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Breeding Behavior of the Formosan Black Bear (Ursus
thibetanus formosanus) in Captivity
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Abstract

A pair of the Formosan black bears (Ursus thibetanus formosanus) in captivity was housed together
during the breeding seasons of 2002-2004, and their breeding behavior associated with estrous cycle was
continuously recorded with a video recorder. The estrous cycle lasted three weeks for each season, and
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behavior of the bears changed with three phases of the cycle: the proestrus, the estrus, and the metestrus.
Each phase lasted about a week. During the proestrus the male actively pursued (interacted with) the
female but was ignored. During the estrus both male and female interacted frequently and mating
(mounting and copulation) occurred frequently for four to seven days. During the metestrus the female
still followed the male, but the male showed less interest on the female and no mating behavior occurred.
The percentages of time periods of resting, of activity and of stereotypical behavior among the three
phases were not significantly different, but the interactive behavior differed significantly among the
phases (Kruskal-Wallis test h=16.557, p<0.001). The copulation usually took place in early morning and
evening, and lasted from 0.2 to 26.6 min. The fecal estradiol and progesterone concentrations in the
estrus were higher those in the proestrus and metestrus. Probably it was a main reason that higher
progesterone and estradiol concentrations, and their synergistic effect brought about the female bear to
admit for mounting.
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Fig. 1. The % profiles of breeding behaviors in a day for the female Formosan black bear in the proestrus

(A), the estrus (B), and the metestrus (C) for the years of 2002 to 2004.
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Fe1. MBI MENE 5 18 SR AETE 2002-2004F BUiE % o AN [EF TR AT & 4
Table 1. Percentages (mean=®S.E.) of different behaviors of female Formosan black bears in captivity
during the breeding seasons of 2002-2004

Item Rest Action Stereotype Interaction Mating

Proestrus  68.3+2.300 9.7+1.025 17.0+2.856 5.1+0.841% - n=288
Estrus 68.8+1.965 10.5+0.953 14.8+1.588 4.0+0.734% 1.9+0.466 n=360
Metestrus  70.4+2.307 11.3+1.070 15.7+1.687 2.6+0.611° - n=264
H-Value 0.569 3.839 1.738 16.557 -

P-Value 0.7524 0.1467 0.4193 0.0003 -

abc Significantly different at 1% level (Kruskal-Wallis test h=16.557, p=0.0003) between the figures with the
different superscripts a, b and c of the same column.

Table 2. Mating (mounting) frequency and time periods (mean; ranges in parentheses) of the Formosan
black bearsin captivity during the estrus cycle in 2002-2004

Date Frequency Time period (min.)

2002 2003 2004 2002 2003 2004 2002 2003 2004
5-May 15-Apr 17-Mar 2 3 8 8.2(2.3-14.1) 1.0(05-1.9)  1.1(0.4-9.0)
6-May 16-Apr 18-Mar 19 5 1 1.7(0.1-22.6) 59(0.5-21.4)  17.6(17.6)
8-May 17-Apr 20-Mar 10 11 12 5.0(0.2-37.5) 2.6(0.3-20.4) 2.5(0.1-19.8)
9-May 18-Apr 21-Mar 16 6 2.1(0.1-26.1) 8.3(0.3-41.2) 4.6(1.2-32.1)
- - 23-Mar - - - - 7.4(0.1-33.8)
Total or average 47 25 35 2.8(0.2-26.6) 4.4(0.4-23.4) 4.1(1.0-21.6)
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Fig. 2. The distribution of the total hourly mating frequencies during a day for the Formosan black bear

in breeding seasons from 2002 to 2004.
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Fig. 3. The distribution of total hourly mating period during a day for the Formosan black bear in

breeding seasons from 2002 to 2004.
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Fig. 4. The variance of the fecal estradiol and progesterone concentrations for the female Formosan black
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X E % ZE E #H 7K % % Limnodrilus hoffmeisteri
(Claparéde) Z & i& & 2 3k B 5 A

Life History and Population Distribution of the
Tubificid Worm Limnodrilus hoffmei steri
(Claparede) in the Dali River

WERE RFHE ALIW
Kang-Jieh Lin, Chin-Ying Wu and Shao-Pin Yo
BAadfRgiafgsi &b T E k%2505

Department of Life Sciences, National Chung-Hsing University, Taichung, Taiwan

#H %

AHFFEAS B E R - HRETE B /K BRIBI(Limnodrilus hoffmeisteri) & £E 3 s i 8% 28 R PSR T TR
A R RE Sl 8 » I (R T2 RE A7 1801 ol = RS B 1 40 B DR i A (cocoon stage) ~ 4 4EHA (larval
stage) ~ HHEH (juvenile stage) K2 AR (adult stage) VU AREES » 7 HAE R ~ #EEI#C 4 Eifl
KR o EBRTFE TR 2 (E S R RIS R T3 om o HSATIE 14360 - MLy A oGl » (H14: B
(FI L1237 H ) IR AT RENF RES e 8 S A A= Ol - FLAE s s AR - 1999712 H 22200142
HIE - AR EIR R ~ TR EL /A 2 B /AR A B R RY, - PR Rt
(BRI R 7 2 R R - ZBUEON RIS AR R AR ~ B ElE - #am K ER R E R K
Wil F R BIEREA ST EE S  HEMERE TIBGRY GBS K IRV E 2 R
R A0S T3 3 7K 775 Y % B o2 VR B IR R R A BE S 7S U o (EARFE I/ 1999 fX L ——HlE & s 2.
P A2 T A Y & 8% Stk - KSR R IR 28D BERE /KB GE R B RE
JE B TR B R D TR Z B ©

Abstract

Life cycle of the tubificid worm Limnodrilus hoffmeisteri (Claparéde) may be divided into four
stages. cocoon, larval, juvenile, and adult. We briefly described morphological characters of the stages,
and established daily growth curves of body length and segment numbers. The worms reached the
maximum of 3 cm in length, and 143 in segment number in the laboratory culture. They grew rapidly at
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the larval and juvenile stages, but the growth decreased at the adult stage about 37 days after hatching. As
the Dali River flows through Taichung City, its midstream section is seriously polluted with domestic and
industrial wastes. In order to study impacts of seasonal environmental changes on the worm distribution,
we sampled the worm to estimate its abundance, biomass and life stage distribution in the middle and
downstream sections of the river from December 1999 to February 2001. The populations of oogenetic
adults and larvae fluctuated seasonally, and the abundance of larvae and juveniles were at a peak in
winter and spring, suggesting the period as the reproduction season. The results of principal component
analysis between the worm populations and environmental features, indicated that the worm preferred
soil substrate containing high concentrations of organic matters and high biomass. Therefore, it was more
abundant at the midstream section polluted with sewage discharges than that at the downstream section
where the polluted water was diluted by inflow of clean water from tributaries. The 921 Earthquake of
1999 caused mud-slides in the mountains upstream, increasing sedimentation in the Dali River.
Subsequently, organic matters in the sediment decreased, with it decreased in the worm population. The
results of this study suggested that the tubificid worm population in the Dali River fluctuated with
changes in organic matter contents in sediment.

RBrISEEER] ¢ K AREG] ~ EEFTAGRRIE] ~ AR~ RHE M - REIE
Key words: tubificid worm, Limnodrilus hoffmeisteri, life history, Dali River, Taiwan
e HHA - 93fF10H28H Bz HIH - 944F1H31H
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Fig. 1. The locations of two sampling sites (A: downstream, B: midstream) at the Dali River.
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Fig. 2. Morphological characteristics of L. hoffmeisteri ( a prostomium (300X : SEM); b. dorsal chaeta

(1.5kX ; SEM); c. the appearance of adult individual).
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Fig. 3. The four lifecycle stages of L. hoffmeisteri ( a. cocoon stage; b. larval stage; c. juvenile stage; d. adult

stage with mature eggs in the coelom).
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Fig. 4. Growth curves of L. hoffmeisteri presented by body length (a) and segment number (b) (dotted
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Fig. 5. The correlation between the body length (X, cm) and the segments numbers (Y).
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Fig. 6. Seasonal variation in pH of water samples collected from the midstream and downstream sites
(vertical bars, +1 SD).
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Fig. 7. Seasonal variation in TOC of sediment samples collected from the midstream and the downstream
sites (vertical bars, +1 SD).
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Fig. 8. Seasonal variation in the total benthos biomass collected from the midstream and downstream
sites (vertical bars, +1 SD).
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Fig. 9. Seasonal variation (%) in the finest sand (level 111) collected from the midstream and downstream

sites (vertical bars, +1 SD).
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K1 DU RE3 73 B R EE v A T U &4 BR B IR 1 BT G SR P R B s B TR
20.72 BRER A T
Table 1. The factor loadings of Factor 1 and Factor 2 of the 6 environmental variables

extracted from the Principle Components Analysis (PCA) for the Dali River ( * loadings > 0.7)

Factors Factor 1 Factor 2
BMS 0.39 0.68

pH -0.02 -0.84*

| 0.82* 0.23

Il 0.73* 0.01

" -0.97* -0.18
TOC 0.23 0.87*
EV.* 2.36 2.02
PV.? 0.39 0.34

t Explained variance.
2 Proportion of total variance explained.
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[ 10. K HEE N FERGE A 709 R AT - RFER BRI o R IR - - HA B — L A1 LA
BRI~ 1~ ) ZIA 7 & fi iR oA 55— FE N RILITOCHIpH < S K »

