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Abstract

We used three bat detector systems, AnaBat, Pettersson and Avisoft, to record and analyze echol ocations
of two bat species with different echolocation types: Myotis taiwanensis with FM type and Hipposideros
terasensis with CF-FM type. Maximum frequencies, minimum frequencies, characteristic frequencies
and durations of pulses of the bat echolocations were described and compared among the three systems.
The results showed that the function and application of each of the detector systems depend on sensitivity
of its recording apparatus and analytical software and on the echolocation type (FM or CF-FM) of the
bat. The AnaBat system is useful for bat fauna survey and long-term monitoring, whereas the Pettersson

and Avisoft systems are suitable for behavior study and for solving echolocation issues.
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Fe s 5 SRR 1B REE BRET It — SR AR SR A B
I 49 [T PR LA S A o o [ 2 {3 L7 2R L
i E B ok 1Y A2 52 - 22(2007) FI| ] Pettersson
PRELE I EE BEE N RITIREE R » BBLHE
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Fig. 1. Microphones of Pettersson (left), Avisoft (center) and AnaBat (right) ultrasonic detecting systems

on the platform.
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A4.9)) S % - 1 5 BE L B R AR o B L I
Wi P 22 g DA g 7 XA (18 2) »
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2. 3B E MR AR e 35 46,2 Analook & [ (AT A HE %)
Fig. 2. Checking and removal of noise and fragmented echoes (red square area) from AnaBat spectrum.
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AU E RV > RS LR KEER
ALY - {5 H] BatSound Pro A 2 5@ i 1 5
HERA > FE AT o3 A B ML 2 B AP AR Y e B

A

Amplitude
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(8] 3) ° bR S SR 5 AnaBat A7 2 7 3 LL
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KI2-16dB 2 WA T B 5 R UE < I o 9K
177 5 {1 Wi e LS AR TR DRI g DA
TR E e R EF R e B Bh /AT s -

100%.
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Spectrogram. FFT size 512. Hanning window.
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Spectrogram. FFT size 512, Hanning window.
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Fig. 3. Therecorded files before filtrationing (A) and after filtrationing (B) (red arrows, marking sound;
left blue bracket, bat approaching the microphone; right bracket, bat away from the microphone).
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(=) Avisoft A%

AR5 o W 5 AR ZE 1] ] Avisoft-SASLab
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o T 2 IV A AR R 5 10 M2 i RUASE S S 1R g Y
o EAUCK S R OCRE R EA AL > DR
B 1Y) Wi 0 A o S RN R B AR ZE 0 1 s
Avisoft-SASLab Pro 73 2 i 15 5t 4t i\ ml o
Pt 53 1 4 L 2 2 B AV (R [ 35 (1] 4) = BR

FrilE SRR AnaBat it 2 i 2 LI T 5t
F—AREEE TR A RS - HERRy R
B B e B ) 3 L SR (5 ) Avisoft-SASLab
Pro #CSEAT B BHIHI R < K B B P E
H 5/ RE B2 (I8 A 5 -160IB - 15 £3 m] Hf J ML 2
WAL+ DRI e A9 388 H L A 90 2 [ A - 16dB
LM T R E RHRUE 2 o SR o (R
WA AR - K& f LU T 515 E
HRE R A F A% E EH B o TR AR o

- a =

3504 -

300+

250 ¢

200+ -

150+ e

100+ e "
50- L _______'.

4. DRI E RE B R RS 28 o A Ffr RE R sk A 46 81 T 5 ol 1) 2K (B 0 o

Fig. 4. Overloading of the energy of echoes over the system.
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i 2 o B SEELE 5 62.10+7.28 T
B (KHZ) » R{EES 45.95+1.98 kKHz » F 2348
1% 52.80+ 3.76 KHz » #FiIF i £5 1.38+0.56
¥ (ms) o Bk 5 5 183 S 2 n] Pl 4R %
HEHH 8EIEE - BE 143 {AHKWE - K&
A B 5 68.75+0.66 kHz » K 60.17+
3.01kHz » H 35 4f 5 68.32+ 1.20 KHz » F3ii

BFME 7.19£1.92ms (£ 1) -
(=) Pettersson & fft

AT LA Pettersson A #f Fft # 15 15 18 5
g 2 Al Al e AR AL 10 AR > S
268 Il & WU EF - e o SE AR £5 59.63+5.99
kHz » fx {5 42.81+3.11 kHz » 55865
46.11+2.40kHz » FrERFE]E 2.01£0.83ms -
FIT B A 2 VB T Sl 2 AT I ) o SR S AEE T 8
e % > LE 184 (A U - i e ST
% 69.06+0.67 kHz » fz{K/F 59.79+3.13kHz »
1S5 4 S 68.01+0.63kHz » FHifelsft e 7.83
+1.58ms(F 1) -
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W I ARE T

7% 1. AnaBat ~ Pettersson J Avisoft %5 3 i (e 11 23 A il 5 2 & 18 5 B 5 5 18 5E SoE S il &
fiE o FIFH B/ NREE 1 72 S Be ket 3 R 2 85 AR RE - 6 DL /5151 3 Bl 2 4 {8 & Fr i kb

WTHE > A B~ Cop Rl RN BB 2 B A B A

Table 1. Characters of echo calls of Myotis taiwanensis and Hipposideros terasensis recorded by three

ultrasonic detecting systems and grouped by the least significant differencetest (L SD) for their maximum

frequencies (Fmax), minimum frequencies (Fmin), characteristic frequencies (Fc), and durations of

frequencies (Dur)

e wwe V40 Ml el oeo
AnaBat M.taiwanensis 355  62.10+7.288  4595+198°  52.89+3.76A  1.38+0.56C
(49.84-84.66)  (40.71-53.33) (43.96-60.61)  (0.60-3.27)

H. terasensis 143 68.75+0.66C  60.17+301F  68.32+120A  7.19+1028
(66.39-70.18)  (53.87-68.67) (58.18-69.57)  (0.48-10.19)

Pettersson M. taiwanensis 268~ 59.63+5.99C  42.81+3.118  46.11+2.40C  2.01+0.838
(41.50-72.75)  (36.13-53.71) (39.30-53.60)  (0.91-4.60)

H. terasensis 190  69.06+0678  59.79+313%  6801+063%  7.83+158A
(67.87-69.34)  (56.15-67.87) (66.20-68.70)  (3.33-9.29)

Avisoft M.taiwanensis 246  76.73+828°  4569+261A  5219+4138  2.81+143A
(55.67-98.56)  (38.85-56.36)  (40.20-65.90)  (0.81-9.17)

H. terasensis 244 69.61+0.78A  61.72+240A  6583+139C  7.56+1.48A
(67.61-71.50)  (56.95-69.53) (62.20-71.00)  (4.56-12.07)

A The group with the highest LSD (Fisher’s least significant difference) values among three systems.

B The group with the medium LSD values.
€ The group with the lowest LSD values.

(=) Avisoft Z##

AW FELL Avisoft i it 8k 15 1 18 5l B 0
Z AT Al SR A LA 10 (g % - & 246
B U - ) v SHEHI RS 76.73£8.28kHz »
R{ES 45.69+2.61 kHz » B35 4A S 52.19+
4.13 kHz » BRI 5 2.81+1.43 ms o Fii15
B R 2 AP RS Sk AT 10 {EkE
2o WG 244 (EA R o B e EE R
69.61+0.78 kHz » f {5 61.72+2.40kHz » %
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Fig. 5. The frequency spectrum of Myotis taiwanensis recorded by the AnaBat system.
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Fig. 6. The frequency spectrum of Myotis taiwanensis recorded on fast Fourier transfer.



138 W & (R R T

D0 Uer=jon

7. 1 AnaBat S T 15 2 15 18 55 SRR 5 5 [ 5
Fig. 7. The frequency spectrum of Hipposideros terasensis recorded by the AnaBat system.

kHz

350 pmaspiby g
300+

2504

200- |l llr.'}h*.-!]“ i kot i-".f-"-'lh :‘-rl. L]
150 , |
50- | L .

0.01 0.02 0.03 0.04 s

8. 1 B0 Lo Ay RS {8 37 SO L R 5 QB [ 3
Fig. 8. The frequency spectrum of Hipposideros terasensis recorded on fast Fourier transfer.
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Table 2. Differences in function and application of three ultrasonic detecting systems

Systems
Functions

AnaBat Pettersson Avisoft
Filesize Small Medium Large
Frequency response (kHz) 10-200 10-384 10-750
Relative sensitivity Low Medium High
Noise reduce Medium Low High
Compatibility Low Medium High
Convenient High Low Mdium
Electric power supply Low High Medium
Recording type Paint Vocal print Vocal print
Play back No Yes Yes
Function of software Weak Medium Strong
Personal equation High Low Medium
Applications Survey and Behaviors and Behaviors and

monitoring ecological study ecological study
Price Low Medium High
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Abstract

The on-going Hushan Reservoir construction project in Yunlin County of the central-west Taiwan
will provide additional water supply for local and regional economic development, but it will inevitably
result inloss and fragmentation of wildlife habitats, causing severe negative effects on local environments.
In order to mitigate the negative effects, the strategies that have been taken by the project are to minimize
wildlife habitat destruction during the construction and to restore the habitats in the neighboring areas.
The objectives of this study were 1) to establish an avian conservation priority ranking system for the
Hushan Reservoir Area, 2) to identify avian target species for the conservation, and 3) finally to propose
conservation measures for increasing carrying capacities of the target species. With considering references
available, taxonomic status, population status, distribution patterns, life cycles, environmental requirements,
and vulnerability to the disturbance from the construction for all (97) native species of the birds found
in the area, we built an avian conservation priority ranking system, using New Zealand’s system as the
core framework with those of IUCN, NatureServe, Partners in Flight, and Bird Studies Canada as the
references. Twenty five species were identified as the target species for the system. Of them, 21 species
were forest dependent. Accordingly, we concluded that top priority for the avian conservation in the
Hushan Reservoir Areaisto restore lowland broadleaf forests to increase habitat diversity for the target
species. We also suggested to preserving riparian vegetation and grasslands along streams, protecting

nesting sites at the banks, and avoiding disturbance of breeding activities of the birds during the construction.
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K ey wor ds: avian conservation priority ranking system, habitat improvement, Hushan Reservoir, Taiwan
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Fig. 1. The Hushan Reservoir Area located in the eastern part of Linnei Township, Doulieu City and

Gukeng Towhship of Yunlin County.
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Table 1. Habitat types and ranking of conservation priorities based on the conservation priority ranking

system for target avian species in the Hushan Reservoir Area

C::r::e Scientific names E/Zb;:at Popsltu;talion Taxstt);zr:ic Threats Vulnerability ;%tis
BEIEHE Lophura swinhoii Forest 4 3 2.67 3.6 13.27
SRS Arborophila crudigularis Forest 4 3 2.33 3.8 13.13
N Oriolustraillii Forest 4 2 3 34 12.4
B e Urocissa caerulea Forest 2.67 3 4 16 11.27
H R g Myiomela leucura Water 2.67 2 3 3.2 10.87
$LEEMNME  Treron formosae Forest 4 2 1.67 3 10.67
PRI Rallina eurizonoides Forest edge 4 2 2 2.6 10.6
KB Pomatorhinus erythrogenys Forest 3 2 233 32 10.53
AN = Pomatorhinus ruficollis Forest 2.33 2 3 3.2 10.53
WEE Accipiter virgatus Forest 3.33 2 2.67 24 10.4
GiELmiE  Myophonusinsularis Water 2.33 3 1.67 3.2 10.2
tE=HRk%8  Turnix suscitator Grassland 2.67 2 2 34 10.07
FE|= 0 Alcippe brunnea Forest 2.33 2 2.67 3 10
JAN:Y=A Pitta nympha Forest 3 1 3 3 10
ZE Alcedo atthis Water 3 1 2.33 36 9.93
M EE AR Hypothymis azurea Forest edge 3 2 2.33 2.6 9.93
Z2ZNE Chalcophapsindica Forest 3.33 1 2.33 3.2 9.87
FEHE Abroscopus albogularis Forest 3 1 3 28 9.8
HERhE Treron sieboldii Forest 3 2 2 2.8 9.8
ol g Garrulax poecilorhynchus  Forest 3 2 2 2.8 9.8
[E\BEZ &  Accipiter trivirgatus Forest 3 2 2.33 2.4 9.73
Kt Spilornis cheela Forest edge 3 2 2.33 24 9.73
ffegm Glaucidium brodiei Forest edge 3 1 2.33 3.2 9.53
J\EF Acridotheres cristatellus Farmland 3 2 3 14 9.4
INE%E Alauda gulgula Grassland 3 1 2.67 24 9.07
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Table 2. A comparison of the scores for various criteria of the conservation priority ranking system

between the target species group and the non-target species group of forest type birds in the Hushan
Reservoir Area (Kruskal-Wallis Test; H-values; P-values, probability)

Target species group Non-target species group
Median ~ AVIBe  pjegian  AverEge : "
Population status Distribution 3 241 2 134 10.38 0.001
Abundance 3 23.2 2 14.1 7.75 0.005
Population trend 4 20.1 3 16.4 1.39 0.239
Taxonomic status 2 224 1 14.7 5.87 0.015
Threats Habitat loss 3 20.5 25 16.1 2.07 0.15
Hunting 3 22.3 2 14.8 513 0.024
Invasive species 1 21.3 1 155 7.53 0.006
Vulner ability Diet specificity 2 175 3 184 0.06 0.802
Habitat specificity 3 231 2 14.2 8.14 0.04
Reproductive specificity 2 20.7 2 15.9 214 0.144
Reproductive sensitivity 3 23.6 2 138 8.54 0.003
Movement 3 214 3 154 3.15 0.076

*Bold numbers, significant difference at or less than 5% level.
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Appendix |. The avian conservation priority ranking system for Hushan Reservoir Area
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Appendix | 1. References of avian characteristic database of the Hushan Reservoir Area
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TR PR SE BRI SERT SRR
Habitat types Target species group Non-target species group
B MERRIAIY #MEHE (Lophura swinhoii) [LI#L5H (Stachyris ruficeps)
(Forest type) EiE LS (Arborophila crudigularis) & EHEEIK A (Megalaima nuchalis)
8 (Oriolustraillii) 1%t (Bambusicola thoracicus)
Ei#EE R (Urocissa caerulea) HE R (Otus spilocephalus)
$1BE#ENE (Treron formosae) #k=£/8 (Erpornis zantholeuca)
K& (Pomatorhinus erythrogenys) JX A (Columba pulchricollis)
JNEE (Pomatorhinus ruficollis) /B (Dicrurus aeneus)
VA& (Accipiter virgatus) JX & (Pyrrhula erythaca)
HEE#3 (Alcippe brunnea) #%k4iHE (Zosterops japonicus)
J\ B (Pitta nympha) Wi EEE (Alcippe morrisonia)
2% e (Chalcophapsindica) M5 (Gorsachius melanolophus)
1] (Abroscopus albogularis) f5fEE (Dendrocitta formosae)
#%NE (Treron sieboldii) /N (Dendrocopos canicapillus)
FEER S (Garrulax poecilorhynchus) Jx M L1 (Pericrocotus solaris)
JE\5EZ & (Accipiter trivirgatus) 7JE & (Accipiter soloensis)
IKEEE (Butastur indicus)
[£#E (Zoothera dauma)
HrftBE (Cuculus saturatus)
g% (Turdus chrysolaus)
txAL & (Phylloscopus borealis)
POy LT S didll TR FAIFR%E (Rallina eurizonoides) ] ER BRI R (Spizixos semitorques)
(Forest edge type) M FrEESE (Hypothymis azurea) FILEs B8R (Hypsi petes leucocephal us)
K (Spilornis cheela) 151, (Cettia diphone)
fl&fE (Glaucidium brodiei) H 8 (Phoenicurus auroreus)
BE R (Monticola solitarius)
JRBESE (Muscicapa griseisticta)
y 57l HEfE (Myiomela leucura) HIERL%E (Amaurornis phoenicurus)
(Water type) E LIS (Myophonus insularis) #k %% (Butorides striata)

72 B (Alcedo atthis)

H#E48 (Motacilla alba)
JXERGE (Motacilla cinerea)
HEHEAE (Motacilla flava)
#1557k &k (Gallinula chloropus)
¥Evb#e (Riparia paludicola)
/N1 (Egretta gar zetta)

&% (Nycticorax nycticorax)
JNERSEHE (Charadrius dubius)
H1 % (Egretta intermedia)
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Bikgak 111 (%)
Appendix I11. (cont.)

