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Effects of Salinity Changes on Growth, Mortality, and Thyroid
Gland Development of Rhinogobius gigas Postflexion Larvae

BREM T F M L2
Yi-Fan Chen! and Wen-Bin Huang!. 2.*
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Abstract

Rhinogobius gigasis an endemic species of amphidromous goby commonly found in mid- and lower
reaches of riversin the eastern Taiwan. It is one of the dominant species in the fish larval assemblages
of therivers. To investigate the effects of salinity changes on the larvae during their upstream migration,
its postflexion larvae were collected from the Hualien River estuary. They were acclimated at 30 ppt,
and then, treated with 4 different regimes of salinity changes: 1) 15 ppt for 10 days and then 2 ppt for
15 days; 2) 15 ppt for 10 days and then back to 30 ppt for 15 days; 3) 15 ppt for 25 days; and 4) 30 ppt
for 25 days. The daily growth, daily mortality and thyroid gland development of the larvae were measured.
The larvae that received Treatment 1 (salinity changes to 15 ppt and 2 ppt) had significantly higher
growth rate, and higher number but smaller size of the thyroid follicles than those received the other
three treatments. There was no significant difference in the daily mortality rate among the 4 treatments.
Theresultsindicated that R. gigas larvae that encounter natural changesin salinity from nearly seawater
to freshwater in their upstream migration in river have a faster growth rate with increase in number but
decrease in size of thyroid follicles. For those remain in high salinity coastal and estuarine waters, the

growth rate retards and the thyroid glands enlarge, the cost of the larvae to stay in the high salinity zones.

RSk = KW f ~ A7 f~ T ~ R ~ HOIRBR U

Key words: Rhinogobius gigas, fish larvae, migration, growth, thyroid follicle
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Fig. 1. The collection site (star) of Rhinogobius gigas larvae at the estuary of the Hualien River, Taiwan.
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Table 1. Four salinity change treatments for Rhinogobius gigas larvae used in this study

Acclimation 1 salinity treatment 2nd sdlinity treatment
Treatments -
sainity (1-10 days)* (11-25 days )*
1 30 ppt 15 ppt 2 ppt
2 30 ppt 15 ppt 15 ppt
3 30 ppt 15 ppt 30 ppt
4 30 ppt 30 ppt 30 ppt

1 Number of experimental days after the beginning of the experiments.

(—) 15 ppt 10 REL#H £ 2 ppt 15 K2 #H#H (15
ppt for 10 days and then 2 ppt for 15 days
treatment)
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Fig. 2. Photomicrographs of the thyroid gland tissues of Rhinogobius gigas larvae. A, thyroid follicles
(400X) (black arrow): aa, afferent artery; g, gill; B, thyroid tissue section: thyroid cell height (1000X)
measured from epithelial cell base to apex (the red two-way arrow) of the largest follicle (black arrow);
C, thyroid follicle size (1000X) calculated from the long axis (red two-way arrow) and short axis (yellow
two-way arrow) of the largest follicle (black arrow).
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Fig. 3. Daily average growth rates of Rhinogobius gigas larvae in 4 salinity change treatments during
the experimental periods of 1-10 and 11-25 days (vertical lines, standard errors; sample sizes in the
parentheses; a, b, and ¢, same letters not significantly different among the treatments by multiple range

tests of the least significant difference).
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Table 2. Analysis of variance for the effects of salinity change treatments and experimental time blocks

on the daily average growth rate and daily mortality rate of Rhinogobius gigas larvae during the

experimental periods of 1-10 days and 11-25 days

Source of Sum of

Mean

Dayst df F
&y variation squares sguare P
Daily average growth rate
1-10 Salinity 138.8 3 46.3 481 0.003
Block 74.7 2 37.3 3.88 0.023
Error 1531.6 159 9.6
11-25 Salinity 127.7 3 42.6 10.99 <0.001
Block 16.2 2 8.1 2.09 0.136
Error 178.2 46 39
Daily average mortality rate
1-10 Salinity 0.325 3 0.108 0.763 0.555
Block 0.73 2 0.036 0.256 0.782
Error 0.854 6 0.142
11-25 Salinity 0.818 3 0.273 1.678 0.270
Block 0.309 2 0.155 0.952 0.437
Error 0.975 6 0.162

2 Number of experimental days after the beginning of the experiments.
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Fig. 4. Daily average mortality rates of Rhinogobius gigas larvae in the 4 salinity treatments during the

experimental periods of 1-10 and 11-25 days (vertical lines, standard errors sample sizesin the parentheses).
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Table 3. Analysis of variance for the effects of salinity change treatments and experimental time blocks
on numbers, heights, and sizes of the thyroid follicles of Rhinogobius gigas larvae for 10 days and 25
days after the beginning of the experiments

Thyroid Source of Sum of Mean

Days df F
follicles & variation sguares square P
Number
10 Salinity 1.6 3 0.5 0.12 0.946
Block 55.5 2 277 6.49 0.002
Error 3975 93 4.3
25 Salinity 39.1 3 13.0 3.91 0.019
Block 19.1 2 9.5 2.86 0.075
Error 90.1 27 33
Height
10 Salinity 153.9 3 51.3 9.91 <0.001
Block 24.2 2 12.1 2.34 0.102
Error 481.1 93 52
25 Salinity 75.5 3 25.2 10.83 <0.001
Block 41 2 21 0.89 0.422
Error 62.8 27 2.3
Size
10 Salinity 356.3 3 118.8 6.09 0.001
Block 51.0 2 25.5 131 0.276
Error 1814.5 93 19.5
25 Salinity 3229 3 107.6 5.28 0.005
Block 11.2 2 5.6 0.28 0.762

Error 550.7 27 20.4
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H s et IR B 2 R R A AR T BB AR - B A REEOIS S A B OME - T A SRERAEBTR
AR ] 5 A5 = B (haplotype) » BT HIAE 3 A2 82 1) 77 15078 (L (divergent evolution) it » A SRR Bil 1.
il R HE A R PRE AL LB - 138 W] RE B It A= 5 7 A A= (parasitism) 21| £ 1 4k 25 (mutualism) i i { L it
R -

Abstract

Mutualistic relationship between Symbiodinium and coralsis crucial importance for the coral reef
ecosystem. Using ITS rDNA sequences, we reconstructed the phylogeny of the Symbiodinium. The
lengths of the sequences were 526 to 576 bp and the G+C contents were 47.5 to 53.8%. There were four
major clades A to D with the genetic distances of 0.283 to 0.677 among the clades and 0.00 to 0.052
among the species within the clades, indicating that there was long divergence among the four clades.
A phylogenetic neighbor-joining tree displayed a step-wise differentiation from Clade A, the basal
lineage, through Clades D and B to Clade C. The minimum spanning network also revealed that Clade
A was ancestral form and clades B, C and D were its evolutionary trajectories. The phylogenetic relationship
of thefour clades expressed the divergent evolution of Symbiodiniumfrom parasitism to mutualismin corals.
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Key words: Symbiodinium, ITSrDNA (internal transcribed spacer), evolution
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IF FET R ALl & d R S S8 T (Ware et al.
1996) -

HAER I BIEAC R EHG - PR
(7 117 4 V5 6 — 28 [ 7y K] B AR 2 e v
(zooxanthellae) (Taylor 1974) » KT % i £% e
28S Bl Efk 8 23S rDNA BLK 257 T8 E » 7]
AR R RE S A- 55 O (] 52 B (clades) (Pochon
and Gates 2010) » fEHH EAYFLAE B A -
B ~ C ¢ D % ##(Pochon et al. 2006) - A A EESE
B E A B SRR S (divergence)
(Santoset al. 2003) » & £ i i 2£ ¥ S ik 2 B
) BB (HARSEH flLak(foraminifera) b3
I (Pochon et al. 2006) » =3 K
(Baker and Rowan 1997) Jz #1 ik & 1gk (Barneah et
al. 2004) - B A REH AF IS G IR | > A1
HIEE 3 (Briareumsp.) | #%3H (Santos et al. 2003,
2004; Lewis and Coffroth 2004) » &2 FA 1
K 7P (Baker and Rowan 1997) - CREE 217
PG MEH IS [ > 75 FL &k St E s (ciliates)
_F#$3H (Lobban et al. 2002) » 3 FAHIE — K
AP > F U BE U AU (temperature sensiti-
vity) » AN E R ER R o B OE ERR IR N A
sdE Rk < F b E 45 B (Baker et al. 2004; Rowan
2004) - D FAREEAFHE VU RFTE ~ B 2
SR L o SR 52 A (thermally tolerant) »
AT IV v A AL B b g 2 (Baker et al.
2004; Rowan 2004) » ifi B 75 315 & &k (Chen
et al. 2003) -

DNA 175 5 R 9l & JE OR 57 S B AE R AE W)
B o (o LI DK P 91 i 2 AR B 19 B PR i
1LAYy E % 1. . (Pochon et al. 2004) - rDNA £—
fif Al A% 9F 5] (tandem array) ) 5 # P 2 [4] ik
(repeated gene families) » i * 4 B A FZ 1~ #H
Ji¥ % 15k (nucleolar organizer region) - &5 {f & 78
B i (repeat unit)rfr » & A5 A] #EEER 1 0K - BLES
18S ~ 5.8S iz 28SrDNA = 3 {{FL K » 1A 18S
5.8S J 28S rDNA HL K [is] 25 5 — 1l P9 4 £ [l b
[ (internal transcribed spacer; ITS) » 7£ rDNA

f1 18S ~ 5.8S J% 28S rDNA E K 51 » 1EAN A
VIR E — 20> (HAE I TSI » A [F )5
Mz R R ol EE AR R » (HFITSH
WCRIFZE 1 B8 T 5588 1A B R 17 B s AL bR £
&} (Baldwin et al.1995; Chiang and Schaal 2000;
Bellarosaet al. 2005) o [X i, » A3 E G 1E &
DKk o 48] = il ) =F S A s R R 2
ITS DNA F51 » PRET A s BL I RH AL Ry 72

