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Diet of Eastern Grass Owl (Tyto longimembris) Nestlings
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Abstract

The eastern grass owl (Tyto longimembris Jerdon 1839) is a rare species of the birds belonging to
the family Tytonidae in Taiwan. It is scatteringly found in the low-land areas of the south-western Taiwan,
and its biology and feeding ecology have been little investigated. We found three nests of this owl in the
Chung-liao-san area of Kaohsiung in 2003 to 2005. They were built on the ground and covered by dense
tall grasses with a tunnel-like entrance made of short grasses. The brood sizes were 2 to 4. We collected
and examined 43 owl pellets from the nests, and identified 77 prey items in the pellets. They were 26
items of Bandicota indica, 25 of Mus caroli, 17 of Rattuslosea, 4 of Apodemus agrarius, 4 of Crocidura
spp. and 1 of Streptopelia tranquebarica. Also, partial remains of the Formosan hare (Lepus sinesis

formosus) were found near one of the nests.
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Fig. 1. A nest of the eastern grass owl on the ground covered by tall grasses.
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Fig. 2. The pellets and remains of a dead nestling found near the nest of the eastern grass owl.
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3. [ B[ B TR 15 2 BB L e (2 S L B -
Fig. 3. A fledgling of the eastern grass owl (photographed by Mr. Wen-Hwa Li).
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Fig. 4. The skull and skeleton remains of small mammalian preys in pellets of the eastern grass owl.
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Breeding Traits of Three Species of Birdsin Nest
Boxes at Guan-Yuan in the Taroko National Park
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Abstract

Breeding activities of the three species of birds, green-backed tit (Parus monticolus), coal tit (P.
ater) and Eurasian nuthatch (Sitta europaea), in nest boxes were examined in association with temperature
and precipitation at Guan-Yuan in the Taroko National Park, 2004 and 2005. In the warmer early spring
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of 2005, the nest building date and egg laying date of the first clutch were earlier as compared to those
in 2004, yet the same trend was not found in term of synchronization of egg laying date, hatching date
and clutch size among three species. Due to heavier and more frequent raining in mid-April to mid-May
of that year, the number of the nests deserted by the birds was higher. The desertion occurred either in
the incubation stage or in the early nestling stage. However, the nest building of the second clutch of the
two species of tits in 2005 was higher. Also, predation was found to be one of the main causes for the
nesting failure after the mid-nestling stage.

i}

BB+ I ~ BRI ~ N ~ SRR AR T

A

K ey words: green-backed tit (Parus monticolus), coal tit (Parus ater), Eurasian nuthatch (Sitta europaea),

breeding traits, weather factor
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Fig. 1. Average temperatures (open circles with solid line) and average precipitations (solid columns)
at Guan-Yuan from 22 January 2004 to 9 August 2005.
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Fig. 2. Moss occupancy rates (solid columns), numbers of nests with the first egg (solid circles with
solid line) and numbers of nests with the first nestling (open triangles with dashed line) of the two species
of tits breeding in the nest boxes at Guan-Yuan from 22 January 2004 to 9 August 2005.
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Table 1. Egg laying and hatching dates (the number of days counted from April 1) of green-backed tit
(GBT), coal tit (COT) and Eurasian nuthatch (EUN) breeding in the nest boxes at Guan-Yuan, 2004 and
2005

Mean hatching date Mean hatching date
2004 2005 2004 2005
Species Clutch mean CV (%) n mean CV (%) n pvalue" mean CV (%) n mean CV (%) n pvalue'

GBT 1st clutch 220 336 6 193 249 9 >02 364 159 5 357 144 6 >02
2ndclutch 628 186 4 592 103 6 >02 828 148 4 760 67 6 >02
CcoT 1st clutch 230 270 6 160 538 4 >02 418 187 5 333 213 4 >02

EUN 1st clutch 190 227 7 95 398 6 001 369 117 7 290 136 5 0.02

* Mann-Whitney U test.
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Table 2. Clutch sizes (mean + 1 S.D.) of green-backed tit (GBT), coal tit (COT) and Eurasian nuthatch
(EUN) breeding in the nest boxes at Guan-Yuan, 2004 and 2005

Clutch sizes 2004 vs. 2005
Species Clutch 2004 2005 (p value')
GBT 1st clutch 6.0+0.21 (n=6) 5.8+0.17 (n=9) >0.2
2nd clutch 4.8+0.50 (n=4) 5.7+0.52 (n=6) 0.1
1stys, 2nd clutch (p valug?) 0.01 >0.2
coT 1t clutch 5.3+0.82 (N=6) 5.3+0.50 (n=4) >0.2
EUN 1t clutch 4.4+0.53 (n=7) 4.8+0.41 (n=6) 0.1<p<0.2
* Mann-Whitney U test.
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Fig 3. Bark flake occupancy rates (solid columns), numbers of nests with the first egg (solid circles with

solid line) and numbers of nests with the first nestling (open triangles with dashed line) of the Eurasian
nuthatch in the nest boxes at Guan-Yuan from 22 January 2004 to 9 August 2005.
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Table 3. Numbers of nesting success and failure of green-backed tit (GBT), coal tit (COT) and Eurasian
nuthatch (EUN) breeding in the nest boxes at Guan-Yuan, 2004 and 2005

Nesting failure
Nests predated or Human
disappearance Nestsdeserted interference  Nesting success  Total nests

Species Year A/B* A/B* A/B* A/B* A/B*
GBT 2004 3/- -/1 11 2/2 6/4
2005 3/- 1 3/4 9/5

COT 2004 1 1 - 4 6

2005 1 - - 3 4

EUN 2004 3 - 1 3 7

2005 - 3 - 3 6

* A, number of nests observed for 1% clutch; B, number of nests observed for 2™ clutch.
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A BA SRR T A I RERH) (Odum 1942; Perrins
1970; Perrins and McCleery 1989; Crick et al.
1997; McCleery and Perrins 1998; Dunn and
Winkler 1999; Hussell 2003) » [A] |1t #{f:H] 2005 4E
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Table 4. Probability of breeding success of green-backed tit (GBT), coal tit (COT) and Eurasian nuthatch
(EUN) breeding in the nest boxes at Guan-Yuan, 2004 and 2005

CcoT EUN

Incubation Nestling Incubation Nestling Incubation Nestling

stage stage stage stage stage stage
Number of nests observed 23 19 10 9 13 10
Number of daysin the stage 13 21 14 20 15 23*
Total number of observation days 225 335.5 132 146 168 181.5
Number of nesting failure 2 7 1 2 2 4
Daily morality rate 0.009 0.021 0.008 0.014 0.012 0.022
Survival probability in the stage 0.890 0.642 0.899 0.759 0.836 0.599
Adjusted survival probability in the stage 0.890 0.625 0.881 0.736 0.836 0.599
Hatching rate 0.833 (n=21) 0.913 (n=9) 0.840 (n=11)
Probability of breeding success 0.463 0.592 0.421

* Data quote from Yao (2005a).
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Abstract

Bats use many types of roosts, such as caves, buildings and plants. For the 37 known species of
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Taiwan, eight roosts in caves, seven in buildings, and another eight on plants. Murina puta is a forest-
dweller and an endemic species to Taiwan. An adult and two juveniles of this bat were found to roost
in furled leaves of a banana plant in a mixed forest at Danei Village, Tainan County. The leaves were
2.5m above the ground. This paper constitutes the first record of furled banana |eaves as a roosting site

for Murina puta.