ALK R SRR IR T R -3l R

AR RSB AR
Habitat types Target species group

FEAE SRR SR
Non-target species group

A A FE=JESR (Turnix suscitator)
(Grassand type) /NE4 (Alauda gulgula)

(Village type)

FHZE A J\EF (Acridotheres cristatellus)
(Farmland type)

% bR
(Diverse
habitat type)

&R (Actitis hypoleucos)
1 (Ardeola bacchus)
T ERSEE (Charadrius alexandrinus)

¥ Bamg (Paradoxornis webbianus)
PR (Priniacrinigera)

H 5 2 & (Cidticola exilis)
#H5E#EE (Priniainornata)

¢ B (Lonchura punctul ata)

H %2 B (Lonchura striata)
JxBEEREE (Prinia flaviventris)
ERE % (Cisticolajuncidis)

K #E % (Acrocephalus orientalis)

/\FY#E (Apus nipalensis)

W E e (Apus pacificus)

¢t (Hirundo rustica)

7l (Cecropis striolata)
P4 (Hirundo tahitica)
75l (Delichon dasypus)
fiifi#e (Passer montanus)

K% (Dicrurus macrocercus)
PR SEDENE (Sreptopelia chinensis)
i {H%% (Lanius schach)

At (Glareola maldivarum)
#LEE{f%5 (Lanius cristatus)

H 5% (Pycnonotus sinensis)
$hE (Streptopelia tranquebarica)
# (Buteo buteo)

#T£ (Falco tinnunculus)

T GA%E (Bubulcusibis)

£ B (Sreptopelia orientalis)
7r35 %2 (Halcyon coromanda)

HEH A RS (Otus bakkamoena)

[1I#%8 (Scolopax rusticia calliope)
Bl (Phylloscopus fuscatus)
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Nest Materials and Measurements of the Black-Naped
Monarch (Hypothymis azurea) in Taiwan
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W %

B 72 & e A R 36 {E i 2007-2008 - %2 5E 2= HARK] - H1 = AR IER PR P 40 B - 7S i R B i A< ) R
M #5245 (Hypothymis azurea) 5 SR fiE je M o EALEESE S HAVIME K ~ SMEHE ~ RIER ~ K
B~ HO R B ERY TS Y 1 By SE 43 RIS 66.9 + 0.88 mm ~ 58.6 + 0.83 mm ~ 52.8 + 0.70 mm -
45.1+0.52 mm ~ 67.3£2.22 mm J 29.9 + 0.98 mm - B &7 EHI 3.39 (SE = 0.17) - 3L B
EERR I B A LA > HAE S B B AS B 100% » 55 I 72.2% » H gk HH BRSNS 5008 B
P A L5 & #E(100%) ~ #7(100%) ~ f5f 572 (83.3%) ~ WA 1 5% &h(Icerya purchasi) (72.2%) ~ fof
(66.7%) /)N |7 7% & (Mar asmius spp.) B #h 3 (58.3%) 55 o
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Abstract

We measured and examined building material s of 36 nests of the black-naped monarch (Hypothymis
azurea). They were collected from a hilly area covered predominantly with bamboo forests and secondary
growth broad-leaf trees in the west-central Taiwan, 2007 to 2008. The measurements (mean + SE, mm)
were 66.9 + 0.88 for the maximum nest diameters, 58.6 + 0.83 for the minimum nest diameters, 58.6 +
0.83 for the maximum cup diameters, 45.1 + 0.52 for the minimum cup diameters, 67.3 + 2.22 for the
nest depths and 29.9 + 0.98 for the cup depths. The dried nest weights were 3.3 + 0.17g. Bamboo leaves
were found in all the nests, occupying 72.2% of the dried nest weight; they were the most important nest
building materials. The other materials that occurred more than 50% of nests were moss (100%), silk
(100%), barks (83.3%), cottony cushion scale (Icerya purchasi) (72.2%), tree leaves (66.7%), and horse-
hair fungus (Marasmius spp.) (58.3%).

BRSEER] « WA Tk ~ DR R - BM o REPHE S 58
Key words: Icerya purchasi, Marasmius, nest materials, nest measurements, Taiwan
B HI 98FE 12 31H

Wtk HY] : 988 H 5H
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R EL S B (E S P O RO S - T (E 25 E
FHIBR A R o k7 04 (Sulawesi) K LB 3T /]y

&

o)

PR #E A5 (Hypothymis azurea) J& i 21 H
(Passeriformes) F 45 £l (Monarchidae) » &z 7
A AR S R AR o B 5 ) A EE AR
(H. azurea oberholseri) & & #4515 1h £ (Coates
et al. 2006) - AL E 55 5 G 18 T 3 B v ik
(<1,600m) ¥ JwH) & 5 (F8 1977) » B fE IR
HE Iz » HEE KM A HE 4 R 2R
HOH BB (£ 55 1991) o H (A B B 4r
By - 8 B SR R R AR S B - DL s
RBER - HHEMZEE 4-7 (% 1986) » =
FERSTEE R~ T T ] VSR B g 8 P 2RI B

aERH L MR - BEEEE - 5

5 5 el (H. azurea puella) £ H A ML H) 65 mm
PIfEHT 52 mm ~ B4 &Ky 65 mm ~ A HITKY
#% 38 mm (Coateseet al. 2006) o % A H b1 /51 -
% 15 8 B RO > AHR e DACE FEEE ~ T ~ Wik
o~ T B S eI AR B At AAHE <5 (] 1995 5
K 1997) o Aff 52k $2 {ft 2007-2008 4 fi> K
WRAR PR B /S P = Y SR A BE 28 S B T
REMIES Y - AT R B TR TR R -

(KRR PR

AW AR AR B oS i R (IR
W sth - BNy 25 22 By Bt (Huben Important
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Bird Area, 120°37'E, 23°44.5'N) i & [& (N &1 T »
Bt 5 St et i 42 155 2 1 172 50-200m 2 ] » SRk &
5 H 2 R B ~ £ ZR 2 Y A BV SA (R AU
& > 5-10 H &2 - WELF 1,800 mm » 57
FHIGE 10 HFER4E 4 FikkE /DR 300 mm
(& 2001 ; [l 2007) o fff 5 1B %) Al 11 H 1 DL
B F AE 89 i 777 (Dendrocalamus latiflorus) £
REE > RARIEBE E B A RR AR S
SR M T B R R R o

1 2007 4 j; 2008 Ffy 3-8 H » H 1-2 {if
AN BRI A R E B ~ FESEER
TR ~ B~ (L > %5 e SOEHEN BT
[ BE T A BRRAT £ > ATE AL ~ K4S ~ B ELH
KITEHEYE » BINEENERER » Kl
SO P CE M o HEI TE A7 28 B A A J5 1
% > b 2-3 HAKEL 120 - Gdsk H I ~ S
SSECR ~ BURAT RS B e S 4 5 B R AR
1L 21 5 S5 1l D e SR BB T R RS 0k o

A F S > DUEREY WO BT
PRI > BEENGE R R (Mitutoyo » f/N4
J 0.05 mm)HI & LT 6 {5 HiRs{# - &Y
TE e MR E 2% H Hansell (2005) 4 #4/E
BRI =R -
— ~ HHE K (maximum nest diameter) : § 4}

(ESS PN NS
=~ HAMEE (minimum nest diameter) : E 4}

S iR/IMH s
~ H & (maximum cup diameter) @ E 4

(ESS PN
~ L& E (minimum cup diameter) : & A&

i/MH
~ B4t (nest depth) = BLAMHIG L
~ B % (cup depth) - BRI -

I BB R HI AR S SUAR R 2 75°C At
FEPHEAE AL 48 hr (FF 2003)1% » LITE KT
(Jadever SUNG 11-150 » /| B fi7 0.001g)FF & o

BRI S B > SlBk& 0 [E 1B B 5Lk
FHEH o 1 HLRS HE (K5 Hansel | (2005) /Y 255 7>

= 1]

P

N
7

A ATE » o3 RlEs © — ~ S EA Rl R SRS
B /Y THH S| (attachment area) | 5 — ~ fi]
5 BRI ~ A B A DU B RE SR 1)

[} Je (outer layer) 1 5 = ~ Bk RS HUETE ~ 77
i~ HERP R B RS AR S VR TS R (struc-
tural layer) | 3 DURe Y ~ s 1 Fef 14 0 HEAfE 455
fetes IRER) T (lining layer) |

&RMAH

2007-2008 = s R MBS B I
58 flil » 2 & HLA F (6 A IR E R AT it 5 52 %8 HL
AR B EA 36 (d o BILESER S BB
AR > BT B2 = AT > D Bg 248
tEEE (8 1) » BEAIMER ~ S8~ A
R~ AT~ B0 E BB A BER 298 B SE
4755 66.9+ 0.88 mm ~ 58.6 £ 0.83 mm ~ 52.8
+0.70mm~ 451+ 0.52 mm ~ 67.3 £ 2.22 mm
% 29.9+0.98 mm - E¥r7 &I 3.3+ 0.17g
(£ 1) - BUEREHIE(ET S » &F 7RG o i B
5 1 o e St A P )

AHE BB 7 5 11 (5R 2) » DUR B %
BEZCF » B AS 100%H 4 ff (g A% K 9) ~
BREMNTE  tRMERRALE - HHEEHEE
g R HEER 1.29(SE=0.20) - [y HLiE
d7 1.2% > S B fE AR e o (EAHERR 1T 5
i H & (72.2 £ 9.290)F1 & 77 LL(72.2%)11 5 >
HF M EER/V(8.4+1.21g 8.4%) (K 2) -

7 Fg = B B REA R AN 5] (B 8%) -
o e & B AR ik fe S e o R EE I ERAE O
e e esfa > T 3 HI E i s et e B AR
SRIEER A ~ B fE RS ZESL » WURR /1 7% & (I cerya
purchas) Sz HCATITR HA Y AR L HE B 26 51(72.2%)
b SN TR A FI RS R SR B 3 {1
(8.3%) B H AL G b o HIAE 23 {1(69.4%)
IS B AE R fed R - m] o e — (A A
A ATEE ) 1 B p 2= RS E - IR B UIRE
WG e R7 DT RE (Hansell 2005) » H Al 2 7€ #&
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55 PR S T (1] 2) - o BT 88 i i 7 135 S S
[ B SRS TG o SRR fE R B B o0 T UM i
TR > HDITEE ~ B2 ~ BEE AL i
T o PTEE(HIBRZR = 100%) 2 & 8L .2 91 fifi i fet
BREME A 3HE MBI IU LR » HoAth
B K R 181 2 (83.3%) ~ 151 5E(66.7%)
B At - (47.2%) - 1t > LL 7 i & (Miscanthus
floridulus) £ £ - 53 & & 8 Sl /) 0 2 £ 16
(Cyathea | epifera) i vt 5 FH % 12 {1 (33.3%)

GRS R S (H LA

HHII G g o /)N B2 4z B (Marasmius spp.)
14 B8 sk 2R (rhizomorph) £75 A 5 4 e B B 5L A1
FEs H 14 B AR - HH 2 R
A ST EE R TR vk A SR o HoA A 2 (A {8
M i e e » 1 fli B B = % (Bothriochloa
ischaemum) £ ] f &% (Eragrostis amabilis)#H &
MR o 55 DKt Fe 92 A 5 94 e 37 HL SRERfE 7 s
FELIRER M B (Hansell 2005) » fRIELFE# » AL
LR S ML e -

# 1. 2007-2008 = S kIR A A48 B S} X i P S e B AL B 45 (Hypothymi's azurea) |2 371 RE I & (i

(n=36)

Table 1. Measurements of 36 black-naped monarch (Hypothymis azurea) nests from Linnei Township

and Douliou City, Yunlin County in west-central Taiwan, 2007 to 2008

Nest characteristic Mean + SE Median Range
Weight () 33+£0.17 31 1.51-5.58
Maximum nest diameter (mm) 66.9 + 0.88 67.4 47.6 - 80.7
Minimum nest diameter (mm) 58.6 + 0.83 59.6 42.9-64.6
Maximum cup diameter (mm) 52.8+0.70 51.9 45.8 - 65.2
Minimum cup diameter (mm) 451+ 0.52 451 35.7-50.2
Nest depth (mm) 67.3+222 66.7 40.3- 954
Cup depth (mm) 29.9+0.98 28.9 15.6-425

# 2. 2007-2008 £ ZE AT PR ATAE K S 7S e i [ S AL B 25 (Hypothymis azurea) B Bi(n = 36) % 5

MR B AR (%) ~ B8 (9) ke HFfr 3 LA (%)

Table 2. Occurrence (%), weight (g) and weight proportion (%) of the material items for 36 black-naped

monarch (Hypothymis azurea) nests collected from Linnei Township and Douliou City, Yunlin County

in west-central Taiwan, 2007 to 2008

Material items Occurrence (%) Weight

Mean + SE (g) %
Bamboo leaves 100 72.2+9.29 722
Moss 100 84+121 84
Silk 100 1.2+0.20 1.2
Barks 83.3 140+ 245 14.0
Cottony cushion scale (Icerya purchasi) 72.2 0.5+0.08 0.5
Treeleaves 66.7 72.2+9.29 49
Horse-hair fungus (Marasmius spp.) 58.3 49+1.34 3.6
Inflorescence 47.2 3.6+0.83 3.0
Fruit stalks 222 3.0+154 0.7
Plant stems 8.0 0.7+0.31 0.3
Others 4.4 1.0+ 0.39 1.0




S A Y% B EFZE(TW J. of Biodivers.) 12(2):167-175, 2010 171

1. B HE: 85 (Hypothymis azurea) 2 #11 (E &) sl 2R s EE (T &) ) & L A1)
Fig. 1. A cup-shaped nest (upper figure) and a bowl-shaped nest (lower figure) of the black-naped
monarch (Hypothymis azurea).
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2. BMLE A (Hypothymis azurea) 5, B Ay s e i 41 -
Fig. 2. Aninner-structural layer of a black-naped monarch (Hypothymis azurea) nest.