H BUBARELE L PR o
A gy ik

— ~ AP ITSIDNA [#ER Fr 51| # =

1€ 3 A SR a0 1521 4 FRH S 4=
BAEE(A, B, C & D %£%) (Baillie et al. 2000;
LaJeunesse 2001; Santos et al. 2002; Diekmann
et al. 2003; Reimer et al. 2006; Reimer et al.
2007; Thornhill et al. 2007; Santiago-Vazquez et
al. 2007; Reimer and Todd 2009 ) - {5 ITS
rDNA |5 B2 41 » FIJ ) S2 B0 B R A= W il
ZA .0 (National Center for Biotechnology Infor-
mation, NCBI) GenBank 1) BLAST #5 |- #ij il
(http://iwww.nchi.nim.nih.gov/) s {7 5 (K] JeE bt 3 »
o i 328 ) RHDLE e 9T e 2R 358 I TS rDNA [ B
Feol(R 1) » AriSaufe4ILL Clustal X 1.81 f2 5
(Thompson et al. 1997) 52 i L% K HE 4] » i
St/ 2 ITSTDNA 51 » LIf 4 18S ] 5.85
rDNA 2% £ ITSL 5 5.8S £ 28S rDNA Z[#]
EBITS2 » F—E & 4 1TS1-5.851TS2
rDNA ZFHBRA(ZE (& 1) - > ITSLEL 1ITS2 2
i B SRR > R AR D PESIIRE AT R gap
WH K spacer [ s LU T8 77 200 EL
F—PkH > FHKENR R REE — e B 1E -

s
FI/FH DAMBE (Data Analysisin Molecular
Biology and Evolution, Version 4.10) (Xia and

Xie 2001) 4Gt Hlig FEAH A (1 77 B o IS PERR R
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Table 1. A list of sample codes and NCBI accession numbers of four Symbiodinium clades (A-D)

A B C D
Code NCBI Code NCBI Code NCBI Code NCBI
S1 AF186055 S33 AF458607 S58 DQ068038 S85 EU074902
S2 AF186058 S34 AF458608 S59 DQ068040 S86 EUQ74898
S3 AF186059 S35 AF458609 S60 DQ068042 S87 EU074901
4 AF186060 S36 AF458611 S61 DQ068044 S88 AF174553
S5 AF186061 S37 AF458612 S62 DQ480631 S89 AF174554
S6 AF186062 S38 AF458613 S63 DQ889737 S90 AF174556
S7 AF186063 S39 AY 876596 S64 DQ889741 91 AF174566
S8 AF186069 40 AY 876598 S65 DQ889743 S92 AF174574
SO AF195149 Al AY 876599 S66 DQ889744 S93 EU333710
S10 AB253789 42 AY 876600 S67 EUQ74885 S94 EU333714
Sl11 AF333505 A3 AY 894809 S68 EU074887 S95 AF174544
S12 AF333508 44 AY 894810 S69 EUQ74892 S96 AF174545
S13 AF427466 45 AY 894812 S70 EU634159 S97 AF174546
Sl4 AB190281 $46 DQ238587 S71 EU074965 S98 AF174547
S15 AB190282 47 EU074863 S72 AB207190 S99 AF174551
S16 AB190285 S48 EUQ74864 S73 AF427469 S100 AF174552
S17 AB207200 49 EU074865 S74 DQ068025 S101 AF174562
S18 AB190283 S50 EU074866 S75 DQ068043 S$102 EU074903
S19 AB207201 S51 EU074867 S76 DQ335307 S103 EU074904
S20 AB207202 S52 EU074868 S77 DQ335355 S104 EUQ74905
S21 AB207205 S53 EU074870 S78 DQ335356 S105 EU074909
S22 AB207206 S54 EU074871 S79 DQ335357 S106 EU074911
S23 AB207208 S55 EU074872 S80 DQ480598 S107 EUQ74912
S24 AB207209 S56 EU074874 81 DQ480616
S25 EU074856 S57 EU074875 S82 DQ480618
S26 EU074858 S83 EUQ074963
S27 EU074859 S84 EU074964
S28 EU074860
S29 EU074861
S30 EU074862
S31 EU074867
S32 EU074962
ITS1 ITS2
— 18S 5.8S 288

1. ITSIDNA RERE(ITSrDNA f 5 ITS1-5.85-1TS2 [# E%) °
Fig. 1. The ITS1-5.85-1TS2 region of ITSrDNA sequences.



S A Y2 B EFFE(TW J. of Biodivers.) 13(1): 17-28, 2011 21

) DNA LL MEGA 4.0 £5ciihd » LIS R
7\ (two-parameter model) i) /7 i & 5 i 55 5 (X
75 Je 3 (H pR i (Kimura 1980) » FIl RS 73 41k
(neighbor-joining method) /i ¥ (Saitou and Nei
1987 kS 4 R AR R e — R R R B
IR BHR & o NJtree Fh s — {18 group 2 AT {3 FE F]
MASitE = ~ & 1,000 ZXHY bootstrap 77
i (Felsenstein 1985) ; bootstrap i fii X% 70
I > FHE AT B2 B 95%(5 LK HE S FF (Hillis
and Bull 1993) o 1 Al 15 Iy B A KHIRIE » w0
DAEE S8 P il 328 ) A A= 388 5 e P g R -

=~ Bk IR e

FIIF MEGA 4.0 (Tamura et al. 2007)#ik {4
a1 5 Al (haploty pe) [iTHY) 28 5 Bl » Fr 3 Bds LA
MINSPNET #% {4 (Excoffier and Smouse 1994)
TR RE AR E minimum spanning network
(Excoffier etal. 1992) » # DU iff) B AU ST HY) B 5k
R TR B AL RS -

g R

{1 NCBI B [KI &t EH Ffr #4025 28] () i 3 4 A
¥ ITSIDNA » &tz A ER 53 18SHIEL 4> 28S
rDNA » JP5I[#E R &) 730 bp » {1Fk 18SrDNA
R 28S rDNA F-EXF5] » ITS IDNA 5674y
WE /1 2 526-576 bp s f14 ITSL & ~ 5.8
[EFITS2 |5 o Hrp ITSL 7P R AR 202-227

bp ~ ITS2 [# /1 /* 164-198 bp ~ 5.8SrDNA [& HI|
11 156-158 bp Z[H PR KRR D R
(576 bp) » FwFERS A REE(526 bp) - HIf 1TS2
I iy 4 SRR 0 KK PR space HE (R I A
ITS rDNA #8 5B £ 547 bp o 734751 4 #d
W B LA > (£ B% ITSTDNA [ 41 » %5
FET IR G+C 77 LUy Rl 47.5% (A R EF)
53.8% (B % #+) ~ 54.2% (C % #F) Jx 52.9% (D %
i) > 4 ML A AR T G+C Bt R
52.1% » #& 7 #7 5.8SrDNA E Ky G+C H 47 bt
/1% 50.6-61.6% 5 ITSL J¢ ITS2 [~ G+C
S BIAT A 47.7-55.8% ) 44.3-51.9%,7 [t
(£2)-

A TR A2 358 1TS rDNA [8 B 2 8 (iR
Bt #E B9 7F 0.00-0.677 Z [ » A RE B/ )\ i
{& A 1E 7% 0.00 (datanot shown) » 5 A 3E {3
PHEERS AR IRy 0.052 (S15-S28) - A fFHIE
PR/ NS B AREFICRRE 5 JH{HIRREE R
0.283 (S52-S58) ° fx KHYRE A LREM D RRE »
A8 {H EEAE E £ 0.677 (S15-S99) (3 3) »

LA neighbor-joining (NJ)i# sz maximum par-
simony (MP){Z: iy 2 f oy [ IR & A > R
FERIRE RAS 1 5 2 AH IR - CEAShIRIE] b > AR
B AR - B SRR CRBE AL R AHIAEE -
oy D 28 BEEW 7{[(B, C), D], A}
R A (18] 2) o BLAS IR & 1 F bootstrap {i
B 75% o By 7 ER ST AR B AL B
& » S — 28 FI] F minimum spanning network »

2. HAEECRTE ITSIDNA |55 517829 K Bl GC 5 77 k.
Table 2. Sequence sizes (bp) and G+C contents (%) of four Symbiodinium clades (A-D) of the ITSTDNA

Symbiodinium ITS1 ITS2 5.8 Total length
clade : : ' '
Size G+C Size G+C Size G+C Size G+C
A 202 41.7 164 44.3 158 50.6 526 475
B 211 55.8 198 51.9 156 53.6 567 53.8
c 223 54.0 192 47.0 157 61.6 574 54.2
D 227 55.6 190 50.4 157 52.7 576 52.9
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Fig. 2. The neighbor-joining tree reconstructed
from the ITS rDNA sequences of Symbiodinium
(A-D, four major clades).
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Enhancement of Spermatogenesis from Spring Male Chorus for
the Spectacled Toad Duttaphrynus melanostictus (Schneider, 1799)
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Abstract

