B A PIEE 5(2) + 1-13, 2003 1

BALERAESELE SRS
AW R ZAR

Biodiversity of the True Slime Molds (Myxomycetes) at
Mt. Shamao of the Yangmingshan National Park
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Abstract

A monthly survey was conducted to investigate the true slime molds (Myxomycetes) at Mt. Shamao
of the Yangmingshan National Park from August 2000 to August 2001. A total of 41 specices and three
varieties were identified from 243 specimens collected from the field or cultivated by the moist-chamber
technique. Lamproderma scintillans (Berk. & Br.) Morgan, Diderma hemisphaericum (Bull.) Hornem,
and Diderma effusum var. effusum (Schw.) Morgan were the dominant species. Lamproder ma muscorum
(Lév.) Hagelst. and Physarum laevisporum Agnihothrudu were found to be the new records to Taiwan,
while Craterium leucocephalum var. sessile Liu, Huang & Chang was a new variety.
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Table 1. Taxa, substrates, and monthly occurrences at Mt. Shamao of the Yangmingshan National Park,
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August 2000 to August 2001
Taxa Substrate Month of occurrence*
Arcyria cinerea dead wood 4, 6-8, 10, 11
R EEEES)
Arcyria minuta dead wood 7
AN e
Ceratiomyxa fruticulosa var. fruticulosa dead wood 4
TR TR B 7 4 A A
Clastoder ma debaryanum var. debryanum fallen leaves of 1,3
T8 12 ok R AR 4 S8 il Liquidambar formosana
and other leaf litter
Collaria elegans var. elegans dead wood 2
I I P Rl B K 4 A T
Collarialurida leaf litter 1,3
EREIH B RN
Collaria rubens fallen leaves of 3
LA R Liguidambar formosana
Craterium aureum fallen leaves of 2,4,9-11
M AL Liquidambar formosana
and other leaf litter
Craterium leucocephalum var. leucocephalum leaf litter 10
P HE SRl e AR 4 AR A
Craterium leucocephalum var. scyphoides fallen leaves of 8
] BE S ARG R A AR 2 e Liquidambar formosana,
Cinnamomum camphora
and other leaf litter
Craterium leucocephalum var. sessile leaf litter 9
F1 B ST 0 o S AP A
Craterium minutum leaf litter 10
TR PR RE
Cribraria aurantiaca dead wood 8
e e
Cribraria confusa dead wood 4,10
RREHBERGA
Cribraria microcarpa dead wood 4,8, 10
AN iiE e
Diachea leucopodia leaf litter 1,3,5,8,11, 12
SEAESES]
Diachea subsessiles fallen leaves of 3,8, 10
ARG Liquidambar formosana
and Crinum asiaticum
Diderma effusum var. effusum fallen leaves of 1-9, 10
FATZ 7 Rk T A 4 A Liquidambar formosana
and other leaf litter
Diderma hemisphaericum fallen leaves of 1-8
> [E % Bz RE B Liguidambar formosana
and other leaf litter
Diderma platycar pum var. berkeleyanum bark and fallen leaves of 7,8

TR 7 208 PR A e A A A

Liquidambar formosana
and other leaf litter
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Taxa

Substrate

Month of occurrence *

Diderma testaceum
3L R R R
Didymiumiridis

5 5 RE

Didymium leoninum
g )

Didymium melanosper mum
Wi U5 S R B
Didymium nigripes
SRR G R R
Didymium squamulosum

Las g )

Didymium verrucosporum
A AU S R B
Echinstelium minutum
JINRITRARE

Hemitrichia serpula
TR R B
Lamproder ma muscorum

FEAP 56 B2 Rl B

Lamproderma scintillans
S RG]

Perichaena chrysosperma
A MR

Physarum bivalve
EEPERAE R

Physarum bogoriense

SR 2GR RN

Physarum laevisporum
SRR R
Physarum melleum

e A LR
Physarum psittacinum
ERARAI I RE B
Physarum rigidum
PHARFA IR B
Physarum roseum
PR R B
Physarum sessile
THEAAAR L R B
Physarum vernum

MR EFFR I R B
Physarum viride var. viride
Rk ARVELRE L 7K 4 5 e
Semonitis flavogenita
ARG

Tubifera microsperma
HEAL ARG

fallen leaves of
Liquidambar formosana
fallen leaves of
Liquidambar formosana
leaf litter

leaf litter

fallen leaves of
Liquidambar formosana
fallen leaves of
Liquidambar formosana
and other leaf litter

leaf litter

fallen leaves of
Liquidambar formosana
dead wood

fallen leaves of
Liquidambar formosana
and other leaf litter
fallen leaves of
Liquidambar formosana
and other leaf litter
fallen leaves of
Liquidambar formosana
leaf litter

fallen leaves of Crinum
asiaticum and other leaf
litter

fallen leaves of
Liquidambar formosana
fallen leaves of
Liquidambar formosana
leaf litter

bark

leaf litter

leaf litter

fallen leaves of
Liquidambar formosana
dead wood

dead wood

dead wood

5

2,3,4,10,11

8

10

7,8,10,12

3,58,9

1,2,7,10

1-5,7,12

1-5,10

10

10

10

10

* Number of 1-12 denote to January to December.
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Table 2. A list of the species of Myxomycetes reported from the Yangmingshan National Park for the
period from 1981 to 2001
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PP
N PO

13.

14.
15.
16.
17.
18.
19.
20.
21.
22.

23.
24.
25.
26.
27.
28.

© ©® N O ~DPE

Arcyria cinerea (Bull) Pers.

Arcyria denudata (L.) Wettst.

Arcyria insignis Kalchbr. & Cooke

Arcyria minuta Buchet

Ceratiomyxa fruticulosa (Mueller) T. Macbr.
Clastoder ma debaryanum Blytt

Collaria elegans (Racib.) Dhillon & Nann.-Bremek.
Collaria lurida (Lister) Nann.-Bremek.

Collaria rubens (Lister) Nann.-Bremek.

Craterium aureum (Schum.) Rostaf

. Craterium leucocephalum (Pers.) Ditmar

Craterium leucocephalum var. scyphoides (Cooke &
Balf.) G. Lister

Craterium leucocephalum var. sessile Liu, Huang &
Chang

Craterium minutum (Leers) Fr.

Cribraria aurantiaca Schrad.

Cribraria confusa Nann.-Bremek. & Y. Yamam.
Cribraria microcarpa (Schrad.) Pers.

Diachea leucopodia (Bull.) Rostaf.

Diachea subsessiles Peck

Diderma effusum var. effusum (Schw.) Morgan
Diderma hemisphaericum (Bull.) Hornem.

Diderma platycarpum var. berkeleyanum Nann.-
Bremek.

Dider ma testaceum (Schrad.) Pers.

Didymium clavus (Alb. & Schw.) Rab.
Didymiumiridis (Ditmar) Fr.

Didymium leoninum Berk.& Br.

Didymium melanospermum (Pers.) T. Machbr.
Didymium nigripes (Link) Fr.

29.
30.
31
32.
33.

35.
36.
37.
38.
39.
40.

41.

42.
43.

45,
46.
47.
48.
49.
50.
51.

52.
53.

55.
56.

Didymium ovoideum Nann.-Bremek.
Didymium squamulosum (Alb. & Schw.) Fr.
Didymium verrucosporum Welden
Echinstelium minutum de Bary

Hemitrichia serpula (Scop.) Rostaf.
Lamproder ma muscorum (Lév.) Hagelist.
Lamproder ma scintillans (Berk. & Br.) Morgan
Licea biforis Morgan

Licea minima Fr.

Licea operculata (Wingate) G. W. Martin
Perichaena chrysosperma (Currey) Lister
Physarum bivalve Pers.

Physarum bogoriense Racib.

Physarum laevisporum Agnihothrudu
Physarum melleum (Berk. & Br.) Massee
Physarum oblatum T. Macbr.

Physarum psittacinum Ditmar
Physarumrigidum (G. Lister) G. Lister
Physarum roseum Berk. & Br.

Physarum sessile Brandza

Physarum vernum Sommerf.

Physarumviride (Bull.) Pers.

Stemonitis axifera var. smithii (T. Macbr.)
Hagelst.

Semonitis flavogenita Jahn

Semonitis fusca Roth

Stemonitis herbatica Peck

Trichia decipiens (Pers.) T. Macbr.

Tubifera microsperma (Berk. & Curt.) G. W.
Martin

Total: 52 species and 4 varieties
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Table 3. The pH ranges of substrates for Myxomycetes producing fruiting bodies in the moist-chamber

culture

Taxa pH
Arcyria cinerea 6.68
Arcyria minuta 5.36
Clastoderma debryanum 6.49-6.75
Collaria lurida 6.54-6.86
Collaria rubens 7.18
Craterium aureum 6.28-6.70
Diachea leucopodia 6.07
Diachea subsessiles 6.87
Diderma effusum 6.06-6.78
Diderma hemisphaericum 5.90-6.99
Diderma platycarpum var. berkeleyanum 6.07-6.68
Dider ma testaceum 6.52
Didymium nigripes 6.79
Didymium squamul osum 6.52-7.18
Didymium verrucosporum 6.79
Echinstelium minutum 6.79
Lamproder ma muscorum 5.36-6.79
Lamproderma scintillans 5.36-7.17
Perichaena chrysosperma 6.42-7.34
Physarum bogoriense 6.43
Physarum laevisporum 6.57
Physarum melleum 6.49-7.17
Physarum vernum 5.94

e, HOWELIbHh e 0 R T R PR L s el S AL A 1 2% (2000481 -20014F-8 1 )
Table 4. Monthly abundance (numbers of samples) and richness (numbers of collections) of
Myxomycetes colleced at Mt. Shamao , August 2000 to August 2001

2000 2001
Aug Sept Oct Nov Dec Jan Feb Ma Apr May Jun Jul Aug

Abundance
Field collection 15 8 27 11 4 1 7 8 6 3 5 2 5
Abundance
M oist-chamber - - - - - 19 14 36 12 25 6 19 10
cultures
Richness 10 4 18 4 3 9 8 9 11 10 5 11 8
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Fig. 1. A map of the Yangmingshan National Park, showing the location of Mt. Shamao.
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Fig. 2. Relationships of sporulation frequencies of Myxomycetes observed in the field (open triangles
with solid line) to temperature (solid columns) and precipitation (dotted columns), August 2000 to

August 2001.
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Fig. 3. A&B, Diachia leucopodia. A, Fruiting bodies, bar =500 «m; B, Sporangium showing the white
columella, bar =200 «m. C, Sporangia of Diachia subsessiles, bar =200 «m. D, Young fruiting bodies of
Perichaena chrysosperma, bar =500 « m. E-F, Fruiting bodies of Diderma hemisphaericum, bar =500 «m.
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Fig. 4. Lamproderma muscorum. A, Fruiting bodies in habit, bar =2000 «m; B-D, Fruiting bodies of
various size, bar =150 «m; E, SEM of spore surface markings, bar =1.5«m; F, Dehiscent sporangium,
showing the dichotomously branched capillitium, bar =50 «m; G, Spores, marginal view, bar =5 «m.
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55, FHINSE R RN © A > FEBHREEE AR08 - FREBEE2000m : B > U F-3RIAEL
FREEEA5 um o
Fig. 5. Lamproderma muscorum. A, Fruiting body, showing the columella reaching to the center of

sporangial cavity, bar =200 « m; B, Spores, surface view, bar =5 x«m.