Ty 3EAE A sl AL BE AT S S
WEEA T NMERREERE SR 1
HAr S EE T RS o BAER MR 1
% B IE R RABKK IR 29% > I B EREE R
RSB HZ % (Slagsvold 1989) » JEALEESE K&
EFTIEE B - BRI Tebh T 75 E S
e > P2 5 Hon] BRI R & 2 91 - B R
SZHRFIE - AR R R BRI IRIA

Tk B It — B0 A R AR - B 1B
GEM 2 S HEEN R R ICE R RR
BT AE B b - KER S BARARIE IR B ) » ke
& RE I RE A SRR B A ) AT v Al B Y 22 R ER
> DU A LB R B H B 8RR Ve 3 By
B R (Slagsvold 1989) ;& ¥ thif i
pRERAY A (o (HECR S LLI AT o

ETE WO A58t ek E B R SRS A L

121 (72%) » 5 FIE FE B AR A 52 B A $E 1Y
P (18 1) o # H ELis AN [R]85 R MBS 25 S
HER - Bn BESEECm 3 BRI A EE
BRI o 55 L b [ (40 B 2k P e ~ R
S R EIVEE) Y B 3141 (http://oriental birdimages.
org/index.php) th £ & 2 BUAH PR - {H i i
FrpIER > {58 R R B € BV o 55 i olt A~ AH
DL o TEASH T e Je i) IS B LA DA B B
1 iR P SR 1R Rkt 2K - HReRR
AR RN E BRI > MR AT RERE
e e R 28k - SEROLERBE IR SR - &
FIR SRR (Hansell 1996) o WA 71 53% & 5 5
AR EY) B R R E . BT B2
T Festh I i 5 E A AR E ) 2 — > HAR I
FFTREBL A B SRR > I Fo R I DhRe()

FHE— B -
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3 3l (5 FH 2 PP B 5 S BRI i e /)
KARBEHK » B4 CHEHMED 41 i
JER B AR PR B A L 1k R RS R o AR 2R L
(Freymann 2008) - {£ & {# th & 1£ # IR 25 /&
(Alcippe morrisonia) B 5 Fr 0 $% (3F 2003) » Hy
> 55 HR L T o SR R P AN R 2 A AR
(McFarland and Rimmer 1996) » H./|\ 57 4 J& [
Bl FL 1 A5 RH T O fth &8 42 - 1 ] (Basidiomycetes)
VL T & A7 S TR Y (Corner 1996) » 4381 56 A it
FHEM SEER RE - nEEES P CAIRYRERE -
Freymann (2008)#I5A bt KR 127k R BV IE S
FHBUHB AR HHEHE - H B AR )58 K
NI K I EERG o BESR > DIV E Al g B A
i (o PR TR AT > (L N o2 A o8 L R B S W B
BEEVEWIEE(Melinet al. 1947; Bendz et al.
1948; Kavanagh et al. 1949) » H i/ fEHEH
Fik Sk (Rapior et al. 1997) » 1 CAIH VS
KR ) R AT o Ak oA ) a5 B v SRR B RE ) 2K
W75 1k 27 A= ek B 1111 2 ek ) M 8 (Clark and Mason
1985; Lafumaet al. 2001) » {5 F 2% FEHEY) B
(9 5 S B BEIIR UL /1 i 7% B A (Mennerata et al.
2009) » H i J5 KETR B AR /N B AR TS TR vk o
S B 2 4 St B2 BRI R S IR B Y
ThRE B 401 n] 52 288 IS KR 17 B (fitness) » th2
— (A B 15 PRET Y G RE -

S s
=) -
aﬂﬂl 64:‘:@

LR S B U R S s HUR B 4R
A K 18 By > BRUIK — B IC S A 8 58 M
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TR - (LA 2 B e ek 2 dus A -
AR PR BRI

71 R STRR
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ZHGEE ~ BT © 1991 » SR SE] G

n g fE HERAA o

T - 1986 o MALEEAEHY H A R HAERE
SRR RITR o BB KLY BT
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A5 B o

M 1997 o 5 SIS o 1l#t Hihk
FERMERAF -
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AREZHTE o B G SR A RE AR B L
AP BB ZE AT RE A S o
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B §k. 2007-2008 - = kKR R PR S 17 i oo St st 5B AR B 95 (Hypothymi's azurea) | HLIEBR [t ~ J1
J& ~ bt B Pt R e B 2 BRI (n = 36)

Appendix. Materials found in different parts of the 36 nests of the black-naped monarch (Hypothymis
azurea) from Linnei Township and Douliou City, Yunlin County in west-central Taiwan, 2007 to 2008

Nest parts Materia items

Attachment area Silk
Moss
Outer layer Moss
Tree leaves
Silk
Cottony cushion scale (Icerya purchasi)
Others
Outer structural layer Bamboo leaves
Barks
Tree leaves
Plant stems
Inflorescence
Fruit stalks
Others
Inner structura layer Horse-hair fungi (Marasmius spp.) hypha

Bamboo leaves
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Life History of the Spot-Legged Tree Frog
Polypedates megacephalus in Captivity
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W %

R 1 SR R 51t (Polypedates megacephalus) iy A= 35 sl Ry - 2007 4 10 F 1€ 55 #H i s 11
567 3 LM R 2 S5 M1 B IS e 4 [ B Bl AT RS M 1 AR Rl B AR - 58 S 2008 A
3-8 A » JEE T 10 HEME » EHEIE PR 639 {EIN - 1 16.6-29.3°C HYIRGIIHE T » UKy
38R ATE L » 2 DA LIRR ) B IR ) 2 S L SR 3R AT - LR LARRI RS 92.3% - 11 19.5-29.8°C
WIBRBTE L T > WRieHE I (L 2] Gosner 55 37 58 & I IRF[A) 7R 45 75 36.1 K - i #kHis} 5% 75 £ Gosner 25
42 FH WIRTIRF 7P 29 £5 46.6 % - WRHish S REAS 7R 25 5 3.3% o MEREIE ERE AL K8 0 35 BB WA
) R o PR SRR A B R (WAL 7.4 £ 0.9 cm ~ 2 5 32.6 + 9.19) K> fd(5.0 £ 0.3 cm
9.8 + 3.60) KA 5 JEMEFS 1 S IE f T - 1T R AR Oy E R O SR B IR A O T - HBR ]
BEG  ZROIEE G o RIREE R EPIREL 2 EMEEER) Tl 5 7 5% - HAh 5 & HEER &
fin (£ 3-6 Bkl o ULAt » St B i At iek B o5 18 L (b At deE ) 2B REEORL — OF B 1T 30 A o



178 BERRABHEE £F 15 5

Abstract

Three males and two femal es of the spot-legged tree frog Polypedates megacephal us were collected
from the Matsu islands off the coast of Mainland Chinain October 2007. They were kept in captivity in
the laboratory for ayear and their life-history was observed. The females deposited 10 clutches of foam
nests at an average of 639 eggs per clutch from March to August 2008. The eggs hatched 3-8 days after
the deposition at 16.6-29.3°C. The hatching periods were negative correlated to the ambient temperatures.
The hatching rate was 92.3%. At 19.5-29.8°C the hatchlings took an average of 36.1 days to reach Gosner’s
stage 37 and 46.6 daysto stage 42. The mean metamorphic rate was 3.3%. There was sexual dimorphism
in size and coloration. The adult females were larger (SVL, 7.4 + 0.9 cm; weight, 32.6 £ 9.1g) than the
adult males (5.0 £ 0.3 cm and 9.8 + 3.69). The females were darkish brown in color while the male’s
color varied widely: yellow, light brown or darkish brown depending on the surrounding environments.
According to skeletochronology, the two females examined were 7 years old and the five males were 3

to 6 years old. Also, ecological traits of P. megacephalus and other tree frogs in Taiwan were discussed.
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Table 1. Sizes of foam nests and egg clutches of P. megacephal us deposited from 30 March to 17 August

2008 in captivity

Foam nests Dates of Height Width Depth Volume Clutch sizes
deposition (cm) (cm) (cm) (ml) (Number of eggs)

#1 30 March 8.0 6.5 11.0 302.6 944
#2 14 April 13.0 7.0 11.0 575.7 1037
#3 15 April 9.5 8.0 55 220.4 473
#4 2May 12.0 10.0 9.0 569.9 419
#5 23 May 85 7.0 9.0 282.9 499
#6 9 June 85 7.0 9.0 282.9 542
#7 12 July 10.0 85 11.0 492.6 1077
#8 20 July 75 6.0 9.0 214.6 707
#9 3 August 11.0 85 43 2139 488
#10 17 August 5.0 75 95 194.2 204
Mean 9.3 7.6 8.8 335.0 693
SD 23 12 23 1515 292
CV (%) 46
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Table 2. Hatching rates, developmental statuses, and metamorphosis rates of egg clutches (form nests)

of P. megacephalus deposited from 30 March to 17 August 2008 in captivity

Foam nests Hatching Hatching rate Tadpolesto Tadpolesto Metamorphosis
days (%) Gosner's 37 (day) Gosner's 42 (day) rate (%)
#1 8 92.6 32 49 17
#2 7 95.0 38 44 5.0
#3 6 90.0 - - -
#4 7 92.4 30 40 12.2
#5 6 94.4 37 48 4.9
#6 6 84.1 36 46 15
#7 5 95.0 37 48 0.3
#8 3 95.5 38 48 0.3
#9 4 91.8 41 50 0.5
#10 - - - - -
Mean 5.8 92.3 36.1 46.6 33
SD 16 3.6 35 3.2 4.0
CV (%) 4 120
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Fig. 1. A phalangeal cross-section of male P. megacephalus (horizontal arrows, lines of arrested growth;
MC, marrow cavity; EB, endosteal bone).
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Table 3. Sexual differences in age structures and body sizes of P. megacephalus

Snout-vent length Body weight Age

Individuals (cm) © (year) Sex
#1 5.0 75 4 £\
#2 4.5 55 3 3
#3 55 8.0 5 N
#a 5.2 15.8 4 N
#5 51 11.2 6 N
#6 49 10.6 4 3
#7 8.0 39.0 7 2
#8 6.8 26.2 7 £
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Fig. 2. Sexual dimorphism in size and coloration of P. megacephalus.
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Table 4. A comparison of egg deposition frequencies, deposition intervals, and clutch sizes of five tree

frogs of Taiwan (sample sizes in parentheses)

Clutch deposition

Clutch deposition

; frequencies intervals Cluteh sizes
Species References
number per year days eggs

Polypedates megacephalus 5(?2) 30 (8) 639 (10) This study
Polypedates sp.* 2(16),3(2) 32 (20) 349 (25) f 1989

Kurixalus eiffingeri 1(1),2(1),3(1),54) 60 (5) 76 (28) Ueda 1986 ; #1 1988
Rhacophorus prasinatus 2(4),3(0) 95 (6) 419 (49) fd 1992
Rhacophorus moltrechti 1 (most cases), 2 (1) 109 (2) 175 (45) 15 2001

* Previously designated as Polypedates megacephalus (see 7 2008)
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Table 5. Sexual size dimorphism and egg clutch sizes of the tree frogs of Taiwan (sample sizes in

parentheses)
2 SVL 2SVL SSD Clutch sizes
Species References
cm cm index egos

Polypesates megacephalus 5.0 7.4 0.32 639 (10)  Thisstudy
Rhacophorus arvalis 4.4 6.3 0.30 376 (8) Fk 1999
Kurixalus idiootocus 31 4.2 0.26 179 (26) 5k 1989
Rhacophorus prasinatus 5.6 7.2 0.22 419 (49) [ 1992
Polypedates sp.* 55 7.0 0.21 349 (25)  5f 1989
Rhacophor us taipeianus 41 5.0 0.18 350 (21)  #5 1987
Rhacophorus moltrechti 45 53 0.15 175(45) {8 2001
Rhacophorus aurantiventris 5.6 6.6 0.15 22(52) #2002
Kurixalus eiffingeri 33 3.6 0.08 76(28) Ueda1986 ; it 1988

* Previously designated as Polypedates megacephalus (7§ 2008) -
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Abstract

Waste water produced by human activities causes nutrient enrichment in the coastal zone, resulting
in algal bloom by stimulating the growth of macroalgae. We used the results of a nutrient enrichment
experiment of coral reef mesocosms, of which coral reefs were from the Nanwan Bay of the southern
Taiwan. Nitrogen budgets were cal culated and responses of the major biotic components to the nutrient
enrichment were compared. Results showed that in the controlled mesocosms, N uptakes were 40-46%
by green algae and 15% by corals without obvious difference between the 15 day and the 75" day of the
experiment. On the 75 days of the experiment, the coral biomass increased 8% but green algae decreased
7% in the controls, while the coral biomass decreased 66% but green algae increased 67% in the enriched
mesocosms. The N uptakes by sea anemones and phytoplankton were negligible in both controlled and
enriched mesocosms. The results demonstrated that green algae up took most of the added N and

accumulated it in its biomass in the nutrient enriched condition.