The conspecific male chorus stimulation experiment was conducted for 33 daysin the early breeding
season in spring for the spectacled toad Duttaphrynus mel anostictus, using 20 wild males captured shortly
after their emergence from winter hibernation. The average number of sperm bundles of the test group
(n=10) that received daily stimulation of male chorus was 56% higher than that of the control group
(n=10) that did not have the chorus stimulation. Otherwise, there was no significant difference in food
intakes, body condition (body lengths, and body, liver and fat body weights), and testicular size between
the two groups after the experiment. The male chorus is not merely a vocal signal for attracting males
and females for congregation, or avocal warning in male-male competition and for territorial protection,
but is also an acoustic stimulus that enhances spermatogenic activitiesto accel erate the sperm production
for the reproductive success.
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Introduction

Many of the anuran calls have been defined
and classified according to acoustic characters
and related behaviors (Duellman and Trueb 1994).
It has been generally considered that male calls
are used as vocal signals for attracting females
and intraspecific recognition, and asvocal warning
or threatening in male-male competition (Duellman
and Trueb 1994; Tobias et al. 2004). The male
calls are also known as acoustic stimuli that
maintain the reproductive state of ovaries for
Alytes muletensis (Lea et al. 2001) and enhance
secretion of androgen for Rana sphenocephala
(Chu and Wilczynski 2001) and Hyla cinerea
(Burmeister and Wilczynski 2001). However, it
still remained unclear whether male calls have
any effectson spermatogeni c activities of conspecific
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males, though there is evidence that the calls
enable males to maintain the reproductive status
of the testes in Rana temporaria (Brzoska and
Obert 1980).

Spectacled toad Duttaphrynus melanostictus
(Schneider, 1799) is a common tropical anuran
distributed widely in Taiwan, southeastern China,
Southeast Asia, and South Asia (Shieh 1993). In
the central region of Taiwan, its spermatogenic
cycle has been found to fluctuate seasonally in
testicular sizes, spermatogenic activities, and
plasmaandrogen levels. They rapidly increasein
February, have a peak in March, and decline
gradually in the rest of the year. The breeding
season is suggested to be from middle February
to May with apeak in March (Huang et al. 1997).

The courtship behavior of the spectacled toad
is highly social; males congregate to emit
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advertisement calls and form a chorus along the
edges of quiet water ponds. An advertisement call
usually lastsfor 15-25 seconds. It has been regarded
asavocal warning to approaching malesto protect
its breeding territory, and at the same time it
attracts both males and females for congregation
at the breeding ground to increase the breeding
success (Shieh 1993). Sinceour previous observations
in the wild showed that the mal e chorus continued
nearly for weeks prior to having an amplexus
behavior in March. We tested whether the spring
male chorus affectstesticular sizesand spermatogenic
activities of male spectacled toads.

Materials and Methods

Experimental toads

Spectacled toads were rarely found in the
cold month of January, 2006. On 29 January to 2
February when the weather warmed up for atime,
the toads suddenly emerged from their winter hi-
bernation and started to call intermittently. We
captured 75 male toads during this 4-day period
at the Endemic Species Research I nstitute campus
and itsvicinity in the central Taiwan. They were
immediately brought to the laboratory, and their
snout-vent lengths were measured and body
weights were taken. Twenty adult males with
similar sizes were selected from the captures for
the experiment. They weredivided into two groups,
the test group and the control group, each with
10 males. In order to avoid the body size difference
between the two groups, ten pairs of almost equal
sizes were selected. There were no significant
differences in both body lengths and weights
between the two groups (Table 1). Each male was
kept in aterrarium (60x30x20 cm) with soil and
gravel covered with dry leaves and a dish of water.

The experimental males of both groups were
acclimated in the laboratory for three days. Each
day the two groups were placed under ambient
environments outside the laboratory for the day
time, and transferred into two separate sound-
proof rooms, one for the control group and the
other for the test group, for the night. The rooms
were mostly free from disturbance and were
exposed to a natural photoperiod. Ten live
mealworms (larvae of Tenebrio molitor) were
provided in each terrarium as a daily ration. The
number of the worms decreased in the following
morning was recorded as the daily food intake
for the day.

Acoustic stimulus

In February of the previous year (2005), we
recorded male chorus of spectacled toads with a
Sony TC-D5M cassette tape recorder in the field
where the experimental toads of this study were
collected. The chorus had the fundamental frequency
about 1.73 kHz, belonging to the typical spectral
character of advertisement calls during the breeding
season (Shieh 1993). The analog sound was
transferred into the digital file with sampling
frequency of 48 KHz and the sample size of 16
bits. It was used as the source of acoustic stimulus
for this study.

Acoustic experiment

Immediately after the acclimation, the acoustic
stimulation experiment was conducted for 30
days, started on 5 February and ended on 8 March,
2006. The test group and the control group were
placed under ambient environments outside the
laboratory for the day time and in the separate
sound-proof rooms for the night, and adaily ration
of 10 mealworms, similar to the conditions used



32

for the acclimation.

During the experimental period, the digital
file of male chorus was played in the room of the
test group every night from 20:00 to 24:00 through
a PC with the Windows Media Player software
and two small speakersin front of the terraria at
asound pressure level of 75 dB at the distance of
1m to mimic the field condition.

A sound recorder (SONY IC Recorder) was
set in the control group room to record if there
were any calls or sounds made by the toads during
both acclimation and experimental periods. Also,
a same recorder was set in the room of the test
group to record calls or sounds from the toads
and the chorus from the speakers. The calls and
sounds recorded were compared to the male chorus
from the digital files to identify whether the test
toads made chorus in response to the acoustic
stimulus, or made any other particular callsor sounds.

Data collection and analysis

At the end of the experiment period, for each
of the toads, the snout-vent length was measured
and the weight was taken. They were then
anesthetized and dissected, and their livers and
fat bodies were removed and weighed. Both testes
were removed and were weighed individually,
and the lengths and diameters measured. The
averages of both testeswere used in dataanalysis.
Both testes were fixed in the Bouin’s solution.
Histological slides were made from the horizontal
middle section of each of the testes at a thickness
of 5 um. It was stained with hematoxylin and
eosin solutions (H&E), following the standard
histological slide preparation procedure (Ross et
al. 1989). The slides were examined under alight
microscope at a 100X magnification. Sperm
bundles tubules was usually clustered, and the
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number of sperm bundlesin the seminiferouswere
counted. The bundlesin both testes were averaged
astheintensity of spermatogenic activity (Huang
et al. 1997). The total number of mealworms
consumed during the experimental period was
computed by adding up the daily consumptions.
Paired t-test was used to compare between the
test group and the control group for each of the
variables studied.

Results and Discussion

It was observed that mal e toads of the control
group were fairly quiet during the acclimation
and experimental periods. They did not make
chorus (advertisement calls) in the nights but
occasionally made low and short sounds. These
sounds might be regarded as vocal relieves to
stress or fright caused by the daily handlings and
unfamiliar terrarium environments. For the test
group the male toads behaved fairly similar to
that of the control group; they did not make chorus
but only a few stress or fright sounds. They did
not make vocal responses to the chorus stimulus.

Despite of the experimental conditions that
might cause the stress to the experimental toads,
the daily mealworm consumption averaged about
3 worms without significant difference between
the test group and the control group (t=0.17, df=9,
p=0.87). Also, the snout-vent lengths (t=-1.65,
df=9, p=0.13) and body weights (t=-0.24, df=9,
p=0.82) of both groups at the end of the experiment
werenot significantly different (Table 1). Evidently,
the food intakes of the toads were sufficient to
maintain the body condition, and the acoustic
stimulus did not affect both food consumption
and body condition. Liver weights (t=-0.37, df=9,
p=0.72) and fat body weights (t=-0.21, df=9,
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p=0.84) were a so not affected by acoustic stimulus
(Table 1). On the other hand, the acoustic stimulus
affected significantly the spermatogenic activities
(t=-4.34, df=8, p=0.002) but not the testis sizes
(weight, t=-1.15, df=8, p=0.28; length, t=0.51,

df=8, p=0.63; diameter, t=-1.39, df=8, p=0.20)
(Table 1). The sperm bundles produced by the
test group were 56% higher than those of the
control group.

Table 1. A comparison of body lengths, body weights, liver weights, fat body weights, testes sizes, sperm
bundles, and daily mealworms consumptions (mean + standard deviations; sample sizes in parentheses)

of the experimental male spectacled toads between the control group and the test group

Variables Control group Test group

At the time of capture
Snout-vent length (mm) 58.5+ 7.8 (10) 58.8 + 8.7 (10)
Body weight (g) 19.7 £ 6.8 (10) 195+ 6.7 (10)

End of acoustic experiment
Snout-vent length (mm) 58.9+ 8.1 (10) 60.6 + 8.6 (10)
Body weight (g) 22.5+9.2(10) 229+ 7.0(10)
Liver weight (mg) 787.8 + 406.5 (10) 819.6 + 239.0 (10)
Fat body weight (mg) 381.0 + 249.7 (10) 358.0 + 227.6 (10)
M ealworms consumption (30 days) 87.0+ 34.2 (10) 84.5+ 35.8 (10)
Testes weight¥ (mg) 38.6+16.9(9) 428+ 18.5(9)
Testes length (mm) 11.3+4.8(9) 105+ 2.0(9)
Testes diameter (mm) 2.4+0.8(9) 27+04(9
Number of sperm bundles? 153.3+79.7 (9) 239.6 + 109.2 (9)

¥ Average values of both testes of individuals.