IBEE : 9 SR ~ HET - T S WEHNE ~ HEE R

Key words: Murina puta, roost, banana plant, furled leaves, |leaf roost
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Fit (roost) o W 75 B P FRE @ — 28 R AR 73 Y I
fl - ol HAEBEAELT IR E ~ &CHE ~ B 4B %
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LARRAIGZ A RAR B TR KIEE ~ BRiE K
RIRAAIT--- )

— M S o W ARE A AR E Z TR
& » HR R I S IR AZ AE > A e 5 FH Y
IR th g HAth AR R o TR B IS A WR R
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PR AR oy — e (1 ) PR R B SR I & . » T
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Fig. 1. Furled banana leaves (red arrow) as a roosting site for Murina puta.
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[l 2. 5 B A s IR0 - EfE G mMEVERE - EAFIKERNE -
Fig. 2. An adult female (yellow fur) and two juveniles (gray fur) of Murina puta roosting in the furled
banana leaves.

| S F B
il 3. 5 1 A S s 7 4 S P A St (67 (LY 2.5m o
Fig. 3. The height of 2.5m above the ground for the furled banana leaves roosted by Murina puta.

[ STk 20 Sy 1 FH s i 3 (furl ed | eaves) bocagei Bi M. mystacinus (Broseet 1976; Medway
TEE ISP W i A R B 4% B L R B 1 Myotis 1983) Mz s /@1y Pipistrellus nanus (Happold
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Identification of Chipmunks Sold in Pet Shops of Taiwan
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W %

{58 S5 8 (Tamias) Bh W) 3 5 # [ £ PR - ALRS K IR EEW) I rh i e B - s 3 H i 65
ML UV » DURIRR S DNA MR ta3R b BN o ARaC - e @I ~ b~ ~ 36 Wi fE
PN B ] = SR 13 S 78 ST ER Bil 7 GenBank i /7 & 23 7L B AU 25 166 Fr S ERL 1T LLET
R ACBR BLK2P 77 1 U AR o A (LS B B B PO (E Rk Bl 0% BTl o3 5 3 K35% » ZRE &
{8 T 5 ) 1 DR Sl L P (R s TR S (T sibiricus) i BR (R i 55 FHAT > B[R] — 5% © (238 (8 B L i
b BERERA B P A B E S SR > B SRR - R AR JE T 1 2 5 18 i AL 2
FARTOLES PHAB A RE TR « FRARBR AR D - BEAORA ST o3 £ 3 Bf - (IR B EILIE R REE
DA 3B > Ferp 1R B fth P {1 e AL B S A A (R R (K2P) A 10.0% » BEUTS P A1 e 2 S A
HATREH BRI (7 (L -

Abstract

Chipmunks belonging to the genus Tamias (Rodentia: Sciuridae) are not native to Taiwan, but are
commonly found in the pet shops. In order to identify the species, I obtained 13 individuals from the
shops in six counties and cities, and made mitochondrial cytochrome b sequence (1044 bp) analyses.
Also, the sequences of 23 known species of Tamias were retrieved from GenBank. The neighbor-joining
tree constructed with Kimura's 2 parameter (K2P) model showed that Taiwanese samples were closely

affiliated to the Siberian chipmunk T. sibiricus and distinguishable from the lineages of the other chipmunk
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species. Accordingly, the chipmunks in Taiwan were likely Tamias sibiricus. Three phylogenetic groups
were identified within the Taiwan samples, implying that they had three biogeographic origins. One of

the groups diverged greatly (genetic distance=10%) from T. sibiricus, suggesting the presence of cryptic

species in the Siberian chipmunk.

B g« TESEEL ~ SR2HE - MR SR b1 ~ Woid i e

Key words. Chipmunk, Tamiassibiricus, exotic species, mitochondrial cytochrome b sequence, identification
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FEIF A 5 5 AR KACSE R A 73 A i AL SN
3% B B 1N 4= R B LTIk (Rocky Mountains) 11
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WY 7520 o HEBI LS SR & VI ER AR
R T » M i BB £ RAESE R
ARy E@D : THEELEYIE S o R R e
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LU TE (R EVEWRIRTE o F HG0E R AR #S AR (3R
bILKFEY » LIF|F#Hcbl: 5" - GAC ATG AAA
AAT CAT CGT TG- 3’ (forward) Jz cb3: 5" -CAT
TTT TGG TTT ACA AGA CCA AAG - 3’
(reverse) ETT IR G HE I S FE(PCR) « 5]+
fH e tR % Oshida et al. (2000) Fr Al 5[ F » 2%
Reyes et al. (2000) & 1Y (5] B4 B Y Sciurus
vulgaris [ KL#% 8 DNA SERFE 41 » 53 Bl i
Oshida (R RE R BLA S EH BEUERET -
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ng FUFERR (template) DNA ~ &5+ 12.5 pmole ~
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model (K2P) (Kimura 1980) 47— H{{L (substitution)
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FIABEIATREN: » (BARA R IHZE G B
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Fig. 1. The phylogenetic tree constructed with Kimura's 2 parameter model and partial mitochondrial
cytochrome b sequences (1044 bp) for chipmunks obtained from the pet shops in Taiwan and for 23
species obtained from GenBank (numbers beside nodes, bootstrap values calculated from 1,000 replicates
with values >75; sequence codes, Taiwan samples in Table 1, and those for Western North American

Tamias in Table 2; TW1, TW2 and TW3, three phylogenetic groups of Taiwan samples).
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* LG E St gy SRR LS B A (TWL ~ TW2 Bl TW3 2 3 {3 STk AT - =& ZBRIREA
2 HE 1)

Table 1. Tamias specimens obtained from the pet shops in Taiwan (TW1, TW2 and TW3, three major
phylogenetic groups in Fig. 1)