BRG] = FRM ~ HER - Rk - 1S AVE

Key words: nitrogen uptake, corals, green algae, sea anemone, biomass
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A RHHZAS th ik (Littler et al. 2006) » 4= ¥ &
i K (McClanahan et al. 2007) - & IRig i m]
FIFIR 2 s 2 5 - e E R 7 A RZEM K
S Y5 B FH 5 9 (McCook et al. 2001) - #; a%H
R > kR B OC & UE T AR
S BE ke £ R RH B 25 st MR R SR R © BRI
Y% B M R R A T RE & R S A
M EHIEAE S M P T (Tomas 1991; McCook
et al. 2001) -

BEACEIE T Rl e R EE g
[ 15 164 #€ & A1 1% (Ryther and Dunstan 1971) « 4
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(N)FORH (P) 2 2 {5 B8 b ik W TR »
TEHRE N Bk A 7 ) B 28 i K (Anderson
etal. 2002) o N }ized 4% (Maestrini et al. 1999)
B Y7 5 48 (I gnati ades and M oschopoul ou 1988)
4 REFIRE L -

By T2 T R B LR AR RE R Ty R
el PRI > FAMLAN 5 & Yl i i T
o Sl DUREHREER T AR R AR RE R AR R A R
i S 2R (Liu et al. 2009) f5 5L R - (EAH BRI SC
Tk =5 R 2% A R B A= W B S B R N e
25 S N AR - Al PR R A
DIRE B HEVAS NN 7588 E B R 2 I RH BRI T »
o 1 i 51k A= ) ) A2 W) 8 BRI ERL A N
FEHL o

ML %

— ~ WA R

AR RE AR & R B SR R AR Y ) B
(National Museum of Marine Biology and Aquarium,
NMMBA)A » £ 3m ~ 5 2m §yfE[EKEL -
HEAEAY 5 5.4 me (& 1) » St 6 { - FRHEsR
TR R EEE (Lin et al. 2007) i A A HE
HREA REA RS E  BEROREE 3 RN 5.5
mmol m2d-1 {5 NOs &z 0.48 mmol m-2d-1 ') PO43
(B EE R AE) » HER 3 HI A e 22 i
BIRR(FEHIAH) - it KBS E s » 9 H
IKHSE AR 5 10% » KR HERF Y 25°C » FHLL
Ho 85 P TR R ZE ) 9T KR © 9 HOEIR
10 hr » B 14 hr -

L RSB IE A Y H) BE A R A R

Fig. 1. Mesocosms in the National Museum of Marine Biology and Aquarium, southern Taiwan.
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A (EPERIRH A AR R A
KR F/KES A Ha A 0.13 mmol m2d #y NOs
+NO2 3 A Z A (Liu et al. 2009) - %5 1 K%
HA NOg + NO2 IR [ £ 1.44 um > H N HY#E
kI E R 9.58mg 5 28 75 K 2 NOs + NOy
PRI £ 2.37 um > H N YRR E £ 17.64
mg o (£ EZ R IAHAY R B A Bt - 285 1R
SAAMA NOs + NOz I £ 4.51 um > H N HY
HER IR £ 112.39 mg 5 55 75 K AAMAINOs +
NO2 £ 3.89um » H N &L Ik & £ 89.21 mg »

R A B A A 36 RE il FL 3 35 (Acropora
muricata) iz E {th S F ~ #2478 (Codiumedule)
Je HAD KRR ~ 3% ~ 20 - 1822 - 1EIE -
Fe iR H S5 AP (Liu et al. 2009) - K% & 52
BV EERBOKRRIN > SR E SR A
KA A P 3 A st o IR 2 A i A K
AREBIR SRR TE R A3 B~ Rk
W~ IEEE ORI H B A2 NUR S B Bk
HEFRCGETHE -

=~ NI HE ffoH AR
(—) Hp AR 22

Hil 30 P9 H: A 755 (zooxanthel lae) 7 Ik 1 7k
PR N B2 (AR B A B 2 R TR RE & o bR
HIZR 9% 1 cm2 15 106 ([ 4 4 % (Drew 1972) »
H AR A N & Ry IR IBORZE £ 48 fmol N
d1 zoox! (Grover et al. 2003) - HitFffAT N (X5t
PRI & Wt A= vt 2= AR » P ARSI N
HERERS O o

W B AR > BRI DR
(AT b 4 A1t 1] P e A 3 5 N 28 8 T ) R LSO
4 REHEZERIN & - i N R
FRERSO o
() Ak

FERERG N 72 R ) 2R G A S BRI R
A8 B R Y = T 2 BB SOR 2R R TR 18
H#Z= & L) Michaelis-Menten model £ i (Duke
et al. 1989) » |ffi Michaelis-Menten model HI| /&

i}

TR RS R

LA Viax FIT Ks W {18l 2 BGE T EL MR © FEAHSE A -
PSR AR S B A e T GE F) Vimend BT Ks 2
P DAFR A et P 21 N &S IR > G5
AP REESS N 2 2 B R IR IUH R o

AR FE AL Y N IR G 2R 3 /LS R Y /2
IFi] &8 25 86 (C. fragile) iy Vimax B Ks » 73 71| 73 9.58
pumol g dwt h'1Ed 7.65 um (Hanisak and Harlin
1978) » Hrfrgdw f3EY)H HE -

#H 7 =€ 75 (Chaetomor pha crassa) i Ik IR
A LRI [R]85 (C. linum) By Vinax FT Ks
20 > WiE 22 8% f 30 pmol g dw? h? 7 3
um (Pedersen and Borum 1997) -

e 47 = (Ulva reticul ata) # R s 258 3 B
A [5) J 75 2 (U, lactuca) By Vimax FlI Ks Z2 8 » Vimax
£ 116 pmol g dwt h'1 s Ks£5 34 um (Runcie et
al. 2003) -

1B 37 #8  e (Avrainvillea erecta) Kz 5& 1K
14 (Cauler pa racemosa) [XI 7£ Sk H1iR A # 2] [F]
JBEIARY Vimax F1 Ks 28 - [P RFHIMEAE
Rk > 15 L Vinax FT Ks 22 B -
AHFFEr A C. fragile Y22 BOR AU ELZHK
IZR RTINS LD o

Faat Bk e HE N & 2 ) HAs - IRIE
Naldi and Wheeler (2002) 3| € 47 Z (U. reticul ata)
{1 [F] JE8 56 5 (U. fenestrata) {5 K11 H PE UHZS ) £
RIS AR 13% o HoAh 4 Fifdk e HI X2 A 0
SCRRH TS N BERBCHZS RS2 > B ATEAAE 52
Hh R a% L Ath 4 ik a5 ) N R FOGH 2R 2 N IR ISGH
ZE[Y 20% o
(=) Fiffse s

VAITESE AR N 2R 8 i th 2 LA Micheelis-
Menten model 2 o & §if AHIHFFE A 7] DUFF
FI7 U7 ¥ FH Vimax FIT Ks I 7E 2 Vimax £ 0.0163
umol g dw-t ht s KsHIJ& 0.16 zm (Shiomoto et
al. 1994) -

VPR N B A & - 4K Collos
(1998) 7€ » fEN=Z ZEHIH AR E R EFH
63% Xk
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(1Y) HAhIR5E A 3R

JCIUR R B A R — (AN 3R - DIk
J& (Caulerpa)ifii 5 » LAY AT FI R MR A
BRI AT R 1= 2 IA 1~ (Burfeind and Udy 2009) -
I BEAEASRIF SR it S N e B A WS R -

N 72 28 B HE HORs I A 52 OE IR -

=~ NS RREAGHE

FEAYERGHE - S e R RS
MFEIEY) & s HE IR - B
AR FR A B B AP Ll o Ak T B
RV E & o 2T AR - (ERATIERE AT
HA EEHIIN R - BRI NIRISCHRZS » I EE
AR — A AR E 2 b -

YA N RS 28 12 1) Y Miichaelis-Menten
model ZKEHE - 1A (D) ¢
g
Vimax 75 5% 1) 1 5 N B B RWBIBOH 2R - BLE
pmol g dwtht s Ks£ Michaelis-Menten{#% »
BT Foum » SEHERITHNE FEIHY IR - BT
Fyum o FHELHACHT N IR 503 25 BT I £ mg N
gdwtd?te s 1A B AE Y E (g ww) [H]
B RF B e EE AR RS R E AL mg N g
wwtd?t o R R E AN A (2) -

N uptake rate =

1g dry weight = 5.71g wet weight (2
BRI N PERCR ARG - a1z (3) -
N release rate = N uptake rate x P 3)

PR N JERGHES SRICHZR K E o7 1L - LA
HRSH - AIFS 13% -

IN R WA S e B A f e R 2 U (AR TR
N uptake = B x N uptake rate x L (4)

Hrep B BYHEAYIE - BAIR gww s L &L

(= szZ) » TEFE N HEC RIS R L -

AP N BRI AR N B IR
N HEi & - A5(5) :
net N uptake = N uptake - N release (5)

DY~ DR AR A 1
EBRMIR IS 75 K0 - BIARK
BN RN 8 - (S A
RN > T HEH IR R AR ERTE - it
it 2385 85 ) PRV B T 25 TR G N 5 2286 > BT
P 5 R 5 T B 2 T M B0 4 (R4
NS BRI » S DU R E B T R
R TR N R B o AT 22 HIFI FF B B
B TR L (6 > 418 38(6) » 18 FISHERY N
Wi o
\Y %”ra r
AT dm? T3 ©)
DLV ~ A R r 2RI FAATE T AL 2 BR B
B~ R P -

“ 2

FEPERIRHSS 1K » i A e K R IR
KA AR AR N & ZE B 55.36%4¢ 4L 1)
Ry > HrikE R I 40.35% - LLHEEIZ 1Y
25% - W E IR 17 0.32% (R 1) - B[ 75 75
KN 2 Z B Y = 2 61.20% » IR
Hrh R EE ARSI AR A TR K - (H ks
WIUR AT 46.34% » LEHEZ 1 #) 31% » i
SEHTRICE £ 0.18% (3% 2) - At ifif i RH Y
N 788 2 B WA AR RS 0.01% » AT fth A= W) 4
LEAy i

e 1R 75 K » #0E 1) 40%H)
N 2 28 Bl AR L B AL Rt P R ORI -

FEFERIAHES 1 K > MBS A0 & 5 2= a0
85.39% > fkva h 12.43% (F 1) 5 1£55 75 KIF »
HiF B S 112 93.10% - [fii ek kL £ 5.53% (3=
2) -
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FE2 R AHAYEREE T » 38 1 RKEREAC
R RS DA SRATE AT N 22 ZBE S 0.37%4¢3 )
RIS » 2.93%4 ek E IR ML (3% 3) = EII% 75 K
I > EES A IR M i T IR 21 0.23% » kA IR X
AR L2 20.44% (3 4) - (L5 2R
AEL R ¥ 5 R 28 € g 25 (Mesactinia
genesis) » N &5 2l (YRR AR BCE - (KR
0.01% ° 2 1 KA ) 96%HY N & 2 Bl 5 £ fh il
AREMAKEEA - 55 75 KHIE ) 80%iH N 2
RERLAWCEVIFIA -

122 BN IAHAY S 1K HBi £ Y &
2R 86.91% - fkiEE i 11.16% (& 3) - {H
FE5 15K » fkar) LV R L AE R = 78.52%
i3/ L 25 20.91% (3% 4) »

A R v rh N R B o R R R Y
AREIET o (EEHIAH A RF R 22 MR AL A ER
SN BEERFRIEIS 75 K - BB E AR
R 2 ROR R TR R - AFTERG R - XX
R IR G A U VR FR R By > A EH
BRI HEEE L FTL T (Malta et al.
2005) - —fig i 5 » KA & R HEE A S
Pl B &8 EE B S MR A > DLOROM SR 2 2
Wl Oy A B R R R P e o fEREIAE - el
FWIEFER TR 7Y - H R IR 5 A 2 I
By e P RE - {of {18 i 2 ) (Fujita et al.
1989) o H A AL 58 A= P B YD 1 K IR AL
G

STl » R R R R A B
FEEAINAE L (Liu et al. 2009) » &5 FEREVS
DA AT PO YA 2 #H Hh POL® HY I
AHERF (L8 FERINAHAY 1720 » WRAKAS —#%
HH B e Vi 4ok PO#* Y JEE (< 0.3 uem) » i HEHIAL
Bt AT REIN P RR M HEEA LA

{ERREA IR D > B R e 2
B - MR ERE R AR - 80 R E

i}

TR RS R

VIR IR - REHI 1 50 Z & » MfiEL
8 i e RS AU IR /D > (HAMEIN T 3452
% o Fujitaet al. (1989) Ry & Bu th 55 i (£ =& &
BERVERIE T EEERE TR K - #OE L - 17
RS N BB (R KA ke ¥ N Y
Wl > T BRI RS AR 10%HY i K B 2R - i)
A A V) B 1 IS 8 5 (R 2 Aok a5

Hi T N URICR - 12 & B T @i vhall
WA o HS B AR gk B R A s AR
EEDCETEFREYA R AT LR H DR &
oy o AT DU RS B 0F S 008 ~ A2 R A B G e
o TR AR R th AT B A A S Rk
FI]FH (Burris 1984; Roopin and Chadwick 2009) »
B EMER - B REARRE - K
AR AP B A KRR o {H HR 36 e L
0 AT A2 98 ) 7 2 1 2 R 43 SR T (L et al,
2009) » {1518 Z MR IIAHSS 75 KIE > Hi
HEHS AT N BRI TR -

HAEYEAE - Al ISR PEHIRHE S 1K
F55 75 RE A KRR S > HH 4 Y&
7 2R 85%LL | o B H BT (R 2 R A
MERET T R 55 (I8 2) - (HAEE 2= E 0
H o AT LA RS 1K - M A& G AR
87% » {HAEZ 75 KR > Al NRERS 21% > i
FERERY AP R 11%4E 71 2 79% (18] 2) - HiiE
{EERER » Al DAHERI(E & S i 3R - AR
MARIECR: > AlREBh R R B - LR
5 -