5. [5IH LIS SR E FH20004:8 5 -20014-8H)
Table 5. Monthly mean temperature and precipitation at the Yangmingshan National Park, August 2000
to August 2001*

2000 2001
Aug Sept Oct Nov Dec Jan Feb Ma Apr May Jdune Jul Aug
Precipitation 499 311 780 1153 501 224 185 156 165 336 61.3 206 99

(mm)

Temperature 239 222 212 177 152 133 14 148 17.8 212 23.8 24.6 249
(C)

*Weather statistics collected at Chutzu L ake Observatory (7715158 R B

Lamproderma muscorum (L év.) Hagelst., Sporangia globose, steel blue with bronze
Mycologia 27: 88. 1935. (Figs. 4A-G, 5A-B) iridescence, 0.17-0.48 mm in diameter. Stalk
Fructifications sporangiate, scattered or erect, thick, black, 0.20-0.56 mm tall, about 1/2-

gregarious, 0.36-0.88 mm in total height. 2/3 of the total height. Peridium thin,
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membranous, shining, transparent, persistent or
fugacious with few remnants at base. Columella
black, attaining the center of the sporangia, the
end obtuse. Hypothallus dark brown,
membranous, discoid. Capillitium dense, dark
brown, arising from the tip of the columella,
consisting of rigid and dichotomously branched
thread. Spor es globose or subglobose, (5.5-) 7.0-
10.0 (-15.0) # m, blackish brown in mass, light
brown by transmitted light, prominently
spinulate on the surface, the spines often
irregularly scattered. Plasmodium white.
Specimens examined: Pingtung County:
Kenting National Park, CHL B137a, Jul. 5, 1982
(moist-chamber culture: 6/18-7/5/1982), on |eaf
litter; CHL B157b, Sep. 23, 1982 (moist-
chamber culture: 8/20-9/23/1982), on leaf litter.
Taoyuan County: Fu-Hsing Hsiang, Mountain
La-La, CHL B189, Feb. 4, 1983 (moist-chamber
culture: 1/18-2/4/1983), on leaf litter; CHL
B190, Feb. 7, 1983 (moist-chamber culture:
1/18-2/7/1983), on leaf litter. Taipei City: Peitou,
Yangmingshan National Park, CHL B2210, Oct.
10, 2000, on leaf litter; CHL B2297, Jan. 31,
2001 (moist-chamber culture: 1/15-1/31/2001),
on fallen leaves of Liquidambar formosana;
CHL B2298, Apr. 6, 2001 (moist-chamber
culture: 2/15-4/6/2001), on fallen leaves of
Liquidambar formosana; CHL B2299, Apr. 4,
2001 (moist-chamber culture: 2/15-4/4/2001), on
fallen leaves of Liquidambar formosana; CHL
B2300, Aug. 10, 2001 (moist-chamber culture:
7/19-8/10/2001), on fallen leaves of
Liquidambar formosana; CHL B2301, Sep. 3,
2001 (moist-chamber culture: 7/19-9/3/2001), on
fallen leaves of Liquidambar formosana; CHL
B2302, Sep. 19, 2001 (moist-chamber culture:
7/19-9/19/2001), on fallen leaves of

5 BRI LLIADMES (Lt [ (5 R T

Liquidambar formosana.

Distribution: Colombia, Costa Rica, New
York, Pennsylvania, Taiwan, Venezuela

Remarks: Lamproderma muscorum is
characterized by having relatively short stalk and
dense, rigid capillitium. The basal parts of the
dichotomously branched capillitium are not pale
but brown, as the other parts. This character
differs from that of L. scintillans. White
plasmodium was observed in one of the
specimens obtained by moist-chamber culture
(CHLB 157b).
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Habitat Assessment of Creeks for the Propagation of
Oncorhynchus masou formosanus ( Jordan & Oshima)
in Taiwan

Eae kg HRITE
Ming-Fon Yeh, Shi-Tsang Chang and S-Jeng Lin

ITHRREEZRAGHA LA RRT Fo AIBRERARE REIR

Endemic Species Research Institute, Chichi, Nantou, Taiwan

1 %

AW FEE FR I C R R B RO T N ~ AR ~ BERRE K Fikb@EF4km 1R
Wit TR SR GG AL REERIS 2 W BGEA TR 3T - R IR Es) ik Hoss IR i LIgT
HIHTER > AR AT REES TR MEOR TR RS © 7EY AFMERIABRIZT T - Rk 1,885
2,050miT A Bt Sl ] - MEFRACIRE R ~ SERN R 920 KM EE - (HIE BB OR - IR A T
JEKIMF R SRS e - Kl ~ KEEE > AEESBEEE - WENEH ERER R ETH
SRR PPN » K BURE EE i AR IS 2] R AR E - RO & I R C SV ik AR PR
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Abstract

In order to assess the feasibility of the propagation of Oncorhynchus masou formosanus (Jordan &
Oshima) outside its present range at Chichiawan Creek, four streams of which altitudes and
environmental conditions were fairly similar to those of the Chichiawan Creek were selected for the
habitat assessment. They were Kashe Creek, Matala Creek, Paishin Creek and Hsuehshan Creek. For
each creek, hydrological and hydraulic conditions, water quality, aquatic insects, and fishes were
investigated. The results indicated that the Kashe Creek, a headwater creek of the Choshui River, is
favorable for the propagation of 0. masou formosanus.
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Fig. 1. The population size of Oncorhynchus masou formosanus in the

Chichiawan Creek, 1987 to 2002 (solid circles, spring; open circles, winter).
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Fig. 2. Locations of the native creek of Oncorhynchus masou formosanus (open circle)

and creeksinvestigated ( solid circles).
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Fig. 3. Sampling stations at the Kashe Creek.
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Table 1. Water quality, stream gradient and elevation at sample stations of the Kashe, Hsuehshan, Paishin
and Matala creeks, 1997-1998 and 2002

Kashe Hsuehshan Matala Paishin
1997 1998 2002 1997 1998 1997 1997 1998
Temperature (C) 12.3 8.8 114 12.0 14.2 10.3 14.4 14.4
DO (mg/L) 8.17 10.6 9.84 9.05 8.42 9.10 104 104
pH 8.17 8.03 8.98 8.51 8.38 7.02 7.55 7.66
Conductivity («s/cm) 142 158 210 275 250 303 195 203
Turbidity (NTU) 1.48 0.74 0.89 0.83 0.64 2.10 1.85 2.44
Overhead cover (%) 87.21 84.67 86.15 81.20 80.78 81.53 81.69 78.70
Stream width (m) 15.0 135 12.8 9.0 13.2 7.7 10.8 104
Flow velocity (m/sec) 0.28 0.27 0.22 164 0.44 0.18 0.30 0.32
Discharge (cms) 1.23 1.06 0.60 1.57 1.74 0.20 0.61 1.57
Stream gradient (%) 281 4.81 3.85 3.2

Elevation of stations (m) 1885-2050 1200-1400 1710-1920 1250-1400
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Fig. 4. Daily water temperatures of the Kashe Creek at Station 1 and Station 4 from 4 October 1997 to 20
January 1998.
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Fig. 5. Daily water temperatures of the Kashe Creek at Station 1 and Station 4 from 26 February 1999 to
20 January 2000.
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Fig. 6. Daily water temperatures of the Kashe Creek at Station 1 and Station 4 from 14 July 2001 to 20
February 2002.
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Fig. 7. Daily water temperatures of the Paishin Creek from 5 November 1997 to 7 April 1998.
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Table 2. CPUEs ( number/ 30 min) of fishes collected from the Kashe, Hsuehshan, Paishin and Matala

creeks, 1997-1998 and 2002

Fish Kashe Hsuehshan Paishin Matala
2002 1997-1998 1997-1998 1997-1998 1997-1998
Scaphesthes barbatulus - - 0.33 5.00 0.33
Hemimyzon formosanum - - 0.33 0.33 -
Oncorhynchus mykiss 13.50 28.25 - - -
Crossostoma lacustre - - - 0.33 -
Total 135 28.25 0.66 5.66 0.33
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Table 3. The aguatic insects of the Chichiawan, Kashe, Hsuehshan, Matala and Paishin creeks

Order Family Chichiawan Kashe Hsuehshan Matala Paishin

Plecoptera
Leuctridae
Nemouridae
Perlidae
Peltoperlidae

0000
O
O
O

Taeniopterygidae

Capniidae

Chloroperlidae
Odonata

Gomphidae
Ephemeroptera

Ephemeridae

L eptophl ebiidae

Heptaginiidae

Caenidae

O 000

Ephemerellidae
Baetidae

000000 O 000 000
00 000 O

00 00

Megaloptera
Corydalidae
Trichoptera
Stenopsychidae
Hydropsychidae
Glossosomatidae
Rhyacophilidae
Philopotamidae
Polycentropodidae
Sericostomatidae
L epidostomatidae

0000
00 00
00000

00 00 0O O 000000
O

Hydroptilidae

Psychomyiidae

Limnephilidae
Coleoptera

Psephenidae

Helodidae

Elmidae

00

Diptera
Blepharoceridae
Simuliidae
Ceratopogonidae
Chironomidae

00000 000 00O 00O 0000

O0000O 0O
O0000O0 0O
O0000O 000

Tipulidae
Tabanidae
Athericidae

0000

O
O
O

Number ( order/ family) 6/31 6/25 5/17 5/15 6/22

Species similarity indices as compared

with the Chichiawan Creek 1.00 0.79 0.72 0.60 o.81
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Table 4. The number and CPUESs of aquatic insects collected from the Kashe, Hsuehshan, Matala and

Paishin creeks
Kashe Hsuehshan Matala Paishin
Number 4189 1719 3060 3164
Effort ( number of net ) 43 24 27 38
CPUESs ( number/ net ) 96 72 113 78
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Abstract

According to the literature and our field investigation in 2000 to 2002, there were 15 species of
exotic freshwater fishes and two species of exotic freshwater shrimps in 49 of 51 rivers and creeks of
Taiwan. They were cichlids, Gambusia affinis, Pterygoplichthys multiradiatus, Trichogaster trichopterus,
Plecoglossus altivelis, Channa striata, Carassius cuvieri, Oncorhynchus mykiss, Poecilia velifera,
Xiphophorus hellerii, Poecilia reticulata, Barbodes pierrei, Cichlasoma managuense, Barbodes
schwanenfeldii, Micropterus salmoides, Procambarus clarkii, and Macrobrachium rosenbergii. Of them
C. striata and C. managuense were the exotic species newly recorded to Taiwan. Cichlids were the most
abundant and widely distributed fishes. They occurred from river mouth to an elevation of 700m. G.
affinis was the second most abundant and widely distributed species from river mouth to 1,340m in
elevation. P. multiradiatus occurred in the central and southern Taiwan from river mouth to 300m. P.
altivelis was found in the northern and central Taiwan in elevations between 30-1,472m, while O. mykiss
was in the central Taiwan between 600-2,059m in elevation. Kaoping River had eight exotic species,
while Pachang, Tsengwen, Tunkang and Yilan rivers each had seven species. Fengkang River and
Hoping River were the only two rivers where no exotic species were present. The number of exotic
species decreased with the increase in elevation. When the exotic species in 26 rivers investigated in this
study were compared to those reported previously in literature, the number of the exotic species and their
altitudinal distributions decreased in the central Taiwan but increased in the southern Taiwan.
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Table 1. Theriversinvestigated in this study and those listed in literature

River name This study Literature
Northern Taiwan 00O 0O 0O O shuang River *
0O 0O 0O 0O O Chilung River * *
0 0 0O 0O O Tanshui River *
0 0 0O 0O O Hsintien River * *
00O 00O 0O Tahan River * *
0O 0O O O O Nankan River *
0 0O 0O 0O O Laochien River *
0 0 0O 0O O Shetzu River *
0 0O O 0O O Fengshan River * *
0O 0O O O O Touchien River * *
0 O 0O O O Chungkang River * *
00O 00O O Houlung River * *
00 00 0O Hshu River *
0000 O Tunghsia River *
0000 O Yuanli River *
00O 00O 0O Fangli River *
Central Taiwan 00000 Taan River * *
0 0O 0O 0O O Techia River * *
0000 0OWuURiver * *
0O O 0O 0O O Choshui River * *
0 0O 0O 0O O Hsinhuwei River *
0000 O Huwel River *
00O 0O 0O O Peikang River * *
Southern Taiwan 00 00O O Putzu River * *
0O 0O 0O 0O O Pachang River * *
0O 0O 0O 0O O Chishui River * *
0 O O O O Chiangchun River *
0O O O 0O O Tsengwen River * *
0 0O 00O O Yenshui River * *
00 0O 0O O Ernjen River * *
0O 0O 0O 0O O Akungtien River * *
0000 0O Kaopin River * *
0 0 0O 0O O Tungkang River * *
0000 O Linpien River * *
0 0O 0O 0O O Shuaimang River *
0 O 0O 0O O Fangshan River *
oooe Fengkang River *
0O 0O 0O 0O O Szuchung River * *
00000 Paoli River *
0 0O 0O 0O 0O Kangkou River *
Eastern Taiwan 0000 0O Yilan River *
00O 0O 0O 0O Lanyang River * *
0 0O 0O 0O O Nanao River *
oooe Hoping River *
00000 Liwu River *
0000 O Chian River *
00 00O 0O Taiping River *
00 00O O Hualien River * *
0 0 0O 0O O Hsiukulua River *
00O 00O Mawu River *
00 00O O Peinan River * *
Total 26 51