Specimen S S MtDNA cyt b MtDNA cyt b GenBank
number ex ources haplotypes phylogroups accession number
CHO1 $ Taichung City CHO1 TWI1 EU050992
CHO2 £\ Taichung City CHO02 TW2 EU050993
CHO04 £\ Taichung City CHO04 TW2 EU050994
CHO7 N Taichung City CHO7 TW3 EU050995
CHI10 N Tainan County CHI10 TW1 EU050996
CHI1 2 Taoyuan County CHI11 TWI EU050997
CHI2 £\ Taoyuan County CHI12 TWI EU050998
CHI13 ) Hualien County CH13 TW2 EU050999
CH14 ) Hsinchu City CH14 TWI EU051000
CH17 £\ Hsinchu City CH17 TWI1 EU051001
CH20 ¢ Tainan County CH14 TWI1 EU051002
CH40 2 Kaohsiung City CHA40 TWI1 EU051003
CH70 N Kaohsiung City CH70 TW1 EU051004

# 2. it GenBank - iy {1 5 [l (Tamias) & P KL AR RE IR (0 3R b EE NP4

Table 2. Mitochondrial cytochrome b sequences of the Tamias species retrieved from GenBank

Sequence Species Accession number

CI Tamias cinericollis AF147636
UM Tamias umbrinus AF147677
PA Tamias palmeri AF147655
DO Tamias dorsalis AF147641
Qv Tamias quadrivittatus AF147660
RU Tamias rufus AF147663
BU Tamias bulleri AF147634
CA Tamias canipes AF147635
DU Tamias durangae AF147642
RF Tamias ruficaudus AF147661
MI Tamias minimus AF147649
oM Tamias quadrimaculatus AF147657
PN Tamias panamintinus AF147656
AM Tamias amoenus AF147631
SK Tamias siskiyou AF147668
SE Tamias senex AF147665
SO Tamias sonomae AF147669
oC Tamias ochrogenys AF147654
TO Tamias townsendii AF147674
ME Tamias merriami AF147644
OB Tamias obscurus AF147652
ST1 Tamias striatus AF147671
ST2 Tamias striatus AF147672
SB1 Tamias sibiricus AF147666

SB2 Tamias sibiricus AF147667
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% 3. BT B LI EUBRAE TWI ~ TW2 ke TW3 Bl 7e SRR W RERY K2P SE{E R EE(%) - Fi Y

T R R 7 B 7Y {1 1) S B S (i e o

Table 3. Genetic distances (%) based on Kimura's 2 parameter model among three Tamias phylogenetic

groups (TW1, TW2 and TW3) of the chipmunks obtained from the pet shops in Taiwan, and 23 Tamias

species from GenBank

Phylogenetic groups
Species

W1 TW2 TW3
Tamias amoenus 18.1 18.6 18.7
Tamias bulleri 17.3 17.6 19.3
Tamias canipes 17.3 16.8 18.2
Tamias cinericollis 17.0 16.7 19.1
Tamias dorsalis 18.3 17.8 20.8
Tamias durangae 17.5 16.4 18.5
Tamias merriami 18.4 17.6 18.3
Tamias minimus 19.0 18.8 19.4
Tamias obscurus 18.2 17.5 18.4
Tamias ochrogenys 20.2 19.2 20.0
Tamias palmeri 17.1 16.8 19.5
Tamias panamintinus 17.4 16.3 18.1
Tamias quadrimaculatus 18.0 17.4 18.6
Tamias quadrivittatus 18.4 17.9 19.6
Tamias ruficaudus 18.6 18.5 19.3
Tamias rufus 17.4 16.9 19.6
Tamias senex 19.7 18.3 19.8
Tamias sibiricus 1.2 3.6 9.8
Tamias siskiyou 18.3 18.5 19.5
Tamias sonomae 20.3 19.6 20.3
Tamias striatus 19.3 19.0 19.2
Tamias townsendii 20.7 19.2 22.1
Tamias umbrinus 17.4 17.1 19.6

Y S8 (R A (K2P) £ 7.9-10.9% » B PRSI
SRR I 4.3-5.9% o BT ERNEEE R
I GenBank Hifg{H M RE{EFEER 2 41 3% 14 {1
B A I ORI AU A RS T B £ T IR ) 5 3 KBk
BEE 1) > 3 FEREAYE HEERER 3.8-10.3% » H
i TW3 Bl Hth i fF A & B ER A 10% 0L | -
ANEEB 3 35 7Y (£ 2R B R B PO R 4 72 T - 0
FIFEIRY 22 52K HE » B A0 R in g {E B8 B
Yy fE % b P P] BE %K  Bradley and Baker

(200 1) iy 2 ek g ey 0 Bl s i B 1Y) o —F- LAk A
Fetk s B » DA (38 b BE IR e 41 S5 R A ]
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/MR 2% » QUESIAIRE 5 /0 2-11%FH] > Hi
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{B# Genetic Species Concept i » H2 3% B 2L
YIS > A RS R AR (F PR E 5%
DAk o S5 DAL 'F 7 #4 = R s A ) EE 2B -
EN RSN oD (PR SRS L 2
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G0/ M Puntius semifasciolatus (Glnther, 1868) £ & #1745 i B2 /NI K fa 8 » SR EAEHE
BB 2 (B (HOf R 2 bl S B R B R 15 e P R - o LR H @R ) - AE RS A
T B AR N 75 SO T IR0 NI B GE R B o AT B B SRR o DR ISRRD MR 2 B
GEERE ~ A GE T B R R R ROE AR I SEED AATIREU NMIE 2 FEREAE YRR R - TS B RER
B ZAEE BN LB o IRA NIER BB 73 15 I 2 K AP ARR > FgRIRIEHKy 1.2 mm > J§ 12
VPR RETEDN » 727K 26-28 °C fyEREEH#Y) 19-22 hr gL » W) L f s B RAYES 3.5 mm » fiRH)
55 3 KAIBAtA M AR s 55 10 RO WE R BISBEE - BEhMEE 5 58 20 RIFHEGME#
B > 5 30 K A[TE BB A o B B Rk M i Sh R REREUL
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Abstract

The half-striped Barb Puntius semifasciolatus (Gunther, 1868) is a small native freshwater fish
inhabiting in brooks and small lakes of the western Taiwan. Due to environmental deterioration resulted
from water pollution, habitat destruction, and introduction of exotic fishes, its population has been
gradually declining and becoming rare or extinct in many parts of its original ranges. We induced spawning
of the fish in the laboratory with injecting amixed solution of grounded carp's pituitary glands and L RH-
A, and then, observed its spawning habit and examined its embryonic and larval developments at water
temperatures of 26-28 °C. The fertilized eggs had diameters of 1.2 mm in average. They developed to
the stages of gastrulaat 4-5 HAS (hours after spawning) and of embryos with myotome at 8-9 HAS and
with heart beats and otoliths at 10-11 HAS. The larvae were hatched at 19-22 HAS. Newly hatched yolk-
sac larvae had total lengths at an average of about 3.5 mm. The larvae started feeding on 3 DAH (days
after hatching), and had well developed dorsal and anal fins on 10 DAH, pelvic fins on 20 DAH, and
scales on 30 DAH.