TEAHIE 52 AT LU FIAT & 28 2 Hil 390 itk 2R 45
W % BRI NAY 70 B o SR DURT
NI FERBUEE T BA TR AE R - (HAH SR
VLAY E 7 B f AR R N R I SRR S
(I 3 ~ & 4) » w58 PR 538 T i ulc o Bi ke 4= i
e RS TR > BT R R A KT
QR FRARE o BB T I ROAE I I N 2 8
BRA RV o 18 £ N B B8 K H AV i B i B
Jilhi e
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# 1 PR B AR R R S 1 K& R E YR T I AR ) R (g wwitank) BT N EK) 7 £ 1 B Bk
(mg/tank)

Table 1. Mean biomass (g ww/tank), and N uptakes and releases (mg/tank) of major biotic components
in the controlled mesocosms on the 15t day of the experiment

Nitrogen
Species Biomass (%)
Uptakes Releases Net uptakes (%)

Coras

Acropora muricata 547 (29.84) 0.480 0.000 0.480 (5.13)

Fungia spp. 288 (15.70) 0.252 0.000 0.252 (2.70)

Heliopora coerulea 254 (13.87) 0.223 0.000 0.223 (2.38)

Porites sp. 476 (25.97) 0.417 0.000 0.417 (4.46)
Sea anemone

Mesactinia genesis 40 (2.18) 0.030 0.000 0.030 (0.32)
Chlorophyta

Codium edule 126 (6.87) 2.940 1411 1.529 (16.34)

Avrainvillea erecta 76 (4.14) 1.766 0.847 0.919 (9.82)

Caulerpa racemosa 11 (0.60) 0.254 0.122 0.132(1.41)

Chaetomorpha crassa 12 (0.65) 1.779 0.854 0.925 (9.89)

Ulva reticulate 3(0.16) 0.392 0.122 0.270 (2.89)
Phytoplankton 253 x 104 9.11 x 108 5.72 x 108 3.37 x 108 (0.01)

7 2. e B AR Re R 28 75 K% 1 SRR 1 £ ) R (g wwitank) BB N Y 7R IR IS B R
(mg/tank)

Table 2. Mean biomass (g ww/tank), and N uptakes and releases (mg/tank) of major biotic components
in the controlled mesocosms on the 75t day of the experiment

Nitrogen
Species Biomass (%)
Uptakes Releases Net uptakes (%)

Coras

Acropora muricata 547 (32.54) 0.480 0.000 0.480 (5.13)

Fungia spp. 288 (17.12) 0.252 0.000 0.252 (2.70)

Heliopora coerulea 254 (15.13) 0.223 0.000 0.223 (2.38)

Porites sp. 476 (28.32) 0.417 0.000 0.417 (4.46)
Sea anemone

Mesactinia genesis 23 (1.37) 0.017 0.000 0.017 (0.18)
Chlorophyta

Codium edule 0(0.00) 0.000 0.000 0.000 (0.00)

Avrainvillea erecta 63 (3.75) 2172 1.043 1.129 (12.07)

Caulerpa racemosa 0(0.00) 0.000 0.000 0.000 (0.00)

Chaetomorpha crassa 25 (1.49) 5.036 2417 2.619 (28.00)

Ulvareticulate 5(0.30) 0.853 0.266 0.587 (6.27)

Phytoplankton 5.43 x 104 2.03 x 107 1.28 x 107 0.75 x 107 (0.01)
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TR RS R

7 3. B EENA A B A B R 2 1R & T SRR 1 AR W) (g wwi/tank) K BN B R B IR S B Bk
fi & (mg/tank)

Table 3. Mean biomass (g ww/tank), and N uptakes and releases (mg/tank) of major biotic components
in the enriched mesocosms on the 15t day of the experiment

Nitrogen
Species Biomass (%)
Uptakes Releases Net uptakes (%)

Corads

Acropora muricata 657 (33.36) 0.576 0.000 0.576 (0.14)

Fungia spp. 361 (18.33) 0.317 0.000 0.317 (0.08)

Heliopora coerulea 254 (12.91) 0.223 0.000 0.223 (0.05)

Porites sp. 440 (22.31) 0.385 0.000 0.385 (0.09)
Sea anemone

Mesactinia genesis 38 (1.93) 0.059 0.000 0.059 (0.01)
Chlorophyta

Codium edule 133 (6.75) 11.571 5.554 6.017 (1.48)

Avrainvillea erecta 58 (2.94) 5.095 2.445 2.650 (0.65)

Caulerpa racemosa 11 (0.56) 0.960 0.461 0.499 (0.12)

Chaetomorpha crassa 15 (0.76) 4.122 1.979 2.143 (0.53)

Ulva reticulate 3(0.15) 0.869 0.271 0.598 (0.15)
Phytoplankton 1.23x 108 4.75 x 107 2.99 x 107 1.76 x 107 (0.01)

X 4 B EER IR BA B 5 75 K& LR AP & (9 wwitank) BT NS £ i Bl
HE i (mg/tank)

Table 4. Mean biomass (g ww/tank), and N uptakes and releases (mg/tank) of major biotic components
in the enriched mesocosms on the 75t day of the experiment

Nitrogen
Species Biomass (%)
Uptakes Releases Net uptakes (%)

Corads

Acropora muricata 0(0.00) 0.000 0.000 0.000 (0.00)

Fungia spp. 361 (7.16) 0.317 0.000 0.317 (0.08)

Heliopora coerulea 254 (5.04) 0.223 0.000 0.223 (0.05)

Porites sp. 440 (8.71) 0.385 0.000 0.385 (0.09)
Sea anemone

Mesactinia genesis 29 (0.57) 0.045 0.000 0.045 (0.01)
Chlorophyta

Codium edule 3287 (65.12) 48.299 23.182 25.118 (6.19)

Avrainvillea erecta 188 (3.72) 14.885 7.144 7.741(1.91)

Caulerpa racemosa 266 (5.27) 21.089 10.122 10.967 (2.70)

Chaetomorpha crassa 83(1.64) 21.642 10.387 11.255 (2.77)

Ulvareticulate 139 (2.75) 40.507 12.637 27.870 (6.87)
Phytoplankton 155x 108 5.94 x 107 3.74 x 107 2.20 x 107 (0.01)
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Fig. 2. Standing cropsof corals, algae, and phytoplankton in the controlled and nutrient enrichment mesocosmes.
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Abstract

There are 9 species of the genus Riccardia (Aneuraceae) that have been reported from Taiwan so
far. This paper describes five species newly recorded to Taiwan with illustrations. They are R. crassa,
R. flavovirens, R. kodamae, R. marginata var. pacifica and R. pumila. Their habitats, localities and

distributions, and a key to the species of Taiwan are provided.

RS VR k45 (2007) B K B2 A A B A A A S0 (2 ARk BERHR 73 BERFSE) (A taxonomic
study of Aneuraceae of Taiwan)f—&f4) -
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Jr $EE S (Riccardia) R Fr #EFH(Aneuraceae)
N L - G A A B TR B ]
F| Stephani (1917)ffr 55 3% B 18 5 18 ok v &
Aneura formosensis Steph. [= & 18 | B2 7% Riccardia
formosensis (Steph.) Horik.] » H % & @8R8 1
B~ EH Horikawa (1934) ~ Yang (1960) -
F£(1980, 1981, 2000) » H: rfi#k(2000)fF (& i
R e D) s el EEY A 9
fE > B H #EfE R angustata Horik. ~ J¢ &
#FHE R, chamedryfolia (With.) Grolle ~ #f (8]
B 3 R#E R, crenulata Schiffn. ~ &1 B BE 6% R
formosensis (Steph.) Horik. ~ & ## R. latifrons
(Lindb.) Lindb. ~ %% i ### R. multifida (L.)
S. Gray.~ Z R v # ## R. palmate (Hedw.)
Carruth. ~ B ¥ Fr #£#E R. platyclada Schiffn. [=
G H ZE#E R, graeffei (Steph.) Hews.] i/
Fr #Ef#E R submultifida Horik. o

ASCHRE T 5 O 5 R AR 5 A
%) » EIEHRHE 3R R crassa (Schwaegr.)
Carring. et Pears. ~ ¥ J & ## R. flavovirens
Furuki ~ 68 & G ##% R. kodamae Mizut. et
Hatt. ~ # £ B 3% K % F R marginata
(Col.) Pears. var. pacifica Furuki Jz %% F #6#E R
pumila Furuki -

Mizutani and Hattori (1957) z Schuster

(1987) 32 % e B R fF JE AT 40 XE Y B S AP RE s

o)

EZHW 99FE1AS5H

Accepted: January 5, 2010

B SR > WK AR EERE B AEY) 0 &
% Stephani (1917) ~ Horikawa (1934) J% #£ (1980,
1981, 2000) 35 A )1 £ ol Fh #8925 B FE 120
HUECHER - FTREZNE TSRy 7 A E > s
RISFHINEY) 2 RARZIRIEA - MRS CIA K - B2
Y EREBAEY) - HAHACE E il - &
AT IR G B - T LR » s th i W
fiptsl o IR A SR AE UM b6 S PR A T AR A
Bt

AU %

PRAR R B BLIRAF /T ik

PREEIE BT Fr IR 2 o0 i - A
RZ 1 15 A RE R (3 o 5 15 M 38 (A e AR 1Y)
o) > AL RS O S AR AR 0 ZH T R R
ERERZCERGERMRFHEE - KU a
A DU (it SR B A HR B B FL) A - A (R (2
18°C)IRIF i 8 - LUAIT 5% - H B2 HGE A
PEA G IS DU, - SR HILL 1 AR
B o PREEFCER IR A BIRSL - A RILE ~ IR
FHA ~ PREEHIES ~ MR ~ SREEE LIRS
i B o AR A Sl 7 5 e 6 RO B3k 2k R ) R 2 e oy
fii o BEARC RIMEZ - FRAEARE o G2URHE
AR ke AAT > SRR 7K B 6% KOH 7K %
s (2P - RIEIRE » SRR HER=E T
LU 5 B e E BRI SR O IE A 8 25 » (FIZRE ) 48
LA ~ B R AR L] o



B4 Y2 R FE(TW J. of Biodivers.) 12(2): 201-212, 2010 203

AWFEFTRR AL ZIRAS - BREFBIGEIE A
TRBE & & Wik i PR i K25 i B =

(TUNG) -
CHEREREMER T
O ey N B AT TR i 1 2 | AT FRIE B #E#E R, crassa
I b 1 T IR S ) Ve 2 R SRS 2
R L Y ol b v L TSRS 3
2. R ES IR IREE B RIEMIE oo B b R KRR R, marginata var. pacifica
3. KPP FEYIEZEL(2) 3-5 AT EL v st 4
KB Nk AR e R I S L A e () Ll A= AN 8
4, Bk R BB IR I L EAEIEE IR oottt 5
4, Fr iR ST BB IR Z2 R AHEIET R oottt 7
5. FrARBE/ NI 5 1-2 [A] HR A3 oo HHE 65 F ZE#E R. crenulata
5. FrRBEHZE AT 5 L-B[AIAAR AP AL covverrreeeesseseeeesseseesesssses st ssss sttt 6
L1223 LT TSRS AR A EERE R multifida
B BT BRI oottt ettt st ettt aeas P E#E R submultifida
7. TRE A IE LR cveeeeee ettt st st st b e senas w Fr #EaE R flavovirens
7. TRE A IE L5 ettt e bbb 1% G B E R, graeffe
8. FriREEF 18] B B B AT B L oo B ERE R pumila
A e N ) N T e L A A AT 9
9. @5l i 2 TE IRy JE B 5 s U 1AD 2% B MR/ NS T I 5 K K #24¥ R kodamae
9. 38 Ak I 2 1 FE6 7 oot BE IO s 2 BE 5 i U 1T 2 B2 AT AR g/ Nl Bt A T T 5 K 10
10, FriREE -2 [ BRI oottt sttt s W BERE R, angustata
O ey e N T = 7 g T 11
IO 1 T TR 12
L1 B ER R oottt bbbt 13
12, KR - B > B/ NS 2.5 um s BEERAE 0-20 {5 FrlREE R B A ARG &G e
.................................................................................................................................... B #gE R latifrons
12. i EEEIEE ~ DNIEDE EMEIEDE » 86 » KRR 2.5um > f{EHEAN 1-5 (8 s FREEREAEA
ettt ettt ettt e et e st e b e b e b e ehe b e b e e bt et e ate st e etesbesbeebesbeebeebe et eneestesreas W EE R # A R chamedryfolia
13, FriREE /N 5 32 R AP T B Y FE I ZE K e IR BERE R palmata
13, Bk e rp AL 5 2 R DR R TE I o 518 # A% R formosensis
h\#/g\ }ﬁ}fﬂ Proc. Linn. Soc. N. S. W. 12: 1056. 1888.

FrRES T S NG Ak € > HZMRIR R - K
AR P BERE (R 1) R 1-2 [l A HE AR 73 5 o = il 2 1 8 ]

Riccardia crassa (Schwaegr.) Carring. et Pears., 1.3 mm E ;s Y m AP B2 MM A mE
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7-10 /g MlMEIR - B SHTE - B 1 (ER T Tk
AL - R F = ST m Mk - 0.5-0.8 mm
5 YT AR - 4-6 FHIIRE - BRI E
HrgE - AL L{EHIIRTE o b2 SN T
30-75 um x 17-30 um » K HA KRS
UR vilal i N e ilickehapvElategiiilil

G AR AT R

[ 1/2-1/4 - [N e R i [ EiHF 90-150 pm x
50-67.5 um o jHifiE A 1 - EEKTE ~ INEE £ &
1 MR 1-2 ([ s 75 kAR 20-50
umx 7.5-18.8um ; fEN G LA 17.5-50 um x
12.5-20 um o FEEM Y > F AT R AREEI I
ﬁ °

lmm Slpm

1. #39E F BE6¥ Riccardia crassa (Schwaegr.) Carring. et Pears - A-B. ik ; C. KK Y] 5 D.
KMFEE Y] > BHIE  EBEMI : F R K mEE : G N/gHilE&imiE o (A-G, 48§ H Yao

9309095 - )

Fig. 1. Riccardia crassa (Schwaegr.) Carring. et Pears. - A-B. thalli; C. cross-section of ultimate pinnule;
D. cross-section of marginal part of ultimate pinnule, verrucose; E. marginal cells; F. dorsal epidermal
cells and oil bodies; G. inner cells and oil bodies. (A-G, drawn from Yao 9309095.)
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TR B S s E R L

fUFaEARR -

Bt AE RIS A o 3 AR AR RIRE ~ HAS ~ 3
RLFEPYRE ~ #EPURE ~ SEUNREAR ~ nn i A b [
=i i

SRR GHRER  ECHE RKE
19334 1 H » Horikawa 10610 ~ 10687 [HIRO »
Horikawa ## % & Riccardia sinuata (Dicks.)
Trev.] o fL3ENRE © FH5MREE > KERNE KK »
MY 2,000m > Fif A= fRJEAR » 2004 49 A -
Yao 9309095 -

Afam AR R FORES 2R A KRS
HITEIE ~ BARIZE ~ iEYIRE KA ~ FrE A
HIHE - F AR > 3% RIS T
TRy 1/5-1/2 > HIFA] LAF5E 2/3 - Aff 8L H A
FEHY Riccardia tamariscina (Steph.) Schiffn.it
Lh > KA R A - {Hi% Furuki (1991) » Aff
HITE ESERIREES - 12 AR » 15
LA R

B Py BEAE ([ 2)
Riccardia flavovirens Furuki, J. Hattori Bot. Lab.