Fig. 10. Principle component analysis plot of all environmental factors (Factor 1, sediment particle size;
Factor 2, TOC and pH gradient of the environment).
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Fig. 11. Seasonal variation in the biomass of L. hoffmeisteri larvae collected from the downstream and
midstream sites (vertical bars, +1 SD).
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Fig. 12. Seasonal variation in the biomass of L. hoffmeisteri juveniles (vertical bars, +1 SD).
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Fig. 13. Seasonal variation in the biomass of L. hoffmeisteri adults (vertical bars, +1 SD).
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Fig. 14. Seasonal variation in the biomass of L. hoffmeisteri adults at the oogenetic period (vertical bars,
+1 SD).
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Fig. 15. Relative percentage composition of the four growth stages of L. hoffmeisteri collected at the
midstream sites in the winter of 1999 to the winter of 2000.
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Fig. 16. Relative percentage composition of the four growth stages of L. hoffmeisteri collected at the
downstream sites in the winter of 1999 to the winter of 2000.
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Fig. 17. The bi-plot of ordination for the age-structure assemblages of L. hoffmeisteri and the
environmental factors extracted from the principle components analysis.
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Abstract

This study was conducted at the Aoku coastal wetland, Chia-yi County, Taiwan to determine the
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seasonal and environmental effects on the planktonic communities. Plankton samples were collected
seasonally at 14 sampling stations, 1995-1996. Phytoplankton were primarily influenced by seasons;
they were abundant in spring and winter. The diatoms Nitzschia closterium, Chaetoceros lorenzianum,
and Pleurosigma intermedium were the most dominant species at all sampling stations. Zooplankton
were also primarily influenced by seasons; they were abundant in spring with particular abundance of
Epistylis coronata in ponds and ditches. Copepod larvae were common and their species compositions
varied among sampling stations and more obviously among seasons. Seasonal variations in temperature
and precipitation, resulting in severe salinity fluctuation among sampling stations, were found to be the
most important environmental factors affecting the planktonic communities. The dissolved oxygen
contents and pH were influenced by the abundance and the species composition of plankton.

RS : YRR  IRIEIN T ~ WM
Key words: planktonic community, environmental factors, coastal wetland
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Fig. 1. Sampling stations (A-N) for planktons at the Aoku coastal wetland.
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Table 1. Shannon's diversity (H") and evenness (€) indices and species number (N) of plankton at the
sampling stations of the Aoku wetland in 1995-1996

Spr. Sum. Aut. Win.
Stations
H' e N H' e N H e N H e N

A 3.051 0845 37 1.992 0.592 29 2.202 0.684 25 0.449 0.175 13
B - - - 0.219 0.081 15 1581 0.659 11 1.255 0489 13
C 1554 0560 16 2213 0716 22 1.755 0.586 20 1.215 0.489 12
D 2031 0690 19 2161 0.721 20 1.237 0.413 20 1.328 0.490 15
E 1245 0460 15 1.945 0.661 19 1.862 0.621 20 0.997 0.352 17
F 1875 0754 12 2056 0639 25 - - - 1.282 0.500 13
G 0481 0.163 19 1.884 0.572 27 2.356 0.800 19 2531 0.860 19
H 0.642 0.309 8 1.341 0.523 13 1.377 0.508 15 1.938 0.808 11
I 0462 0175 14 2284 0719 24 0.745 0241 22 0.777 0.269 18
J 2190 0.758 18 1.445 0.468 22 1.418 0.524 15 0.978 0.361 15
K 2470 0.777 24 0.728 0.216 29 2.079 0.734 17 1.611 0.672 11
L 2141 0811 14 1.692 0.681 12 1.215 0.474 13 1.027 0.371 16
M 1.105 0.390 17 2118 069 21 1876 0.782 11 0.145 0.061 11
N 2026 0701 18 2104 0.728 18 1576 0.717 9 1.384 0577 11
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Table 2. The species composition and density of planktonic taxa collected from the Aoku wetland

Number of
. o Number of o
Species No. Scientific names individuals
samples .
(2 ind./10I)
Phytoplankton

1 Achnanthes angustata Grev. 19 8756
2 Amphiprora alata (Ehr.) Kitz. 23 1179
3 Amphora sp. 2 225
4 Bacillaria paradoxa Gmelin 24 106537
5 Biddulphia regia (M. Schultz.) Ostenfeld 3 59
6 Catacombas sp. 5 331
7 Chaetoceros lauderi Ralfs. 5 12300
8 Chaetoceros |orenzianum Grunow 34 269677
9 Chaetoceros pendulum Karsten 1 10
10 Coscinodiscus sp. 10 1351
11 Cyclotella sp. 4 210
12 Fragilaria oceanica Cleve 1 10
13 Gyrosigma sp. 20 2839
14 Gyrosigma kuetzingii (Grun.) Cl. 1 90
15 Licmophora sp. #1 3 113
16 Licmophora sp. #2 8 660
17 Melosira granulata (E.) Raif. var. angustissima mull. 2 120
18 Melosira sp. 4 720
19 Navicula sp. 1 320
20 Nitzschia closterium W. Smith 52 548192
21 Nitzschia obtusa W. Smith 15 3198
22 Nitzschia sigma W. Smith 20 27385
23 Nitzschia vermicularis (Ktz.) Grunow 2 50
24 Nitzschia sp. #1 17 3746
25 Nitzschia sp. #2 1 10
26 Nitzschia sp. #3 2 180
27 Pleurosigma intermedium W. Smith 49 34893
28 Rhizosolenia hebetata f. hiemalis Grunow 1 10
29 Rhizosolenia hebetata Bailey (Hensen) Gran 4 60
30 Streptotheca sp. 1 20
31 Synedra sp. 22 4306
32 Dinophysis homunculus Stein 1 10
33 Gonyaulax tamarensis L obour 15 5858
34 Gonyaulax turbynaii Murray & Whitting 5 4079
35 Peridinium quinquecorne Abe 4 238
36 Protoperidinium sp. 7 252
37 Protoperidinium nipponicum Abe 4 152
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Table 2. The species composition and density of planktonic taxa collected from the Aoku wetland
Number of
. o Number of o
Species No. Scientific names individuals
samples .
(2 ind./10I)
38 Protoperidinium pellucidium (Bergh) Schuitt. 1 280
39 Carteria sp. 3 510
40 Crucigeniella crucifera (Wolle) Kom. 2 70
41 Pediastrum simplex Meyen 1 100
42 Scenedesmus quadricauda( Turp.) Breb. 4 94
43 Green algae 1 160
44 Chroococcus turgidus (K iitz.) N&g. 2 490
45 Lyngbya birgei G. M. Smith 14 4908
46 Merismopedia elegans A. Br. 4 450
47 Merismopedia sp. 1 10
48 Microcystis flosaquae (Wittr.) Kirchn. 4 195
49 Oscillatoria amphibia Ag. 26 9405
50 Oscillatoria princeps Vaucex Gom. 23 2039
51 Oscillatoria sp. 32 31627
52 Oscillatoria tenuis C.A. Agardh ex Gomont 24 4631
53 Phormidium sp. 4 350
54 Phormidium tenue Gomont. 2 150
55 Pseudoanabaena schmidlei Jaag 2 40
56 Spirulina platensis (Nordst.) Geitl. 1 10
57 Spirulina subsalsa Oerst. 29 4001
58 Blue green algae 4 80
59 Euglena pisciformis Klebs 12 8607
60 Euglena proxima Dangearo 3 550
61 Phacus polytrophos Pochm. 1 20
62 Microalgae 20 207442
Zooplankton
63 Chilostomella ovoidea Reuss. 1 20
64 Globigerina sp. 7 148
65 Globigerina quinqueloba Natlano 7 197
66 Foraminifer sp. 2 60
67 Coxliella longa (Brandt.) 3 50
68 Coxliella sp. 6 413
69 Dinidium sp. 9 583
70 Epistylis coronata Nusch 15 23190
71 Euglypa sp. 1 10
72 Euplotes charon (O. F. Muller) Stein 3 163
73 Euplotes sp. 8 2700
74 Eutintinnus sp. 1 10
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Table 2. The species composition and density of planktonic taxa collected from the Aoku wetland

Number of
. S Number of o
Species No. Scientific names individuals
samples .