BRISE : GeRU N - N THIE - ICIGH#E - e #E
Key words: Puntius semifasciolatus, induced spawning, embryonic development, larval development
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=~ mNEE

ERH E4 10 @ 55 BRI KE 7 2 k551
CHEE ARG - (3L RO RS AE IR 4-5 hr
(hours after spawning, HAS) » & 8-9 HAS > &
AR N NLATAIIRES - 10-11 HASH] 2 2H]
MR OBk E) - BEOth e - 19-22HAS
L U (& 1) - HUARIRER R 23
degree-days -

1. &40/ i Puntius semifasciolatus (Gunther, 1868) : A, Fi#hjifi A : B, 345 HEAG 5% & <IN
C, Wit s D, BEH 10 KA R > PEERIKE Bk -
Fig. 1. Puntius semifasciolatus (Gunther, 1868): A, mature male; B, embryo in egg; C, newly hatched

larva; D, larvaon 10 DAH (days after hatching).



G LIRSS 10(1) © 35-44, 2008

39

7% 1. &0/ Puntius semifasciol atus (Glinther, 1868) 5% k& Ul #¢ & 1@ 2
Table 1. The embryonic development of Puntius semifasciolatus (Gunther, 1868)

Hours after spawning

(HAS) Development stages

4-5 Gastrula

89 Myotome observable
10-11 Heart beats, otolith observed
19-22 Larvae hatched

MU~ e s

W B2 A R S0 N R i R A 3.5 + 0.3
mm > P ZEHHE R > oA A sEaR (& 1C) -
W FRAE 58 AT A v ) > BP0 & F
{0 < RGN 2 fa b T A I KRE ) 2k
REFAF A ERER ~ K RELEE | o

7% 1 K (Days after hatching, DAH)/Y
O ERENE S o IRERWTEE) - PN B BRI
fi/N o TR R H 72 2 » BEAR Al i (%41 22 5H
AEAGLERE )T » Cal SR > b
AR ER -

2DAHR R » R BL I 0 > AT AT
BRI e > HRARSE R H. G BEAR A M L
Bisghn - @S EECHE - TECHE R
(L fr R 5% 21 0 R U AL R MR T IR L R B
R oo YNBFEAHT— KT/ > FEL AT C 2 4E £
RE N JT 1R AR o AITE A EER E| 2 AR AR - e
FEFFRERCR > HIWAERR Uk nlE iR i o RS
ERDRGMHAE R 3 V0He | o

3DAH A f i I w2 58 WK > Brga
B - HUERAIBRIGH R 0L Sk s A8
FAIGHE -

5DAH i fa g rTBRAG i B K B A0 A - B P
SRR o MR E L RS
I E R E - THERmB L

10 DAH /i » HEEC B H 5 - BEE
FfG R > EEBARARY 70 SR = (1§ 1D) -

13 DAH [y faiyi - REEC A T > Big
FRIGTE A & HBAM - EEE S thBdmm R -

20 DAH iy ff g - ] BB B Gufe eisc s -
B HE IR EE R -

30 DAH [y firy - ELAE ] B BIIR A
E o

37 DAH i - AT A AR S R -

ERRL NI £ 38 7 SR 2 R B SRR A
K2

W

FERE (B & 2 ] - TR B Rk B
R BUERE - R ERttim - MERER
SHEH BB Rl R - A AN RIS
MEFLIR A B o AEREIME V5 > A S BN 28 —
MERIEHE - fE& I - 2R F B W
AT RS o AEREFME RIS L - A gl E SR GE
S R I 1) - BT ) I F IR AR B H B
Bl (HAGABIEE (BR B3R 2005) » fi R Bl
R HICE AR - B S - MELENE A A 5
5y > thid Rl NESEERTL A S P o Bt
AFZEEEL - 4R/ 4-5 em WIRE - 1E
& EEiE A th TR E A SN G - HIER
BIREIHEINB SR -

FERGRR ML E AL T > PR E— st gz )
BN o AR AT - HE ~ HEdr g%
[FIIRE S A K AE AR » PR DI T B2 2 R VLK
AR A REPIR ELSLE 53 SR K PERE IR % - (&
AV ER 53 AT RE R R RE BIIRE REBR 52 /K ZE AP T U
e i JES S » S BT 22 7 JEC AR Y o SR B fth RS



40

boo HAGEE MBS I 3L EMA T4 PR
fF o s TRLH 847 /Y &8 A (Tanakia
himantegus Glinther 1868) ~ 7% It f+ fff (Tanakia
chii Miao 1934) &k /& &y (Rhodeus ocellatus
Kner 1867) 5 fa 8831l AN AH IR > 4 b s 9 <5 #
REUZE UIVIRE 588 & 28 e O R S S IR 2 0K

RRL MUBSE S S 5 F

M EW (Kawanabe and Mizuno 1989 ; i k
5§ 2005) » 4K e —MOE 8 > Rl 5T
FC EL A % B o T AN fR A AE R B B A H Y
17 (HA SRR K e b im iz KAl » &
T R E R SR BT AR A o LAY AN S
I P IR > JHEE AR ©

7% 2. [EHUME Puntius semifasciolatus (Gunther, 1868) 1 11 %8 B @12 2 5 Bl &= FAF 3
Table 2. The larval development of Puntius semifasciolatus (Giinther, 1868)

Days after

hatching Tot?lmlr%r;gth Development stages
(DAH)
Otolith observed,
0 3.5¢0.3 head occupied mainly by eyes
1 4.2+0.2 Pectoral fin devel oped
2 4.8+0.3 Gill and mouth devel oped
Esophagus observed and
3 5105 starting feeding
Dorsal fin emerged,
5 6.1+0.6 swimming bladder developed to
two sections
Dorsal fin well developed,
10 7.2+0.3 anal fin emerged
Anal fin well developed and
13 76201 pelvic fins emerged
20 89+0.3 Black lines observed
30 10.1+0.3 Scales clearly observable
37 143+ 04 Scales well developed