70: 333. 1991.

Fr R ES AT foF IRF Bk 22 DAk 1 > B MR IR A
@ AR A > S b 2R i B MIRE - AEREI
IRZE 3EIMR L > P AR S o Tl
0.6-1.2 mm % ; fabJE B » ik 56
[ fAEIE - B AgEEE - AR 1-2 (AT - R
Mh — MRS o AR DRIEEE -
KIEE 0.4-1.2mm T 5 BUJEIT MERIE - R
R 3-4 JGHIEE > BHRRS - FAR 2-4 {EHHA
o bR BN o EIRs 37.5-75 um x 25-35
e s A7) T ER Y 2R R Y T A s P e A
#y 1/3-1/6 - Nfg ity mEny 125-175 um x
50-70 pm o 35 f5 il At 15 16 6 7 0 BE o S EG S
@ EE > WEEEER - FEHiE 1-2 4
1F_FFR &AM A 12.5-15 um x 10-12.5 um ; 1F
Mg fIiEA 25-30 um x 15-20 um ° R E M

g FAR R ARBERI R E o

W MR A [k > ELE M ~ T R R R
A GERE o TR BERN A 7 Edl R AR L
T AT i P 51 o WA TEAS I 2B TE B WA R
o JEINER R o

FARESL AT [ G B S A ) RE T > thi
T 1T (B L GIBE | 5 SBE P @ 8 B R B I R
HHEH -

4~ PAEBMARIEAR - AR HA R
=p

SIFEEA IR - BARAS > MR E
¥ H 500m » AR R A5 4 » 2007 4 3 H » Yao
9603001 ~ Yao 9603002 - Fi {4 : [ A 4Bi1Z5H
SRAT R E - YR 1,200m > B AR RFE AR - 2006
4 10 H » J.-D. Yang s.n. ; 2006 &£ 12 A » Yao
9512009 ~ Ya0 9512030 ; {~E 4iHE i LIZE T »
+4 > J.-D. Yang 3317 < ‘HEEE : K4S > K
R = B AR AP 08 o Vi 800-1,800m » i A= A
J& A » 2006 4E 8 H » Ya0 9508605 ; £’ » 2006
8 H » Yao 9508613 ~ Yao 95408664 o

FFEm ATEEHEE AT A MRAA -2 @K
HES ~ R R YD TH 0 S 2-4 (14 2L
DUk Wit IR A [RI PR - AFd B R. chamedryfolia
ML o T 2R A AR S 1-2 118 > P9
i 140 > 3R ES mEECOK - £ 50-150
pm x 40-75 um > H R R o AFE
Bl R. graeffei Ji{ll » (2& HEMIEAE 1-514
HES > R 5L 3-5 AR -

i K R SERE (R 3 ~ [ 4)
Riccardia kodamae Mizut. et Hatt., J. Hattori
Bot. Lab. 18: 57. 1957.
favs ok - AR A EE > /ML el
[MTRE » 1-3 [l A& B R 73 A o = wily 2% 1 48
0.4-0.7mmf%y 5 MRS H B 5 KU 7R
EME M AR 5-7 AR - B HkIESE -
PUOHEFOH - AL 1-2 (AT - KWK R
#{0.3-0.8 mmy 5 )R E A AN o
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2. 8 [ #E ¥ Riccardia flavovirens Furuki o A. M it [ 81.2 Fikes s B. L#lifst] s C-G. KW H ki
U1 H. R B RS 5 1. BRI 5 . MERER &2 AR ARG Y] 5 K. JHEESLE 5 L. JHEBEN G o

(A, 1-, 8 H Ya0 9512009 ; B, D-F, H, K-L, #& &5 Yao 9508605 ; C, #&H Yangs. n. ; G, #& H Yao 9512030 - )
Fig. 2. Riccardia flavovirens Furuki. A. thallus with paroicous branches; B. cross-section of main axis;
C-G. cross-sections of ultimate pinnules; H. dorsal epidermal cells and oil bodies; I. marginal cells; J.
cross-section of paroicous branch; K. outer layer of capsulewall, external view; L. inner layer of capsule
wall, internal view. (A, 1-J, drawn from Yao 9512009; B, D-F, H, K-L, drawn from Yao 9508605; C,
drawn from Yang s. n.; G, drawn from Yao 9512030.)
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3. 58 & [C B ¥ /¥ Riccardia kodamae Mizut. et Hatt. o A. 74 FriR 8 5 B. M Fr R85 C-D. Fiif
w ) s E-HORAR Y] s 1 MEAEREA 5 3. gl » RimA I Ml E A 5 K IR s L. 87 5 M.
# s N iBESLE 5 O. WiBEAJg - (A, C, L-O, #§ 5 Yao 9503011 ; B, D-E, H, #& 5 Yao 9509018 ; F-
G, #& H Yao 9508651 ; I-K, #& H Yao 9508671 - )
Fig. 3. Riccardia kodamae Mizut. et Hatt. A. malethallus; B. female thallus; C-D. cross-sections of main
axes; E-H. cross-sections of ultimate pinnules; |. female branch; J. calyptrawith scattered, enlarged cells;
K. paraphysis; L. spore; M. elaster; N. outer layer of capsule wall, external view; O. inner layer of capsule
wall, internal view. (A, C, L-O, drawn from Yao 9503011; B, D-E, H, drawn from Yao 9509018; F-G,
drawn from Yao 9508651; I-K, drawn from Yao 9508671.)
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R 34 fEHER - Bk BEEE HTE - B 2-3
EMAE T o E3REHIIE T iy 36-81 um x
16-30 pem 5 i 7] i 886 s 2 R A g i e 5% P9 et
AR 1/4-1/14 o (A3 feg il AR i #RF 96-205 um
* 40-65 pum o 3Bl AT m iR R BE - b B3R
BAiIRE s o e G - [JE - WERES DR
B 5 AER B B e sk e 3= A
M b B R 5 A5 P9 T AR P I AR 1-3
10-24 um = 10-16 um  FWEM Y] » FER R
NN

WERE SRR o MEAETERIAI AL F s v 4
Bk o Gk A R A1 o MEAE SR A A £ il g2
ERL L - G ERaR RIS o e IMEE B AT R R
iz KA -

SHEES A [0 S BE S N BRI > thiE
TATAE R EI G UIBE | 5 578 A e 1 JE 1 15 Tl A
WEH

b A= R EIAR BRI AR © 73 Afs HAS R 518

FIEEEA RN - EEEAN  RIEE LD
i8> W 1,500m - [ AERMEA > 2006 4 3
Yao 9503011 ~ Yao 9503012 ~ Yao 9503013 ;

G AR AT R

2006 i 12 H » Yao 9512005 ~ Yao 9512006 - 3
IR ¢ Bl BLILIER o Bl B LR B 0 YR
1,700-2,200m » fff 4 A& A » 2006 4 9 | » Yao
9509018 ~ Yao 9509027 - ‘B %% : K[AI4F » K
Pl =BE AT D IE - Vg i 800-1,800m - fff A=
A > 200648 H » Yao9508604 ~ Ya0 9508626 ~
Yao 9508651 ~ Yao 9508665 o {{;#EEA : EafE4f
TR 1,250m > fff A= R ER » 2007 1 H > J.
-D. Yang 3333 (TAIE) ; #if§ » 1940 £ 8 H 6
H » 1112554 96 (TAI) -

Afam AR F RIS
U T | 3 R ARG A B P e AR MR %
Fr R HE 2 A A AR 77 (R RE B ~ MRS -
fEEl R. multifida (L.) Gray subsp. decrescens
(Steph.) Furuki FH1EL » AR 7 v e ) 1 B2 40
£ 2-3 AT - b 3% B At A U] 1 b P e
f/MR % - FilREE/ AL - #2385 % 3-5 (M
o BRI EL A S A/ o iR ES R
EARA - fEGR o 5 AR HAE R na-
gasakiensis (Steph.) Hatt.#% 7k 4= 5, f& (form) iR
FHAL » 8% b R £ K AR - i8N SO R RITAAGR 73

4, 51 K L Fr #E % Riccardia kodamae Mizut. et Hatt. - A. 38 f7 # i@ s yliAg 5 B. 84 #E ;s C. Nfg
HHME K ymiis - (A, C, #8 5 Yao 9509018 : B, #& H Yao 9508651 - )

Fig. 4. Riccardia kodamae Mizut. et Hatt. A. dorsal epidermal cells and oil bodies; B. marginal cells; C.
inner cells and oil bodies. (A, C, drawn from Yao 9509018; B, drawn from Yao 9508651.)
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K> HE AR b 3R B AR iR R - 1%
L HIi )N » L% Furuki (1990)## R. kodamae
SRS R 1 2 R HH R AR A e - BRI EREZ
AR AN EA EE > HASZER) R nagasakiensis
HISHES Bl id B3R AN B AR - & —# W

f’ \\J'h’

KA [ o

BB P SERE R /P RS (81 5 ~ [ 6)
Riccardia marginata (Col.) Pears. var. pacifica
Furuki, J. Hattori Bot. 70: 380. 1991.

5. # £ | A KR 4% fE Riccardia marginata (Col.) Pears. var. pacifica Furuki - A. 4 5 iR ES

B. Mt FikEs 5 C. EfiliiE ) - D-G. RV #8] s H. AiREEIE T » A ZJIR0EE 5 | ke »

HZHIRHKRE » J. 3345 - (A-1, #& B Yao 9508501 ; J, #& H Yao 9508533 - )

Fig. 5. Riccardia marginata (Col.) Pears. var. pacifica Furuki. A. female thallus; B. male thallus; C.
cross-section of main axis; D-G. cross-sections of ultimate pinnules; H. ventral view of thallus with
mucilage hairsin two rows; |. dorsal view of thallus with mucilage hairs in two rows; J. marginal cells.
(A-I, drawn from Yao 9508501; J, drawn from Yao 9508533.)
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6. £ H #EHE K 4 f Riccardia marginata (Col.) Pears. var. pacifica Furuki o A. [iff 4 5 Fy s
B. ik : C. HEAEGARL : D. A IHAREY) s E. WiBESLE < F #BENJE - (A-D, 48 H Yao 9508501 ;

E-F, @4 Yao 9508533 - )

Fig. 6. Riccardia marginata (Col.) Pears. var. pacifica Furuki. A. female branch; B. paraphyses; C. male
branch; D. cross-section of male branch; E. outer layer of capsule wall, external view; F. inner layer of
capsule wall, internal view. (A-D, drawn from Yao 9508501; E-F, drawn from Yao 9508533.)

FrlRBE BB 18k (0 B PR 0 - RZIRIRIR
e A Seim MR - 1-3 [ KRR 7
B W HBREARA o T ol R 0.7-1mm 5y
fa vl A~ MY E R - PR 5-7 @
JZ > B SIIE SR EE - AL 1-2 [E IR - R
PR A 0.3-0.7 mmEg 5 At i 2R 1 2 i
i o R 4-5 FF R - @R SEE R
SR 1-2 (AHIRRTE o b 3R RNt IRy 25-55
pm > 15-25 pm s ) T BRI _F 2% R i e R
A g AR 13-1/6 o 1Ay e il At i A B
75-150 um > 35-50 pm o i3kl T Th B )2
BE o i EVIR G - EZEINENE 5 /£ ERE
A AR A B A R 5 12 P A P9 A T
2-3 {l - REM S - F LR IR ER Y 1 K
fEm

WERFE SRR o TfE AR SEA A AL il BUR )R
Bk o Gk A RIS o MEAE SE A A 1E T B R
SR YIARE » JERINES S

FHBES @ AE [ S BE S N Y BE EIRJE > thi

WA UIRE o HIRE g T R A 15
ANHHEE -

A DR HA KA -

SIEEA ERERR - KIFLE - KA LLE
B3 - ¥l 2,000m » f-BE4: > 20064 8 A »
Yao 9508501 ~ Yao 9508533 ~ Yao 9508580 -

Afam  LE SRR R bR A T R A
WASIRETE ~ v IR B 32 Akt I 7 1 9By 5 )2 B
KRR RR o Furuki (1991)% Riccardiamarginata
I 73 £ W AR » (A3 Bl 2K 2 58 (var. marginata)
Z AN RIAE 2 A 5 5 M I SRk > 12 A M B [
P o KSR oy Ar St 5 FS AR DY I - KA
TR o A St e HI 55 H A B o5 1

W Py SERE (1R 7)
Riccardia pumila Furuki, J. Hattori Lab. 70: 361.

1991.
Fr TR B AT e B ek 2 PRk 0 R MR TR AB
o /N Seim MR o BRI 1-2 [RIAAR oy A
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7. 5% B #ER% Riccardiapumila Furuki A, Fr k% ; B-C. Fifilift] s D-G. KMH 1Y) s H. 24
ke aE s L P AR s s o (A-1, 4@ Yao 9512008 - )

Fig. 5. Riccardia pumila Furuki. A. thallus; B-C. cross-sections of main axes; D-G. cross-sections of

ultimate pinnules; H. dorsal epidermal cells and oil bodies; I. inner cells and oil bodies. (A-I, drawn

from Yao 9512008.)
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W %

#li| == Z& [ Persicaria barbata (L.) Hara var. gracilis (Danser) Hara] & 12 53 4R fA EEE ~ R e &0
EHEREEE o AWFTCHER A 0 BRE BN 2 o A SCET G 5 18 2 R B B A 7 R« B
[P. barbata(L ) Hara var. barbata] &l 2 ji 5[ P. japonica (Meisn.) Nakai] .z 5728 » B2 At ~ [BEiE
O o Wi HOEE = F RO > Horh o HITRIEZ RS 2n = 40 B KAGE - ASCEHEHE 3 04
FELLISH AR I*Hk LI SEM FE#RAE L R 8 2R » IR BV » #RIE 208 — S R 45 HE 2 T B R Y
(RS - (E15E— D LG -

Abstract

Persicaria barbata (L.) Hara var. gracilis (Danser) Hara is widely distributed in India to southern
China and the Ryukyu Islands. This paper confirms its presence in Taiwan, and discusses its taxonomy
with two related congeneric Taiwanese taxa, P. barbata (L.) Hara var. barbata and P. japonica (Meisn.)
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Nakai. The descriptions, illustrations and chromosome numbers are provided. The chromosome number
of 2n =40 isthefirst report for P. barbata var. gracilis. Diagnostic characters and SEM micrographs of
pollen grains and achenes are compared among the three taxa. A further study is needed to determine
whether the status of P. barbata var. gracilis should be elevated from the present rank of variety to the
rank of species.