2 Significant difference between the two groups at 1% level (paired t-test, p<0.01).

The experimental period of this study cor-
responded to the early breeding season when male
spectacled toads started gathering at water edges
and emitting the advertisement calls. The sex ratio
during this period was biased extremely toward
males (Shieh 1993). The male chorus continued
nearly for a month prior to having an amplexus
behavior in March. Such along period of the pre-
mating male chorus can not be simply explained
for attracting males and females for gathering or
protecting their territories per se (Duellman and
Trueb 1994; Tobias et al. 2004). The male calls
are known to be one of the energetically most

expensive activities of ectothermic vertebrates
(Taigen and Wells 1985; Pough et al. 1992;
Emerson and Hess 2001). Continuous callings
al so cause frogs to expose themselves in dangers.
Therefore, besides attraction, recognition or com-
petition, the long period of male chorus before
the arrival of females might have other biological
significances. The results of this study suggest
that the male chorus plays an important role in
mal e reproductive cycle as an acoustic stimulus
that enhances spermatogenic activitiesto accelerate
the sperm production.

The acoustic stimulus caused the enhancement



34

of spermatogenic activities without affecting the
testicular sizes for spectacled toads in spring
(Table 1). Similar result was found in Rana she-
nocephalia (Wilczynski and Chu 2001). However,
the grass frog Rana temporaria exposed to
conspecific calls in fall resulted in larger testes
(Brzoska and Obert 1980). The above-mentioned
differencein testicular growth to male chorus was
explainable by thefact that the testicular development
with different degrees of seasonal gonadal maturation
(Wilczynski and Chu 2001). Male chorusincreases
testicular sizesin fall when the growth in sizeis
in progress, and enhances spermatogenic activities
in spring when the spermatogenesisisjust in progress.

A pathway of auditory stimulusto testicular
growth in anuran has been suggested to be through
the tympanic membrane to the basal forebrain and
then to the endocrine control center for GnRH
secretion (Neary 1988; Wilczynski et al. 1993).
Brzoska and Obert (1980) reported that acoustic
signalsinfluence the hormone production of testes
in Rana temporaria and suggested that conspecific
chorus could modulate sex steroid levels and
thereby mediate the reproductive state of male
frog by positive feedback. In this study, we
specul ated that the conspecific chorus stimul ation
might al so cause the secretion of the male hormone
that promotes the testicular maturity, and then lead
the spermatogenesis to advance testes maturation.
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Abstract

A seasonal survey of water quality and benthic macroinvertebrates was conducted for a mountain
lake Chia-Lo and three mountain ponds, Che-Tui, Hao-Mai, and Wei-Tan, in the northeastern Taiwan,
2002 to 2003. A total of 14,719 specimens of benthic macroinvertebrates were collected. They were
consisted of 22 taxa, of that seven taxa belonged to Odonata, six taxato Diptera, three taxato Tricoptera,
two taxa to each of Hemiptera and Coleoptera, and a taxon to each of Oligochaeta and Ephemeroptera.
Notonecta saramao and Sympetrum speci osum taiwanumwere found to be the endemic species. Relationships
between the water quality and the benthic macroinvertebrate assemblages were assessed with the co-
inertiaanalysis. The results showed that turbidity and ammonia were related to water saprobity, and pH
and total hardness to water acidification. They were the most important water quality variables that
explained the formation and distributional pattern of macroinvertebrate assemblages in the mountain
ponds. Oligochaeta was recommended as a bio-indicator for the water saprobity, and Dicrotendipes sp.

and Cloeon sp. for water acidification.

BRG] = NFEME ~ LA ~ KE ~ BRI HBY) - 5
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Fig. 1. Locations of Chia-Lo Lake, and Che-Tui, Hao-Mai and Wei-Tan ponds (solid circles) in the

northeastern Taiwan (solid lines, contour lines; dotted line, footpath).
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Fig. 2. Che-Tui Pond.
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Fig. 3. Hao-Mai Pond.
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Fig. 4. Wei-Tan Pond.
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Fig. 5. Chia-Lo Lake.
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Table 1. Abbreviations, elevations, shapes, shoreline lengths and surface areas of Chia-Lo Lake, Che-

Tui, Hao-Mai and Wei-Tan ponds

Site Che-Tui Hao-Mai Wei-Tan Chia-Lo
Abbreviation CT WT CL
Elevation (m) 2,213 2,259 2,246
Shape Narrow Orbicular Triangular
Shoreline (m) 26 75 313
Surface (m?) 30 280 2700

CIEHEH AL « e=H/logo S » H 5% Pk
o SEHMEE -

TR B A AE B o AT AR T T
HI 2 R & BRGR H SEA TR - HOKERIX A
FEEAFR A EIER - EAYBOKE R R
FIREHE & » 288 0 i 2 R Fe Bl (ordi-
nation techniques) & T A i Rk F Y /7 1% A&

Tt 5t LARE #634 [ 734 (detrended correspondence
analysis, DCA)ETTAAE » i SREA/R A VIRER
1 I DCA Fif Bl R B 47 Il 5 1.8 Jx 1.5 4%
#& {l5 7= (standard deviation, SD) » £/[\j2 2SD »

% R E & AR R 2CR 2 5l 73 73 7 i (prinei pal
components analysis, PCA)3E 1T 1% #& 43 #7 (ter
Braak 1995; ¥ 4= 2003) ° {45 & KHHJ PCA
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i B RESY RS e i B
FERHE S logio (X+1)iH - It - R E
G TEVEFAEIR » RER TR 2D 1E 211
Aokl B ELAE S RS 191 17 ()R » H2X »
TEEIGE B PCA 73 /710 » 14 KB E R
5 UE (L iE H4 (normalized transformation) %
AT o AYIERHELER BTN & R IS PCA
gyt > B DL RS 73 # % (co-inertia analysis,
CIA) V) BLER B T AHAS PCA Al REE S
RS AR — R » W e MY A L B AHRR AR K > DL
JE1S38 RAHE R F]#EH (co-structure) (Dol edec
and Chessel 1994; Dray et al. 2003) - {4 ¥y 8d
BURE RHE I FRS iR e 252 720 F - mliER
AR E V) BRI CIA E#E (£ CIA S 1
B 2 Wil AR 1 b o S DUR S b e R S R A
—i » MR R AR RIS » R
AR ACRAEY) & BB R &R RS A — B
REMRAEA—E - DL 8 E o £ 8l

Fl ADE-4 E= &gt 1758 & 4 E] (Thioulouse
et al. 1997) -

2 R

* 2 5 4 K ELE 4 AT
fi > HrokiE /r > 14.6-16.5°C » & &= /T2
3.3-4.4mg/l > pH 11> 4.5-5.2 2 [&] - BEE
fi% 8.9-16.4 uSlem ~ VAR I 11 > 4-8 mg/l ~
PR AR 1.1-2.0 mo/l ~ JEERE A A 2.1-3.5
mg/l o 5 B AL VDR iR BEAE N RR IR AR > o)
JlF% 0.12mg/l Bl 2 ugll » SEE MR 7B
1.56 mg/l B 9ug/l - i HA B BUEES) - (&
e ~ ARG E ~ B R R S LR
TERJTIH - MR 7 HEWIREE - RRVRE S
Ot > HAE 2HURRAKAE o FHECH - ST A {E
i o T H A B EE) o

%2 f{uRh ~ SEl ~ EEM - NEEIKE (abbr. {URFGE ; meantSD » n=4)

Table 2. Water quality measurements (meantstandard deviations, n=4) at Chia-Lo Lake, and Che-Tui,

Hao-Mai and Wei-Tan ponds, 2002-2003 (abbr., abbreviation)

Water quality variables Abbr. Che-Tui Hao-Mai Wei-Tan ChiaLo
Water temperature (°C) Temp 14.6+4.6 16.2+5.6 16.4+6.7 16.5+6.9
Dissolved oxygen (mg/l) DO 44414 3.3t1.0 3.9+1.9 4.0+£1.3
pH pH 4.6+0.2 5.2+0.5 4.5+0.3 4.7+0.2
Conductivity (uS/cm) Cond 10.5+0.2 16.4+14.1 8.9+0.8 9.2+1.7
Total dissolved solids (mg/l) TDS 5+0 87 4+1 4+1
Total hardness (mg/l) Hard 1.2+0.5 1.1+0.2 1.1+0.2 2.0+11
Total alkalinity (mg/l) Alk 3.4+0.9 29+15 2.1+0.6 3.54+0.8
Ammonia (mg/l) Am 0.34+0.15 1.56+1.98 0.26+0.03 0.12+0.04
Sulfide (ugll) Sul 3+2 9+11 4+2 242
Total phosphorus (mg/l) TP 0.18+0.08 0.24+0.14 0.11+0.02 0.13+0.03
Total Kjeldahl nitrogen (mg/l) TKN 25£1.0 4.1+35 23t11 1.8+0.5
Turbidity (FTU) Tur 14+4 47+50 1242 6+2
Suspended solids (mg/l) SS 6.8+6.2 7.8+7.7 3.6+3.6 5.5+4.8
Chemical oxygen demand (mg/l) COD 27418 50+47 30+20 815
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B L (7% 5 4.5%) o gl P > #H 11,618
EiR% o GG R 78.93% > £ EAH 2,080 &£
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# 3. HuRth ~ STl EEM - IR 2 E RS HE B P R A (abbr RR ) (AT :

/16 EEEA » 1k 4=314 cm?)