AH5EH 10 MM (A T 150 gREEIN -
fifE 28 5 15 R A SRELAE SR ER B T O (I i i
B (HEEN S - HEINRLOEAS 5 5ot
FE YR AME (e & Fefk - SR AR f X
FHEBR » BRI AR E AT (R — BT
o SEEAT 2 DN o FRUL R HER] » AR MRS

G - DD RS R DRI T AT - 38
BRSNS > BSRREN S W] > LA
RS (e Ja\) Y B s S AIE S TS 0 A i
It - FERZETFILAEH CHY U AR ESER
WL A & - s — (8 fe ) B I R
TR - S AR B R B E B N 2 B
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T o

AN SRR 32 R DR — AR i/ R e R
L FBETZRILTER R RN o SZRE NS R RS
1.2mm > B — i i A/ R R f REA IRAE
KRB - Bl ed BB B ARE AU R N A
SR & 1 &I Al ) (Par ar asbor a mol trechti Regan,
1908 » {AFRA ) M &G Kl (Metziaformosae
Oshima, 1920 » {& RIS {F) <5 fUkH » HAZKEDN
It oRRI RS 1.1-1.2 mm (F85F 2003 5 fESE
2006) -

A0 INBEESZ K AR L R T (i ) £ 23 degree-
days > B 5 44 WA MY R AR B SRR ELER - B
12 A I 32 RS O AE 26 °CHRF > ML IRERERAY
75 25 hr (F85% 2003) » fEIREAK 7 27 degree-
days » 5 {3 I Ml 52 K5 IG5 /K I 24-28 °C (2R
FEHp#Y 23-25 hr B a2k (F8 55 2006) > FE i (i
#1£% 26 degree-days o |yl 3 i £ RH AN G AE 52
REUNONAE ~ A LI ] Bt O { b e i 55 % P K
b EHEER - FBRGERR A - (B8
H 5 K ) 2 R (Candidia barbata Regan,
1908) 1t 26 °C Ii§ » ZA5HIHIFEKJ 60 hr A RNz
L(fE 1999) o 15§ S s Al s KRy SR} fadH <7
A IR LR P HI 7 SRR R A IR > R e th 20
fan A R 3/ N R - AN sl (Cara-
ssius auratus) 37 ¥ IR 1F KR 25 °C 1 - gk
MEME#EE 1.5-3 H » & (Ctenopharyngodon
idellus) 57 f&5 UN1E K 5% 26 °C » 2 24 hr A §E
B H (B8 B {T 1992 5 Snik et al. 1997) - 25 #
HHEH 0 FE/K 18-24 °C IFf » 5 fa(Mylopha-
ryngodon piceus) ~ i ~ [ (Hypophthal michthys
molitrix) B M & (Aristichthys nobilis)ZE A Al f
FERY 2 KGO L A7 33-34 hr (Chapman and
Wang 2006) o #E5 f- uft 55 8 KU £ 81 <2 4 B
LRI A /1 11> 25-75 degree-days .2 [H] » K
% R GRS NI 52K DI AR T (5 SR - HE
IR LS I AH SRR B - B TERIEIR R 8 2
4+ (Nunn et al. 2007) » th 4 A] 5E K] £ & 1 i fi
PSR > pefR it e s ath& 58 »
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e Al A 5 B RER AN o B[Ot > B8
H R BA f R SRS OB AR E 1 R N (B
b - (B2 R f B SR L 3 e b (&
TR EBIG A A TR PR R B - 15758 3 KON
RN - HEEDALRIBEE & - AHHA
WrEh o WARBIER BRI IRE B o Kk
ARE RS A ATRER K 0/ M B A fip
e/ N 0 KA 26 A VAR E IR RS - T L R
HE R {EA T E FEOKM KR EZWEY
LM RESE Y ZRE o TR A R S R IR L I
fil > ATREA BIS S0 e TE 1R I HE T AT EET T/ VAR AR
B - MR AT -

WG LR PR NI F 2 R (TL)RY £ 3.540.3
mm > FRRE & EE R 2.6-3.4 mm (FE5E
2003) » {H/|NiA & it K fify 3.5-4.1 mm (FE55
2006) B 7] 8 12 i f 25 Zacco temminckii #Y
4.9-5.3 mm (Sado and Kimura2002) - 3 DAH
B/ £ 17 (5.1 mm TL)BIF# R E R » H
CHEBH A7 B B 2 AR - b 38 ISR ] B 5y
HHENFHT (3DAH, 4.9 mm TL) (8% 2003) » 4
RS & i K (4 DAH, 4.7 mm TL) (3%
2006) o & Z. temminckii HI|Z23$ & £ 8.3mm TL
If - P e 24 & 58 kU (Sado and Kimura
2002) - #H S - 1 DAH B RE0 ME f i
BVmTEiE2 26561 58/ > Snik et al. (1997)Y
Wt PR B ME A TER) 1.5 DAH Rln] g2 H|
il o GBS0 NMIE FUE (RS 3-10 DAH Z[EA R
B RERRIBIR » 1EKI 24 °C I » @l fa fapy
TE56 2-4 DAH th & e is A 2 {IER R (Snik et al.
1997; Osse and Boogaart 1999) o f5&fy /M i
TR IEfE o B g ~ T HE BB B B A R
REEZ » W TEN LH B EE R - RSB A
S A TR M TR] R f B S8 2R e e Y — {IE s
Bt o

fERA/ NMIE £ B R R 2 R LA 2 - Hopk
RO RS i A 2R R R Y =
0.243 X + 4.265 (R2=0.9474 > p< 0.05) » Hrf
X R K (days) » Y B fk(mm) otk
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o JEE B ) — Tl v ¥ N B 8 R - 5 T i R i
PR 2 B 7 5 (p>0.05) (%% 2006) - {H
o Bl T A g RS E (i =5 2003) ELg:
MR AR A L > fERLR 10 KK - 25
P R H FE BEAHGT > (HAE#E 10 R21% - 5
A/ I T Y i R R DS K A2 5 8 1
il - it 2 HLEE 2 5L (p=0.05) » HLLE 3FEA
SR FOE R A R LE B R 1500 > Bl R e Rl B
R EERGTE RO MY - Hpl R g
HAT A= -

HATF S B R B E B rh 3 > A
A B B v B0 ~ 7 DI R AL 2 MR I e

RRL MUBSE S S 5 F

FE2 K A REPIR KIS » 75 BIVA LA BV
YR~ WRESF IR - IR R TR R F A
R WLEENSG L DS IRREIS EIRE SN - S N E PN
KI5 IERHE 2 B > KE B FRE ~ K
HLAR  HRHAAREFEE —EAER D E
Hr(aRSF 2005) o LG - At gerpth s - 5eEL
/NICHYBEEEL R - A SR PRIRBE IR F TR
{H MR Z K A R R AR RS - HI sk
1552 K8 DI 20 W A L vy B 2 B 5 52 31 K ) 2
B SHEURRHA TR AR 1S o RIILR IR
3 fEE PR 4 3 Bl b il (Niagiata and Hosoya 1998) »
JERZ e I R 1 SRR I oh By R B