BAskaa « B2 - MIRIEE - B - 2R 5

Key words: Persicaria barbata var. barbata, P. barbata var. gracilis, P. japonica, taxonomy, Taiwan
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150 ffi (Kubitzki et al. 1993; Qaiser 2001) » 2 ¥k
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& 1 B (Haraldson 1978; Ronse Decraene and
Akeroyd 1988; Ronse Decraene et al. 2000; Kim
and Donoghue 2008) - & ## E &K 228 H 37 4754
B B 1 5%¢[t]f#E (Kuo et al. 1996) » H.rf1 32 4344
HrmBrEEE - ABHEYE 1 F4A8%
FARR iG> AR ILE AR
K EHAT 5~ Y 5 V5 3 s W% g T - AR B 2R
[Persicariabarbata (L.) Haravar. gracilis (Danser)
Hara] f5 70 it W an ~ JEAEE ~ BRI
)2 A K AEREY) » B 51 Danser (1927) 55 5%
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gracile Danser) » Steward (1930)HI| % & i 3
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(Danser) Steward] » Hara (1982) & #T#H & & A
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var. gracilis (Danser) Hara - A8 ffi {F 1 [ fi 5
AHRIE 2 (BN HEY)RE R Z & 1982) » Li (1995)
K Li et al. (2003)5 4 7 Ke R i 21 7% (B ik K 52
Z4(Polygonum longisetum Bruijn var. rotundatum
A.J. Li) - Steward (1930) 4 7 A8 FfiIRF 6 5 | 3
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B E 2R > AR L — > B R 22 i il
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f. 38 (1886) ) &t » 1 HAE & ik TR ERE
O % SCHk Henry (1896) (5135424 : Henry 1121,
1286, S. Cape) » L x Matsumura and Hayata
(1906) [ HEY) 42 $% 5 %14 P. serrulatum Lagasc.
—% » .z Henry A] RE & A 73 JHRE(E 5 8 i -
fcix# - Btk Hsu (1967) (£ HZERHEYINT
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A 70 ppm cycloheximide #[] 250 ppm 8-hydro-
xyquinoline (L1)E&HE i 4 hr ZHiEHE »
AR 18°C - [ifif% L 95% ethanol #1glacial
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LAEZE BAMFEZE: CEME -A~B-~CIaE: 40k ERu(E L) fLEfEFEEIR
RE(CHH) > L (B T) -

Fig. 1. Habit (left figure), stem surface (upper right figure), flowers in rachis (middle right figure), and
tepal (lower right figure) of Persicaria barbata var. barbata (A), P. barbata var. gracilis (B), and P.
japonica (C).
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R 1L REETE - MIRIEE - B E IR B i

Table 1. Comparison of leaf characters among Persicaria barbata var. barbata, P. barbata var. gracilis

and P. japonica of Taiwan

T
&a P. barbata var. barbata P. barbata var. gracilis P. japonica
Characters
Elliptic, narrowly ellipticto  Oblong to narrowly linear Linear lanceolate,
Leaf shape linear lanceolate, 7-18.5 cm lanceolate, 8-15.5 cm long, 10-13.5cm long,
long, 1.5-3 cm wide 1-2 cmwide 1.5-2 cmwide
Leaf base Cuneate Rounded Obtuse
. Sparsely to densely
Leaf surface Sparsely to densely strigose  Glabrous strigose
Secondary 16-20 10-13 13-17
vein numbers
Intersecondary . ) .
. Conspicuous I nconspicuous Inconspicuous
veins
Petiole length 5-10 mm 0-2mm 0-5mm
Densely strigose, bristles Sparsely strigose, bristles kE))r ?;Tiy slsitrﬁlosev,vav
Ocrea wavy, nearly aslong as straight, nearly aslong as gntly Y.
nearly aslong as 1/2
ocrea 2/3 ocrea
ocrea
=~ 1Ef W% - $2 i 10 {EfEky R AL - BT =70 JE AT
AN 5E =7 BERE AL e 55 o BEIR < B B AL B2 (Persicariatype) {L13 » i A ZRHE
Fe o SR AGHY 2 A 8L e AN [R] ([ 1) = A Y 46 ¥ KL Y B 9% (Wodehouse 1931; Hedberg
R R 1-3 K » RIEOEHE - fE#EHE 1946)FH 7 » % BE B Y f & 2 A0
g s B R AL A -3k > RIMEPREE > AR e th B E = Rk — (8 2) -
{EHRVIFRRY  EZALFPAIR 3-6 80 » RIEH f£ SEM T > jE = E AL KA 2 BIKE > %
4 - ez LR - fl - M TANG » BHIRZEEE » RIMHETRZ A
SHEARAER > IR E A VAR > HRIEEAE
-~ fE 51-65 um Z [ » 245 56 um ; i 5 56-69

FEACRIPEAR B (18 1) - B i 55 AL R
fEMf 3-4 mm & » BRONIE » HHEG - M5
W& HITEEY ) - IR 2L 2.5-3mm i »
EIONfE - LG EEMKE - BEILHH 2.0-25
mm iz - HEIEIE - PLEGE kG s PREERN 5
W)/ NERE B (3.5-4 mm) i ELF 9% - Sl
/NERE (3 mm)S RS & A A -

i~ ERHE

Hedberg (1946) &1 ¥4 e 28 2 /@ {L Ky b 1T

um ZfH > 7R3 58 um s MEZE/ ) > £ 31-60
um ZfH > £ 46 pm o

ARNL E S

8 R A AT S A R o HE AR R (Martin
1954; Ronse Decraene et al. 2000) » AfF5E = 734
TR (18] 2) B (AR - BhR B S
T » SHIE 22 1% B 2205 RS o FERR AN o
BHG) > 1.8-2mm » il 2 R B
Kk > 2.3-2.5mm o 7EREGIBAMEE T BIS R
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2. EZA DGR I HIHEZHB~E~HEK) REMFCF~1 kL) A-C ER(E) ¥
R(E L) fe¥EmcET) - AEMREGE N) s D-F ERTEEE (A ) » SEM J& RS 1 K& E 1
G-l. SEM fEpks s J-L. etafl 5 1.2n=20; K. 2n=40: L.2n =60 -

Fig. 2. Leaves (A-C. left figure, leaf shape; upper right figure, leaf base; middle right figure, ocrea; lower
right figure, ocrea surface); achenes (D-F. upper left figure, top view; lower left figure, side view; SEM
photographs of pericarp); pollen grains (G-1. SEM photographs); and chromosomes (J. 2n = 20; K. 2n =
40; L. 2n = 60) of Persicaria barbata var. barbata (A, D, G, J), P. barbata var. gracilis (B, E, H, K),
and P. japonica (C, F, I, L).
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7R EOLER 5 DL SEM a3 B2 R A Eff -
SRR AR E 2B R 2T - RIFTRELRE - B
oRAHERL - 1 il 5 RO > MR AR -

€ REH

HHB LB x = 10, 11, 12 (Hinds
and Freeman 2005) » & A 5EH - #RIE 24
ERECRHECHEL - TEZA 2n=20, 22, 40, 60
(Jaretzky 1928; Fedorov 1969; Li et al. 2003) »
B =1 2n =40, 44, 50 (Doida 1960; Iwatsuki
et al. 2006) g » A FREi SIS = 0 iR
B £E2n =20 HHFIFEZ 2n =40 > B =
2n = 60 ([&] 2) - 13— SR 5 18 Y B il o B
LR ERE A o b— BRSO % - T
HIFEZE 2n = 40 55 KHs

W3 A

fE2 TSRt o A | > aRg s EE ~ Al
RIEZ L E s - EE 0 MERE - JLER
R > m 2 YN (Iwatsuki et al. 2006) » #HH|EZE
oA A A2 - BREK R LR (Iwatsuki et al.
2006) » 771 £ fi B {2 0 PR BRAL RR > 5 18 £ LR
[R (Steward 1930; Iwatsuki et al. 2006) -

EE#E = MR R AR RAE P R M
(R LR AR AT R o B D /- JE
o mtE A FEE M EERBH R > B
25 AFMPNERT ~ KIS R EHETE
MR EZLURE R T - ALAMEET AT R AR
PRI 55 Bk % - VBEREH T -

a3 IRE

1. Persicariabarbata(L.) Hara, FI. E. Himal.
70. 1966; Haraet al., Enum. Fl. Pl. Nepal 3: 175.
1982; Qaiser, Fl. Pakistan 205: 45. 2001; |watsuki
et al., Fl. Japan 2(a): 162. 2006.

Polygonum barbatum L., Sp. Pl. 362. 1753;

Liuetal.inLietal. Fl. Taiwan 2: 264. 1976.
B E 2 AR

1 GHRSIRE - FEEMRIE EEE - WIEH
FEZERRSE RECR A HLEEN - H okt - 38
BRI BEEEE s SEEEHEE » L0k
36 s la. var. barbata
2. KON s FLEMRIMAREREZE - NIENS
FETEN) 213 K » TEL MR - SEREEIE 5 #E1E
LW - TR 1-3 .. 1b. var. gracilis
la Persicariabarbata (L.) Haravar. barbata
EZ (& 1A)

PolygonumbarbatumL., Sp. Pl. 1: 362. 1753;
Danser, Bull. Jard. Bot. Buitenzorg, ser. 3, 8: 145.
1927; Steward, Contr. Gray Herb. 88: 52. 1930;
Hsu, Polygonaceae, Amaranthaceae, Chenopodiaceae
& Moraceae, Taiwan 10. f. 6. 1967; Kuo et al. in
Huang et al., FI. Taiwan 2" ed 2: 298. 1996; Kuo
inYang et al., Man. Taiwan Vasc. Pl. 2: 91. phot.
266.1999; Lietal.inWuetal., Fl. China5: 288.
2003.

R EEREN 35 mm T JiHR 2-4
cm s BSR LR A E - Higdh 0 & 1.8 mme
FETE R 1.5-3cm > RHEHE » FHIIER
11-32 mm » FEGIRETYT ¢« ZEH5-10mm s TG
IR ~ ZEHE IR B RGBT » K 7-185 cm» 54
1.5-3cm » EEHLHE » B ERE 1-1.2mm » B
W T MR B B o BUIRIEISE LR » K 3-6
cm > & 8 mm ; #A{L#HE 3-6.5 cm » £ E %
E o B 25-3mmE > 1.5-2mmE
ER 1.5-5 mm e f 3-5 J¢pk 1% » fLAR Y
a5 EE ZEINE > 2.5 mm & > 1 mm & ; [f
£ 1-1.5 mm £ > Ak s {EFE09 mm E - 1
BEO07TmmE o EHREME » 1.8-2mmE » 0.9-1
mm & o

B AT ¢ BREK ~ G R s IR S ED
Je ~ FEHRE By AL AT (Steward 1930; Iwatsuki
et al. 2006) -

SIRERRA + 5 AL g - 20 Jul. 1995,
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C. F. Kuo 52 (TAIF) - Bk[=5% : /\{& > 30 Sep.
1986, S. Y. Lus. n. (TAIF) » #/TH% : N » 20
Nov. 1966, C. C. Chuang & M. T. Kao 4704
(TAI) o P{EERZ : 45 » 26 Oct. 1977, J. C. Ou
& M. T.Kao 8846 (TAI) - Hdari : Jbil& » 25
Sep. 1997, C. M. Wang 02826 (TNM) o {4 #2i
{E2-f0¢t » 24 Jun. 1970, T. C. Huang & M. T.
Kao 5293 (TAI) o ZEFklE : Z8%% » 29 Sep. 1992,
J.C.Wang & J. J. Yang s. n. (TNU) o F &K% :
K1 » 19 Feb. 2006, C. M. Wang & C. Y. Li 08610
(TNM) o & F58% : F:[ » 4Jdun. 1995, C. F. Kuo
571 (TAIF) - &% : 72581 » 3 Nov. 1995, C.
F. Kuo 334 (TAIF) - [ EEE% : il » 8 May 2008,
T. Y. Yeh 81 (NHU) - 5 B % : 4t [& » 14 Jul.
2001, C. C.Lin 301 (TAIF) » {s#Elz » fE3ET »
7 Jun. 2009, T. Y. Yeh 245 (NHU) - & 8% : ith
_F » 10 Dec. 2000, S. M. Ku s. n. (TNM) :
i1 » 20 Jul. 2003, S. W. Chung 6574 (TAIF) »

BB B IS FHEUS SR IR 2 AL 1S
o WAERSIRE - TEREEE > 5 B E
HE > HEZNRE S » IR - (EZEARE
PRAF SR A > (LA E 22 B B i B2 i I
IR - AR A IR 20 E 2 (Persicaria
pulchra (Blume) Sojak) » {HifE 2 4 bk i 78 5%
EHEZRAEARF - FEERNEREEE
ERIPRER > FE1E ~ RADE - EZE R
BEZE > MWEZEREE L - MEER=
I -

1b. Persicaria barbata (L.) Haravar. gracilis
(Danser) Hara, Enum. FI. PI. Nepal 3: 175. 1982;
Ali et Qaiser, Fl. Pakistan 205: 45. 2001; |watsuki
et al., Fl. Japan 2(a): 163. 2006.

Al € 2 ([ 1B)

PolygonumbarbatumL. var. gracile (Danser)
Steward, Contr. Gray Herb. 88: 55. 1930; Fl.
Kweichow Ed. Comm., Fl. Kweichow 1: 191.
1982; Wang in FI. Kwangsi 1: 554. f. 227-5, 6, 7.
1986.

EEEMRITEZE 20

Persicaria barbata subsp. gracilis (Danser)
So0jék, Preslia 46: 152. 1974.