© No exotic species were present.
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Gambusia affinis (Baird et Girard)O O O O
Pterygoplichthys multiradiatus (Hancock)d O
0O O O Trichogaster trichopterus (Pallas) O O
Plecoglossus altivelis (Temminck et Schlegel)O
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Fig. 1. Localities of exotic freshwater fishes and shrimps collected in Taiwan (solid circles, this study;

open circles, literature).
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0O O O O Macrobrachium rosenbergii (de
Man)D 002000 00000000026
o000 ooooooo200000
DO0000000o00o0oooooooon &
0000000000 O00oo4000000
Do000o0oo000ooooooooooo
000000000000 0000ooo
DO0O0000o0ooOo@2ooooooi#to
Do000o0oo000ooooooooooo
000000000000 000o0ooo

Table 2. A list of 17 exotic species of freshwater fishes and shrimpsin Taiwan

Species ) Year Native homes
introduced

Newly recorded

1goot Channa striata 0O China, India, Ceylon, Philippine
and Thailand

20000 Cichlasoma managuense 1987 East Africaand Tanzania

Recorded in literature and this study

3000 Cichlids 1946 Africa, South America and Eurasia

4000 Gambusia affinis 1911 North America

5000 Pterygoplichthys multiradiatus Before 1978 South America

60000 Trichogaster trichopterus After 1985 Vietnam, Thailand and Cambodia

7.00 Plecoglossus altivelis After 1980 Japan and Korea

snono?® Carassius cuvieri After 1960 Japan

9.00 Oncor hynchus mykiss 1957 North America

100 00O Xiphophorus hellerii O Central America

noooo #e Barbodes pierrei O Vietnam, Thailand And Malaysia

120000° Procambarus clarkii Before 1970 Southwest America

wBoooo? Macrobrachium rosenbergii 1970 Tropics and Subtropics between
Indian Ocean and Pacific Ocean

Recorded only in literature

140000 o Poecilia velifera After 1970 Central America

15.000 Poecilia reticulata 1970 South America

16.000 Barbodes schwanenfeldii a Vietnam, Malaysia
and Sumatera

17.000 Micropterus salmoides O North America

t*Channa sp. in literature.

20reochromis mossambicus, Oreochromis niloticus and Tilapia zllii combined.

3 No mention on locations of collection in literature.
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Fig. 2. Distribution of exotic species of freshwater fishes and shrimps at different elevations in

Taiwan.
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Fig. 3. Distributions of some common species of exotic fishes in Taiwan: (A) cichlids (solid circles, this
study; open circles, literature), (B) Gambusia affinis (solid circles, this study; open circles, literature), (C)
Pterygoplichthys multiradiatus (solid triangles, this study; open triangles, literature) and Channa striata
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literature).
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Appendix |. References related to exotic species of freshwater fishes and shrimpsin Taiwan
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Bird Assemblages in Relation to Vegetation Recovery at
Mt. Jeou-jeou-fen of Taiwan after the 921 Earthquake

W FEsk WES LER

Scott Ruey-Shing Lin, Fu-Hsiung Hsu, Cheng-Te Yao and Tai-Lin Al

ITHREEZAGHA LA RRT Fo AR EFARE RER

Endemic Species Research Institute, Chichi, Nantou, Taiwan
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Abstract

Mt. Jeou-jeou-fen of the central Taiwan had an extensive landslide in the 921 Earthquake of 1999,
resulting in patchy formation of rubble-piled areas and remained wooded areas on its mountain slope.
This study compared bird assemblages between the two areas during the bird breeding months of April to
July in 2000 to 2002 to determine the relationship between the bird assemblages and vegetation recovery
after the earthquake. At each of the areas, five plots, each with a radius of 30m, were select for bird
counts and vegetation measurements. During the three-year study period, percent coverage of vegetation,
diversity of foliage height, and the number of bird were significantly higher in the wooded areas than in
the rubble-piled areas. The latter was particularly obvious for the forest insectivorous birds. The

vegetation coverage and the number of bird in the rubble-pile areas increased with the years but had
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wider variation among the plots, as to compared to those in the wooded areas. There was no significant

difference in the species richness of the birds between the two areas, perhaps due to their patchy

distribution.

BRSEGA = LU ~ LK~ SRR - R EE

Key words: Mt. Jeou-jeou-fen, 921 Earthquake, bird assemblage, vegetation recovery
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Fig. 1. A map showing the localities of the wooded plots (solid circles with W1 to W5) and the rubble-
piled plots (open circles with R1 to R5) at Mt. Jeou-jeou-fen in this study.
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1.5m > 1.5-2m ~ 2-3m ~ 3-4m ~ 4-6m ~ 6-8m ~
8-10m ~ 10-14m}z 14-18m%= 11118 & & [g X
TR AR A S - DI H P REREEE - A
52453 A 200045:12 H 520014 1 H 8k K #E
HRARHAET TSR — R B A BREBIRRH S5 3%
B o DRI BRI I > (IR 2684 ~ 42(@EEE R
gt > HERSAEERHI E 105([ 25 - 20014104
2200247 H 75 LRI ER 77 12 % 46 L AH 515 £
B ERETEEEIE -

g~ BRI

AT T S FEREIR Z S M A & vl RE R if
Ze 1 P BEGEA S FE o [F 3R (quild) i —HEFI
ML IE & 1R & (Root 1967) » ASHFE LA
5 [R DA B A b 2 I T S S SR A Y
AR EN o T H A2 H R (1977) ~ F
(1995) ~ J7(1996) K f:(1999)% Z i 52 » i
RRAT ~ 36 Bl & 2R B B P 2 LA 53 I W R 1
o o A T RE I R A T L R R A A
ISEE XK IR 5 Bfg ~ T Rtk
s BRI L@ FEE A AR ARG R R e 2 A5
g > T EHIME KRG SthRE : &k
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HlE R ~ SR REE -

B R N2 I8 8 E (number of
bird) - f# % ¥ (species richness) DLk 5 52 &
(species diversity) ° [ 2 & #8 A Shannon's
diversity index (H') » 2+ S&AZ05 -

H' =-2 PilnPi

Hor P A4 5 il B o A B B A
(Krebs 1989) -

REAE A S A B ARG & & o @
78 % ¥ (coverage of each stratum) ~ FAH =&
(total coverage) k5 5% /5 5 57 52 i (foliage
height diversity) - #8 &S & &M EEE
FEIRER o A5 HE & BB 52 2 {5 #R F Shannon's
diversity index > {HPiB & @ HEEE HHEE
SRR -

Fof R B Ft E A AH P AN ] A R TR 2R 29 0SS
FE R R 78 25 L #E LlWilcoxon matched-
pairs tests3 7 o FRAH 5 fE S & Ll Contingency
table analysissRET L » SFHBEAILL
Mann-Whitney U-test> 47 o i B1 FHBE /> A7
(Simple linear correlation)HI| FH LU HIAE g fE 7
B~ TOHE P I B B B B AR
o SRR R SRR S IR o Lty
triZ Ll statViewE SEHKBEEE (SAS institute
1998) °

T RE A (] 4 65 B R T ) e s READL T
LlJaccard's similarity index (Krebs 1989)3t
B REUE N RoEI L2 HEE AKX
o

S = alatb+c

H g £ Jaccard's similarity index » af{3%
TE U — BRI AS H B O RE B - bR i1
REHREE—JER B EE - B4 B
T AH B e BB 5 FH LU AT LM odified
Morisita's similarity index (Horn 1966)Z 15 » 1%
BUEIRA T R0RI L2 E > EFEARATT ¢

CH =22 XijXik I[(2 Xzij/sz)+

(= Xzik/Nzk)] NjN«)
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HrficufsModified Morisita's similarity
index > XijHXik P TEi TE A% Bhj M k#E IR AT 8L
B 0Nj = 2 Xij= (EARE B UIIAE SR - Nk =
S Xik = TEREBIKSBE BRI SR o SRISAEDIM:
#% » B LI #S7% (average linkage) 1Y
UPGMA i# (unweighted pair-group method) »
FELLPEE i (B ol 22 A 4 IR [ (dendrogram) © FEALL
T 1) 3 B R At R [ 1) 5 i AIM V SP (Multi-
Variate Statistical Package)f2 38317 (Kovach
1999) °

@ R

— ~ SRS B S AR

2000-20024F A FEZ=HARA » 72 LUl s
10f[E BB FC 8% BY S 26fd ~ 9276 K » Horfifs
MRAHS(E BGOSR 16FH ~ 66262 X > fEHHAHS(H
TRBEELEk22FE ~ 2655 K - SRR HI S FE
B S LR DOREZ ST FRANER L o R ARRH S A
FRAE12-13%8 [ > FEHAHAI(E12-1588 2 [H] »
W RH T P 2 B Y RS R M R 3 R SR
(p>0.05)(3%1) °

SRR R0 8 SR - AR
£7-7.85% » #HEMHAITEL.9-3.678 2 W (3
2) o et PRAHAH Py 2% 30 5 B R e A b (p >
0.05) : fASHIEH 5 > 2000-20014F B &G B
¥E(Z-value = 2.023, p < 0.05) > {H20024 Bl
20002 2001 F- #ERHZE 72 52 (p > 0.05) ° (M kb
T AR 2% P T ) s H B R 3% 5 20004 (M ann-
Whitney U-test, Z-value = 2.611, p < 0.01) i
20014F (Z-value = 2.522, p < 0.05)f5 fAFH B &
YRAE 2 [ FEEAH > (H 20024 WA AH [T 22
HI R FEE k¥ (p > 0.05) » &2 EHEINE
20024F FE 5 H 5 ok 2B P B e B i ) A SRR K
(#2) -

TEIFDORETTH » BMAHDL g s
LIRS T Eh e W S B R
Wl o FEEAHHIE D Er R E SR (R
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1. 2000-2002F 1 UIEEAS] PRAH Ko PR AH AR i RS R A0k ~ [ D /0 BH B 25 AR A0 Bk AR B
Table 1. Guilds and species of birds and their numbers observed at the wooded plots and the rubble-piled
plots of Mt. Jeou-jeou-fen in 2000 to 2002

Guild Species Wooded plots Rubble-piled plots
2000 2001 2002 2000 2001 2002
Overstorey insectivores MRZ)E (Alcippe morrisonia) 60 40 52 6 4 2
MBS (Hypothymis azurea) 24 39 33 3 2 1
#&/8 (Yuhina zantholeuca) 17 1 3 -
T5:1Hi % (Abroscopus albogularis) 2 -
Overstorey insectivores F15645 (Pycnonotus sinensis) 18 5 29 18 24 36
FLWE LM (Hynsi petes leucocephal us) 15 20 13 10 32 6
#kHE (Zosteraps japonicus) 2 13 27 3 2 20
1105 (Megalaima oorti) 19 1 1 1 -
f5#8 (Dedrocitta formosag) 3 -
HIBE A (Urocissa caerulea) 4
Overstorey plantivores HERERIE RS (Spizixos semitorques) 9 3 8 3
Bark feeders /NBR7R (Dendrocopos canicapillus) 2 -
Understorey insectivores  [LIAL3H (Stachyris ruficeps) 33 14 19 3 1 1
A S5 (Alcippe brunnea) 19 4 1 1 1 -
/| (Pomatorhinus ruficollis) 5 26 20 1 4 -
KA (Pomatorhinus erythrocnemis) 1 -
Ground omnivores 1% (Bambusicola thoracica) 12 3 1 -
Bush insectivores AREE (Prinia criniger) 7 7
JRFAEERE (Prinia flaviventris) 1 3
PEALEEE (Priniainornata) 1 -
2fH (Garrulax canorus) 1 -
KB (Dicrurus macrocercus) 1 -
Bush omnivores FHHLEEE (Paradoxornis webbianus) 7 7
Bush seed eaters B (Lonchura punctulata) 9
Bare ground insectivores  FI#B5 (Motacilla alba) 1 -
Bare ground omnivores EiTE (Corvus macrorhynchos) 1 -
Total number of species 26 13 13 12 14 15 12
Total number of birds 927 234 218 210 57 110 98
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#e2. 2000-20024F J1 J LIEEAGH ARRH S AR AH A [ 680 = 22 [R] Dy E R R B 1 P50 #% B R (mean = SE, n = 5)
Table 2. Relative abundance (mean—=+ SE, n = 5) of six magjor bird guilds observed at the wooded plots and
the rubble-piled plots of Mt. Jeou-jeou-fen in 2000 to 2002