Table 3. Total number of individual benthic macroinvertebrates from 16 samples, each 314 cm?, collected
at Chia-Lo Lake, and Che-Tui, Hao-Mai and Wei-Tan ponds, 2002-2003 (abbr., abbreviation)

Taxa abbr. Che-Tui Hao-Mai Wei-Tan Chia-Lo
Oligochaeta Oc 1455 2 1 622
Ephemeroptera
Cloeon sp. cl 10 263 23 312
Odonata
Ceriagrion fallax fallax Cf 12 5 8
Lestes cyaneus Lc 4 2 1
Aeshna petalura taiyal Ap 1
Anax nigrofasciatus An 1
Sympetrum speciosum taiwanum Ss 1 1 1
Orthetrum japonicum internum Oj 4 83 33 26
Orthetrum melania Om 1
Trichoptera
Limnephilus alienus La 1 1
Limnephilus sp. Li 11 10 22 2
Oligotricha sp. ol 2 4
Hemiptera
Aquarius elongates Ae 1
Notonecta saramao Ns 3 1
Coleoptera
Agabus fulvipennis Af 57 5 2
Cyhister tripunctatus orientalis Ct 4 48 25 30
Diptera
Chironomus sp. Ch 909 109 63 20
Polypedilum sp. Po 2888 366 130 74
Dicrotendipes sp. Di 1299 8 4137
Procladius sp. Pr 110 547 227 644
Pentaneura sp. Pe 64 10 11
Culex mimeticus Cm 2
Total 5529 2750 566 5874
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4 ORI ~ S0EW - BEM IR EE RSB ER - BT~ SRR B R
# (mean+SD » n=4)

Table 4. Number of taxa, density, diversity, and evenness (meantstandard deviations, n=4) of benthic
macroinvertebrates sampled at Chia-Lo Lake, and Che-Tui, Hao-Mai and Wei-Tan ponds, 2002-2003

Lake and ponds No. of taxa Diversity (H) Evenness () Density (no./ m?)
Che-Tui 8.8+15 0.52+0.15 0.56+0.17 11005.5+9117.6
Hao-Mai 10.5+1.3 0.68+0.07 0.67+0.10 5473.9+4334.9
Wei-Tan 11.5+24 0.71+0.07 0.68+0.08 1126.6+162.1
Chia-Lo 9.8+1.7 0.43+0.06 0.44+0.09 11692.2+3199.2
d=02

il 6. 5 BRALER 4 118 L 580 4 (8 4Rk H B9 14 (HEREE A 115 CIA | 2 filf1.2 73 An Bk Pl (BR B 1K 1
ZEERK2) -

Fig. 6. Ordinations of 14 environmental variables of 4 mountain lake and ponds in northeastern Taiwan,
2002-2003 (co-inertia analysis) (abbreviations of environmental variables denoted to Table 2).
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7. R A LR 4 1 L s A 4 (8RR H 8 17 MBI CIA §iT 2 fill.2 70 A Hk e [ (V)12
EUESOR

Fig. 7. Ordinations of 17 taxa of benthic macroinvertebrates collected from 4 mountain lake and ponds
in northeastern Taiwan, 2002-2003 (co-inertia analysis) (abbreviations of macroinvertebrate taxa denoted

to Table 3).
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HM1

HM2

8. JLAH M A S LB A 2 ik - BRUSEE R BOR AU A  ME B ) R IR RO AR MR (L - R TR
S TR A AR A M (%7 1 R e P ) B KR A8 5 AE Bh W) B R AR YE AL (B (R BE) (i iR R 3R 15 B
F 1-4 3 HIRERK ~ 2~ B~ B AEFH) -

Fig. 8. Standardized co-inertia scores of the environmental and macroinvertebrate data projected onto
the 1%t and 2" axes of co-inertia analysis (arrows linked between environmental scores (arrowtails) to
macroinvertebrate scores (arrowheads)) (abbreviations of ponds denoted to Table 1; numbers 1 to 4,
respectively, autumn, winter, spring and summer).

WA TSI B PP o0 A0 73 BOCE SR 2 il - 20 HIRERHY A KL [ A 5 8 Iyt JE AR K R M A

85 5 o SU(EMARGEE K pH L8 o )7 H 8 Rl 17 HE - BLASHE A MIFRIN S 4 (EhiE
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B FERIRERAA REAAF  HR - fES B B0
PR35 (2000) At 5 1 18 Sy 2,900-3,200m FETITE 5 AT AR Sk O ML HEEE IR - R
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Abstract

It has been generally considered to be more efficient in biodiversity conservation by concentrating
its management resources on “biodiversity hotspots”, the areas where conservation management is
urgently needed. The hotspots can be identified by species richness, endemic species ratio, and percentage
loss of primary vegetation. To identify such spots and to protect their biodiversity have been regarded
as a “silver bullet” strategy that would prevent a risk of many of the species of the world to become
endangered in a high proportion. Accordingly, to identify marine and terrestrial biodiversity hotspots
and to census their species composition and conservation status are listed in the “Taiwan Sustainable
Development Action Plan” as its main working tasks. Therefore, it has been becoming increasingly
important to identify the hotspot areas. This study was intended to develop an investigation scheme to
identify terrestrial biodiversity hotspots of Taiwan, and to determine primary factors and conditions for
the identification, with using the inventory database of butterflies, amphibians and bats deposited at
Endemic Species Research Institute (ESRI). Because at present there is a lack of information on threatening
(or endangered) levels of species available for the conservation status assessment and for establishing
an order of their conservation importance, we suggested achieving the objective by using a perfect-linked
database frame, such as the National Geographic Information System (NGIS) of Taiwan government,
with proper data quality control. We also suggested that the investigation scheme should be developed
based on present biological data, future ecological threats, and available conservation measures. It was
highly recommendable to build the State-Pressure-Response (SPR) framework by combining it with the
investigation scheme of the biodiversity hotspots in the future. The biodiversity hotspots should be given

priority over the present wildlife reserve areas in the conservation management. Its immediate action is required.
BREEE : EV LR B RE - B

Key words: biodiversity, hotspot, conservation, Taiwan
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Fig. 1. A suggested flowchart of the investigation scheme for identifying the terrestrial biodiversity
hotspots based on ESRI's Taiwan Wildlife Database.
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ZJEHATEET 30 min o P R HHE 30 min o MR DLSE ik 28 2 3 I RE OB R4 1 (PSIN & RE 2 8L 1K
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FIHE.Z PSIARERE 5 73 28 R 1-2% /45 © B 0 R SOE L E7t - SEHNf 51 #E.2 PSII ke
WA T 73 25 G Bl PSH S RE Z R 2 8 Z 3R Bt KRG 0 - Horfr - 2 100% H IR B 2 kE H H &
{E# » 1£ 10°C K 1,000 umol m2 st PPFD - » HOLHNTHIG[FE & PSII A el 15 73 25 5 n] 5% 28% 7%
A e WWHLSRERPRE I H & R A PRI IR o H S SERE R 8 e A IR 2 0 &332 B
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Abstract

Podocar pus nakaii is endemic to Taiwan, and grows strictly in broad-leaf forests at 300-1,000m
abovethesealevel. It hasbeen listed in the extinction-class by [UCN (International Union for Conservation
of Nature) as an endangered species. For interpreting its adaptation to environmental changes, seedlings
of P. nakaii were incubated for 30 minutes at different intensities of sunlight (10%, 50% and 100%),
artificial illumination (100, 200, 500 and 1,000 zmol m2 s1), and temperature (10 and 25°C), and then,
followed by a 30 minutes dark recovery period. The efficiency of photosystem Il (PSIl) was assessed
with the measurement of chlorophyll fluorescence. Also, the photsynthetic rate (Pn) and PSIlI were
measured for Alnus formosana at 25°C and 1,000 umol m-2 s1 photosynthetic photon flux density (PPFD)
asthereferences. Theresultsindicated that the efficiency of PSII assessed with chlorophyll fluorescence
was closely related to Pn. With the decreasing temperature and increasing PPFD, the efficiency of PSI|
declined drastically. The decline was more drastic for the seedlings incubated in shade than in full
sunlight. At same temperature and light intensity of 25°C and 100 umol m-2 st PPFD, a portion of the
PSII efficiency, due to photoinhibition, declined about 1-2%. However, the declined portion increased
exponentially with the decrease in temperature and the increase in PPFD. At 25°C and 1,000 umol m2 s
PPFD, the portion rose to about 28% for P. nakaii under the full sunlight. The results explained the reason
why thedistribution of P. nakaii islimited at low elevations. Also, the chlorophyll fluorescence measurement
was found to be a fast and simple method to estimate photosynthetic rate and ecological behavior of
plants for ecological researches.