(2 ind./10I)
75 Favella ehrenbergii Claparéde et Lachmann 13 1720
76 Mesodinium sp. 1 803
7 Podophrya sp. 1 10
78 Stylonychia pustulata Ehrenberg 7 2283
79 Tintinnopsis aperta var. tocantiensis Brandt. 1 10
80 Tintinnopsis brasiliensis Kofoid & Campbel | 1 10
81 Tintinnopsis brevicollis Hada 1 50
82 Tintinnopsis sp. #1 1 40
83 Tintinnopsis sp. #2 6 221
84 Tintinnopsis sp. #3 2 23
85 \orticella campanula Ehrenberg 5 452
86 \orticella microstoma Ehrenberg 2 30
87 Zoothamnium sp. 2 270
88 Asplancha priodonta Gosse 1 9
89 Brachionus plicatillis Mueller 18 2904
90 Philodina roseola Ehrenberg 6 123
91 Pseudocella sp. #1 10 463
92 Pseudocella sp. #2 5 145
93 Mite 2 50
94 Cypridina noctiluca Kajiyama 7 179
95 Cladocera 1 40
96 Barnaclelarva 9 194
97 Amphipod sp. #1 2 35
98 Amphipod sp. #2 2 30
99 Apocyclops royi Lindberg 22 1663
100 Tigriopus sp. 1 20
101 Copepod larva 47 18467
102 Flatworm #1 18 718
103 Flatworm #2 1 20
104 Flatworm #3 1 34
105 Flatworm #4 2 99
106 Polychaete larva #1 9 1164
107 Polychaete larva #2 21 1235
108 Polychaete larva #3 1 1060
109 Gastropod larva #1 3 60
110 Gastropod larva #2 13 514
111 Unidentified zooplankton #1 2 50

112 Unidentified zooplankton #2 7 380
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Fig. 2. Ordination of 54 samples plotted against the first two axes of detrended correspondence analysis

(A - N, sampling station; spr, spring; sum, summer; aut, autumn; win, winter).
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Fig. 3. Ordination of environmental variables among samples against Axis 1 and Axis 2, by Principal

Components Analysis.
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Table 4. Seasonal water quality at stations A - N at the Aoku wetland

Spr. Sum.
Stations Temperature pH  Conductivity DO Turbidity Temperature pH  Conductivity DO  Turbidity
(°C) (mgem)  (mg/l) (NTU) (C) (mglem)  (mg/l) (NTU)
A 315 7.7 50.7 7.6 8.7 352 8.6 4.1 84 33
B - - - - - 334 8.3 454 6.5 12.6
C 332 79 51.6 5.6 54 34.7 84 44.6 6.8 95
D 313 85 487 75 7.8 321 8.2 436 13 30
E 31.0 85 474 9.8 9.0 311 8.2 421 15 24
F 29.2 8.7 49.1 6.6 9.6 34.6 8.6 36.1 6.1 15.8
G 29.3 8.7 46.9 10.6 58.0 351 8.9 39.8 12.3 10.8
H 322 8.6 417 83 58.9 311 8.6 274 35 419
I 26.1 7.6 354 2.6 71 335 7.8 334 2.6 49
J 26.8 8.6 49.6 84 6.4 34.8 8.9 36.1 113 4.0
K 29.6 9.0 47.6 16.6 22.9 328 84 433 5.6 15.6
L 336 7.8 64.1 7.0 19.7 325 7.7 40.6 2.6 19
M 30.1 8.3 417 15.1 14.9 323 8.3 405 10.1 34.6
N 316 95 45.0 16.9 32.7 35.0 8.9 405 10.2 324
Mean 304 84 47.6 94 20.1 334 84 39.8 6.3 13.8
SD. 22 0.6 6.7 43 18.8 15 04 5.0 37 13.2
Aut. Win.
Stations Temperature pH  Conductivity DO Turbidity Temperature pH  Conductivity DO  Turbidity
(°C) (mgem)  (mg/l) (NTU) (°’C) (mgfem)  (mg/l) (NTU)
A 19.7 84 57.1 42 9.8 205 8.0 55.5 29 44
B 19.7 8.1 50.9 73 41.2 19.7 8.2 52.2 8.3 15.2
C 20.3 8.1 57.2 0.9 8.7 19.6 8.0 531 37 38
D 194 8.6 57.1 75 5.1 20.3 8.1 54.1 41 40
E 223 85 58.3 7.6 9.7 20.3 8.1 545 37 7.6
F - - - - - 23.9 8.6 55.6 9.3 21
G 19.1 84 428 45 17.2 26.0 8.6 45.7 8.3 27.3
H 258 8.7 437 110 25.6 23.0 8.9 485 15.2 8.6
I 24.1 7.8 484 36 22.7 22.2 8.2 49.7 42 52
J 218 8.6 57.6 6.4 4.0 225 85 56.1 5.7 16
K 221 8.2 511 75 317 20.9 8.3 52.1 74 15.8
L 221 8.1 65.6 5.1 20 26.7 8.1 76.2 6.8 34
M 221 8.1 4.1 87 15.2 24.2 8.7 487 17.6 16.5
N 224 8.9 52.2 74 17.9 225 8.8 531 10.6 22.0
Mean 216 8.3 52.8 6.3 16.2 22.3 84 539 17 9.8

SD. 20 0.3 6.8 2.6 116 2.3 0.3 7.1 4.4 8.1
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Fig. 4. Ordination of 54 samples and planktonic species identified to 5 environmental variables against
the first two axes of canonical correspondence analysis (arrows, trends of variation in the environmental
variables).
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Fig. 5. Ordination of 112 planktonic species identified in relation to 5 environmental variables against the
first two CCA axes (solid triangles with numbers, species numbers denoted to those in Table 2).
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Table 5. Seasonal changes in abundance of phytoplankton in the Aoku wetland (number / I)

Station Spr. Sum. Aut. Win.
A 45.5 526.0 231.7 1572.4
B - 11509.5 47.2 117.5
C 188.0 149.0 377.0 4.7
D 123.0 112.0 186.6 157.0
E 272.0 88.0 299.3 205.1
F 74.0 220.5 - 335
G 11793.0 2755.1 115.6 4.7
H 11.0 12.0 151.8 26.6

| 5691.7 353.0 1105.5 1059.6

J 169.5 774.9 126.3 102.2

K 100.0 1593.2 80.5 26.5

L 76.5 147.5 306.5 145.8
M 499.0 157.5 62.0 21069.2
N 125.0 725 6.4 216.7
Mean 1474.5 1319.3 238.2 1777.2
S.D. 3459.9 3030.3 283.4 5570.9

6. BRI VIS S 2= SORInG 2 R L (R / 1)
Table 6. Seasonal changes in abundance of zooplankton in the Aoku wetland (number / 1)

Station Spr. Sum. Aut. Win.
A 355 24.5 224 21
B - 4.0 0.5 3.6
C 61.0 97.5 13.0 1.6
D 64.0 98.0 7.0 4.8
E 51.0 55.5 13.8 4.3
F 87.0 49.5 - 7.0
G 33.0 70.0 33.0 55
H 1201.0 123.0 21.1 3.0

| 17.0 25.0 55 9.0

J 47.0 275 91.9 7.5

K 110.0 44.0 6.5 10.0

L 15.5 445 225 224
M 11.0 16.0 38.5 19.2
N 245.0 315 66.2 4.6
Mean 152.2 50.8 26.3 7.5
S.D. 321.0 34.8 26.4 6.2
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Rel ationship between Riparian Vegetation and Base-Flow
Width of Streams in the Southern Taiwan

BER HiEm HER
Yuh-Rong Guh, Wei-Cheng Zhao and Chang-Lun Shieh
Bl 2R 2 KGR B ok TARBE AT 6 da T KR

Department of Hydraulic and Ocean Engineering, National Cheng Kung University, Tainan, Taiwan
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Abstract

Distribution and community structure of riparian vegetation vary according to hydrological
characters of streams. We surveyed the riparian vegetation at four sites of three drainages in the southern
Taiwan in February to April 1992. We also obtained the data of daily flow rates and flow widths of the
streams near the sites from Water Resources Agency for 1994 to 2001. Using the latter data, daily base-
flow widths of the streams were calculated, using the daily flow duration curve and empirical base-flow
equation. The base-flow widths were compared with the riparian vegetation surveyed to estimate the
vegetation's first appearing dimensionless widths (W-values). It was found that the W-values varied
according to vegetation forms in the order of Warborescent plants> Wshrubs> Wperennial plants > \Wannual plants. The
riparian vegetation was characterized locally with structures of different plant communities that had low
similarity coefficients among the study sites. The quantity analyses of the riparian vegetation in
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combination with hydrological characters may be useful for stream management.

BHEaR] = A BRI SR - B8

Key words: riparian vegetation, stream base-flow, dimensionless width, Taiwan
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Fig. 1. Four study sites ( Zuo-Zhen, Xin-Shi, Liu-Gui and Shan-Lin) at the three drainages (Cai-Liao
River, Yan-Shui River, Lao-Nong River, and Qi-Shan River) in the southern Taiwan with photographs
indicating general stream features at the Zuo-Zhen site (A), Xin-Shi site (B), Liu-Gui site (C) and Shan-

Lin site (D).
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Table 1. Stream base-flow widths (B7s-values, m) at the four study sitesin 1994 to 2001

Sites 1994 1997 1998 1999 2000 2001 Means
Xin-Shi - 3.6 3.6 3.9 3.6 4.1 3.8
Liu-Gui 21.0 15.0 24.0 12.3 22.0 28.3 20.4
Zuo-Zhen - 2.6 5.0 6.0 3.0 4.5 4.2
Shan-Lin 25.0 353 42.0 19.9 27.0 17.0 27.7
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Table 2. Quantities of riparian vegetation forms observed in the sections of the study sites

Sites Sections Annual

plants

Perennia Shrubs

plants plants

Arborescent

X-A
X -B
X -C
X -D

Xin-Shi

5 2

L-A

L-B
L-C
L-D

Liu-Gui

Z-A
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Z-C
Z-D

Zuo-Zhen
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S-B
S-C
S-D

Shan-Lin
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Fig. 2. Dimensionless widths (W-values) of riparian vegetation forms (A, annual plants; B, perennial
plants; C, shrubs; D, arborescent plants) at the stream sections of four study sites.
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Table 3. Dimensionless widths (W-values) of riparian vegetation forms at the four study sites

Study sites Annual plants Perennia plants Shrubs Arborescent plants
Xin-Shi 6-14 6-26 13.5-37.5 37.5-41
Liu-Gui 2-4.5 257 3-55 4.5-6
Zuo-Zhen 2-8 2-11 13.5-14.5 11.5-15
Shan-Lin 1-3 2-3 1.5-35 1.5-35