) Wooded plots Rubble-piled plots

cuild 2000 2001 2002 2000 2001 2002
Overstorey insectivores  3.3720.89 2.70=0.51 3.03*0.86 0.40+0.55 0.20£0.22 0.10+0.22
Overstorey omnivores 1.80+0.95 2.90+1.07 2.33+057 1134133 2.63+1.82 2.20+2.10
Overstorey plantivores 0.30=0.30 0.10#+=0.22 0.27%0.26 0.10+0.15 0.07+0.15
Understorey insectivores 1.93+1.08 1.47+0.59 1.33+£0.31 0.17£0.24 0.20%0.30 0.03+0.08
Ground omnivores 0.40£0.25 0.10+0.15 0.03+0.08

Bush insectivores 0.03£0.08 0.33+£0.31 0.33+0.66
All species combined 780+t161 7.27+t1.41 7.001+:0.41 1.90+151 3.67+2.24 3.27+4.36
2) o MIMRHIFEM] - B b e B & 7> 20014 21 LSS e M B 7 S

% /2 20004F (Wil coxon matched-paired test, Z-
value = 2.023, p < 0.05) K Hii [ # & & B =
20017 (Z-value = 2.023, p < 0.05) 57 20024F(Z-
value = 2.023, p < 0.05)8E &V /220005FE5} » H
B R D BETEAS (A A B A B S 2 e g = 72 5
(p > 0.05) o TEMEIRAH AL TR » oK
(IS LE 7S A2 3 T B 5 1P (5] DR 172 20014
HBIE L  (HEE) R - =R ORISR
7K YE(p>0.05) o FLfg FH [F] 47 5 AN [ A T 2 11
FEE R B B L - AR TE 1 s
B M gl T EaaE o BAREE
HIRAE 2 S FEHHEE (Mann-Whitney U-test, Z-
value > 2.54, p < 0.05) : [It4} > 20004F B AKH
i T B Y R IR 2 R R A (Z-val ue
= 2.629, p < 0.01) o HSHHAH HI[% > 20014 7F i
A R R BR B A B (Z-value
= 2.372, p < 0.05) ° FHELE FEHREE
A WA AH TSI £ 75 52 (p > 0.05) (5%2) °

P A 3/ 1 A A s SR A LR IS B B
= AR 2 o T WA A B A R AR
o AR i B o o LS B A K Ol R () e
o (HFHA BRI AR K o SRR R

=~ SRR R DU

LlJdaccard's similarity indicesicE EfEAH
B EIE AL o et AR AE 34 R A FE DU R B A
0.667-0.786.:2 [H] » ¥4 Lh e HHAH 2 48 RO FEALL
PEARB A TS 5 (/1720.368-0.500) » BH T st pAfH
S TEAR B L PR A AR E AN [RIAE A1 4 52 T
5 HEAH AP DU (R #57F.0.389-0.800(H] » % 52
WK » 120004 S HAH B R AH AR B 5 AR RH 3
A AR DU £ 87 0.688-0.8001H] » 3% & i
H R AH TS AH{LLEE (0.389-0.500) » =22 & iR et ik
FH S IR FEDLE » BT 22 1 1) HA s LA
FH R T BEASE AR AEL A AHE - (HES20F DS
JEFH BN P 8 o W H 9] 48 B )5 R R
(I REALLE: B (3t ] & 203 B0 RS SR BB
Hj °

b 7 S TEAH Y 0 TS 88 B8
& » LModified Morisita's similarity indicessik
FRFIRAIGUE » BB P S R AR B IAS SR A
FRASIA] o 7RI A SR > A7 P IR £ 3
— D = A RE R E g o REPPRRE SEE R AR DU
FREI(E0.747-0.932H] » & S A HEHEAHAY0.771-
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i@l 2. F1] Fi 2000-20024F L Ui PARH (W) B A8 ERLRE (R) £ [ 55 KEAH 52 Jaccard's similarity indicesk:
modified Morisita's similarity indiceskHffi & Hi 2 fBHRE -
Fig. 2. Dendrogram constructed by a matrix of Jaccard's similarity indices and that of modified Morisita's

similarity indices of the bird assemblages observed at the wooded plots (W) and the rubble-piled plots
(R) of Mt. Jeou-jeou-fen for the years of 2000, 2001, and 2002.

0.797 ~ FHH EL# Bk 20015 5 A #H Eil 20004
HAHE0.8249F - HEREJ1E0.678LL T (0.256-
0.678) © HEER/MTHIAS FAHLEH - [FIAH A FE DU
F (1 2) ©

= ~ S REAH B B AE A

FEH94H FH 2000- 2001 - 48 78 25 & 7 e RE =
1k (p > 0.05) » {H20024F il 20004F FHEL 78 2
B HI A BEE 18 il (Wil coxon matched-pairs
test, Z-value = 2.023, p < 0.05) (3) ; {EFEE
o I SR U THT o S NI M RE S i (p >
0.05)(#4) - B 5 - MMH I E 3
e o HEE S EHEG T IN(ER3) » (H kR S A
Z & (Mann-Whitney U-test, Z-value >2.4, p <
0.05) (% 3) Bl A % 1 EE I 52 J& (Z-value = 2.611,
p < 0.01) (FR)VIEE #ZE D IOHAREH -

it 8 2000- 2002/ fit HHL AH A8 7 =5 FE 5 ot
{H& BB R 2 RAR K H& BN IR 2
R Mg N (583) o M AHSHEEL T - 1 EE
N R T P L BR AL ARG TR (5R3) » H A2
e KRS HR o e & — Fpvg (E R 52 4 0k
CHIBIAR > fER M FAEE T AR - I
It > MK EL A R s B N -
& JE IR AE S I TS T AE 56 3 ke 5Bk i 175 HH 86
(5%3) > 20014 |6 &L & Bttt 0 s
ST A B B E ] - SESER BRI AR 1L EE
Jif AR I 72 2001- 20024 [EI R FE SE L= ¢ (R BE
= R BBV DI - AR
BB RR I > 15 HE e B I 5 IR T e (3R
4) o [t - 75 EAT & Bk BEAE A4S 17 B S R
R0 R B B W AHE S AT ISR - % {5 A 0 3 A i
5 {1 B, 6 0 i U 5 o G S A 1 5



G S IEE 5(2) + 47-59, 2003

55

3. 2000-20024F- 1 J LIEAH PR AH e FEH AR AR [ 25 AR Bh ) A 7 35 1
Table 3. Total coverage of vegetation at the wooded plots and the rubble-piled plots of Mt. Jeou-jeou-fen

in 2000 to 2002

Plot

Year Mean=+SD

1 2 3 4 5
Wooded plots
2000 349.5 297.1 400.0 341.9 425.7 362.9+50.67
Rubble-piled plots
2000 178.1 91.4 41.0 11.4 78.1 80.0£63.21
2001 319.1 116.2 133 305 64.8 108.8+123.94
2002 3124 154.3 48.6 56.2 105.7 135.4+107.67

4. 200020025 FUFUMEE RS PRHREL B2 FE HHURE AR 1ot YO 285 1 JEE I S 12
Table 4. The foliage height diversity at the wooded plots and the rubble-piled plots of Mt. Jeou-jeou-fen

in 2000 to 2002
Year Plot Mean=+SD
1 2 3 4 5
Wooded plots
2000 2.163 2.205 2.289 2.257 2.346 2.25+0.071
Rubble-piled plots
2000 1.688 0.684 11 0 2.004 1.095+0.798
2001 1.891 0.859 0.257 0.377 1.998 1.0761+0.825
2002 1.875 1.056 0.456 0.492 1.062 0.988+0.576

WS HEUT > 1200147 52 1 7 it i B8 R B 4
HAHZE 3 S SR R E kL KRR -

FHIBH o3 A7 28 B > 8 L A 0 T 25 1 Bl
SRR A B (R FERA(r = 0.823, p < 0.001) »
{H B B FHIS7 S (r = 0.257, p > 0.05) Kz B fd i
JE(r = 0.48, p > 0.05).ZH » i MERHZEFH A 1
(5%5) o MEMA TE e o 150 52 i [m] ok Bl S RE B R
GEEZE TEFHRBE(r = 0.694, p < 0.01) » {EFHBEME:
AN B AP A T B S R R 2 TR R EE &
J&5 I 5 5 Al B S, et B R R BE S (I FH B (r=

0.696, p < 0.01) » Bil EHIEG 32 & th G H T i%
ZIEFHRE (r = 0.545, p = 0.067) (3%5) °

A 3 S AR s 4 LR P 7 35 P
EE S B R F AR RIIZERE o MMM
FAIAREL 1 78 25 65 A J o > (LB ) s A i) e Ak
TP R o L R 1 6 A T B S e
& ~ SRR R B SR EA TEAHRR o (R [RI
PRSI A B (T 35 88 o Ao 5 5 P P P
HIREEAANE R 2K -
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5. JUS U FEPHURE AR it AL 5t A B S R ale o 2 (1 R B AR B B L B 1

Table 5. Correlation coefficient (r-values) and their significant levels (p-values) between vegetation

structures and bird assemblage parameters observed at the rubble-piled plots of Mt. Jeou-jeou-fen

Vegetation structure Bird assemblage parameters r-value p-value

Total coverage Number of bird 0.832 <0.001
Species diversity 0.257 0.421
Species richness 0.480 0.074

Foliage height diversity Number of bird 0.694 <0.01
Species diversity 0.545 0.067
Speciesrichness 0.696 <0.01

it

U — R 2 S UL L M ot [ AR 8 ot T
FEAMEIE N > SO e 2 RE (5 2002) -
T A1 (B3 25 TifF 72 48 385 I A w05 1 B S5
& % Y 1y B 3E P (40 MacArthur and
MacArthur 1961; Karr 1968; Wilson 1974; Mills
et al. 1991; Shankar Raman et al. 1998) » ZAHff
eI > FHE A FEIEAN - fE RSt P S R
T HE v P I R ER R i e B AR - LSS
FSHBCRPHRAR % » RESRAH RO R th 543
R HEAE o S A A B SRR SR A =Y
FHBR ST > B AT RS S s s
B 5 B B A e AS R AR LT X o o

KRB EHARR T z— > HHEH
Hh 52 2R BiLIRE R\ (hurri cane) ELFELLIE - RSB
FAR 2 R B R £ DL - AR E R
HEEEC - DIAMEESEY - RRS
Pt~ BV E 2k LI 0 R SR fs b ~ T
SEARIISE ;- ALK 2% > SEEI R ER]
s - RERSAT - B AGEIR TR
B A o S ERS SR AR BR BT M It
o {50 308 JAE X AR BR A 1) S T IR B M (Wil ey
and Wunderle 1993) o E5HE K] RE &\ B RN 1 B
50 W EEBIAG S E (Wiley and Wunderle

1993) » FHER A IR 5 B0 Hife - {87 HR A
/NP ER B RS B GRS EIN S - EEBUE
B LA B AR > [RT ot 2 S S - T TR 2
IR o B8 & AR A7 ) -
] HE & {5 L0 5 R o A Bl RS Bl 2R R B 0 A
Hh > {50 BRAF ARSI AR MR R W B A B S R
& o Y14t (Bambusicola thoracica) ~ #% =&
(Yuhina zantholeuca) ~ [l %L 5 (Stachyris
ruficeps) ~ 714 E(Megalaima oorti) 5z BB 555
(Alcippe brunnea)*¥ 55 fd - [AHIE R YIHATERS
MR ER A i S B R A B (3R 1) - BlEkET B
MR D - SRS RS R AT B o SR
T i B A8 ) K S T AT AE AR (R [R] 2
B R DI R Y - B S
ST P A2 RN mh R TR ST T A2 R B
/N s HFTANE (Askins and Ewert 1991; Lynch
1991; Wiley and Wunderle 1993) - It J3[AHiIEE
SEPAE 10 1) 5 B L L R o Nl R
WFsedf A BN —Eth AT Re 2 B 2R 2 5
filt 30 &% %8 S B K Y L [K] 2 — (Faanes and
Bystrak 1981) °

