21 1.90 0.67 2.16 1.35 0.00 0.06 0.20 1.38

2011/09/01 HH 3 5.93 0.19 0.17 0.19 0.02 0.03 0.01 0.01 0.01
BL 2 6.45 0.14 n.a 0.16 0.02 0.00 0.02 0.00 0.01

TH 8 6.39 1.13 0.05 0.47 0.75 0.00 0.02 0.05 0.03

2011/09/19 HH 9 6.16 0.36 0.08 0.95 0.17 0.01 0.46 0.06 0.14
BL 8 5.69 0.29 0.06 1.52 0.12 0.02 0.16 0.04 0.12

TH 43 6.80 4.86 0.45 3.08 3.63 0.00 0.73 0.44 3.00

2011/09/28 HH 5 6.23 0.20 0.14 0.18 0.06 0.00 0.03 0.01 0.02
BL 11 5.72 0.19 0.74 0.56 0.26 0.20 0.04 0.01 0.04

TH 35 6.53 3.27 3.15 3.69 2.45 0.07 0.10 0.31 2.25

2011/10/14 HH 2 6.41 0.11 0.07 0.09 0.01 0.02 0.01 0.00 0.00
BL 2 6.41 0.19 0.11 0.13 0.01 0.02 0.01 0.00 0.01

TH 11 5.91 1.63 0.25 0.80 1.05 0.03 0.01 0.09 0.02

2011/10/27 HH 6 6.44 0.15 0.11 0.18 0.03 0.02 0.01 0.01 0.02
BL 10 5.70 1.18 0.69 0.39 0.19 0.03 0.04 0.01 0.03

TH 14 5.51 0.63 1.45 1.89 0.35 0.07 0.02 0.08 0.45

2011/12/02 HH 2 6.46 0.02 0.09 0.03 0.02 0.02 0.01 0.00 0.01
BL 3 6.21 0.08 0.15 0.09 0.02 0.04 0.01 0.01 0.01

TH 7 5.77 0.56 0.24 0.55 0.42 0.07 0.15 0.04 0.06

2011/12/16 HH 2 6.31 0.11 0.10 0.11 0.02 0.01 0.07 0.00 0.01
BL 5 6.00 0.10 0.14 0.14 0.02 0.01 0.01 0.01 0.01

TH 10 6.10 0.79 0.37 0.71 0.49 0.07 0.02 0.06 0.14
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# 31 CARARLFIAERFIASE QA E MEIAHFCETORIER A RRERRFIEFRARD
Blg =k (TH) ~ ¥4 Az (BL)~ fod gL g sk (HH)  A45PFR 5 20114 33 99 3 2011 & 12

' 16p »hiFH R B EL 2R ok o Bid S IBEAFR ENTIOE o
2- +
4

sampling date Lolation H,0 H* c1- NO3 ) Na* NH4* K Mg%* ca®
[mm] [kg ha™]

2011/03/23 HH 95 0.0007 0.173 0.539 0.875 0.032 0.226 0.045 0.027 0.032
BL 38 0.0015 0.082 0.170 0.422 0.020 0.005 0.046 0.016 0.055

TH 23 0.0007 0.877 1.180 1.695 1.078 0.401 0.020 0.100 0.712

2011/04/14 HH 121 0.0004 0.221 0.661 0.800 0.051 0.180 0.056 0.050 0.080
BL 61 0.0002 0.122 0.112 0.565 0.033 0.007 0.054 0.029 0.299

TH 20 0.0001 0.966 1.450 1.738 0.991 0.252 0.052 0.126 0.953

2011/04/29 HH 83 0.0124 1.140 5.780 22.635 0.041 0.584 0.078 0.009 0.124
BL 22 0.0059 0.480 1.510 7.103 0.021 0.003 0.022 0.002 0.064

TH 15 0.0005 11.914 10.433 23.991 0.349 0.336 0.018 0.065 0.221

2011/05/12 HH 107 0.0043 0.524 2.957 5.559 0.029 0.045 0.093 0.005 0.110
BL 35 0.0004 0.384 0.020 1.358 0.021 0.002 0.035 0.003 0.042

TH 24 0.0001 6.697 2.148 13.156 0.215 0.031 0.023 0.030 0.186

2011/05/26 HH 424 0.0050 3.445 3.755 7.232 0.184 0.037 0.364 0.012 0.363
BL 155 0.0010 0.251 0.102 2.010 0.026 0.005 0.132 0.004 0.136

TH 71 0.0180 5.730 7.360 16.439 0.172 0.022 0.043 0.019 0.167

2011/06/09 HH 84 0.0023 0.101 0.047 0.115 0.008 0.004 0.006 0.001 0.013
BL 69 0.0008 0.092 0.040 0.099 0.012 0.003 0.010 0.003 0.012