Note : Six timesindicated in table means that value is six times width of B7s.
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Fig 3. Dimentionless widths (W-values) estimated for the stream sections of four study sites (Xin-Shi, X-
A to X-D; Liu-Gui, L-A to L-D; Shan-Lin, S-A to S-D; Zuo-Zhen, Z-A to Z-D; X-An=Xin-Sui and

annual plants).
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Table 4. Cross-analyses of similarity coefficients among riparian vegetation communities of the 16 study

sections

Sections X-A X-B X-C X-D L-A LB L-C L-D Z-A ZB ZC zZD SA SB SC SD
X-A 1.00

X-B 045 1.00

X-C *0.57 *0.62 1.00

X-D  *0.65 *0.71 *0.82 1.00

L-A 011 004 010 003 1.00

L-B 0.08 0.00 0.7 003 *050 1.00

L-C 003 000 003 000 *059 035 1.00

L-D 017 006 012 011 *052 027 029 100

Z-A 003 007 010 006 012 009 008 014 100

Z-B 004 004 011 006 013 005 009 015 *0.80 1.00

zZ-C 004 000 004 000 014 011 010 012 *067 *057 100

Z-D 003 007 010 006 012 009 008 014 =093 *0.86 *0.60 1.00

SA 0.07 000 0.07 003 030 038 019 020 013 014 016 018 1.00

SB 013 000 004 003 033 025 028 033 009 016 018 014 038 100

SC 010 003 006 003 015 024 016 026 011 012 008 011 040 024 1.00

SD 016 000 012 008 032 021 019 019 017 019 012 018 035 021 021 1.00

Note: *Similarity coefficient >0.5 °

5. AR A “E AR DU PRI a2

Table 5. Similarity coefficients of riparian plant communities among four study sites in the southern

Taiwan
Sites Xin-Shi Liu-Gui Zuo-Zhen Shan-Lin
Xin-Shi 1
Liu-Gui 0.050 1
Zuo-Zhen 0.025 0.039 1
Shan-Lin 0.049 0.120 0.069 1
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Natural Regeneration of the Taiwan Red Pine (Pinus
taiwanensis Hayata) Forest Following the 1990 Wildfire
at Mt. North Hehuan in the Central Taiwan

B
Kwo-Shang L ai
ITHIRREERGRHAEDARRET T SR EREARAE RELR

Endemic Species Research Institute, Chichi, Nantou, Taiwan
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Abstract

After wildfire sufficient sources of seeds that survived and successful emergence of their seedlings
from the ground layer vegetation were two key factors that determined the success of natural
regeneration of the Pinus taiwanensis Hayata forest. We investigated the establishments, densities and
age classes of P. taiwanensis seedlings following the wildfire of 1990 at Mt. North Hehuan, Taiwan. The
seedlings emerged from ground vegetation 3 years after the fire, and the forest regenerated successfully
7-8 years after. Densities of the P. taiwanensis seedlings after 12 years were averaged at 0.127 trees/m?,
and they were dispersed mainly around the mother trees. Seedlings established in the year of the fire and
the year after were, respectively, 14 and 13 years old with dbh of 2 to 10 cm. They occupied about 37%
of the total seedlings.
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Fig. 1. The study area for P. taiwanensis natural regeneration following the 1990 wildfire at Mt. North

Hehuan in the central Taiwan.
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Fig. 2. Natural regeneration process of P. taiwanensis at Mt. North Hehuan following the February 1990
wildfire: (A) scorched upper canopy of P. taiwanensis and burnt down ground vegetation a month after
the fire: (B) ground vegetation recovered 7 months after; (C) seedlings of P. taiwanensis emerged from
the ground vegetation 3 years after; (D) young P. tawanensis from the regenerated seedlings 7 years after;
(E) young trees at 1.5m or taller 8 years after; and (F) seeding of mature trees from the regenerated
seedlings 10 years after.
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Table 1. Densities of P. taiwanensis seedlings at the 10m x 20m dots in relation
to distances to the mother tree at Mt. North Hehuan in 1993 and 1996

Distance from

Seedling density (number/50m?)

mother tree (m) 1993 1996
0-5 99 76
5-10 48 40
10-15 33 17
15-20 16 12
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Table 2. Numbers of seedlings in the dbh classes of P. taiwanensis at the 1-ha dot at Mt. North Hehuan
after the 1990 wildfire

Dbh class (cm) <2 2-4 4-6 6-8 8-10
Seedlings (number/ha) 799 349 101 21 2

Fe3. 518 TER N AR (AR 30 om). & A i B Al SR
Table 3. Tree ring numbers at 30 cm high and predicated ages of the dbh classes of P. taiwanensis
seedlings sampled at Mt. North Hehuan in 2001 (11 years after the wildfire)

Dbh class (cm) Dbh (cm) of sample Number of rings Predicted tree age
seedling (30 cm above ground)*
<2 13 9 11
1.6 10 12
1.9 9 11
2-4 24 11 13
3.1 11 13
4.0 11 13
4-6 4.3 11 13
54 11 13
6.0 11 13
6-8 6.1 11 13
7.0 12 14
7.8 11 13
8-10 8.3 11 13
9.0 11 13

* P, taiwanensis seedlings require two years for growth to reach an average of 30 cm high in the sub-alpine area.
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Geographic Information System Analyses for Landslide
from the 921 Earthquake at Mt. Jiujiufong

IR 7K
Tien-Shui Chen
HEGEEERGRAADTFRRT P o hinlEEo R A %1

Endemic Species Research Institute, Chichi, Nantou, Taiwan

wm %

AN B AR JU LS A A I e &R o {5 R 3R (geographic information system)
e G e PR T B BB S Af » DB REZ I L —— M BB HR AP I o At 9T DU R 6 W 508
ZE20MRBIE R 72 o AT A & - M PR 32 2 300m 22 500mit] 2 I Rl 3T 561.57% » 3 & £ TR DL
- THIFERY 168.34% » BH FLA% % B ENR S8 o (L BAEEE o 3% T A R 2 mAr ik £ -
IR G F R AE L - LR > ES RS o SRR L — R Az R R ER
BB R IBATI R IRAE L > A5 EHER S 2 AT ST NV BB B i PR 2 i > Horp LUK IRFA SR E
IRTHITE A A > 13T 1558.65% ©

FJUTUIEERA S R K 22 (LA TR 50 FEE 400m LA L B33 68 75 btz DA 1 e g 2 111l o I SRER BT Y
IR 0 K 25 B EA00m > 3 R 7S AR % DL THITAR 15 70.10% > R8T Of B [ P sth 24 e [ ot 57 ELIE
g - Fo 5 A > PRI Y B R I FE £5729.36 ha (5 IR B4 i fi 2 60.86% » T (5 it FE 1 HE H E i F
ZT1.11% » Fa /L — R R I o iR B OR B [k i Pt 2 IR IR S - BIE R )
il i 114.52mERL84.79m : {E/FIIHZ AT | > ATl BLOR B 18 2 i Y b s I HE 2t 43 71 2 H138.13%
Ei127.93% » BT 5 8 S i PSR B 5 B 2 i A A YT RERE ©

Abstract

Landslides occurred at Mt. Jiujiufong in the 921 earthquake of Taiwan was analyzed with map data,
using the geographic information system (GIS) and the image processing software. The study area
covered the 8-20th forest compartments in the Puli Working Circle, where 61.57% had elevations of
300m to 500m and 68.34% had the 5th class slopes. The land was covered mainly with thin brown forest
soils and natural forests, of which natural hardwood mixed forests occupied 58.65% of the area prior to



70 FUSUIEE IR B 2 2 M

the earthquake. The landslide areas occupied 33.63% of the total study area, and were located at
elevations mostly above 400m with the 6th class slopes or higher, where the Jiujiufong Nature Reserve
was located. A total area of landslides in the nature reserve was 729.36 ha, occupying 60.86% of the
reserve area and 71.11% of the total landslide areas in the study area. As compared to the non-landslide
areas, the mean elevation of the landslide areas was 114.52m higher for the study area and 84.79m higher
for the reserve area, while the mean slope was 38.13% higher for the study area and 27.93% higher for
the reserve area. The above results indicated that elevation and slope were two major factors associated

with the occurrence of landslides at Mt. Jiujiufong in the 921 earthquake.