/NIRRT A AH T o (H AR B 5 P 4
25 r
O Metzia formosae
20 F B Pararasbora moltrechti
— A Puntius semifasciolatus
:
— 15
=
o
o)
R
< 10
o
~
5
0 1 ] 1 ]

0 10

2. &40/ Mi® Puntius semifasciolatus (Gunther) ~

20 30 40
DAH

& 185 Kl Metzia formosae (Oshima) il & & 5|

#H&N Pararasbora moltrechti Regan 14 %11 ik £ %2 Lt # (DAH: days after hatching) -
Fig. 2. A comparison in growth of larvae after hatching among Puntius semifasciolatus (Gunther),
Metzia formosae (Oshima) and Pararasbora moltrechti Regan (DAH: days after hatching).
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Butterfly Diversity and Abundance in Relation to
Environmental Factorsin the Nan-San River Basin
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AW T HE IS B AR AR BRET T LRI S AT B e S R L ~ R ~ FF BV RO
Y 1) SE T IR A RHBR P o 5 SRS 70 R LR i St [ - s ek 6 B S0 1 1 1) 8 B P 11-20°
Wl IR % » HEMARRPARE ~ WIS EE ~ B 5 B A A 1R A BE (p<0.01) - i B % i HY #1E
H EHBA (0<0.01) » fi BLEYFAHY) ke &7 Y A9 B v B AR © AW TERG RS - P
JE R AR I 2 AR TR o

Abstract

We used the geographic information system (GIS) to investigate the diversity and abundance of
butterflies in relation to aspects and slopes of lands, abundance of nectar plants and host plants, and
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disturbance of human activities in the Nan-San River Basin. The results showed that the butterflies
preferred to the south aspect and the slopes at 11-20°. The species diversity and abundance were correl ated
significantly, positively with canopy covers, elevations, and distances to the rural areas (p<0.01), but
negatively with road types (p<0.01). There was no significant correlation between the diversity and
abundance of the butterflies and the abundance of their nectar-plants and host-plants (p>0.05). The above
results suggest that human disturbance was the most damaging factor and should be the primary concern
in conservation of the butterflies in the basin.
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Key words: conservation, butterflies, species diversity, GIS
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O Survey site

= Nan-San river

—Path way
Main road

M Rural area

\
To Renai

g

1. P LT e A A AR ] o
Fig. 1. Roads, rural areas and survey sites (A1l to D5) in the Nan-San River Basin (black square in the
map of Taiwan at the upper right corner, the location of the Nan-San River Basin).
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Az REER TR o7 A WA Y 73 A B B 2 SRR ER R
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River
Nan-San river
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il 2. 7 (L1 ot e e [
Fig. 2. Slopes of lands in the Nan-San River Basin.

North-west
1 Kilometers

il 3. 7 L% i e g [l
Fig. 3. Aspects of lands in the Nan-San River Basin.
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Fig. 4. Elevation contours of the Nan-San River Basin.
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Spectrum Reflectance of an Exotic Plant Leucaena

leucocephala (Lam.) de Wit in the Kenting National Park
BARK R
Yu-Chu Feng and Chaur-Tzuhn Chen*
CEY S EFEXEY TN S LTS E L)

Department of Forestry, National Pingtung University of Science and Technology, Pingtung, Taiwan

* IR ARAE

* Corresponding author

W %

R #(Leucaena leucocephala (Lam.) de Wit) [ 5[ 58 1% » M AR ABE » Rl BA 14l
I EEAR T ARBIRGT o AR E LR TRIZR AR ARG B BT R - 2 2005 4 3 A
£ 12 AT » BIGER 1500 FHCEE » 1T IR & BT R B 5 (R A AR ] 2 D638 SO R Sy =
ASEAT 22 VR L 5 55 ISEAR AT ik - SEATIR S REOLIE O R L2 TR E B LI 5T - 5
i SR A R KB L R A A R R CRH S ~ A ~ R e ~ Widsh) < OB ERE A B TR R 52 ¢ 1
IRE R R o TS SRS A - AL VERE SO R SR IE B B K > (HR AR AR
W ERE S R U B T 22 3 > P B 2 008 [ ) R F B L A A A A e 2 2 TR T > SR ARG R
ARG EAR < 2T RE 2 -

Abstract

Leucaena leucocephala (Lam.) de Wit is an exotic plant that has caused devastating damages on
native plants in Taiwan. Using the GER 1500 spectroradiometer, we measured the spectrum reflectance
of the species and its adsorbing plants, Broussonetia papyrifera (L.) L'Herit ex Vent., Macaranga tanarius

(L.) Miill. Arg., Acacia confusa Merr. and Casuarina equisetifolia Forst. in the Kenting National Park,
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March to December, 2005. The spectrum reflectance was examined with the bi-spectral analysis. The
results showed that there were significant seasonal differences in the spectrum reflectance but not in the
spectrum patterns between L. leucocephala and its adsorbing plants. The fall and winter, the growth
seasons of L. leucocephala, were the best time of the year for the distinction. Accordingly, the spectrum
reflectance is suggested as a guideline for monitoring the invasion of L. leucocephala in the satellite

remote sensing program.

BRSE 3B TRIR A ~ SREE - ORI ~ JCE SRR

Key words: Kenting National Park, Leucaena leucocephala, bi-spectral analysis, reflection spectrum
Wt HI - 96 £ 11 A 8 H BxHM97FE 1 H 16 H

Received: November 8, 2007 Accepted: January 16, 2008

B B L fth 2 #8§ Fli (adsorbing plants) Z YRl R

4

o

iR & #(Leucaena leucocephala (Lam.) de
Wit) & {5 1 I — — /R SR AR 2 KA - HL
f& & N1 fE R & LA 20 LA (K 2003) £
SETHRRARHBSEHCKRED M > HP AR
ZIRE PR E R BLZ Bl (giant type)Jt - EER
RGREBS S EHEEELS - SR
HHRRAEM - SRNEILEFE TR 2FgH
IEEBLR - YA RBEFEIA A FE 2 AR
8 Rk CREYIEE P Bt e 2 ¢ 3k (spectrum)
P S R L - EITOCEE SO R L)
ffr(analysis of spectrum reflectance properties)
FHE A %k & 77 H (analysis of vegetation greenness) »
A IR AR L 2 = 2 ZR BT 8 (L. (Fuchs 1990 5 At-
kinson 1997 ; [ 1999 : £k 1999) o 3143 L1
2% 3L % M (multispectral remote sensing)&
B> o3 A bt T A o 7 2 e S PR A A S B IR A
Nz gesEehtte - 372 &R RGO
(spectrum of remote sensing image)Ff #S A{F