TH 88 0.0019 0.720 0.939 1.842 0.438 0.031 0.014 0.080 0.276

2011/06/22 HH 63 0.0006 0.088 0.208 0.191 0.011 0.017 0.006 0.005 0.014
BL 49 0.0006 0.113 0.028 0.177 0.015 0.015 0.051 0.008 0.017

TH 50 0.0004 1.310 0.418 1.485 0.958 0.029 0.033 0.121 0.778

2011/07/05 HH 124 0.0036 0.150 0.227 0.298 0.017 0.018 0.009 0.005 0.015
BL 21 0.0004 0.044 0.013 0.065 0.008 0.003 0.021 0.002 0.006

TH 42 0.0004 0.797 0.579 1.782 0.547 0.051 0.028 0.086 0.698

2011/07/20 HH 160 0.0045 0.342 0.182 0.422 0.045 0.078 0.295 0.005 0.012
BL 106 0.0014 0.135 0.053 0.259 0.017 0.009 0.015 0.004 0.014

TH 42 0.0003 0.421 0.346 0.971 0.294 0.005 0.010 0.053 0.498

2011/08/05 HH 31 0.0006 0.060 0.019 0.064 0.015 0.004 0.013 0.001 0.006
BL 2 0.0000 0.016 0.005 0.011 0.013 0.001 0.018 0.003 0.023

TH 12 0.0000 0.482 0.060 0.243 0.355 0.003 0.014 0.049 0.461

2011/08/16 HH 72 0.0007 0.109 0.257 0.167 0.015 0.518 0.038 0.001 0.006
BL 26 0.0001 0.065 0.018 0.083 0.010 0.002 0.073 0.003 0.009

TH 51 0.0003 0.962 0.338 1.089 0.682 0.003 0.032 0.099 0.696

2011/09/01 HH 300 0.0035 0.574 0.501 0.561 0.050 0.079 0.027 0.015 0.032
BL 372 0.0013 0.511 n.a. 0.605 0.061 0.003 0.057 0.013 0.027

TH 507 0.0014 5.752 0.232 2.369 3.792 0.005 0.102 0.261 0.132

2011/09/19 HH 11 0.0001 0.040 0.008 0.106 0.019 0.001 0.053 0.006 0.015
BL 15 0.0002 0.043 0.008 0.223 0.018 0.003 0.024 0.006 0.018

TH 22 0.0000 1.073 0.100 0.678 0.801 0.000 0.161 0.097 0.663

2011/09/28 HH 18 0.0001 0.037 0.026 0.033 0.011 0.001 0.006 0.002 0.003
BL 30 0.0004 0.057 0.225 0.170 0.081 0.062 0.013 0.004 0.011

TH 33 0.0001 1.084 1.044 1.222 0.811 0.025 0.033 0.103 0.744

2011/10/14 HH 401 0.0016 0.433 0.263 0.367 0.038 0.072 0.033 0.010 0.018
BL 463 0.0012 0.882 0.503 0.581 0.051 0.092 0.044 0.015 0.031

TH 609 0.0075 9.905 1.496 4,887 6.369 0.187 0.068 0.559 0.149

2011/10/27 HH 38 0.0001 0.058 0.040 0.069 0.012 0.006 0.003 0.005 0.006
BL 32 0.0006 0.377 0.221 0.128 0.061 0.011 0.012 0.004 0.009

TH 95 0.0030 0.592 1.366 1.788 0.330 0.068 0.019 0.079 0.429

2011/12/02 HH 376 0.0013 0.076 0.343 0.110 0.062 0.069 0.032 0.011 0.035
BL 298 0.0018 0.248 0.451 0.257 0.065 0.110 0.042 0.016 0.035

TH 95 0.0016 0.531 0.225 0.529 0.404 0.070 0.145 0.036 0.057

2011/12/16 HH 179 0.0009 0.191 0.171 0.189 0.038 0.019 0.117 0.007 0.014
BL 134 0.0014 0.133 0.182 0.186 0.029 0.016 0.009 0.007 0.017

TH 146 0.0011 1.152 0.535 1.031 0.715 0.108 0.034 0.088 0.210

total flux HH 2686 0.0427 7.7632 15.9855 39.7946 0.6776 1.9572 1.2745 0.1770 0.9001
BL 1928 0.0192 4.0348 3.6613 14.3026 0.5602 0.3524 0.6785 0.1413 0.8247

TH 1947 0.0375 50.9650 30.2505 76.9345 19.3012 1.6265 0.8487 2.0510 8.0302

volume- HH 0.0016 0.289 0.595 1.481 0.025 0.073 0.047 0.007 0.034
weighted conc. BL 0.0010 0.209 0.190 0.742 0.029 0.018 0.035 0.007 0.043
TH 0.0019 2.617 1.554 3.951 0.991 0.084 0.044 0.105 0.412
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