BRgEE « HUIHE IR ~ B~ I ~ UL ~ B8

Key words: GIS, landslide, earthquake, Mt. Jiujiufong, Taiwan
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F1. H ISR SR R B A SR SR B 55 (C1H940) 19934 22 20024F- [t N AfL A & KL

Table 1. Monthly and yearly means of precipitation (mm) and numbers of precipitation (days), and

monthly and yearly maximum precipitation (mm) within 24 hours at the Shuangtung Observatory of

Taiwan Central Weather Bureau for 1993 to 2002

Jan. Feb. Mar. Apr. May

Jul. Aug. Sep. Oct. Nov. Dec. VYealy

Precipitation 429 958 923 1380 2871 4531

Number of
precipitation 6.9 91 91 102 135
Maximum
precipitation 63.0 755 815 720 109.0

4334 4675 1738 355 97 305 22592

178 1838 9.6 43 34 47 1141

2035 3740 2765 1120 175 355 3740
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[0 1. LB S L o 5 i ] ] (o € S B R 7 B 8 22 200K BT ©
Fig. 1. A map showing the study area at Mt. Jiujiufong, Taiwan (yellow numbers and lines, 8-20th forest

compartments).
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Table 2. Areas (ha) and cumulative areas (ha) (relative areas, % in parentheses) of

elevation, slope and aspect classes at Mt. Jiujiufong

Areas Cumuletive areas

Elevations (E)

E>>600m 262.36 (8.60) 262.36 (8.60)

500<E=600m 537.74 (17.63) 800.10 (26.23)
400<E=500m 960.83 (31.50) 1,760.93 (57.73)

300<E=400m 917.26 (30.07) 2,678.19 (87.81)

E=300m 371.96 (12.19) 3,050.15 (100.00)
Slopes (S)

7 (S>100%) 728.78 (23.89) 728.78 (23.89)

6 (55<S=100%) 903.25 (29.61) 1,632.02 (53.51)

5 (40<S=55%) 45253 (14.84) 2,084.56 (68.34)
4 (30<<S=40%) 264.86 (8.68) 2,349.42 (77.03)

3 (15<S=30%) 309.37 (10.14) 2,658.79 (87.17)

2 (5<S=15%) 215.99 (7.08) 2,874.78 (94.25)

1 (S=5%) 175.37 (5.75) 3,050.15 (100.00)
Aspects

Flat 0.23 (0.01)

N 331.43 (10.87)

NE 361.99 (11.87)

E 400.77 (13.14)

SE 488.24 (16.01)

S 444,76 (14.58)

S 408.04 (13.38)

wW 304.19 (9.97)

NW 310.51 (10.18)
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Table 3. Relative areas (%) of elevation classes and their cumulative relative areas (% in parentheses) for
the 8-20th forest compartments at Mt. Jiujiufong

Elevation classes

Compartment
E>600m 500<E=600m 400<<E=500m 300<<E=400m E=300m
8 1.02 10.21 45.10 35.89 7.77
(1.02) (11.24) (56.34) (92.23) (100.00)
9 0.82 6.25 41.65 42.90 8.38
(0.82) (7.07) (48.72) (91.62) (100.00)
10 1.00 5.15 33.98 53.67 6.20
(1.00) (6.15) (40.13) (93.81) (100.00)
11 6.53 21.34 31.75 35.99 4.39
(6.53) (27.87) (59.62) (95.61) (100.00)
12 4.18 20.10 37.65 36.80 0.98
(4.18) (24.28) (62.22) (99.02) (100.00)
13 0.17 6.15 28.32 30.71 34.65
(0.17) (6.32) (34.64) (65.35) (100.00)
14 0.00 3.80 21.23 38.13 36.84
(0.00) (3.80) (25.04) (63.17) (100.00)
15 17.61 25.32 24.54 20.36 12.16
(17.61) (42.94) (67.48) (87.84) (100.00)
16 6.10 21.44 26.22 22.89 23.34
(6.10) (27.54) (53.77) (76.66) (100.00)
17 17.54 20.78 22.53 24.79 14.37
(17.54) (38.32) (60.84) (85.63) (100.00)
18 22.80 26.99 23.66 20.19 6.36
(22.80) (49.80) (73.45) (93.64) (100.00)
19 11.68 27.87 29.06 26.18 5.21
(11.68) (39.55) (68.61) (94.79) (100.00)
20 5.63 20.59 49.91 23.73 0.15

(5.63) (26.22) (76.12) (99.85) (100.00)
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Table 4. Relative areas (%) of slope classes and their cumulative relative areas (% in parentheses) for the
8-20th forest compartments at Mt. Jiujiufong

Slope classes

7(S100%)  6(55<S=100%) 5(40<S=55%) 4(30<S<40%) 3(15<S<30%) 25<S<15%)  1(S=5%)

Compartment

8 17.16 34.34 18.27 9.34 7.74 6.39 6.76
(17.16) (51.50) (69.77) (79.11) (86.86) (93.24)  (100.00)

9 18.87 26.39 18.46 11.10 11.93 7.34 5.91
(18.87) (45.26) (63.72) (74.83) (86.75) (94.09)  (100.00)

10 22.18 37.34 16.51 7.12 6.67 6.05 414
(22.18) (59.52) (76.02) (83.14) (89.81) (95.86)  (100.00)

1 15.59 28.95 19.10 10.85 10.51 7.79 7.21
(15.59) (44.55) (63.65)  (74.50) (85.00) (92.79)  (100.00)

12 25.97 32.99 14.81 7.31 7.75 6.26 491
(25.97) (58.96) (73.76) (81.07) (88.82) (95.08)  (100.00)

13 16.51 27.19 15.99 9.94 14.82 10.40 5.75
(16.51) (43.70) (59.69) (69.63) (83.85) (94.25) (100.00)

14 30.74 28.77 9.34 6.73 11.70 8.58 415
(30.74) (59.51) (68.85) (75.58) (87.28) (95.86)  (100.00)

15 4211 22.93 8.80 5.33 8.63 6.29 5.91
(42.11) (65.04) (73.84) (79.18) (87.81) (94.09)  (100.00)

16 16.95 21.09 13.64 9.76 16.13 7.89 454
(16.95) (48.03) (61.68) (71.44) (87.57) (95.46)  (100.00)

17 29.13 30.93 13.67 7.64 7.97 6.53 413
(29.13) (60.06) (73.73) (81.37) (89.35) (95.87)  (100.00)

18 29.11 33.96 10.46 6.02 7.23 6.62 6.59
(29.11) (63.08) (73.54) (79.56) (89.78) (93.41)  (100.00)

19 23.69 29.53 14.79 9.86 10.71 5.37 6.05
(23.69) (53.22) (68.01) (77.87) (88.58) (93.95) (100.00)

20 194 21.97 27.26 18.13 16.79 7.28 6.63
(1.94) (23.91) (51.17) (69.29) (86.09) (93.36)  (100.00)
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Table 5. Relative areas (%) of aspect classes for the 8-20th forest compartments at Mt. Jiujiufong

Compartment Flat N NE E SE S SW W NwW

8 0.04 14.03 11.53 8.48 9.28 10.88 14.71 15.39 15.65
9 0.02 14.98 22.05 22.97 10.86 271 4.63 8.38 1341
10 0.00 9.36 8.04 4.28 9.16 14.92 23.78 18.02 12.44
11 0.02 14.91 9.98 4.31 11.05 14.36 19.33 12.68 13.35
12 0.00 19.78 11.60 4.56 3.50 11.03 17.58 13.85 18.09
13 0.00 8.27 6.21 10.98 14.98 18.89 19.14 10.66 10.88
14 0.00 6.17 12.70 14.81 16.94 24.94 11.60 6.99 5.85
15 0.00 6.49 7.50 10.79 18.53 18.38 14.24 11.66 12.41
16 0.00 4.30 11.62 18.52 25.42 20.31 12.78 5.08 1.97
17 0.00 18.39 20.45 17.63 18.30 6.30 311 4.50 11.32
18 0.00 10.80 14.48 18.56 21.21 15.76 9.52 6.45 3.23
19 0.00 9.87 17.65 23.51 20.13 15.68 5.89 2.30 4.97
20 0.00 2.96 8.11 22.40 30.57 12.57 14.34 7.41 1.65

B B[] (>18%)/H % -

T~ R EA

el 2 1 R RS DR 2 PR G R AR 1
%4 545 1,903.86 ha(#6) » HFEMHIFEZ
62.42% > EEMERR R T ~ FF2MEE AR @
B S g M E LIS 5 10% A4 0 R
S FEIEITE 55.99% © FREG200KHESL - BRIKEEES
3 349% 1 1 13 2 AR LR MR 1 (32 7) » H
HhES SR IR HZ AR (AR AR T~ B AR R
A~ Gz MEE R R LS U3t o BB
OB 10FRFI A0 F5 ff a1 A (o AR R - B g5 RE 1 55
FREOARMR T - BB 11BL 1A DL S R 2 M AR (D
Fbk L 13 18I B SR ERE AR
Mt H S EREEAE L 19T S R
TR AR T BLE I MR AR R AR 1 > BE 208K
PEZ B E AR R L S 16 BEH
34.57%[HEFEAR /3 EH o FFREHMR T 2R T
BHiss o HKRE > SEEERY - 2B

TEME B CE 2 I BRI > UL M R
A2 57 3 RAF ZFEZEM > B8R &
FEEAE L TR RS A EALE
R T TIEEE IR Sn i
75% » HEOK ~ @S RAF 0 2 # LS I E RENE
P77 - IR NI E - 5 B R G
1995) > fiff 5l 1 25 15 PR B A 39.26% [HIFE £ A1
Bt e

+ 55 DL+ 1) 3.2 2,233.87 hat k(57
6) » [5HEH fE .2 73.24% » 11 4/59.68% »
T AR 55 11.09% » BH L ILIEED I e
o 2 ERTE T MRAERZIR - B
MPEZ T R = B E R > HiEEe ~ 9 ~ 10fk
PEELRE T A 38 1 Ik 4(5R8) - 511~ 12~
19 ~ 20PRHE B 5 1 1A 3 » 137 18hR T - 2L
B R3-SR0 LIRS -

= ~ BHIR] A AIRE
B (1992) 5 Hi FUS Ul s I AR AR E S0 AT
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Table 6. Areas (ha) and relative areas (%) of soil types, soil classes, and land cover types at Mt.