P RH ) S B B R R D P R ARRE - (E
1F 5 Tl B S | P [ it 7 5 > 7 FE T
FEULIIHE S FH B L 2 S AR o 22
THRH R 555 {50 0 B B A ) S B A AR S O (I
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(detectivity)(Wunderle 1995) : JATfi » WEAH IR
725 F RS EIR R A R 0 SRR > WS
BHH(Prinia spp.) (1) > B RS ARG AS HET
TERSPRAH » 0 AR SE 3 & AP 1R % 30m > fi%
HHEEN B S EN FH N F - K
TF 5 4 L AL o 2B LS (RO PR > AR
A BB 0 L 3 2 T R R o AE R Ak
(fragmented) S PR 157 (L ERBET 21K > #0420
PR AE 2 R B 1Y) S R AIRER » R &
Wi B B (Andrean 1994) © [AIit, » & BFEILE
L1 A A% g L {5 Pk BICRT BT 4R B A A8 AR 0 5
IRE o (SN 7 RSP S e TE S 1L R B o B Bk
I - B - BIMREHIIES S > IR
= JE (Alcippe morrisonia) ~ /[NE I (Poma-
torhinus ruficollis) ~ [[IFLEE ~ 774k - fLEHEE
(Hypsipetes leucocephalus) » &AM R 7%
MRS IEREE R S FE (P 1996) - i LURA HE Bfe fsf
IRAE ) FE R AH AR B A B s ) B B -
ER Sy A AR BG - TEHIE R IR K
fof > 18 gefet vl FAE S RHAS Bl R 0 PR it B BX
& fit ) & 1 & ¥ (McClanahan and Wolfe
1993) - [l th S I HFESEAH Y S Fl R o Ry
S - bk B b $28 R 1) 3t S5t B S RH AR
i ) S 1 S G IR R 8 > S B RS
eI » AR IE O E R S e A HH B AT A
T IR - RIS RS AR B RS A IR A D
(& 2a) °

ASHIF SR FE 10 408 7 2 LA B e I
LG AR I HTRE ARG T O B S Y - R
B 26 R VERIRIRBRA TR o FHBR s SR BB - 44
T 5 B v P I R T BN [R] S B SR
= I REBL BN e e —2 o a8 I -
HETE 3 G LA S v T B AR S B i s i R
B > EUR T ) I 52 i B, ot T R S B
5 B P B s P FH B 1 (3R5) - R8T 35 B
I & (foliage volume) S EY) A 2 TSR E - H
=102 B I FERE ) RE B (ke S BRI FH i & R
E(Mills et al. 1991) > Wolda (1978) 5zBrown
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and Southwood (1983)/1 It 5T Rl & 2 7 3 & 3¢
TV RIGIN - B ek SRR 2580 o DR HAE
HE 7 25 8 B S FA R T R IEAHRA (Mills et al.
1991) © R - NESHEAERYEE - RE)T
%~ REAE DU AL ~ BSOS T S A AT
RIAE] - KERE I AR Z) 3 A0 AL RARAA]
I E X - A DB ERERIH - &
e EE R EAARIE RS R EF A
PZ) g o TR A e RN L R A S A
TR E AL - RIUHE 58S B 1 2 g 2K
MR 2] > A Hop 1) S it B % (M oss
1978) - i& A] EFE RS fIAEAHII R ZE B T - R
IR S L AR S o (S R A
ISR R A% F A S SRR M -

5 18 b o ) S5 26 BR TR BB VR PR T 2 B
870 T 4% 32 07 s I e 2 (humip-shaped) 73
A > ARG AR REBR BT B 25 ) 48 38 20U A B
LRk BV AT E RS A o3 A1 B RE B T Al K] o2
—(Ding 2001; #4& 2004)  AFMEIERII UL
g S 0 8 SRSt B4 73 M > (HAE LA » 28
B2 £ AR A 1L 312 e R o A 5 AN Z B AR
SRR I FEAE > PRI L L M St T ) R St v 8 K
ES R O TR W - A RS
R DU R a5 B K AE MR SRS E > BT LUt
JUILIEE B R PR IR SN S o
B RS IE # 5 M FRAK S FE (non-edged and
forest species) » 41K % ¥ (Pomatorhinus
erythrocnemis) ~ %177 %t (Arborophila
crudigularis)fJ4FEFE K (Wiley and Wunderle
1993) ° JLJLIEE B R {R B 1% & 3% 1,198 ha > 1E
EE IR 2T o ER B IESR IR ST
1F 6 18 {5 RO 18 5 036 & A= A7 1 4 B BR

b3

# 3k

e BRI E 8ok 7-1.5-Fk-07 ~ 90
BERE-1.3.3-4-W1K91ERl- 2.4.1-4-W1Z K
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oo WHEHIRAKRBIEE - BIHR - 5H2
B GE B 0 B EF O+ T1E - ARG EE ~ 3
X R FHEMR TR SR P ~ BRAVKR BN &
BORE ~ RE B 17 A AT B ) A s A 7 7 A 2
BEHEEHM T RMELHEERER » FEIiL—
FEGE -
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fE AR S o
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Remote Sensing Analyses for the Land-cover Changes
in the Coastal Zone of the Choshui Estuary

R K
Tien-Shui Chen
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Endemic Species Research Institute, Chichi, Nantou, Taiwan
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Abstract

Remote sensing images taken by French SPOT satellites 1 and 2, available aerial photos and maps,
and our field investigation, showed that there were great changes in land-cover in the coastal zone of the
Choshui Estuary from 1993 to 2001. Many of the shallow coastal water areas were filled up, the land
areas were expanded, and industrial parks were established. Illegal fishponds were constructed for marine
fish cultures in many parts of the coastal zone. The above industrial and fish culture developments have
modified the terrain, landscape and environments. Also, washes of typhoons altered the surface of the

beach areas.
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Key words: remote sensing, change, coastal zone, Choshui Estuary
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Fig. 1. The map showing the coastal zone of the Choshui Estuary on 4 Mar. 2001.
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Table 1. Weather statistics (monthly mean) collected at the Taihsi Observatory of Taiwan Central

Weather Bureau, 1993 to 2001

Mean or
Item Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. total
Temperature(C) 164 164 190 227 254 275 282 219 268 246 217 184 228
Precipitation(mm) 198 563 547 982 1718 2084 1914 2041 505 16.8 73 144 10663
No. of
precipitation 39 1 10 1 10 1 8 10 6 2 1 3 )
days(days)
Prevailing wind
direction NNE NNE NNE NNE NNE S S S NNE NNE NNE NNE NNE
Wind speed(m/sec) 6.9 6.7 5.7 45 34 36 32 32 36 55 59 71 50
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Fig. 2. The imagery of the coastal zone of the Choshui Estuary by SPOT 3/2/1 on 8 Dec. 1993(A), 18
Oct. 1996(B), 12 Nov. 1998(C) and 23 Oct. 2001(D).

Fe2. E/KR IHIE SPOT XS sz @ik
Table 2. Sources of SPOT images for the coastal zone of the Choshui Estuary

Image Satellite

Date Time(am.) Incidence Azimuth Elevation
code number
8 Dec. 1993 10:55:39 10004127 SPOT2 R23.7° 164.4° 42.2°
18 Oct. 1996 10:57:56 10004126 SPOT2 R28.9° 161.5° 54.4°
12 Nov. 1998 10:41:32 10004107 SPOT2 L7.3° 159.8° 46.6°

23 Oct. 2001 10:48:29 10004825 SPOT2 R8.0° 159.0° 53.0°
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Table 3. The classification system of SPOT images of the coastal zone of the Choshui Estuary

Class Code Subclass

Water 1 Sea, streams, canals and ponds

Sandy area 2 Beach and sandy areas

Built-up and barren land 3 Built-up lands, barren lands, roads and dikes
Plant 4 Windbreak forest, trees, grassland, corp
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Fig. 3. The classified imagery of the coastal zone of the Choshui Estuary on 8 Dec. 1993(A), 18 Oct.
1996(B), 12 Nov. 1998(C) and 23 Oct. 2001(D).

Red. ARG FEBOE IR > SRR Bt A B RIS &
Table 4. The codes of two-dates images used in the post-classification comparison method for the coastal
zone of the Choshui Estuary (original codes in the parentheses)

. e Later stage classified image
Earlier stage classified image
5(1) 9(2) 13(3) 17(4)
41 1 5 9 13
32 2 6 10 14
2(3) 3 7 1 15
1(4) 4 8 12 16
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Table 5. An error matrix of classification accuracy for the 1993 image of the coastal zone of the Choshui

Estuary
Classification Reference data code Reference Classification Correct Producer's User's Omission Commission
data code 1 2 3 4 Rowtotal datatotal data total number  accuracy  accuracy error error
1 46 4 0O O 50 53 50 46 86.8% 92.0% 13.2% 8.0%
2 5 42 2 1 50 47 50 42 89.4% 84.0% 10.6% 16.0%
3 0 1 46 3 50 49 50 46 93.9% 92.0% 6.1% 8.0%
4 2 0 1 47 50 51 50 47 92.2% 94.0% 7.8% 6.0%
Total 53 47 49 51 200 200 200 181

Overall accuary=90.5%, Kappa=0.87

6. KR 1 19964F F 15/ FEYEffE FE AP (i Z A2 R 2%

Table 6. An error matrix of classification accuracy for the 1996 image of the coastal zone of the Choshui

Estuary
Classification Reference data code Reference Classification Correct Producer's User's Omission Commission
data code 1 2 3 4  Row total datatotal data total number accuracy  accuracy error error
1 47 2 1 0 50 52 50 47 90.4% 94.0% 9.6% 8.0%
2 2 43 4 1 50 48 50 43 89.6% 86.0% 10.4% 14.0%
3 0 3 47 0 50 55 50 47 85.5% 94.0% 14.5% 6.0%
4 3 0 3 4 50 45 50 a4 97.8% 88.0% 2.2% 12.0%
Total 52 48 55 45 200 200 200 181

Overall accuary=90.5%, Kappa=0.87

7. V) 7KIZ [119984F 5515 /3 RHUERE KT 31k B A= RERH 52
Table 7. An error matrix of classification accuracy for the 1998 image of the coastal zone of the Choshui

Estuary
Classification Reference data code Reference Classification Correct Producer's User's Omission Commission
data code 1 2 3 4  Row total datatotal data total number accuracy  accuracy error error
1 45 5 0 0 50 52 50 45 86.5% 90.0% 13.5% 10.0%
2 6 41 3 0 50 49 50 41 83.7% 82.0% 16.3% 18.0%
3 0 1 48 1 50 52 50 48 96.0% 96.0% 7.7% 4.0%
4 1 2 1 46 50 47 50 46 92.0% 92.0% 2.1% 8.0%
Total 52 49 52 47 200 200 200 180

Overall accuary=90.0%, Kappa=0.87

8. 7K 12001 5215 /3 BEUEE FE ATl 2 AR 722 RE R 5
Table 8. An error matrix of classification accuracy for the 2001 image of the coastal zone of the Choshui

Estuary
Classification Reference data code Reference Classification Correct  Producer's  User's  Omission Commission
data code 1 2 3 4  Row total datatotal data total number accuracy — accuracy error error
1 48 2 0 0 50 54 50 48 88.9% 96.0% 11.1% 4.0%
2 3 47 0 0 50 49 50 47 95.9% 94.0% 4.1% 6.0%
3 1 0 45 4 50 47 50 45 90.0% 90.0% 4.3% 10.0%
4 2 (0] 2 46 50 50 50 46 92.0% 92.0% 8.0% 8.0%
Total 54 49 47 50 200 200 200 186

Overall accuary=93.0%, Kappa=0.91
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Fig. 4. The post-classification comparison imagery of the coastal zone of the Choshui Estuary on 1993 &

1996 (A), 1996 & 1998 (B) and 1998 & 2001 (C).
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Table 9. A change matrix of land-cover areas (ha) in the coastal zone of the Choshui Estuary from 1993

to 1996

Classified image in 1996

Classified image in 1993

1 2 3 4
Water 5,781.11 610.28 180.20 49.17
Sandy area 1,235.33 3,008.20 816.48 79.36
Built-up and barren land 9.06 157.27 147.84 127.78
Plant 119.48 338.97 93.89 1,268.78
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Table 10. A change matrix of land-cover areas (ha) in the coastal zone of the Choshui Estuary from 1996

to 1998

Classified image in 1998

Classified image in 1996

1 2 3 4
Water 5,614.80 1,253.78 207.89 68.52
Sandy area 544.70 2,752.75 540.72 276.55
Built-up and barren land 14.70 223.33 874.28 126.11
Plant 58.02 146.75 25.09 1,295.23