Polygonumbarbatum L. subsp. gracile Danser,
Bull. Jard. Bot. Buitenzorg, ser. 3, 8: 146. f. 2. 1927.

Polygonum japonicum acut. non Meisner:
Chen, lllustr. Aquat. Wetl. PI. I1an 164-165. f. 80.
1992; Kuo et al. in Huang et al., Fl. Taiwan 2™
ed. 2: 302. 1996; Kuoin Yang et al., Man. Taiwan
Vasc. Pl. 2: 93. 1999.

Polygonumtrigonocar pumacut. non (Makino)
Kudo & Masamune: Kuo et al. in Huang et al.,
Fl. Taiwan 2™ ed. 2: 312. 1996.

Rt EREAL - WAEREA R e
3-4mmE - f{iff & 25-5.5cm o JLEERE 1.5-25
cm > F#%H|E &K 10-20 mm > K[ EMHE 3
BEWG 0-2 mm > v 5 HE G R ARSIE] 28 %2 M ED IR
#IE - & 8-15.5 cm» 5 1-2 cm » FLER[EE
TERRER 0.9mm » TERHDEHE » 5 B IES -
FEREHEAL > & 3-4.5cm > 5 8-9mm ; 7L
fih 2.5-35cm £ > Vg s B 4mm £ > 2mm
oo FHEMIER 2-4mm o /NIERER 3mm 5 fE
4-5 Je &k 1% - AL TR - 3 mm
£13mmE : S 1-1.5mmE > Ak : {6
07 mm £ FE0.8mm & - EHEME
2.2-25mmE > 1.3-1.6 mmE o

B AT ¢ BREK ~ G~ R s IR S ED
JE B JE{RZ (Steward 1930; Iwatsuki et al. 2006) -

FIFEEA LR ¢ B 15 Aug. 2005,
R. S. Huang s. n. (NHU) o fEs5#ER% : 0 » 7
Jun. 2009, T. Y. Yeh 244 (NHU) ; i » 5 Oct.
2000, T. T. Chen 11082 (TAIF) ; = &% » 11 Oct.
2001, T. T. Chen 11685 (TAIF)

A8 R T B K Li (1995) g 2 i HH £
|8 5t £ £2 24 (Polygonum longisetum var. rotun-
datum) » SRTMAIE REEEE LAEAEMEY) » K0
MR RZ T4 5 Bi& PR G (E 30-60 cm » (fjf%
# — AT 60-80 cm ; FEEEMA TR EL IR E 2 K
FELE > Bi#OEHR - & VIR SRR
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LR REZZE ML EALER G » A
FERIRSR% 0 o BRaT Iwatsuki et al. (2006) i
Ky ¥HEEEA P. longisetum var. rotundatum4yf »
B 5| A P. longisetum var. rotundatum (43 &
£l (pro parte)ig ¥ £ Persicaria erectominor
(Makino) Nakai ;2 4 o

ARSI B E ZHWIEE AN - 828 Dan-
ser ~ Steward R AR EZ LR D > H
A TEE R AL Fr R R B3 A B A AN BT T B B S
S S UF YRS E & thie 208 — B
(Qaiser 2001; Iwatsuki et al. 2006) - A f
M RERHE L 5 8 2 0 MRER R A HE A
7] > HALEFIMEES » MEmT & A4 E AL - K
TEIT I8 ~ YEEBOKH S - HARAE - R
By > R UM 2 R TR AERR < H
R TEE A G ErEYI B R » R AE S R
flbsth AR A LSS - B EREH o M A6 S
LB AR H DS I AR B - SRTA
B2 15 JE 1 7T 22 fili (species) KU (L[ - {H 155
—HPRET -
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Morphology and Ultrastructure of Root-Fungus Association
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Abstract

This paper describes mycorrhizal character of the Formosan azalea (Rhododendron formosanum
Hemsl.), anindigenous ericoid plant in the Sanlinchi forest of Central Taiwan. The root-fungus associations
were categorized into 6 morphological types with light microscopy. The root ultrastructure examined
with scanning electron microscopy revealed that hyphal complex and hyphal coil structures were present
in cortical cells. Theisolated fungal strains had slow-growing septate hyphae. The results suggested that

the root-fungus association of the Formosan azalea belong to ericoid mycorrhiza.
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I ntroduction

Harley (1969) categorizes mycorrhizae of
Ericales into ericoid mycorrhizae and arbutoid
mycorrhizae. Ericoid mycorrhizae belong to en-
domycorrhizaethat have septate hyphae, intracel lular
hyphae and hyphal coilswithout arbuscular hyphae,
mantle, Hartig net and vesicles. Arbutoid mycorrhizae
belong to ectendomycorrhizae that have endomy-
corrhizal features of septate hyphae, intracellular
hyphae, hyphal coils, ectomycorrhizal features
of mantle, and Hartig net.

Ericoid mycorrhizae are present in many
species of Ericales, belonging to the generaCalluna
(Nieuwdrop 1969; Bonfante-Fasol o and Gianinazzi-
Pearson 1979), Erica, Vaccinium (Nieuwdrop
1969; Bonfante-Fasolo et al. 1981), and Rhododendron
(Peterson et al. 1980).

In respect to the microscopic structure of
ericoid mycorrhizae, Rayner (1927) points out
that the characteristic of ericoid mycorrhizae is

Accepted: January 18, 2010
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that the development of hyphaein their cellsleads
to the formation of characteristic hyphal coils
which fill the whole cells, and the invasion of a
mycorrhiza into the surface cells gives rise to
generate intracellular hyphal coils which grow
spirally in the epidermal cells. Therefore, fungi
infect epidermal cells, spreading and ramifying
over the root surface but seldom extending from
acell to another (Bonfante-Fasol o and Gianinazzi-
Pearson 1979; Duddridge and Read 1982). With
the advancement of instruments, Peterson et al.
(2004) point out that within an ericoid mycorrhiza,
there might be a narrow hyphathat can penetrate
into adjacent cells.

Although many studies have been carried
out on flora of Ericales in Taiwan (Lee 2000;
Tseng and Lu 2003), they werelimited to physiol ogy
or ecology; there was no study on their underground
mycorrhizae. Therefore, this study was intended
to examine the morphology and structure of root
systems of the Formosan azaleato explore if the
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structural characteristics of ericoid mycorrhizae
are present.

Materials and M ethods

Sampling of root soil

Formosan azalea endemic to Taiwan is an
evergreen shrub with herbaceous |eaves, canescent
of reverso, and corollawhite or pink in color (Liu
et al. 1994). Sixty soil-core samples (5 cm in
diameter) containing roots of the Formosan azalea
were randomly collected in Spring 2006 from a
Formosan azaleaforest (120°47'31.35" E longitude
and 23°38'9.85" N latitude; altitude 1700m) with
stems up to 15 cm in dbh in the Sanlinchi
Recreational Park in Chushang Township, Nantou
County, Taiwan. The soil samples were brought
to the laboratory.

Soil chemistry

Each of the soil sampleswasmixed in distilled
water at asoil water ratio of 1:10 and the pH was
measured. Cation-exchange capacity (CEC) of
the sample was determined by the conventional
NH.OAc method (Gillman 1979).

M or phology of root association

The soil samples collected were rinsed with
running tap water for 3 min, and cleaned with a
ultrasonic oscillator. Morphology of root-fungus
association was examined under astereo microscope
(Usuki and Narisawa 2005).

Isolation and purification of hyphae

Swollen root segments with hyphae complex
were sterilized with 30% H,O, for 1 min (Berch
et al. 2002), sectioned and cultured on 1% water
agar culture medium (Xiao and Berch 1992), and

incubated for 14-21 days at 20°C under dark
condition. Hyphae grew slowly from edge of the
root section. They were isolated and transferred
into 1% MEA (malt extract agar) culture media
for purification (Johansson 2001). The isolated
fungal strainswere assigned the number of Rf
as for R. formosanum.

Morphology and growth of fungus colonies

The purified hyphae were transferred to 2%
MEA (malt extract agar) culture media and
cultivated at 20°C in adark incubator. The growth
rate of the colony and morphological characters
of the hyphae were recorded at scheduled intervals
daily (Hutton et al. 1994; Hambleton and Currah
1997; Tsai 2003).

Scanning electron microscopy of root samples

Root sampleswerefixed in 2.5% glutaraldehyde
fixative at room temperature for aday. Then, they
were rinsed with 0.1M phosphate buffer solution
3 times, each for 15 min, and then, followed by
serial dehydrationin 10, 30, 50, 70, 90, 95, 100%
ethanol and 100% acetone. They were critical-
point dried in a critical point dryer using liquid
carbon dioxide. The dried samples were mounted
on an aluminum stub, coated with gold, and
observed under a scanning electron microscope
(Tsai 2003).

Results and Discussion

Soil and litter characteristic at site

Most roots of the Rododendron formosanum
grew on O (organic) and OA (mixing of organism
and mineral) horizons. The results of this study
indicated that the soil reactions were strongly
acidic (O: pH 3.267, OA: 3.30). The values of



228 Root-fungus association of Rhododendron formosanum

cation-exchange capacities (CEC) were 70.51
cmol/kg (O) and 80.00 cmol/kg (OA). The organic

matters were 62.69% (O) and 52.93% (OA)
(Table 1).

Table 1. The soil characters (means + standard deviation, n = 2) of the root-fungus associations of

Rhododendron formosanum

Horizons pH* Organic matters (%) CEC (cmol/kg)
(0] 3.267 62.69 + 2.66 7051+ 7.75
OA 3.300 5293+ 6.44 80.00 + 13.26

* Water: soil volumeratio, 1:10.

O: organic horizon. OA: mixing horizon of organism and mineral.

M or phology of root-fungus association

The swollen root-fungus associations in the
root samples of Formosan azal ea were classified
into six types according to the morphological
characters. Type 1 was stalked, cylindrical, 0.3
mm in diameter, and creasy. Upper cylinder was
golden yellow in color, fading upon aging (Fig.
1A). Type 2 was sessile, cylindrical, and yellowish
brown at its initial stage (Fig. 1B). Type 3 was
sessile, bi-segmented, the anterior segment conical,
yellowish brown, and the anterior segment
cylindrical and golden yellow (Fig. 1C). Type 4
was short and stout, corresponding to the initial
stage of mycorrhizal formation, yellow in color
and sparsely covered with setae (Fig. 1D). Type
5wasmonilioid golden yellow at theinitial stage
of mycorrhizal formation, brown when aged, and
sparsely covered with setae (Fig. 1E). Type 6 was
bi-segmented cylindrical, growing from the lateral
side of the main root. It can be subdivided into
Subtype 1 with anterior segment longer than
posterior segment and Subtype 2 with anterior
segment shorter than posterior segment; golden
yellow at the initial stage, becoming yellowish
brown when mature, and surface densely covered
with setae, with a peltate end (Fig. 1F).

Characters of colonies and hyphae

Fungal strains isolated and cultured from
swollen root associationsy are described asfollows:

Colonies of Rf 9, incarnate with flocculent
edge (Fig. 2A), yellow pigments appeared, growth
rate 0.82 + 0.05 mm/day. Hyphae septate, 2.5-1.25
um in width (Fig. 2B). Colonies of Rf 28, dark
green in color (Fig. 2C), growth rate 1.0 £ 0.6
mm/day. Hyphae dark green, septate, 2.5-5umin
width (Fig. 2D). Coloniesof Rf 32, brownin color
(Fig. 2E), growth rate 1.0 £ 0.05 mm/day. Hyphae
septate, 2.5-1.25 umin width (Fig. 2F). Colonies
of Rf-3, gray in color (Fig. 2G), growth rate 0.54
+ 0.02 mm/day. Hyphae septate, 2.5-1.25 um in
width (Fig. 2H).

Ultra-structure of root-fungus association

The ultrastructures of root fungus associations
were divided into two categories: the hyphae
complex with microsclerotiaor hyphal ring (Duclos
et al. 1983; Perotto et al. 1995; Massicotte et al.
2005), and loose arrangement of branching hyphae
(Massicotte et al. 2005).

There were hyphae sparsely attached on the
surface of root systems (Fig. 3A). The invading
point of a hyphawith awidth of 0.7 um was also
found (Fig. 3B). Hyphal complexes (Fig. 3C-3F)
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and branching hyphae were observed. Most of microsclerotiathat were distributed in the epidermal
the hyphal complexes in the root tissues were cells (Fig. 3C).

T : " Imm

Fig. 1. Types of mycorrhizae of the Rhododendron formosanum. A. type 1; B. type 2; C. type 3; D. type
4; E. type 5; F. type 6.
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Fig. 2. Endophytes of the Rhododendron formosanum. Colony (A) and hyphae (B) of strain Rf 9; colony
(C) and hyphae (D) of strain Rf 28; colony (E) and hyphae (F) of strain Rf 32; colony (G) and hyphae
(H) of strain Rf-3; arrows, septate; arrowheads, conidiophore; *, conidium.
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Fig. 3. Untrastructure of mycorrhiza of the Rhododendron formosanum. A. surface of hairy root covered
with hyphae; B. hyphae within intercellular spaces (arrow); C. across section of mycorrhiza; D. branching
hyphae (*); E. breakdown microsclerotia (*) and F. microsclerotia (*).

Conclusions which about 500 to 600 species are in tropical
regions of East Asia and Southeast Asia. Henry
It is estimated that there are approximately (1896) recorded 2 species: R. oldhamii Maxim.

850 species of Rhododendron in the world, among and R. formosanum Hemsl. from Taiwan. Recently
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Tseng and Lu (2003) studied thewild Rhododendron
flora of Taiwan and found 15 indigenous species
of which 11 were endemic. Although there are
many endemic species of Rhododendron in Taiwan,
there has been no study on ericoid mycorrhizae.
In contrast to Taiwan, the studies on ericoid
mycorrhizae have arelatively long history in other
countries. It has been found that in a stress
environment with extreme climate conditions and/
or poor soil conditions, Rhododendron has been
frequently found to become dominant species
after forming mycorrhizae with ericoid mycorhizal
fungi.

Theresults of this study showed that ericoid
mycorrhizae structures such as hyphae complex
and branching hyphae existed in root epidermal
cells of the Formosan azalea. The endophytes had
slow-growth and septate hyphae coincided with
the characteristics of ericoid mycorrhizal fungi.
Therefore, the root association of the Formosan
azaleain the Sanlinchi forest belonged to ericoid
mycorrhiza.
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