Jiujiufong
Areas Relative areas
Soil types
Slightly dry brown forest soils 1,903.86 62.42
Moist brown forest soils 330.01 10.82
Low-dry yellowish brown forest soils 295.28 9.68
Wet lithic soils 338.21 11.09
Unclassified 182.78 5.99
Soil classes
11 2,233.87 73.24
v 295.28 9.68
\Y% 338.21 11.09
Unclassified 182.78 5.99
Land cover types
Natural hardwood mixed forest 1,788.80 58.65
Natural conifer-hardwood mixed forest 353.08 11.58
Natural bamboo-hardwood mixed forest 140.11 4.59
Natural grasses 86.90 2.85
Planted bamboo-hardwood mixed forest 66.60 2.18
Orchard 210.54 6.90
Betelnut 91.12 2.99
River bed 64.86 2.13
Other land 65.36 214
Unclassified 182.78 5.99

FUZ A AL E Rtz T8 - £
AR 450mZE 780m - BHLifGHA 5 & 5k 7 (v 3lf;
HEREZ RS - TR 250mZE 450mith [ 452 iE
W 2 B RS 2 WA SR AR R o AN ST
[ JL = — AU AT 2 £ R R AR A 75
JEE R 2650 » KGR 53 TSR AT) £ R IRAE 1%
(E12) » A FGrBRIE I LA Ve B 7
BRRAR Z B > Ho i DU IR A BE R 1B AR T A A
K » 4 1,788.80 ha(% 6) » 5 f8 i f& <

58.65% *» H X FE RN BERI TR E AL - AR
£ 353.08 ha (1511.56%) ~ S [H & 210.54
ha (116.90%) ~ 7T FAREZERIE MR fH 5 206.71
ha (156.77%) » A3 FHIH 4 15.99% © 258712
AR B 25 14728 17AR BT K SR R SE R VB AR 2 T
BHRA59%(F9) » H 1 10 BT R IRFASE IR
VA AR 2 THAE 53 90.50% » 55 18EHL 19K HE LI K
IR EERABEIRVE MR A B K > RT3 66% »
HRFS RIRRABEREM » B85 200KBEHIDUR
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Table 7. Relative areas (%) of soil types for the 8-20th forest compartments at Mt. Jiujiufong

Slightly dry ) Low-dry o
Compartment brown forest Moist bro-wn yellowish wet I-|th|c Unclassified
soils forest soils brown forest soils soils
34.55 27.76 37.01 0.00 0.67

9 36.51 0.00 63.14 0.00 0.35
10 54.61 0.00 43.42 0.00 1.97
11 95.82 0.00 0.00 0.00 4.18
12 93.88 0.00 0.00 0.00 6.12
13 75.48 0.00 0.00 7.78 16.73
14 70.34 0.00 0.00 20.52 9.14
15 58.82 0.00 0.00 39.26 1.92
16 46.74 0.00 0.00 18.69 34.57
17 84.99 0.00 0.00 8.67 6.34
18 82.84 0.00 0.00 16.72 0.35
19 57.20 41.79 0.00 0.00 1.01
20 3.53 96.01 0.00 0.00 0.46

#8. LU 55 875 20K IE - SRR AH S T At

Table 8. Relative areas (%) of soil classes for the 8-20th forest compartments at Mt. Jiujiufong

Compartment ClasslII Class IV ClassV Unclassified

8 6.31 37.01 0.00 0.67
9 36.51 63.14 0.00 0.35
10 54.61 43.42 0.00 1.97
11 95.82 0.00 0.00 4.18
12 93.88 0.00 0.00 6.12
13 75.48 0.00 7.78 16.73
14 70.34 0.00 20.52 9.14
15 58.82 0.00 39.26 1.92
16 46.74 0.00 18.69 34.57
17 84.99 0.00 8.67 6.34
18 82.93 0.00 16.72 0.35
19 98.99 0.00 0.00 1.01
20 99.54 0.00 0.00 0.46
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Fig. 2. Land cover types at Mt. Jiujiufong prior to the 921 earthquake.

T fE % A (551.13%) » KRR ZE R B MR IE 2
19.48% » FEHEAIT 1365k MAE H Y i FHE 5
FAFHZETEAE » 026 L6MRIE G 34.57%IH FE A 47
@ °

9 ~ FAERTE D

WIS RS o) Hi b T A R R PR A E T - 3
FHERSE I BS 82 20K UL AR i SR I 55 1,025.68
ha(3210) » 5 #E 8~ 33.63% » H A1 LI 150
Pt 2 275.84 halx K - 5 & 51 8 0 fE 2
26.89% > H X 355180 FE 2~ 128.35 ha(i5
12.51%) B 251743 2 106.97 ha((510.43%) °
LIZE 20K ¥E.29.78 ha(150.95%) /)N ° & hk
PEFH & B SR AR TS T > IR LLEE AR BE

61.70%IMH f& A S Fs i e > 5512 ~ 17 ~ 188219
ARBIE Hr 27 1 A B A 38 40% - 11 55 204K BT A 27
R - {5 55.85% ©

F HA T 4k = BT i 400m L _E B g i
f&45866.12 ha(3£11) - 584.44% » (& &
J& o3 BB FE AR SR TR G T - DU 600m A
86.72% [ 1 H 3 f B e HL X F%500m 22 600m
F81.2.60.82% ° #K%5(2001) 73 K7 il 5 AR B [ o7
J A I R (95 JEE >55%0) Y o5 2 S A 5 1 FE 2
61% o AHFFE(HE ST S B 5 2 55828 20/ HE
KEt o AR R B LIAT R E AR 2 H A
505.18 hafffx K » 8 Hi i i1 2 49.25% >
R 7SR 2 THIFEH 297.47 ha(1529.00%)
W& AaT578.25% - BT BRER S B8 A A
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Table 9. Relative areas (%) of land cover types for the 8-20th forest compartments at Mt. Jiujiufong

Compartment  Natural Natural Natural Natural Planted  Orchard Betelnut River Other Unclassified
hardwood conifer- bamboo- grasses  bamboo- bed land

mixed hardwood hardwood hardwood

forest mixed forest mixed forest mixed forest
8 73.79 0.00 7.57 4.37 0.00 5.46 6.18 024 173 0.67
9 77.59 0.04 0.00 7.00 0.00 4.88 7.85 146 0.82 0.35
10 90.50 0.12 0.00 6.55 0.00 0.81 0.03 0.00 0.02 1.97
11 59.28 0.60 23.86 0.03 0.00 9.99 0.63 1.04 0.37 4.18
12 79.28 0.11 5.95 0.33 0.00 2.94 0.51 1.35 3.40 6.12
13 47.59 0.00 0.00 0.25 0.87 12.01 531 089 835 16.73
14 67.40 0.00 10.89 0.22 0.00 3.90 1.74 214 458 9.14
15 78.38 0.00 0.11 9.47 0.00 1.10 2,95 396 2.09 1.92
16 60.30 0.00 0.00 0.43 0.48 0.20 1.21 281 0.00 34.57
17 70.65 0.12 0.00 1.35 18.70 0.23 0.42 219 0.00 6.34
18 9.61 79.01 0.00 0.78 0.00 331 1.27 5.67 0.00 0.35
19 17.84 66.70 0.00 0.00 0.00 8.58 3.65 221 0.00 1.01
20 19.48 0.18 14.25 0.00 0.00 51.31 6.82 0.66 7.02 0.46

210, JUJ LI IR 55 878 20K BT i A T 7
Table 10. Areas (ha) and landslide areas (ha) of the 8-20th forest compartments at Mt. Jiujiufong

Compartment Areas Landsilde areas Relative landsilde areas

(A) (B) B/T (%) B/A (%)

381.62 40.24 3.92 10.54

142.69 22.87 2.23 16.03

10 147.27 33.43 3.26 22.70
11 239.69 61.34 5.98 25.59
12 213.17 85.69 8.35 40.20
13 253.21 92.41 9.01 36.49
14 156.27 44.22 431 28.30
15 447.07 275.84 26.89 61.70
16 203.80 54.66 5.33 26.82
17 230.82 106.97 10.43 46.34
18 316.08 128.35 1251 40.61
19 151.19 69.89 6.81 46.23
20 167.27 9.78 0.95 5.85

Total 3050.15 1025.68 (T) 100.00 -
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Table 11. Landslide areas (ha) (relative landslide areas (%, landslide areas/each class area) in

parentheses) and cumulative landslide areas (ha) of elevation, slope and aspect classes at Mt. Jiujiufong

Landsilde areas

Cumulative landsilde areas

Elevations (E)
E>600m 227.52 (86.72) 227.52
500<<E=600m 327.08 (60.82) 554.59
400<<E=500m 311.53 (32.42) 866.12
300<<E=400m 133.12 (14.51) 999.24
E=300m 26.44 (7.11) 1025.68
Slopes (S)
7 (S>100%) 505.18 (69.32) 505.18
6 (55<<S=100%) 297.47 (32.93) 802.65
5 (40<<S=55%) 74.56 (16.48) 877.20
4 (30<< S=40%) 36.18 (13.66) 877.20
3 (15<S=30%) 46.03 (14.88) 959.42
2 (5<S=15%) 41.28 (19.11) 1000.70
1(S=5%) 24.98 (14.24) 1025.68
Aspects
Flat 0.06 (26.60)
N 135.46 (40.87)
NE 115.22 (31.83)
E 105.96 (26.44)
SE 148.33 (30.38)
S 141.36 (31.78)
sSw 132.62 (32.50)
wW 109.35 (35.95)
NW 137.32 (44.23)