Fe11. JE7KIZ 11 1998- 20014 Mt 7 KE | T A A8t L AR e 2
Table 11. A change matrix of land-cover areas (ha) in the coastal zone of the Choshui Estuary from 1998

to 2001

Classified image in 2001

Classified image in 1998

1 2 3 4
Water 5,825.77 288.64 52.22 65.59
Sandy area 1,379.64 2,257.05 572.50 167.42
Built-up and barren land 31.73 39.16 1,245.33 331.77
Plant 159.03 92.34 188.59 1,326.44
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Table 12. A change matrix of land-cover areas (ha) in the coastal zone of the Choshui Estuary from 1993

to 2001
Land cover 1993 1996 1998 2001 1993-2001
Water 6,620.77 7,144.98 6,232.22 7,396.17 77541
Sandy area 5,139.38 4,114.72 4,376.61 2,677.19 -2,462.19
Built-up and barren land 441.95 1,238.42 1,647.98 2,058.64 1,616.69
Plant 1,821.13 1,525.09 1,766.41 1,891.22 70.09
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Table 13. A change matrix of land-cover relative areas (%) in the coastal zone of the Choshui Estuary

from 1993 to 2001

Land cover 1993 1996 1998 2001 1993-2001
Water 47.21 50.95 44.44 52.74 5.53
Sandy area 36.65 29.34 31.21 19.09 -17.56
Built-up and barren land 3.15 8.33 11.75 14.68 11.53
Plant 12.99 10.88 12.60 13.49 0.50
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Notes on the Mindoro Snake Eel Lamnostoma mindorum
(Jordan and Richardson) (Ophichthidae: Pisces)
in the Western Pacific

BRFFEHRARS B 0B

Shi-Tsang Chang and Chu-Fa Tsal

R A RKAER

Endemic Species Research Institute, Chichi, Nantou, Taiwan
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Abstract

The Mindoro snake eel Lamnostoma mindorum (Jordan and Richardson) is one of the rare speciesin
the family Ophichthidae. Only four specimens have been collected in the western Pacific from the
Mindoro and Luzon islands of the Philippines, the Waigeu Island of New Guinea, and the Hsiukuluan
River of the eastern Taiwan. This paper reports the fifth specimen from the Limpen River of the
southwest Taiwan. L. mindorum is more likely a marine egl living in sand and soil substrates along the
Kuroshio Current in the tropical western Pacific. The specimens that have been collected might be the
accidental intruders to freshwater rivers, a reason of its rarity in collection. This paper aso reviews the
systematic (generic) position of L. mindorum, and considers that Lamnostoma taylori (Herre) from Iba of

the Philippines a valid species rather than a synonym to L. mindorum as previously assumed.
&

RZ##EE OIEfE (Lamnostoma mindorum) SRR E Afis — - 25 HBIHAEER » R
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Mindoro snake eel Lamnostoma mindorum

Key words: Lamnostoma mindorum, Ophichthidae, distribution
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The Mindoro snake eel Lamnostoma
mindorum (Jordan and Richardson, 1908) is one
of the rare species in the family Ophichthidae in
the western Pacific. It was first described
Caecula mindora by Jordan and Richardson
(1908) nearly a century ago, based on a single
specimen (holotype) collected from the Baco
River on the Mindoro Island, Philippines (Fig.
1). A few years later another specimen was
collected at the Waiho River on the Waigeu
Island, New Guinea, and described as
Sphagebranchus mindora (Jordan and
Richardson) by de Beaufort in 1913 (Weber and
de Beaufort 1916). Herre (1923) reviewed the
eels of the Philippine Archipelago, and kept the
species name as Caecula mindora (Herre 1924,
1953). He collected the third specimen at the
Abra River near Vigan, Ilokos Sur Province,
Philippines in the 1929 Philippines Expedition
(Herre 1953). The above three specimens were
about 400 mm in length and collected from
freshwater not far upstream from the river
mouths.

The review paper of Herre (1923) states
that the genus Caecula Vahl, 1794 has gill
openings without a duplication of gill
membranes anteriorly, but the genus
Lamnostoma Kaup, 1856 does have the

duplication of gill membranes. Smith (1964)

Accepted: May 1, 2003
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compared the holotype, No. 154, of Caecula
pterygera Vahl, 1794 and the syntype, R.M.N.H.
No. 3824, of Lamnostoma pictum Kaup, 1856,
the type species of the two genera. He found that
they are identical in all aspects, and furthermore,
that these two type specimens are none other
than the generally known species Dalophis
orientalis McClelland, 1845 of the Indian Ocean
and the western Pacific. He briefly redescribed
Caecula pterygera Vahl, 1794 based on external
characters, and assigned L. pictum and D.
orientalis as synonyms of C. pterygera, and the
genus Lamnostoma as a synonym of the genus
Caecula

Smith (1964) also show the parts of the
translation of the original description of Caecula
Vahl, 1794 to point out that its gill openings are
ventrally placed, and gill cover is not made of
bone but formed by two skin-folds of which the
exterior and larger fold covers most of the
interior and smaller one. Apparently, Jordan and
Richardson (1908) and Herre (1923, 1924, 1953)
erroneously assumed that the genus Caecula has
simple gill membranes (without duplication),
and placed mindora under the genus.

Bohlke and McCosker (1975) compared the
type specimens of Caecula pterygera Vahl, 1794
and Sphagebranchus rostratus Bloch, 1795 (type
species of the genus Sphagebranchus). He found
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Fig. 1. Distribution of Lamnostoma mindorum (Jordan and Richardson) in the western Pacific (solid star,

type locality, Baco River, Mindoro, Philippines; solid circles, localities of other collections; 1, Waiho

River, Waigeu Island, New Guinea; 2, Abra River, Luzon, Philippines; 3, Hsiukuluan River, Hualien,

Taiwan; and 4, Limpen River, Pingtung, Taiwan).

them to be the same species, and thus, the genus
Sphagebranchus is a synonym of the genus
Caecula. This made the genus Caecula to have
the genera Lamnostoma, Sphagebranchus, and
Dalophis as its junior synonyms, while the
species name Caecula mindora had been
retained since Jordan and Richardson (1908).
McCosker (1977) used external and
osteological characters to revise the genera of the
family Ophichthidae. He used the specimens of
Caecula pterygera (USNM 206375),
Lamnostoma orientalis (CAS 13957, 13968) and
Lamnostoma kampeni (SU 24593) for the study,
and concluded that both genera Caecula Vahl,
1794 and Lamnostoma Kaup, 1856 are valid,

rather than that the latter is synonymous to the
former as Smith (1964) proposed. We briefly
describe herein the characters of the two genera
based on the descriptions of McCosker (1977)
and provide with the depositories of the type
specimens of their type species (Smith 1964) as

follows:

Caecula Vahl, 1794
Caecula Vahl, 1794. The type species Caecula
pterygera Vahl, 1794 (holotype No. 154,
Universitetets Zool. Museum, Copenhagen,
Denmark).
Lateral head profiles narrow evenly from
epiotics to snout. Body elongated, its depth more
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than 40 in length. Vertebrae 126-130 in number.
Branchiostegal rays 25 in number with 12 free
and 10 attached with epihyal. Anterior nostril
flush with snout anteriorly, produced as a tube
posteriorly; posterior nostril associated with a
barbel. Gill opening entirely ventral, longer than
isthmus, with an antero-lateral duplication
forming a deep pouch. Second temporal pore and
third preopercular pore present, but fourth
preopercular pore absent. Teeth conical,

uniserial, largest at intermaxillary.

Lamnostoma K aup, 1856
Lamnostoma Kaup, 1856. The type species
Lamnostoma pictum Kaup, 1856 (syntype
R.M.N.H. No. 3824, Leiden, Netherlands).

Lateral head profiles narrow sharply from
epiotics to interorbital, and then, evenly to snout.
Body stout, its depth less than 30 in length.
Vertebrae 134-153 in number. Branchiostegal
rays 29 in number with 26 free and 3 attached
with epihyal. Anterior nostril flush along snout;
posterior nostril with a pendulous flap. Gill
openings inferior. Second temporal pore and
third preopercular pore absent. Teeth slender,
pointed, and recurved, uniserial or biserial,
vomerine and intermaxillary teeth enlarged.

Based on the above descriptions abstracted
from McCosker (1977), head profile, body
depth/body length ratio, teeth size and structure,
nostril  structure, vertebral number,
branchiostegal ray arrangement, and presence or
absence of the second temporal pore and the
third preopercular pores are important characters
for distinction between Caecula and
Lamnostoma. Of these characters, lateral head

profile, body depth/total length ratio, and

Mindoro snake eel Lamnostoma mindorum

vomerine teeth structure are the key characters
for the distinction. The location of gill openings
and structure (duplication) of gill covers are no
longer the primary diagnostic characters for the
distinction of the two genera.

Smith's (1964) redescription of Caecula
pterygera Vahl, 1794 states the characters to
have an elongate and subcylinderical body, and
its depth are about 40 in total length, as those
mentioned by McCosker (1977). However, he
does not mention the characters of Lamnostoma
pictum Kaup, 1856 and Dalophis orientalis
MccClelland, 1845 other than duplicated gill
covers in assuming the two species to be
synonymous to C. pterygera, and the genus
Lamnostoma to be synonymous to the genus
Caecula. Apparently, Smith (1964) overlooked
the external characters other than the structure of
gill cover for the species and generic distinction,
resulting in erroneous presumption on these
species and genera to be synonymous
(McCosker 1977).

According to the McCosker's (1977)
classification system of the genera to the family
Ophichthidae, the genus Lamnostoma consists of
Lamnostoma mindora (Jordan and Richardson,
1908), Lamnostoma taylori (Herre, 1923),
Lamnostoma kampeni (Weber and de Beaufort,
1916), and Lamnostoma polyophthalmum
(Bleeker, 1853) (Smith 1964; McCosker 1977;
Hatooka and Yoshino 1998) from the western
Pacific. Lamnostoma pictum Kaup, 1856 is
considered to be synonymous to Lamnostoma
orientalis McClelland, 1845 by McCosker and
Castle (1986), and both are regarded as the
synonyms of L. polyophthalmum by Hatooka
and Yoshino (1998). The genus Caecula has
Caecula pterygera Vahl, 1794 from India as a
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monotypic species. Caecula rostratus (Bloch,
1795) from the East Indies is presumed to be
synonymous to C. pterygera (Bohlke and
McCosker 1975; McCosker 1977), and Dalophis
polyphthal mus Bleeker, 1853 once considered as
one of the two species of Caecula (Bohlke and
McCosker 1975) has been transferred to
Lamnostoma (Hatooka and Yoshino 1998).

Kottelat et al. (1993) did not find L.
mindora in the western Indonesia, but stated the
species to be “expected in the area” in their
book “Freshwater Fishes of Western Indonesia
and Sulawesi”. They cited this species from
Jordan and Richardson (1908), but apparently,
erroneously used the figure of L. orientalis
(McClelland, 1845) to illustrate L. mindora,
while the figure of the latter to illustrate the
former.

Recently Hatooka and Yoshino (1998)
corrected Lamnostoma mindora to Lamnostoma
mindorum, because the generic name
Lamnostoma is derived from the Greek
“Lamna” (man-eating monster) and “stoma”
(mouth), and the latter is neuter. They reported
the fourth specimen from the Hsiuykuluan River,
Hualien, in the eastern Taiwan. This specimen
was the first record of the speciesin Taiwan, and
the northernmost range of the species in the
western Pacific (Fig. 1). Unlike the previous
three specimens of 400 mm in total length and
from freshwater streams of the Philippines
(Herre 1923) and New Guinea (Weber and de
Beaufort 1916), the specimen from Taiwan was
484 mm and from brackish water at the river
mouth.

Also, Hatooka and Yoshino (1998) assigned
Caecula taylori Herre, 1923 as a junior synonym

of Lamnostoma mindorum (Jordan &
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Richardson, 1908), based on a calculation on
body height in total length from the drawing in
Plate 6, Fig. 2 of Herre's (1923) original
description of C. taylori. The body height in total
length of the drawing is 25 similar to that of L.
mindorum, and not 18 as mentioned in the
original description of C. taylori. However, for
assigning C. taylori as a synonym of L.
mindorum, Hatooka and Yoshino (1998) did not
include the original description of Herre (1923)
in their consideration.

In this study we summarize and compare
the characters of C. mindorum and C. taylori
described by Herre (1923) in Table 1. They
differ greatly in body size, body dimensions,
dentitions, and coloration, and are briefly
described as follows:

Lamnostoma mindorum (Jordan and
Richardson, 1908)

Caecula mindora Jordan and Richardson, 1908
(type locality, Baco River, Mindoro,
Philippines).
Sphagebranchus mindora de Beaufort, 1913;
Weber and de Beaufort, 1916.
Caecula mindora Herre, 1923, 1924, 1953.
Lamnostoma mindora McCosker, 1977; Kottelat
et al., 1993; Chen and Fang, 2001.
Lamnostoma mindorum Hatooka and Yoshino,
1998.