TEY) .2 HF 52 _E (2 2003) o AHF 5258 IR SR &

BEERNE - ARG EET G EARE
FERIPIRE » B RASR S BRI IEE 2B RE
Ml PR EEEL  DAIEIREBA R
LRERZHE

MRy ik

— ~ W FElE R

ATHGELUEE T B R A B A o T LUK
U~ R REE o fRsgE dh e E
B 674m > [P EVEVERIEE » FRAESK
TR 90 9 25.0 °C 0 AR R I RN & 2,018
mm > PERFENEL 7 Hi% > £ 704 mm ; 4
A&ED B Smm e

S A RES
(—) ok I ] 2 B RN (58 AT

ARFFERTER A 73 HT B L A5 ESRI AreGIS
HFE R > A SPSS 10.0 EITHEET 0 A
B P o Pl IS OLRE Bl 45 (spectroradiometer
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model GER 1500) & HIFRATE Fr » HO' 3k i 5]
(spectral range)fs 350-1,050 nm ; & & K& #Y
14.7-19.3 nm » & R (wavelength)#li £ i FH 4
55 . 5 8°fil A (field of view, FOV) » 5 fd
WL CHE S (radiance) o BABEMEHRELE 2R T B
RN R O B EL AR A R 2 BERR A > i
A RZEEEATOCEE AT
() GEH R & B R AR At 2 E P R AR

TEER | IR ] Bl R & R AR O e M A B
R 88 B #(Acacia confusa Merr.) ~ [f] 1
(Macaranga tanarius (L.) Mill. Arg.) ~ &8} (Brou-
ssonetia papyrifera (L.) L'Herit ex Vent.) &z K
i (Casuarina equisetifolia Forst.) » ZSfF 7205 1
FI B AR T B SR8 B SR A AR - LUK
Firgey iR e s v CRITAS Y VN DIEIDN 11 PV
BRA > T — BRI 20 fr ZE R (BRI B AR A »
KIEE R R/ NE s BOLEE SOHE - B LABA (R %
KRR B R HUBRAR A o f A I H AT
1 RERA » e fT S R > MR NZEZRE
B HAR A RO RS B R -
(=) RHIER & BB 5 R AR AN R A RZRHf 2

B R

Atkinson (1997) $i Hi #f > Kl 1) ¥k 2 B B
I ] DUE & AN [ AE Y 2 S5 ¢ 3 (spectrum
reflectance) ¥ 1% » BIFAFEAE KB ~ NEIEY)
Pl R 1 2 O 3 S R SR B » A B 52 1)
GER 1500 Bp/f i » #1725 o & s
8 I B4 (spectrum reflectance standard board)
HIRC &L o P EHIEE Py Y RS S5 & (radiance
of sample, rad:) » HU{F KI5 HE ST RE A S EV)HE
Z% [H WY 5 5 & (radiance of solar incident surface,
irradsoar) » FI|FIAZ0(1)SKIFVIREH) S & (re-
flectance of sample, Rs)H[1 3 iy s S & °

d,
Rs (%)= 7raq-100% (1)

(o) 88 R L2 RS 7 IR R 20
R
5 B P 5 T A £ B

75

w0 AN EIRIHEY) HOEEE MR 5 A P 72 52 (Fuchs
1990) = S a8k B n] 42 (i S IHIE AT > R
SR R AL {4 A2 A8t il 2 1Y (red region, R) K2 3fT
ALYt (nearinfrared, NIR) I B it 5 RE = S AH
4 5425 (i (normalized difference vegetation index,
NDVT) 3 fif & ¢ 2% 47 #7 (bi-spectral analysis) »
R AT A R 02 RSB = e
A FEAE(ND V)@ — i S M R AE A FE 2E ~
i Bl 2% g g $8 8 (Lillesand and Kiefer 2000) »
Hil A 4B AR R AT £ A W eI e A R 70 A IR T8
B ZE R FHIRAE - w] F ARG B 2 ZR A VA
{LFNSEEE - KL AT ETEE A S A f Bl AR ER b
& o PR R 7R LR RS - A SCHI T E
W2 RS ST ERL > HEITNDVIZETE » NDVI

N (I AN
NIR-R
NDVI=Wrrer - @

B Siot- 1]

R RG b 2R BOR AL G B A 2R B
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Table 1. Monthly average temperatures and monthly total precipitations at the Hengchun Weather Station
in 2005

Month Jan Feb Mar Apl  May Jun Jul Aug Sep Oct Nov  Dec

Temf(’fcra)‘t“re 198 218 211 253 276 275 285 282 279 268 25 20.9

Prezgggtm 8.5 7 24 5 155.5 494 704.5 280.5 492 275 855  55.1

Data source: Taiwan Central Weather Bureau.

% 2. GBaie R DU =R 2 OEEE A M (0) ~ se R RU(BRI) ke H REAL 72 A A 48R (ND VD
Table 2. Seasonal average values of incident angle (0), brightness indices (BRI), normalized difference
vegetation index (NDVI) of L. leucocephala, and its adsorbing plants, B. papyrifera, M. tanarius, A.

confusa and C. equisetifolia from the Kenting National Park

Season Species 0 BRI NDVI
L. leucocephala 61.24° 84.09 0.28
B. papyrifera 80.23° 82.05 0.68
Spring C. equisetifolia 57.67° 109.00 0.22
A. confusa 62.93° 85.30 0.31
M. tanarius 82.96° 85.48 0.72
L. leucocephala 79.10° 86.63 0.66
B. papyrifera 82.89° 75.73 0.72
Summer C. equisetifolia 72.18° 89.58 0.38
A. confusa 66.41° 81.27 0.49
M. tanarius 85.11° 88.33 0.84
L. leucocephala 60.96° 94.98 0.28
B. papyrifera 78.38° 91.41 0.65
Autumn C. equisetifolia 55.08° 111.29 0.18
A. confusa 63.35° 97.05 0.33
M. tanarius 83.43° 88.09 0.77
L. leucocephala 69.47° 97.19 0.43
B. papyrifera 84.15° 88.49 0.80
Winter C. equisetifolia 69.73° 56.25 0.45
A. confusa 74.15° 78.13 0.54