YR o T A% P 3R FH T B SR T AR S T DA
AR I A 69.32% i FE B 4R S B 15 > FLR SN
Wbl 2 32.93% o HiE 1 ok DL B ¥ 71,2 148.33
ha( 5 14.46%) 11K » 1125 32 11 7R RH ST A 2 1
FEIEF » LLPEALA 2 44.23% k2 AL 171 2 40.87%
LN

H~ TSI B IR R R

JUILIEE B IR B AR BB RS o) AR AR 2
fERCHE 2 A FE 55 1,198.4466 ha » 1ffi FHAK/NFIE &
EEt 2 HE£%1,199.2138 ha > JERS & 20 ik
IRE [ EEAS R P B o H PR ER B 1 N T 4 & B2
400mpL FHiFE &35 1,041.42 ha(3%12) @ 5{%
B T FE 2. 86.84% 0 HeoomLL i fE A

{
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Table 12. Areas (ha) and cumulative areas (ha) (relative areas, % in parentheses) of elevation, slope and

aspect classesin the Jiujiufong Nature Reserve

Areas Cumulative areas

Elevations (E)

E>600m 248.67 (20.74) 248.67 (20.74)

500< E=600m 409.03 (34.11) 657.71 (54.85)

400<E=500m 383.71 (32.00) 1,041.42 (86.84)

300<<E=400m 134.41 (11.21) 1,175.83 (98.05)

E=300m 23.38 (1.95) 1,199.21 (100.00)
Slopes (S)

7 (S>100%) 466.64 (38.91) 466.64 (38.91)

6 (55<<S=100%) 373.96 (31.18) 840.60 (70.10)

5 (40<<S=55%) 118.59 (9.89) 959.19 (79.98)

4 (30<S=40%) 60.55 (5.05) 1,019.74 (85.03)

3 (15<S=30%) 72.80 (6.07) 1,092.54 (91.10)

2 (6<S=15%) 61.83 (5.16) 1,154.36 (96.26)

1 (S=5%) 44.85 (3.74) 1,199.21 (100.00)
Aspects

Flat 0.06 (0.00)

N 144.46 (12.05)

NE 134.64 (11.23)

E 129.80 (10.82)

SE 180.31 (15.04)

S 179.37 (14.96)

SW 159.96 (13.34)

w 131.52 (10.97)

NW 139.10 (11.60)

248.67 ha(520.74%) - [f[i400mLL T 1 & 1%
157.79 (134.41+23.38) ha* {#/513.16 (11.21+
1.95)% > HE < H SR 1w b > Hog s
JUS LI B 5 2 1L o

(REE T P8 i — VYR Y 2 TRIFE A a T
£%240.03 ha(7%12) - (5 {841 HifE 2 20.02% »
TR b T FE 4 118.59 ha(159.89%) » 7Sl LA

I THIFE 573 840.60 ha(r570.10%) » B/~ R [
P ZA ST A1 ENE - 25 53 R 82 1L Id B 8
W o BRI P £ e 1 AT o AR AR RN
K> Hrp DR A2 THiFE 180.31 ha( 15 15.04%)
R HRE R M1179.37 ha( 5 14.96%) °

TR 1 R DU Rz PR AR bk 1
B MifE15989.39 ha(#13) » i {84 1 i f
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Table 13. Areas (ha) and relative areas (%) of soil types, soil classes, and land cover types in the

Jivjiufong Nature Reserve

Areas Relative areas
Soil types
Slightly dry brown forest soils 989.39 82.56
Moist brown forest soils 26.31 2.20
Low-dry yellowish brown forest soils 0.58 0.05
Wet lithic soils 174.42 14.55
Unclassified 7.74 0.65
Soil classes
Il 1,015.71 84.75
v 0.58 0.05
\Y% 174.42 14.55
Unclassified 7.74 0.65
Land cover types
Natural hardwood mixed forest 790.73 65.98
Natural conifer-hardwood mixed forest 281.83 23.52
Natural bamboo-hardwood mixed forest 26.36 2.20
Natural grasses 47.37 3.95
Planted bamboo-hardwood mixed forest 0.98 0.08
Orchard 9.17 0.77
Betelnut 6.64 0.55
River bed 13.49 1.13
Others 14.14 1.18
Unclassified 7.74 0.65

Z.82.56% ° A E L HEEG 174.42 ha(h
14.55%) » R/ AMITEG7.74 ha(150.65%) ° 1
HE oy DL+ B8 3.2.1,015.71 hafix K 0
84.75% > + I # 51 & H 174.42 ha(h
14.55%) °

PRI L —— R EE AT 3 A JE A
RIS B E B E 1550 - Hop DI IRRA%E
RIEMZ 790.73 haie R(F13) » G- BY 1 i
Z.65.98% > H X5 R IRGTHE RE B2 8 VB ko2

281.83 ha(1523.52%) > FIREEHIA7.37 ha(h
3.95%) * AR FHMEFEA7.74 ha(50.65%) ©

R A H R T8 5% 729.36 ha >
{R G T T2 60.86% » 111 i 25 822 20/ K AR AR
BAIAITE 2 71.11% » BEURE AR L —HE
FLRRSRIE I o

AN~ SRR B R i bt P
JUILIE R F2 B 2 75 22 v 0 v 52 i 4 it
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PRV AR 57 JEE B 3 P B 3 7 2 A R
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FUIUIEERFFE [ (55 828 200K BIE) ¥ 0 155 2 £
£100mZE800m.Z[H] » FHH1{i/ > 300mZE500m
2 T FE AT 5 61.57% » S S % AR DL E
T FEAY 568.34% - HHLEZIE 2% B bEIR R 82
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Table 14. Comparison of elevations and slopes between landslide and non-landslide areas at Mt.

Jiujiufong (8-20th compartments combined) and the Jiujiufong Nature Reserve

Mt. Jiujiufong

Jivjiufong Nature Reserve

Landslide Non-landslide Landslide Non-landslide

Elevation

Minimum 137.36 135.00 212.36 198.84

Maximum 777.82 751.62 777.82 751.62

Mean 502.47 387.94 544.21 459.42
Slope (%)

Minimum 0.00 0.00 0.00 0.00

Maximum 180.00 171.00 180.00 170.00

Mean 91.92 53.78 93.54 65.61
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Table 15. Comparison of soil types, soil classes, and land cover types between landslide and non-

landslide areas at Mt. Jiujiufong (8-20th compartments combined) and the Jiujiufong Nature Reserve

Mt. Jiujiufong

Jiujiufong Nature Reserve

Landslide Non-landslide Landslide Non-landslide
Sail types
Slightly dry brown forest soils 43.13 56.87 63.29 36.71
Moist brown forest soils 8.62 91.38 44.35 55.65
Low-dry yellowish brown forest soils 18.74 81.26 0.00 100.00
Wet lithic soils 33.52 66.48 51.44 48.56
Unclassified 4.05 95.95 22.80 77.20
Soil classes
11 38.03 61.97 62.80 37.20
v 18.74 81.26 0.00 100.00
Y, 33.52 66.48 51.44 48.56
Unclassified 4.05 95.95 22.80 77.20
Land cover types
Natural hardwood mixed forest 40.54 59.46 63.83 36.17
Natural conifer-hardwood mixed forest 50.77 49.23 60.23 39.77
Natural bamboo-hardwood mixed forest 15.15 84.85 16.55 83.45
Natural grasses 67.24 32.76 90.99 9.01
Planted bamboo-hardwood mixed forest 20.69 79.31 0.00 100.00
Orchard 4.13 95.87 10.01 89.99
Betelnut 1.36 98.64 5.40 94.60
River bed 3.00 97.00 11.65 88.35
Other land 13.09 86.91 20.17 79.77
Unclassified 4.05 95.95 22.80 77.20

B W PR 5 R 22 1B 38 400m > 3 5 7SR
I DL b T RS 15 70.10% > 88T (R B 1 9 Hi 2
St E BB - F 5 o CREE 1 P B
[} 78 £% 729.36 ha> #J 5 £/ & & 1A i 2
60.86% - [f 5 25 82 20 MR B K& He 33 1 F 2
71.11% > £ L —HFE AR AR, o
JUTLIEE R 21 2 A 23 HAL e P A S Mt
JE A Bl 114.52m » CREE TR P9 R B2 R

YR B A B 1 1 84.79m - TSR
I ¥ B R R R i JE R R 2o i
38.13% » {15 PY AR Bt 2 7R S A i L
JERA BRI 2 H127.93% » BETRIREIR 5 S B 3
B B R 3 B 2 i R A U RHRR o AT
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Abstract

The genus Lepidium comprises about 220 species and is one of the largest genera of the family
Brassicaceae. In Taiwan Lepidium virginicum L. has been recorded in the second edition of Flora of
Taiwan. In our recent botanical survey, Lepidium bonariense L., another newly naturalized species was
found in seaside wastelands of the central Taiwan. This paper provides a brief description of L.
bonariense with photographs, distribution and a key to distinguish it from the congeneric L. virginicumin

Taiwan.
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Fig. 1. Habitat of Lepidium bonariense L. in Taiwan.
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l&l2. FE 3E 81 728 2 AR (A, Hsu 10816) B 5E f7(B, Hsu 10708) °
Fig. 2. Habit (A, Hsu 10816) and infructescence (B, Hsu 10708) of Lepidium bonariense L.
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Fig. 3. Lepidium bonariense L. (A, habit; B, leaf; C, infructescence; D, silicle,
one valve removed to show a seed; E, seeds).
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Occurrence of the Earthworm Amynthas carnosus (Goto
and Hatai, 1899) in the Northern Taiwan