Body slender, about 400 mm in total length.
Body depth 25-30 and head length 7.4-7.7 in
total length. Eyes small, embedded under skin,
diameter 17-25 in head length. Vomerine teeth 6-
10 in number; intermaxillary teeth stout, 3-5 in
number of same sizes. Coloration uniformly dark
brown on dorsum with a series of small whitish

spots along the lateral line.
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Table 1. A comparison of characters between Lamnostoma mindorum (Jordan and Richardson) and

Mindoro snake eel Lamnostoma mindorum

Lamnostoma taylori (Herre) based on the descriptions of Herre (1923)

Characters L. mindorum L. taylori

Locality Mindoro Island, Philippines Iba, Zambales,
Waigeu Island, New Guinea Philippines

Habitat Freshwater -

Total length Nearly 400 mm 164 mm

Body height in length 25-30 18.2

Head in length 7.4-77 8.86

Head in trunk 2.6-2.8 3

Eye Small Small, protuberant

Eyein head 17-25 14.8

Eye in snout 35 151

Snout Slender, pointed -

Snout in head 7 -

Mouth Wide, extending far beyond -
eyes

Dorsal origin to gill opening 1/4 of head 9.25 in head

Vertical fins Moderately developed Very low

Jaw teeth Small, sharp, recurved, in Small, sharp, recurved in

Vomerine teeth
Intermaxillary teeth
Gill opening

Coloration

one row of same sizes

Large, 6-10 in number

3-5 stout teeth of same size
Lateral or vertical

Uniformly dark or grayish brown
dorsum and yellow or pale
ventrum; stellate whitish spots
along lateral line; transverse
white spots on vertex

one row; 2 frontal teeth
stout on mandible

5 widely separated

3 small teeth

Vertical

Light yellow with
olivaceous brown
innumerable dots on

dorsum, laterum and jaw

Lamnostoma taylori (Herre, 1923)
Caecula taylori Herre, 1923, 1924, 1953. (type
locality, 1ba, Zambales, Philippines).
Lamnostoma tayleri McCosker, 1977; Hatooka
and Yoshino, 1998.

Body stout, 164 mm in total length. Body
depth 18.2 and head length 8.86 in total length.
Eyes small, protuberant, diameter 14.8 in head
length, Vomerine teeth 5 in humber, widely

spaced; intermaxillary teeth small, 3 in number.
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Coloration olivaceous brown dorsum made by
the coalescence of innumerable dots, extending
down to laterum below the lateral lines and
lower jaws.

Accordingly, it is reasonable to assume that
the original description of L. taylori made by
Herre (1923) is based on his type specimen, not
from the drawing in Plate 6, Fig. 2 of his original
description. It was likely that Herre (1923)
mistakenly took the drawing of L. mindorum to
illustrate L. taylori. Accordingly, we consider
that Lamnostoma taylori (Herre, 1923) is avalid
species, distinguishable from Lamnostoma
mindorum (Jordan and Richardson, 1908), and
not a synonym of the latter as assumed by
Hatooka and Yoshino (1998).

Chen and Fang (2001) report L. mindorum
in “Theinland water fishes of Taitung, Taiwan”
but the name is erred as Lamnostoma mindora
Herre. They also erroneously describe the
species to have long pectoral fins, and stated that
the species occurs in the freshwater of the

eastern Taiwan without mentioning localities of
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their collections.

For nearly a century since 1908 when
Jordan and Richardson first described C.
mindora, only four specimens have been
reported from four localities: two in Philippines
(Jordan and Richardson 1908; Herre 1953), one
in New Guinea (Weber and de Beaufort 1916),
and one in the eastern Taiwan (Hatooka and
Yoshino 1998)(Fig. 1). In the recent inventory
survey of freshwater fishes of Taiwan, we
collected a specimen of L. mindorum (Fig. 2) by
electric fishing from the freshwater portion of
the Limpen River near the Shinpei Bridge,
Pingtung County, about 5 km upstream from the
mouth in the southwestern Taiwan (Fig. 1). This
was the first specimen collected from the
western part of Taiwan, the second specimen
recorded for Taiwan, and the fifth specimen
reported for this rare species in the western
Pacific. It is 354 mm in total length, the smallest
specimen collected so far for the species. It has
the following characters: body height 24.3, head
length 8.89, preanal length 2.33, trunk length

Fig. 2. Lateral view of Lamnostoma mindorum (Jordan and Richardson)(total length 354 mm) collected

from the Limpen River of the southwestern Taiwan (A), and lateral view of its head portion (B).
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3.20, and predorsal length 7.01 in total length;
snout length 7.19, eye diameter 19.89, and
maxillary length 2.28 in head length. Anterior
nostril flushed along snout, and posterior nostril
with a pendulous flap. Gill openings ventro-
lateral. Vomerine teeth pointed, recurved, in a
longitudinal row, nine in number: first one single
and the remaining eight paired, each with a
small, depressible anterior tooth and a large
sessile posterior tooth. Intermaxillary teeth three
in number, similar in sizes. Uniformly dark
brown dorsum, pale yellow ventrum, with a
longitudinal series of small white spots along the
lateral line. The characters described above are
similar to those described by Herre (1923) and
Hatooka and Yoshino (1998). The sensory pores
have 4 supraorbital pores, 6 infraorbital pores, 4
mandibular pores and 3 supratemporal pores (the
second temporal pore and third preopecular pore
absent), similar to those described by Hatooka
and Yoshino (1998), with an exception that
instead of 127, the number of lateral line poresis
141.

Chen and Fang (2001) speculate that L.
mindorum is a migratory eel; adults live in
freshwater streams but reproduce in ocean, and
juveniles migrate to river mouths and freshwater
streams of low elevations for living. However,
the specimens that have been collected were
from brackish water (Hatooka and Yoshio 1998)
or freshwater not far from river mouths (Jordan
and Richardson 1908; Weber and de Beaufort
1916; Herre 1953). Their sizes ranged between
354 mm and 484 mm, and no small juvenile has
been collected from freshwater. Their number
that have been collected was extremely small,
only five specimens so far. Accordingly, it is
reasonable to hypothesize that L. mindorum is a

Mindoro snake eel Lamnostoma mindorum

marine eel, living in sand or soil substrates of
ocean bottom along the edge of Kuroshio
Current in the tropical region of the western
Pacific (Fig. 1). Large juveniles or sub-adults
accidentally intrude to freshwater streams. All
specimens that have been collected were the
accidentally intruders to freshwater, a reason of
their rarity in collection.

We are grateful to Messrs. R. C. Chang, C.
Y. Chang, C. E. Shieh, and T. C. Yang who
assisted in field collection. Professor Ming-Jenn
Yu of the Department of Biology of the Tunghai

University reviewed the manuscript.

Literature Cited

Bohlke, J. E., and J. E. McCosker. 1975. The
status of the ophichthid eel general Caecula
Vahl and Sphagebranchus Bloch, and the
description of a new genus and species
from fresh waters in Brazil. Proceedings of
the Academy of Natural Sciences of
Philadelphia 127 (1): 1-11.

Chen, |I. S.,, and L. S. Fang. 2001. The inland
water fishes of Taitung, Taiwan. Taiwan
Marine Museum. 200 pp. (in Chinese)

Hatooka, K., and T. Yoshino. 1998. Two rare
ophichthid species of the genus
Lamnostoma (Pisces: Anguilliforms) from
the western Pacific. Bulletin of the Osaka
Museum of Natural History 52: 21-30.

Herre, A.\W. C. T. 1923. A review of the eels of
the Philippine Archipelago. The Philippine
Journal of Science 23(2): 123-236.

Herre, A. W. C. T. 1924. Some rare Philippine
eels. The Philippine Journal of Science
24(1): 107-111.

Herre, A. W. C. T. 1953. Check list of Philippine



B E A IE4E 5(2) + 73-81, 2003

fishes. U. S. Fish and Wildlife Service,
Research Report 20. 977 pp.

Jordan, D. S., and R. E. Richardson. 1908.
Fishes from islands of the Philippine
Archipelago. Bulletin of the Bureau of
Fisheries 27: 233-287.

Kottelat, M., A. J. Whitten, S. N. Kartikasari,
and S. Wirjoatomodjo. 1993. Freshwater
fishes of western Indonesia and Sulawesi.
Periplus Editions (HK) Ltd. Indonesia.

McCosker, J. E. 1977. The osteology,
classification, and relationships of the eel
family Ophichthidae. Proceedings of the
California Academy of Sciences. Series 4,
41(1): 1-123.

McCosker, J. E., and P. E. J. Castle. 1986.
Family 42: Ophichthydiae. pp. 176-187. In:
Smith, M. M., and P. C. Heemstra (eds.).
Smith's sea fishes. Springer-Verlag, New
York.

Smith, J. L. B. 1964. The discovery in
Mozambique of the little known eel
Ophichtys tenuis Gunther, 1870, a
redescription of the type of Caecula
pterygera Vahl, 1794, notes on other
species and on generic relationships. The
Annals and Magazine of Natural History
13, 7 (84): 711-723.

Weber, M., and L. F. de Beaufort. 1916. The
fishes of the Indo-Australian Archipelago.
Vol. 3. 455 pp.



RiEHEYINTSE 5(2) : 83-88, 2003 83

A New species of the Earthworm Belonging to the Genus
Metaphire Sims and Easton (M egascol ecidae:
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Abstract

This paper describes a new species of the earthworm Metaphire trutina sp. nov. (Megascol ecidae:
Oligochaeta) from Hsiaochaochi, llan of the northeastern Taiwan. It is a large, sexthecal and holandric
earthworm, and has a pair of large, round genital papillae with slightly concave centers on narrow male
disc in each of the shallow copulatory chambers in XVIII1. It belongs to the houlleti species-group of the
genus Metaphire Sims and Easton and closely relates to Metaphire tschiliensis (Michaelsen, 1928),
Metaphire viridis Feng and Ma, 1987, Metaphire vulgaris (Chen, 1930), and Metaphire praepinguis
(Gates, 1935) of China, and Metaphire aggera (Kobayashi, 1934) of Korea and Manchuria.
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I ntroduction

The genus Metaphire Sims and Easton is a
large group of terrestrial earthworms next to the
genus Amynthas Kinberg in the family
M egascolecidae (Oligochaeta) in Taiwan. They
consisted of five endemic species of Metaphire
bununa Tsai, Tsai and Liaw, 2000, Metaphire
paiwanna Tsai, Tsai and Liaw, 2000 (Tsai et al.
2000a), Metaphire puyuma Tsai, Shen and Tsai,
1999 (Tsai et al. 1999), Metaphire yeni Tsai,
Shen and Tsai, 2000 (Tsai et al. 2000b), and
Metaphire taiwanensis Tsai, Tsai and Shen, 2003
(Tsai et al. 2003), and four exotic species of
Metaphire californica (Kinberg, 1867),
Metaphire hesperidum (Beddard, 1892),
Metaphire posthuma (Vaillant, 1869), and
Metaphire schmardae (Horst, 1883) (Tsai et al.
2000c). This paper describes a new species
Metaphire trutina sp. nov. from the northeastern
Taiwan. This makes a total of 10 species in the
genus Metaphire and 50 nominal species of the
terrestrial earthworms in Taiwan. The specimens
are preserved at Taiwan Endemic Species
Research Institute, Chichi, Nantou, Taiwan.

Metaphire trutina sp. nov.

Type material

Accepted: June 2, 2003

B2 HHA - 926 H2H

Holotype: A mature (clitellate) specimen
(dissected) collected 18, May 2002 in a ditch
along a mountain road from Hsien Rd. 192 at an
elevation of around 150m, Hsiaochaochi, Ilan
County, Taiwan by Y. H. Chen (cat. no. 14-
03884).

Paratype: An immature (aclitellate)
specimen (dissected), same collection of
holotype (cat. no. 14-03882).

External characters

Length 236 mm for holotype and 305 mm
for paratype. Clitellum length 7.89 mm and
clitellum width 11.0 mm. Prostomium prolobous.
Segment number 96 for holotype and 151 for
paratype. Heavy annulets (secondary
segmentation) 3 per segment in VI-1X and 5 in
X-XII1, setal annulet slightly wider than the
adjacent annulets. Setae numerous, 109-118 in
VI1l, 108-128 in XX and 22-28 between male
pores. First dorsal pore in 12/13. Clitellum XIV-
XVI, dorsal pores absent, setae absent in XIV
and XV, but 5 setae on medio-ventrum of XVI.

Spermathecal pores invisible externaly due
to heavy secondary segmentation, 3 pairs,
ventro-lateral in 6/7-8/9, but detected from inside
after dissection. No genital papillae in the
spermathecal region. Female pore single, medio-
ventral in XIV.