BRSEEE : BRE T H A ~ BERGREDE ~ JLE AR ~ L ~ ek 1

Key words: Podocarpus nakaii, chlorophyll fluorescence, photosynthetic rate, photoinhibition,
photosystem |1
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R LOCHBAE ) 70 BilkG 7 ¢ A 100 ~ 200 ~
500 5% 1,000 pmol m2 s PPFD H& &} 30 min »
FRE R 2 min ] 1 REERR R EOCIE > RREE
PSR » 2R 2 minfllE 1 RIEEIME T 2 3Ekk
FAEOEE > {85 40 minZE 60 min » HIgk LI 5
min#l 128 o ZERk R C .2 HE (R A EERR R 4R
¢ {#(pulse amplitude modulate fluorometer,
PAM-2100, Walz. Effeltrich, Germany) | {5 % &
J& B R 2 B O IREHE o i F ol R 2
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HOCE - A FIIAZORERAREHER L
% I8 % St 2 ¥(Bilger and Bjérkman 1990;
Demming-Adamset al. 1996; Maxwell and Johnson
2000; Mdller et al. 2001) :

1. Fv/Fm=(Fm-Fo)/Fm » {LEREREHILT -
PSII 2 i KOCALERERE » R HEAL C AN
IR -

2. AFIFmM'=(Fm'-Fs)/Fm'’ » {{.3& PSII 1£ )¢ &
N2 EERARE o

3. AOPSI%=[(Fv/Fm)o-(AF/FmM’ )z0]/(Fv/
Fm)ox100% » {X,3% H& ¢ 30 min{g PSI %
RE Z BEFRIR E 77 2R -

4. P1%=[(Fv/Fm)o-(Fv/Fm)aso]/(Fv/Fm)o
x100% » (LR R HDCAN SIS .2 PSI 4L
REFR IR Z B4R -

LU > [(FvIFm)o] £ BOE AT Al 5.2 PSII

B RTERE » [(AF/FM)so] 51 30 min f il 15
Z PSIVEBERZLEE » 1 [(Fv/Fm)aso] £ 08 Y 30 min
RBARE - R SR EI{E 30 min frll#E .2 PSII

JEE LB
BHE -

“ 2

— ~ PSII & Re B & 8 AR Z B 1R

FIEEE S 100% ke 10% H H@ A N 2 Bk E
HHE » LU 100%H S T 2 554
£ 25°C ZIREEIE T > LL 1,000 umol m2 st
PPED 2 [#] € YE I 4T 30 min » MR ATl 5.2
PSI1 & e (Fv/Fm BLAF/Fm' () Bt &5 25 2 58
{efEIEanlE 1 s o fERRDERT » 2 HaARELZ
FvIFm {E157F 0.8 /£ 45 - 1EFIE % 2 min » AF/
Fr' BAGER SR (K o THERE (% AF/Fm & i Ot & 2R
Z LA TE E S AR 15-20 min{g [
G EWEARE o (EIE 1 MATEH - R
M > MRk E E H & GRS - AR KOt
RS E L U E — 2 - 21 10% H BR5s A
THEEIEEHE - U - AFFmM' K
HEHEBEME 2 F IR IR > Mot &HER

WL RGN 2 ETHIRE A B .2
B o [ 2 SRR - EIE 1 ATS 2B E S
{F SEE AT AHBH 3 BT IRF » AR R P L2 e & i 2 Bl
HAFIFm' 2 [ 2 Mg 8 2 2 1E AHBH[r=0.778 (B
B HE) R 0.942 (H#RH) » p<0.001] »
Ll 2IRS € AR RE (RO % 22-30 min) Z B E &
HEor AT > BIGE R (E AR RGBT SO B AR R 2
PIfE - HE A AR BLAFIFm Z [ 68 E 2
1F fHR#(r=0.970 » p<0.001) -

T~ A[EREIE RS R R T RRE B H T PSR

ReZ 5L K S

BB 1S 100% ~ 50% k. 10% H 5@ & T
ZHWEBHHS > 1£ 10°C J 25°C Zim R
T » L1 100~ 200 ~ 500 J 1,000 gmol m2 st
PPFD 2 [ & Yt B8 T B gt 30 min > FGBll{L 30
min » BARSFR 5.2 PSI SRS & 3L IB TR
3o [hlE R - {EROLAT KB > PSHEEL
Re 2 S LB KRB B[R 1 P& AHOE - MEAE
10% X N ESE - BH® 10°C MHIERE » PSII
REEHERE E RE N E AR A o LLA/EIDE 30
min 1% » H PSII EESEE[(AFFM )s0] 2 8 {5
18I > BHAEHEFDEE T » (AF/FM )z Z [E0E
LL10°C gk » 25°C g/ N o B AH[EIRE - BE
FRE S o o 25 B PR Z (AF/FM )0 Z [
e MK o T E VR e R R I AR AR 0 K
BUARMEHIRE » H(AF/FM' )30 Z IS
A AR 2 B BN > M I 72 R R e S R oz 4
NI

3 VR » AL B E DL R
R > {£ 2 minq » Fv/Fm Je 2 PR BN - 2815
HIFR T+ - ZERBHRE 30 mintz » % 8 Fv/Fm{E[(Fv/
Fm)azo] {5 K [A118 & R IO HT Z K #E » FIRA N
Mz 584 - 18 3 2B Rl &t » IR
W > PSI ZRERR R 2R B 2D E T FKED
gy H—E RSy - B BCHlHE 7 o
A& BEEREIRATI 3.2 PSII Zge 2z T
ARET > BLERS PTAERRAE 1% 2 MR IRF R A 4 1L
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Fig. 1. Time series variations in PSI1 efficiency (AF/Fm’ during the light period and Fv/Fm during the
dark period) and photosynthetic rate of Podocarpus nakaii incubated at sunlight of 100% and 10%, and
Alnus formosana at 100%, with a constant temperature of 25°C and alight intensity of 1,000 umol m2 st

(different symbols, variant replicates).
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Fig. 2. The relationships between photosynthetic rates and PSII efficiencies of Podocarpus nakaii
incubated at 100% (©) and 10% (e) sunlight, and Alnus formosana at 100% () sunlight (A, all data
obtained during the 0-30 minutes experimental period in Fig. 1; B, only the photosynthetically stable
data obtained during the 22-30 minutes light period in Fig. 1).
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Fig. 3. Time series variations in PSI| efficiency (AF/Fm' during the light period and Fv/Fm during the
dark period) of Podocarpus nakaii at 100% (©), 50% (&) and 10% (e) sunlight, with the temperatures
of 10 and 25°C, and the prior illumination of 100, 200, 500 and 1,000 xmol m-2 s PPFD for 30 min and
dark recovery for 30 min (I: SE, n=4).



S A Y2 B EFZE(TW J. of Biodivers.) 13(1): 71-83, 2011 79

{=[(Fv/Fm)o-(AF/FmM' )ao)/(FV/Fm)o x100%} © ifii
REHNHISE.2 PSI ZUREREIR .2 T 028 » HI
FH BRE 30 min #%.2 PSI & BE Bil R IR S i 2 72
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Fig. 4. The relationship between declined portions of PSII efficiency due to photoinhibition {=[(Fv/Fm)o
-(Fv/Fm)aso]/(Fv/Fm)ox100%} and the total decline of the efficiency {=[(Fv/Fm)o-(AF/Fm' )30]/(Fv/Fm)
o x100%} of Podocarpus nakaii leaves illuminated at 100, 200, 500 or 1,000 gmol m? st PPFD for a
30-minute period (circles and squares, measured at 10°C and 25°C, respectively; open, cross and solid
symbols, measured at 100%, 50% and 10% sunlight, respectively).
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# %

Fv/IFM R[5 PSI 2 i KOCALER I RE » A]
M LAEEE PSI FE¥85E T 2 5 E 22 - 1Y)
TEARE S CANHLZ BT - HAEKIAE 0.8 /o4
(Bjérkman and Demmig 1987) - [& 1 J¢[& 335
U SIS RHERDERT 2 FYIFm EI97E
0.8 ity » BE/RHEBE (M %E /il H .2 H B g 515t
I - ERE— R GBI L% PSII BERETR
Sea[AlE -

1 Rl 3 8 > (ERARE % 2 min 1% A58
2 BR B Z AFTFmY g G R AR > LIRS AE
HOLIE » SLETERM%5 » A% K% ChE » B
| SEER R - FHAROCRELIEIIE Z0A
B TR T PSI 2 5E L E3RE » S @)
JCRES B OE SRR - JE R O O 8 % il (Demmig-
Adams and Adams |1l 1996; Adams and Barker
1998) - XM » b 2 IR OCIF .2 85 0 » AF/FmY
ghEtE AR N E > fRRDE 15-20
minf% » W& PR E o I BE E IEOLIRE ]
YA > S EHATWHR T - BRI REZEE D
Fit Z(Kalituho et al. 2007) - i 7 8 1 HE ' B
MMl - PR E E HH sl G E RS - AFFM Kot
R E 2 A E — (@ 1, 8 2) -

3EAT 0 EMEYE30min{g » (AF/FM )30
Z NS LL 10°C K » 25°C g/ « i K &
SR 2 S HE - 5 CO2 2 [ 7€ B 2R
1K » 3y 5 R L PSHZ06E - R SR E
f& 2 (Kao et al. 1998; Vogg et al. 1998; Lamontagne
et al. 2000; Demmig-Adamset al. 2006) - [7]#f »
R AHIRIRE - BEEE e OC N E - thdr 88
SETDCHENE N » AF/F 2 [ iE € K (Krivosheeva
etal. 1996; Da Mattaet al. 1997; Kao et al. 1998;
Warren et al. 1998) - [& 3 JREAR > & EVE
KO MEIR » REUIAERPEBREE > &
(AF/FM’ )s0 Z NS A AR < M35 » ML 2 BR T
WE T RE ¢ R 2 STk D o ELIR AT REANlE 1 f
o ARPEE T F ol BARKZ A6