& & 42 &k A2 2 B Amynthas carnosus (Goto and
Hatai, 1899)
Huei-Ping Shen, Su-Chen Tsai, Chu-Fa Tsal and Jiun-Hong Chen
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?Institute of Zool ogy, National Taiwan University, Taipei, Taiwan

YTHR R AR BB AN RRE Poo B R EMR A R
LRI R & 2T 4S5 09 B3R

Abstract

This paper describes the megascolecid earthworm Amynthas carnosus (Goto and Hatai, 1899) as a
new record from the northern Taiwan. It is a large, octothecal earthworm belonging to the corticis-group
of the genus Amynthas Sims and Easton, 1972, and widely distributed also in China, Korea and Japan.
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I ntroduction

Goto and Hatai (1899) described
Perichaeta carnosa based on two specimens
collected from Tokyo, Japan. It is 143-153 mm
in length, 5-8 mm in width, and 106-126 in
segment number. It was described with three
pairs of spermathecal pores in 5/6-7/8, but three
pairs of spermathecae in VII, VIII and I1X, an
unusual arrangement for earthworms and
possibly an erroneous description. It has one
postsetal papilla medial to each male pore, and
paired presetal genital papillae on VII, VIII,
XVIII, and XIX. Prostate glands are large in
XVI-XX, and a large, round, granular accessory
gland corresponds to each genital papilla around
male pore. According to the key provided by
Sims and Easton (1972) for species of the genus
Amynthas of the family Megascolecidae, it
belongs to the gracilis (= hawayanus) species-
group. Easton (1981) adopted the original
description of Amynthas carnosus (Goto and
Hatai, 1899) as having three pairs of
spermathecal pores in 5/6-7/8, and considered it
to be synonymous to Amynthas gracilis
(Kinberg, 1867).

According to Kobayashi (1936) and
Ohfuchi (1937), there are four pairs of
spermathecal pores in 5/6-8/9 and four pairs of
spermathecae in VI-1X for A. carnosus.
Therefore, A. carnosus should be placed within
the corticis-group. In addition, the preclitellar
genital papillae are on segment VIII and IX
instead of VII and VIII as in the original
description (Goto and Hatai 1899). Kobayashi
(1936) examined a total of 204 specimens from
Korea for individual variations on body length,
diameter, segment number, setal number, and

Earthworm A. carnosus form Taiwan

number and position of genital papillae, and
concluded that Pheretima pingi (Stephenson,
1925) from central China (Chen 1933), and
Pheretima kyamikia (Kobayashi, 1934) from
Korea are synonymous to A. carnosus. Also,
Shen et al. (2003) considered Amynthas
sangyeoli described by Hong and James (2001)
from Korea to be synonymous to A. carnosus.
Accordingly, A. carnosus is widely distributed in
China, Korea, Japan, and Quelpart Island
(Kobayashi 1936, 1938).

A. carnosus is a peregrine earthworm, and
number and arrangement of its genital papillae
are highly variable (Michaelsen 1931). Its paired
presetal papillae on VIII, IX, XVIII, and XIX are
either latero-ventral or medio-ventral
(Stephenson 1931; Chen 1933; Kobayashi 1936).
A considerable number of specimens from the
central Korea lack genital papillae on both pre-
and post-clitellar regions, and great reduction in
the number of genital papillae of the Korean
specimens is distinct when compared with the
Chinese specimens of which papillae are rarely
absent (Kobayashi 1936). According to
Kobayashi (1936) its seminal vesicles are also
variable in size, shape and texture. In addition,
Kobayashi (1936) found two specimens with
three pairs of spermathecal poresin 6/7-8/9.

Gates (1972) considered that A. carnosus is
possibly conspecific to Megascolex diffringens
Baird, 1869 (= Amynthas corticis (Kinberg,
1867)) which also has four pairs of spermathecae
in VI-1X. A. corticis has variable papillae
arrangement around male pore area, and there
are individuals with the papillae arrangement
same as that of A. carnosus. However, A. corticis
is much thinner and smaller with body length 45-
170 mm long and diameter 3-6 mm wide (Gates
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1972), and has lower setal number, 26-46 in V11|
and 39-54 in XX (Gates 1972), than A. carnosus.
A. corticis has deformed or degenerated
spermathecae, and its prostate gland is vestigial
or absent.

The following description is based on 23
preserved specimens deposited at the Endemic
Species Research Institute, Chichi, Nantou,

Taiwan.

Amynthas carnosus
(Goto and Hatai, 1899)

Perichaeta carnosa Goto and Hatai, 1899: 15.

Pheretima carnosa — Michaelsen, 1900: 260. —
Kobayashi, 1936: 115; 1938: 161. —
Ohfuchi, 1937: 56.

Pheretima pingi Stephenson, 1925: 891. —
Stephenson, 1931: 55. — Michaelsen,
1931: 11. — Chen, 1933: 228. — Gates,
1935: 14.

Pheretima kyamikia Kobayashi, 1934: 1.

Amynthas carnosus — Sims and Easton, 1972:
235.

Amynthas gracilis — Easton, 1981: 50 (part).

Amynthas sangyeoli Hong and James, 2001: 271.

M aterials examined. — Two mature
(clitellate) specimens collected from Tunghou,
Hsiaoi Village, Wulai, Taipei County, Taiwan on
24 Nov. 2001 by C. H. Chang; 18 mature
specimens collected along Rt. 192 near
Hsiaochaochi, llan County, Taiwan on 18 May
2002 by I. H. Chen, W. C. Chih, S. C. Chuang,
and C. H. Chang; one mature (clitellate) and two
immature (aclitellate) specimens collected along
Rt. 33-1 about 2 km southwest to Meihua Lake

in west Tungshan Hsiang, Ilan County, Taiwan
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on 21 July 2002 by I. H. Chen and C. P. Lai.

Description. — Length (mature) 130-240
mm, weight 3.11-7.46g. Segment number 76-
146. Prostomium epilobous. First dorsal pore
11/12 or 12/13. Three annulets per segment in
VI1I-XI111. Setal number 42-51 in VII, 54-73 in
XX, 12-15 between male pores in XVIII.
Clitellum XIV-XVI, setae absent, dorsal pores
absent, 3.65-5.99 mm in length, 5.99-8.25 mm in
width. Spermathecal pores four pairs in 5/6-8/9
(Fig. 1A), ventrolateral, buried deep in
intersegmental furrow; distance between the
paired pores 0.26-0.27 body circumferences
ventrally apart; each pore with a posterior papilla
medial to it. One or two papillae placed further
ventral to each spermathecal pore, one anterior
to the intersegmental furrow and the other
posterior, the posterior papilla often buried deep
in intersegmental furrow. Each papilla small,
round, 0.2-0.3 mm in diameter. Female pore
single, medio-ventral in XIV. Male porophores
paired in XVIII, about 0.27 body circumferences
ventrally apart, each with a whitish spot in the
center or with a shallow transverse slit
(depression) at the middle (Fig. 1B). One
presetal and one postsetal papillae medial to each
male pore, the latter closer to male pore. Each
papilla 0.3-0.5 mm in diameter, round with a
white center. The whole male area surrounded by
two or three circular folds. Preserved specimens
brown on dorsum, greyish on ventrum, slightly
whitish around setal rings, and dark brown
around clitellum.

Septa 5/6-7/8 and 10/11-13/14 thickened,
8/9 membranous, 9/10 absent. Gizzard large in
IX-X. Intestine enlarged from XVI. Intestinal
caeca paired in XXVII-XXIV, simple with a
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white distal end. Esophageal hearts XI-XII1.
Meronephridia bush-like mass in intersegmental
spaces anterior to 6/7. Spermathecae four pairs
in VI-1X (Fig. 1C). Ampulla oval, large, surface
wrinkled, 3.45-4.45 mm long, 2.38-2.7 mm
wide, with a long, stout stalk 0.7-1.65 mm in
length. Diverticulum with a long, slender stalk

Earthworm A. carnosus form Taiwan

1.1-2.0 mm in length and an elongated seminal
chamber 1.5-2.35 mm in length with a whiter
distal end. Accessory glands round or slightly
lobed, sessile or stalked, total length 0.4-0.86
mm, corresponding to external genital papillae.
Holandry: testis sacs paired in X and XI,
round, smooth, second pair larger. Seminal

VI

VIII

IX

Fig. 1. Amynthas carnosus (Goto and Hatai): (A) ventral view of preclitellar region (sp, spermathecal
pore; gp, genital papilla), (B) ventral view of clitellum and male pore region (fp, female porophore; mp,
male pore), (C) dorsal view of right spermathecae (amp, ampulla; dv, diverticulum; ag, accessory gland),

and (D) dorsal view of |eft prostate gland (pg).
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vesicles paired in X1 and XII, large, smooth,
yellowish, posterior pair larger, each with a
large, round dorsal lobe with a granulated
surface. Prostate glands paired in XVIII, large,
lobed, follicular, extending anteriorly to XVI and
posteriorly to XX (Fig. 1D). Prostatic duct large,
U-shaped, enlarged at distal half. Accessory
glands round, sessile, about 0.45 mm long,
corresponding to each genital papilla around
male pore.
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