Male pores paired in XVIII, ventro-lateral,
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large, C-shape, 2.87 mm in longitudinal length,
reaching 17/18 and 18/19 segmental furrows.
Porophore, a small tubercle with a small male
aperture at the latero-central end of male disc, a
narrow longitudinal ridge extending from setal
annulet of XVIIIl. No setae on the male disc. A
pair of large, nearly equally sized round-shaped
genital papillae located on anterior and posterior
ends of the male disc (Fig. 1A, B). Each of the
genital papillae 1.0 to 1.1 mm in diameter with a
slightly concave center. Lateral wall of the
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copulatory chamber smooth externally (laterally)
but slightly folliculated internally (medially).

Preserved specimens purplish blue dorsum
and around clitellum, and brownish gray
ventrum. Setal annulet lighter in color as
compared to adjacent annulets.

Internal characters

Septa 8/9/10 absent, 10/11-13/14 very
thick. Gizzard large, round in IX and X. Intestine
enlarged from XI1V. Intestinal caeca paired in

Fig. 1. Metaphire trutina sp. nov. holotype: (A) ventral view of left male pore region with copulatory

chamber closed (gp, genital papilla; md, male disc), (B) ventral view of left male pore region with

copulatory chamber (cp) opened (p, porophore), (C) right spermathecae (amp, ampulla; div,

diverticulum), (D) right sperm sacs (ss) and seminal vesicles (sv) (dl, dorsal lobe), (E) right prostate

gland, and (F) right caecum.
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XXVl extending anteriorly to XXII, each
simple with a pointed end, surface wrinkled with
vertical lines (Fig. 1F). Esophageal hearts
enlarged in XI-XIII.

Spermathecae three pairs in VII-1X, each
with an oval or round ampulla with heavily
pressed wrinkles at proximal end, and a very
short stout stalk. Diverticulum with silver
colored and oval shaped seminal chamber and a
heavily twisted stalk (Fig. 1C). Ovaries paired in
XIII.

Sperm sacs two pairs, medio-ventral in X
and XI, each round, white in color, with smooth
surface, sperm ducts connected in XIII. Seminal
vesicles, two pairs in X1 and XII. Anterior pair
large, pale in color, surface wrinkled, each with a
round brownish, granulated dorsal lobe, filled
whole segmental cavity. Posterior pair smaller in
size as compared to the anterior ones, granulated
surface, each with a large, brown colored,
granulated dorsal lobe (Fig. 1D).

Prostate glands paired in X V111, each lobed,
surface folliculated, prostatic duct stout and
straight (Fig. 1E). No accessory gland or visible
structure associated with the genital papillae in
copulatory chambers.

L ocality and habitat

The type specimens were collected from the
roadside ditch covered with about 10 cm thick
sand without vegetation.

Etymology

The name trutina is given to this species
with reference to an earthworm possessing a pair
of large genital papillae, each with a slightly
concave center and connected by narrow male
disc with porophore at medio-lateral center, like
abalance, in each shallow copulatory chamber.

New Metaphire earthworm from Taiwan

Remarks

Metaphire trutina sp. nov. is sexthecal with
spermathecal poresin 6/7/8/9, and has no genital
papillae in 17/18 and 18/19. It belongs to the
houlleti species-group of the genus Metaphire
(Sims and Easton 1972). It is a large earthworm
with a pair of shallow copulatory chambers with
C-shaped opening, the characters closely related
to Metaphire vulgaris (Chen, 1930) of Nanking,
China, Metaphire viridis Feng and Ma, 1987
from Gansu of the northwest China, Metaphire
praepinguis (Gates, 1935) of Szichuan (Gates
1935, 1939), Metaphire aggera (Kobayashi,
1934) of Korea and Manchuria (Kobayashi 1934,
1940), and Metaphire tschiliensis (Michael sen,
1928) of China. The last species consists of three
subspecies: 1) M. t. tschiliensis (Michaelsen,
1928) of North and Central China (= Pheretima
kiangsuensis Chen, 1930 (Chen 1930, 1931,
1933)), 2) M. t. grahami (Gates, 1935) from
Szichuan (Gates 1935, 1939), and 3) M. t.
kokoana (Chen and Fong, 1975) of Qinghai and
Gansu (Chen et al. 1975).

Metaphire trutina is easily distinguished
from the above related species and subspecies of
China by possessing higher number of setae,
absence of preclitellar genital papillae, absence
of wrinkled, swollen lips or crescent ridges
bordered anteriorly and posteriorly to each of the
spermathecal pores, and the presence of two
large genital papillae on both anterior and
posterior ends of male disc in each shallow
copulatory chamber (Table 1).
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A New Record of the Bithecal Megascolecid Earthworm
Amynthas papilio (Gates) (Oligochaeta) from Taiwan
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Abstract

This paper reports a new record of the megascolecid earthworm Amynthas papilio (Gates, 1930)
from Taiwan. It was originally described from Burma, and also reported from the Riukiu Islands of
Japan. In our recent earthworm survey in the northern Taiwan, A. papilio was collected in the grass fields
with rich soil at the campus of National Taiwan University and Hsin-Chu Girl High School. As it occurs
at human disturbed habitat associated with urbanization, we suspect it as an exotic species introduced
recently from Southeast Asia
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Introduction

Taiwan is an island situated in the
subtropical Asia. It has a complex topography,
constituting with coastal plains, hills and
mountains, of which the latter have elevations of
nearly 4,000m. It provides habitats for terrestrial
invertebrates in high diversity, such as for
butterflies (Emmel and Heppner 1990) and
earthworms. However, up to date the earthworm
fauna of Taiwan has not been studied in detail;
only 24 nominal species were reported prior to
1999 (Goto and Hatai 1898; Kobayashi 1938;
Gates 1959; Tsai 1964; Shih et al. 1999), and 21
more species of megadrile earthworms since
then (Tsai et al. 1999; Shen and Tsai 2002; Shen
et al. 2002; Tsai et al. 2000a, 2000b, 2000c,
2002; Chuang and Chen 2003). There was a
period of cessation of earthworm investigation in
the 1960s to the 1990s (Chen and Shih 1996).

This paper describes a new record of
Amynthas papilio (Gates, 1930) from Taiwan.
This specie was originally described from Burma
by Gates (1930), and also reported from the
Iriomote Island of Riukiu, Japan by Ohfuchi
(1956). In our recent earthworm survey in the
northern Taiwan, the specimens of A. papilio
were collected from the grass fields in the
campus of National Taiwan University on 6 May
2000 and of the Hsin-Chu Girl High School on 3
august 2000. The following description is based
on two mature specimens fixed with the 10%
formalin-water solution and then preserved in
the 70% ethyl-alcohol water solution.

Amynthas papilio (Gates, 1930)
Pheretima papilio Gates, 1930. Burma.
Rec. Ind. Mus. 32: 316; Ohfuchi, 1956. Iriomote

A new record earthworm from Taiwan

Island, Riukiu, Japan. J. Agr. Sci. Tokyo Nogyo
Daikaku 3(2): 243-261; Gates, 1972. Burma.
Trans. Amer. Philo. Soc. 62(7): 205-206.

Amynthas papilio Sims and Easton, 1972.
Bio. J. Linn Soc. 4: 169-268.

External characters

Total length 40 and 70 mm, clitellum width
2 mm, segment number 117 and 119. Protomium
epilobous. Setae 37-41 in VII, 80 in XX, 6-8
between male pores and 11 in XVII. First dorsal
pore in 12/13. Clitellum X1V-XVI, length 2 mm,
smooth, setae and dorsal pore absent.

Spermathecal pores one pair in 5/6, ventral,
not easily visible, distance between the pores
0.21 body circumference apart. Genital papillae
one pair in V, postsetal, anterior to the
spermathecal pores, each circular in shape with a
slightly convex center. Female pore single,
medio-ventral in XIV.

Male pores closely paired ventrally in
XVIll, distance between the pores 0.18 body
circumference apart. The pore regions with
elliptical skin pads like butterfly wings
extending from anterior border of XVII to the
setal line of XIX. Porophores (papillae with male
apertures) located at the posterior end of
longitudinal dlits of the pads (Fig. 1a).

Preserved specimens white in color with
yellowish clitellum.

Internal characters

Septa 5/6/7 thickened, 8/9/10 absent.
Gizzard in IX-X, peach-shape, yellowish white
in color. Intestine enlarged from XV. Caeca
paired in XXVI, extending two segments
anteriorly to XX1V, simple, yellowish, wrinkled
on the surface (Fig. 1b).
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Fig. 1. Amynthas papilio: A, male pore region (mp, male opening); B, right caeca; C, left spermathecae

(dv, diverticulum; amp, ampulla); D, right prostate gland.

Spermathecae one pair in VI, ampulla oval-
shaped, about 1.5 mm long, 0.7 mm wide, and
stalk slender, 1.5 mm in length, equivalent to
that of ampulla. Diverticulum with a long
yellowy striped seminal chamber of 0.7 mm long

and astalk of about 1.2 mm long (Fig. 1c).
Sperm sac one pair in X, ventral, small, not

easily visible. Seminal vesicles two pairs in XI

and XlI, large, yellowish white, each with a

primary ampulla with a cleft of dorsal |obe.
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Prostate glands large, in XV-XXI, ducts 2 mm
long, L-shaped (Fig. 1d).

Remarks

Amynthas papilio has a single pair of
spermathecae in VI and closely ventrally paired
male pores with a large dlliptical, butterfly-like,
skin pads from XVII to XIX. Based on these
unique characters, A. papilio is easily
distinguishable from other megascolecid
earthwormsin Taiwan.

The characters of Amynthas papilio

A new record earthworm from Taiwan

collected from Taiwan are compared with those
described by Gates (1930, 1972) from Burma
and those reported by Ohfuchi (1956) from the
Riukiu Islands in Table 1. They share similarity
in most of the characters. In the original
description Gates (1959) mentions that the first
dorsal pore of A. papilio is in 5/6, but in the
review paper of Gates (1972), he correctsit to be
in 12/13, similar to the case found in the
specimens from Taiwan. Also, A. papilio from
Burma has a pair of spermathecal poresin 5/6
(Gates 1930, 1972), but that from the Riukiu

Table 1. Comparison of the characters of Amynthas papilio collected from Taiwan to those from Burma

and Riukiu, Japan

Characters A. papilio A. papilio A. papilio A. papilio
(Gates, 1930) (Gates, 1972)  (Ohfuchi, 1956)
Location Taiwan Burma Burma Riukiu
Body length (mm) 40-70 90 60-138 45-51
Number of segments 117-119 87 87-114 95-123
First dorsal pore 12/13 5/6 12/13 -
Prostomium Epilobous Epilobous Epilobous -
Setaein VII 37-41 - - -
X 80 - 60-80 -
XVII 11 - 18-22 -
XVIII 6-8 - 3-14 7-9
Spermathecal pores 1 pairs (5/6) 1 pairs (5/6) 1 pairs (5/6) 1 pairs (6/7)
Number of spermathecae 1 pairs (V1) 1 pairs (VI) 1 pairs (VI) 1 pairs (VII)
Sperm sac X, Xl X1, X1 X, Xl X, Xl
Seminal vesicle X1, X1l X1, X1l X1, X1 X1, X1
Prostate XV-XXI, large XVII-XXI, large  XVI-XXI, large -
Intestine origin XV XV XV -
Genital papillae
Preclitellar \Y - - Vi
Postclitellar - - - -
Caeca paired XXVI- XXIV XXVI XXVIH-XXI1 XXVI-XXIV
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Islands is in 6/7(Ohfuchi 1956; Kaminhira
1973). Because of the above difference in
location of spermatahecal pores, Gates (1972)
specul ates that the specimens of Riukiu (Ohfuchi
1956) may be a different species from A. papilio
of Burma (Gates 1930). The specimens from
Taiwan have the spermathecal pores in 5/6,
similar to that from Burma (Gates 1930). As the
spermathecal pores are not easily visible
externally, Ohfuchi (1956) might err on this
character. A further verification on this character
for the Riukiu specimens is required to clarify
their taxonomic status, whether they are different
species from A. papilio of Burma as Gates
(1972) speculates, or even a new species as we
may suspect.

Gates (1932, 1961, 1972) divides A.
papilio into three subspecies: A. papilio papilio,
A. papilio insignis, and A. papilio hiulca.
According to the characters of male pores,
prostate glands, caeca, and spermathecal pores,
the specimens from Taiwan was found to belong
to the subspecies A. papilio papilio, whose only
known locality was Thaton, Burma (Gates
1930). As the Taiwan specimens were collected
from the grass fields in the school campus, the
human disturbed environments associated with
urbanization, we speculate that A. papilio is an
exotic species introduced recently to Taiwan
perhaps with vegetations from the Southeastern
Asia
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