PRE T H A <OCEER

(Yamashita et al. 2000; Kato et al. 2003) - fix /X
MERR TR ZRERBDATEL - (E@E T - MEEROLE
WA G SR ZEE R HAFF' Y g [ B
{ AF/Fm B e & S 25 Fi 5 i 77 #2202 R AR
AR > SREITEGDEERT » U ERRER A Zh Rk
Fiot & 1M 2 BRI A - Fr 8(Taiz and Zeiger
2006) -

FEJCIRT » ARIFmM B¢ & 28 ] 2 — 2
T B EBEEEEEE LRI % 1 Em (Ober-
huber et al. 1993; Kakani et al. 2008; Weng
2009) - 38 LLRFE I B ER ST IR % — EIRF
fil » SCETEH i IRREE - [8] 2A §iR >
HIVBEAE W IR » Ot & 18 i A5 BIRE e IR 8
IRF » AH AR 2 D' & 2R B E AF/Fm/ 2 fid] 52 A
R 2 AEAHBH o 6] 2B /R8I > BIVBE R ma 1 4=
REEME RO BRIV EH T - 18
R EE & YA AR BLAFIFM 2 [T 2 MR B 2 1F
FHER o REOE » [ IR & AR B AR/ P o2 5 it
7 R R AR R O 5 55 7 i i EK (Weng 20009))
HE STBRRET » BB S EMG A T o B G R
(Farage et al. 2006; Kakani et al. 2008) ~ Y&
(Farage et al. 2006; Kakani et al. 2008) ;x CO>
AL (Kakani et al. 2008) » {5l 7€ < B R &
M - BATE T2 CO2 [ 78 5428 (Pn/PPFD)
B AF/Fm 2[5l 8 28035 2 (EAHRA - A8
FE FH BE R R OC I E 2 ARIFm ] B A HE A5 BT
2 CO2 [EHE AR » HfitHlE AT Brb s
Ml - g o SHS(E » JERE SIS ER -

A e Y HEL 7 DA S P — BRI 1% o RFS
PEVIRE A RSB RN 2 fidkk - HFv/Fm
Z AR B AR 2B > KRR Y
2 | (Yamashita et al. 2000; Cai and Xu
2002; Demmig-Adams et al. 2006) o A {524k
REUR » AF 25°C MHIGERF » #EEHE 30 min
#4830 min ZEHIML% » BAFHEMEEE »
H (Fv/Fm)gso fiE i fEREZE 72 52 o {H{E 10°C | »
B e 5E 500 pmol m2 st LI EIRF » AR A2
100% [ &t .2 (Fv/Fm)aso S5 B3 Ho At 2 F8 ¢ Ji BH 55
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Abstract

For the genus Microstegium Nees (Poaceae: Andropogoneae) of Taiwan, four known species have
been verified. They are Microstegium ciliatum (Trin.) A. Camus, Microstegium fauriei (Hayata) Honda,
Microstegium geniculatum (Hayata) Honda and Microstegium vimineum (Trin.) A. Camus. This paper
described additional two species, Microstegium spectabile (Trin.) A. Camus and Microstegium tenue
(Trin.) Hosok, as the supplements to the Microstegium flora of Taiwan. M. spectabile is a replacement
of misidentified endemic species M. okamotoi Honda, while M. tenue is anew record. Also, akey to the
six valid species of the genus Microstegium of Taiwan and line drawings of the two supplementary species

are provided for identification.
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Introduction

There are atotal of 17 known speciesin the
genus Microstegium Nees (Poaceae: Andropogonese)
fromtropical and subtropical Asia, Africa, Australia,
and some of the Pacific islands (Clayton and
Renvoize 1986; Koyama 1987; Watson and Dal lwitz
1992; Hsu 2000). Of them eight species have been
reported from Taiwan (Hsu 1975, 1978, 2000).
Of these speciesweregard Microstegiumglaberrimum
(Honda) Koidz. and Microstegium dilatatum
Koidz. as synonyms of Microstegium ciliatum
(Trin.) A. Camus and Microstegium vimineum
(Trin.) A. Camus, respectively. Besides, Microstegium
japonicum (Miqg.) Koidz. was a species recently
added to the Microstegium flora of Taiwan by
Chen and Kuoh (2007), but it was later found to
belong to the genus Leptatherum Nees by Chen
et al. (2009). The similar cases were found for
Microstegium nudum (Trin.) A. Camus and Micro-
stegium somae (Hayata) Ohwi (Chen et al. 2009).

M. okamotoi Hondawas described by Honda
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(1942) as an endemic species to Taiwan, based
on a single collection from Kaohsiung County.
Since then, the species has never been found (Hsu
1975, 1978; Koyama 1987; Hsu 2000; Chen and
Phillips 2006). We examined the type specimens
of M. okamotoi deposited at herbarium, University
of Tokyo (TI) and found it to be synonymous to
M. spectabile (Trin.) A. Camus.

Also, therewerefour unidentified collections
from Tsao-Pu, Hengchun Peninsulaand deposited
at the herbarium of National Taiwan University
(TAI) (TAI 137740, 137741, 137742 collected by
C. C. Hsu, Oct. 9, 1960, and TAI 016186 by S.
Sasaki, Oct. 20, 1934). We examined the specimens
and identified them as M. tenue (Trin.) Hosok., a
new record to Taiwan. Since 1960, however, this
species has never been collected.

This paper provides a key to the six valid
species of the genus Microstegium of Taiwan,
with the descriptions and drawings of M. tenue
and M. spectabile, the two new members to the
flora of Taiwan.
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A key to the species of the genus Microstegium from Taiwan

1. Pedicel margins glabrous; rachis internodes obviously longer than the lower sessile florets.

2. Leaf-blade surfaces glabrous............cccceevvvennen.
2. Leaf-blade surfaces tomentose...........ccceveveeeneenee

................................................... Microstegium fauriei
.......................................... Microstegium geniculatum

1. Pedicel margins ciliate; rachis internodes shorter than the lower sessile florets.

3. Rachis internodes pyriform; anther 1 .................

3. Rachis internodes linear; anthers 3.

4. Culms decumbent; awns geniculate................

4. Culms rambling; awns flexuous.

...................................................... Microstegium tenue

.............................................. Microstegium vimineum

5. Leaf blades linear, 5-10 cm long, 0.8-1.5 cm wide; upper palea present; culms of moderate

stature; lower glume apex obtuse ..............

................................................. Microstegium ciliatum

5. Leaf blades narrowly lanceolate, 10-15 cm long, 1.5-2.5 cm wide; upper palea absent; culms

robust; lower glume apex acute..................

1. Microstegium spectabile (Trin.) A. Camusk
#11(Fig. 1)

Microstegium spectabile (Trin.) A. Camus. Ann.
Soc. Linn. Lyon Il, 68: 200. 1921; Hosok.,
J. Soc. Trop. Agric. 7: 310. 1935. Isonyms:
Pollinia spectabilis Trin. Mém. Acad. Imp.
Sci. St. Pétersbourg VI, Sci. Math. 2: 305.
1832; Eulalia spectabilisKuntze. Revis. Gen.
Pl. 2: 775. 1891 [Pogonatherum glabratum
(Brongn.) Roberty subvar. spectabile Roberty.
Boissiera 9: 389. 1960, nom. inval.]. Type:
Mertensin Herb. Trinius57.1 (LE, microfiche
IDC BT-16/1).

Pollinia spectabilis Trin. var. ternatana Backer
in Heyne, Nutt. Pl. Ned.-Ind. 1: 113. 1922.
Reprint 37. Type: Beguin 73 (BO, holo).

Microstegium spectabile (Trin.) A. Camus forma
cryptochaetum Ohwi. Bot. Mag. (Tokyo) 55:
550. 1941. Type: Hatusima 11084 (FU, holo).

Microstegium okamotoi Honda. Bot. Mag. (Tokyo)
56: 16. 1942. Type: Okamoto 1 (TI, holo)
Annuals. Mat-forming. Culms rambling,

robust, 100-170 cm long, rooting from lower

nodes. Nodes glabrous. Sheaths glabrous; outer

............................................. Microstegium spectabile

margin glabrous or hairy; oral hairs absent or
ciliate. Ligule a glabrous membrane, c. 1 mm
long. Blades firm, lanceolate, 10-18 cm by 10-20
mm; base attenuateto dightly rounded, pseudopetiole
absent; margins scabrous; apex acute to acuminate,
glabrous. Panicle 7-14 cm long, common axis
1-2.5cmlong. Racemes 10-40, digitate, ascending,
straight, 7-10 cm long. Rachisfragile, semiterete;
margins ciliate; internodes linear, 2.7-3.3 mm
long. Sessile spikelets without a short stalk,
deciduous with the adjacent joint and pedicel,
oblong to lanceolate, 2.5-4 mm long; callus pilose.
Lower glume oblong to lanceolate, coriaceous;
midrib ciliolate, dorsally longitudinally grooved,
smooth, glabrous, margins glabrous; apex acute,
entire. Upper glume elliptic; back acute, glabrous;
midrib glabrous; apex entire, attenuate, muticous
or mucro, c. 1 mm long. Lower florets absent or
present, paleate or barren, epal eate. Lower lemma
absent to present, oblong, ¢. 0.5 mm long, muticous.
Upper lemmalinear, c. 1 mm long, without veins,
glabrous; apex entire; awn apical, flexuous, column
absent, 4-10 mm long. Upper palea absent or
minute. Anthers 3, 1.5-2 mm long. Pedicelslinear,



88 Supplementary grasses in Taiwan

—2cm: A — 1mm: G

— 1mm:B,C,D,E,F

Fig. 1. Microstegium spectabile (Trin.) A. Camus: A, habit; B, spikelets; C, lower glume; D, upper glume;
E, upper lemma with long flexuous awn; F, upper palea; G, joint of leaf sheath and leaf blade.
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flattened, 2-2.5 mm long; margins pubescent.
Pedicelled spikelets subequal to sessile ones.

Distribution: Burma, Hong Kong, Sumatra,
Borneo, Celebes, Philippines (Luzon, Mindanao),
Lesser Sundaldl. (Flores), Moluccas (Halmaheira,
Ternate), New Guinea (wide spread), Micronesia
(Solomon Islands).

Habitat: Young secondary rain forest, sandy
flood banks, 1,500-2,000m alt.

Taiwan specimens examined: TAIPEI: Mt.
Chanchu (Mt. Toad), Nakamura 2907 (TAI); Suzuki
6283 (TAIl). NANTOU: Hsitou, C. H. Chen 5637
(TAIE). CHIAYI: Chuang & Wu s.n. Oct. 21, 2001
(NCKU). KAOHSIUNG: Shanping, C. S. Kuoh
15381 (NCKU). PINGTUNG: Mt. Liding, S. Z.
Yang 29813 (PPI), C. H. Chen 6040 (TAIE). HU-
ALIEN: Tienhsiang, Shimizu & Kao 10557 (TAI);
Hualien Port, Kawakami s.n. Oct. 1909 (TAl);
Fuyuan, P. C. Wang 15381 (NCKU).

2. Microstegium tenue (Trin.) Hosok #&#1351T
(Fig. 2)

Microstegium tenue (Trin.) Hosok. Trans. Nat.
Hist. Soc. Formosa 28: 150. 1938; Jansen,
Reinwardtia2: 307. 1953. Isonyms: Pollinia
tenuis Trin. Mém. Acad. Imp. Sci. St
Pétersbourg VI, Sci. Math. 2: 306. 1832;
Eulaliatenuis Kuntze. Revis. Gen. PI. 2: 775.
1891 [Pogonatherum glabratum (Brongn.)
Roberty subvar. tenue Roberty, Boissiera 9:
389. 1960, nom. inval.]. Type: Chamisso 24
in Herb. Trinius 58.1 (LE, microfiche IDC
BT-16/1; W).

Pleuroplitis producta Griseb. in Ledeb. Fl. Ross.
4 (1853) 478. | sonym: Andropogon productus
(Griseh.) Regel. Bull. Acad. Imp. Sci. Saint-
Pétersbourg 5: 760. 1866, t. 2, f. 16-21. Type:

Eschscholtz s.n. (LE, holo).

Annuals. Mat-forming. Culms rambling,
weak, 20-100 cm long, rooting from lower nodes.
Nodes glabrous. Sheaths glabrous; outer margins
glabrous; oral hairs absent or ciliate. Ligule a
glabrous membrane, c. 1 mm long. Blades firm,
linear or lanceolate, 4-20 cm by 4-8 mm; base
attenuate to slightly rounded; pseudopetiol e absent;
margins scabrous; apex acute to acuminate,
glabrous to sparsely pilose on both sides, with
tubercle-based hairs. Panicle 3-5 cm long, common
axis c. 0.5 cm long. Racemes 2-4, digitate,
ascending, straight, 2-5 cm long. Rhachisfragile,
flattened; margins ciliate; internodes pyriform,
1.5-2 mm long. Sessile spikelets without a short
stalk, deciduous, with the adjacent joint and pedicel
that arelanceolate, 2-3 mm long; callus puberulous.
Lower glume oblong to lanceolate, coriaceous;
midrib glabrous; the dorsal longitudinally grooved,
smooth, glabrous; margins glabrous; apex entire
or dentate. Upper glume elliptic; the back acute,
glabrous; midrib glabrous; apex entire, acute;
mucro 1-3 mm long. Lower florets present, well-
developed, paleate or barren, epaleate. Lower
lemma lanceolate, ¢. 1.5 mm long, muticous.
Upper lemmalanceolate, c. 0.3 mm long, without
veins, glabrous; apex entire; awn geniculate;
column twisted, 7-12 mm long. Upper pal ea absent
or minute. Anthers 1, c. 0.5 mm long. Pedicels
clavate, flattened, c¢. 1.5 mm long; margins
pubescent. Pedicelled spikelets variously
reduced.

Distribution: Philippines (Luzon) to Micronesia
(Kosrae).

Habitat: Dry open slopes, cliffs, 0-1,200m
alt.
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—2cm: A = 1 mm: H

—1mm:B,C,D,E,F, G

Fig. 2. Microstegium tenue (Trin.) Hosok.: A, habit; B, spikelets; C, lower glume; D, upper glume; E,
lower lemma; F, upper lemma with awn; G, upper palea; H, joint of leaf sheath and leaf blade.
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Taiwan specimen examined: PINGTUNG:
Tsao-Pu, Sasaki s.n. Oct. 20, 1934 (TAl); C. C.
Hsu 1075 (TAL).
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Abstract

Lobelia cliffortiana L. is a weed belonging to the family Campanulaceae and native to Central
America. It wasrecently found in the central region of Taiwan. This paper describes this newly naturalized
weed with field photographs for aiding its identification.
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Lobelia cliffortiana, naturalized plant in Taiwan

Key words: Campanulaceae, Lobelia cliffortiana, naturalized plant, Taiwan, taxonomy
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Introduction

Seven genera, 13 species, and a naturalized
species have been reported for the family Cam-
panulaceae in the second edition of “Flora of
Taiwan” (Lammers 1998). Of them, the genus
Lobelia has five known species. In our recent
plant inventory survey of Taiwan, an additional
weedy species Lobelia cliffortiana L. was found
to have naturalized in the central region of the
island. This paper provides a taxonomic account
of L. cliffortiana with the field photographs for
aiding identification of this potentially aggressive
weed.

Taxonomic Treatment

Lobelia cliffortiana L., Sp. Pl. 2: 931. 1753. 7%
AP @ E G e ) Fig. 1.
Lobelia tetragona BI., Bijdr. 729. 1826.

Herbs annual ; stem erect, branched, angular,
glabrous. Leaves alternate; petiole 0.5-2 cm,
semicircle, slightly winged; blades broadly ovate,
1.5-2.5cmlong, 1-2 cmwide, apex acuteto obtuse,
base obtuse to cordate, margins serrate; lateral
veins ca. 3 pairs. Racemes terminal; florets
numerous up to 50; peduncle long or short, up to

Accepted: December 13, 2010
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6 cm; flower buds slender, light pink. Bract 1,
acicular, ca. 5mmlong. Pedicel slender, ca. 1 cm
long, glabrous. Calyx 5-lobed, lobes elongate
deltoid, ca. 3 mm long, 0.8 mm wide. Corolla
mauve, bilaterally symmetric, base connate into
atube, 4 mm long, with 2 lips; lower lip larger,
with 3 lobes, each oblong, ca. 2 mm long, 1 mm
wide, faucal part of each lobe corniculate, green;
upper lip with 2 lobes, each deltoid-acicular, ca.
1.2 mm long, 0.3 mm wide. Stamens 5, exerted,
filaments light pale purple, ca. 3 mm long; base
separate, two on abaxial side, densely pubescent
at base, therest 3 glabrous. Anthers connate around
the style, dark purple, ca. 1 mm long; upper three
abaxially pubescent, apex glabrous; lower two
nearly glabrous, with long hairsapically, perigynous,
base fused with calyx tube, glabrous, angulate;
style 3 mm long, glabrous; stigma shallowly 2-
lobed, lower part with a pubescent ring; ovary
2-locular, placentation axile, ovules many.
Capsule oblong-globose, ca. 7.7 mm long, 2.7
mm in diameter.; seeds numerous, each small,
0.4 mm long, 0.2 mm across, oblong-globose,
glabrous.

Specimen examined: TAIWAN. Nantou County:
Lugu Hsiang (FEA4K), Alt. 376m, 1 April
2008, Hsu 13726 (TAIE).
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Fig. 1. Habit (A), adaxial (B) and abaxial (C) views of the flowers, and fruit (D) and seeds (E) of Lobelia
cliffortiana L.
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Remarks: L. cliffortiana is native to Cuba, His-
paniolaand Jamaica (M cVaugh 1940). It has
been introduced as an ornamental plant to
Old World on very early dates and seems to
have frequently been naturalized (Moeliono
and Tuyn 1960).

For the genus Lobelia in Taiwan, three

Lobelia cliffortiana, naturalized plant in Taiwan

species, L. cliffortiana, L. alsinoides subsp. hancei
and L. seguinii, are shared with a character of
erect stems. Their salient characters are compared
in Table 1. L. cliffortiana has petiolate leaves dis-
tinguishable from L. alsinoides subsp. hancei and
L. seguinii that have sessile |eaves.

Table 1. A comparison of salient characters among L. cliffortiana, L. alsinoides ssp. Hancei, and L.

seguinii from Taiwan

Characters L. clilffortiana L. alsinoides ssp. hancel L. seguinii

L eaf Distinctly petiolate Sessile Sessile

Length (cm) 0.5-2 0.4-35 6-23

Flowers Many (to 50), in Solitary, axillary In terminal racemes
terminal racemes

Corallalength (cm) 04 0.5-0.8 253

Anthers Only the lower two with  All with apical trichomes  Only the lower two with
apical traichomes apical traichomes

Seeds Globose-oblongoid Distinctly trigonous Ellipsoid
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