M. tanarius 85.61° 84.76 0.85
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% 3. BRI R TEALE(R) ~ STALYF L (NIR) IR B3l S St 7 2 58 S By A 3
Table 3. The results of ANOVA of red region (R) bands and nearinfrared (NIR) bands of reflection
spectra of L. leucocephala, and its adsorbing plants, B. papyrifera, M. tanarius, A. confusa and C.

equisetifolia from Kenting National Park

Season Band Source SS dF MS F-value Dltlg:tan
Between 33664.55 4 8416.14 105.28"* L. leucocephala ®
A. confusa ?
R Error 7594.35 95 79.94 B. papyrifera ®
M. tanarius ®
) Total 4125891 99 C. equisetifolia ©
Spring
Between 4346.45 4 1086.61 20.48*" L. leucocephala ®
A. confusa @
NIR Error 5039.58 95 53.05 B. papyrifera ®
M. tanarius ®
Total 9386.04 99 C. equisetifolia ©
Between 10988.93 4 2747.23 48.05* L. leucocephala ®
A. confusa ?
R Error 543191 95 57.18 B. papyrifera ®
M. tanarius b
Total 16420.84 99 C. equisetifolia ©
Summer -
Between 2556.97 4 639.24 7.22% L. leucocephala @
A. confusa ?
NIR Error 8409.49 95 88.52 B. papyrifera ®
M. tanarius b
Total 10966.46 99 C. equisetifolia ©
Between 36546.34 4 9136.59 451.76™" L. leucocephala
A. confusa ?
R Error 1921.34 95 20.22 B. papyrifera ®
M. tanarius ®
Total 38467.68 99 C. equisetifolia ©
Autumn -
Between 801.58 4 200.40 15.45™ L. leucocephala ®
A. confusa ®
NIR Error 1232.07 95 12.97 B. papyrifera ®
M. tanarius ®
Total 2033.65 99 C. equisetifolia ©
Between 10985.91 4 2746.48 66.79™" L. leucocephala @
A. confusa ®
R Error 3906.56 95 41.12 B. papyrifera ®
M. tanarius ®
) Total 14892.47 99 C. equisetifolia ¢
Winter -
Between 18952.69 4 4738.17 87.91* L. leucocephala 2
A. confusa ®
NIR Error 5119.78 95 53.89 B. papyrifera ®
M. tanarius ®
Total 24072.46 99 C. equisetifolia ©
**Significant level p<0.01
2. BRI 18 ~ KB b A58 5 Fei Fs B > 0 M A [

AMFFEABHLIE ~ MTRLIE W B f T 5 52 B S E R G A AE 2R - Fafns
B ( ANOVA) » 2 DURLOE SR AL e B Hie A BRI AN FBE.Z 68T o R E
R & > DUAS A R & K~ R ~ RS AR R > FIRAEHE 52 R B (AR - AN IR
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Fig. 1. The average values of seasonal reflection spectra of L. leucocephala (G, green region; R, red

region; NIR, nearinfrared region).
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Fig. 2. Seasonal averaged values of reflection spectra of L. leucocephala and its adsorbing species from
the Kenting National Park.
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Fig. 3. Seasonal averaged values of normalized difference vegetation index ( NDVI) of L. leucocephala

and its adsorbing species from the Kenting National Park.
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Fig. 4. Seasonal relationships between nearinfrared (NIR) and red region (R) for L. leucocephala and

its adsorbing species from the Kenting National Park.
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A New Record of the Exotic Ocnerodrilid Earthworm
Eukerria saltensis (Beddard, 1895) from Taiwan
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Eukerria saltensis (Beddard, 1895)

Huei-Ping Shen, Su-Chen Tsal and Chu-Fa Tsai
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Endemic Species Research Ingtitute, Jiji, Nantou, Taiwan
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Abstract

This paper describes the exotic ocnerodrilid earthworm Eukerria saltensis (Beddard, 1895) as anew
record from Taiwan. This also constitutes the first time for amember of the family Ocnerodrilidae to be
reported from this island. E. saltensis is a small, slender earthworm, and its native home is likely in
South America. It has been recorded from Nantou, Taitung, llan, Taoyuan and Yunlin counties since
1999. It is peregrine and has been found in the United States, South Africa, India, Myanmar (Burma),
Laos, Cambodia, Vietnam, Australia and New Caledonia, and recently in Japan.
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Earthworm E. saltensis from Taiwan
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I ntroduction

Eukerria saltensis is a small, thread-like
earthworm belonging to the family Ocnerodrilidae
(Oligochaeta: Annelida). It wasfirst described as
Kerria saltensis by Beddard (1895), based on the
specimens collected from Salto, Val paraiso, Chile.
Michaelsen (1935b) replaced the generic name
with Eukerria, because Kerria was preoccupied
by aCoccidian. Beddard (1895) statesthat Eukerria
appearsto be atropical genusor at least a native
of the warmer parts of the American continent.
Michael sen (1935a) further statesthat this genus
has endemic species only in the warmer regions
of America. There are about a dozen species
belonging to the genus Eukerria (Blakemore
2006), of which two species, Eukerria kuekenthali
(Michaglsen, 1908) and Eukerria saltensis(Beddard,
1895), are possibly natives of South America, and
are peregrine (Michaelsen 1935b; Gates 1972;
Blakemore 2002).

Eukerria saltensis has been transported pre-
sumably by man since 1500 A. D. (Gates 1972).
It has been reported from Chile, Argentina, Brazil,
United States, South Africa, India, Myanmar
(Burma), Laos, Cambodia, Vietnam, Australia
and New Caledonia (Gates 1972; Blakemore 2002,
2006), and recently in Japan (Blakemore 2006).
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According to Gates (1972), it is presumably
biparental, but four generations of uniparental
offspring were obtained by isolation experiments
by Gavrilov in Argentina, and also male sterile
individualswere collected in America. Apparently,
E. saltensisisan animal of biparental reproduction
but with optional and obligatory parthenogenesis.
Flexibility in the reproductive modes might be
one of thereasons for this speciesto be peregrine.

The following description is based on 126
specimens of E. saltensis deposited at the Endemic
Species Research Institute, Jiji, Nantou, Taiwan.
They werefixedin a 10% formalin-water solution
and preserved in a70% ethyl a cohol-water solution.

Eukerria saltensis (Beddard, 1895)

Kerria saltensis Beddard, 1895: 225. - Michael sen,
1900: 371; 1935a: 40.

Kerria gunningi - Michaelsen, 1913: 276. - Gates,
1942: 67.

Kerria nichollsi Jackson, 1931: 121. - Michael sen,
1935a: 40.

Acanthodrilus sydneyensis - Michaelsen, 1935a:
40.

Eukerria saltensis - Michaelsen, 1935b: 103.
-Gates, 1942: 67, 73; 1961: 57; 1972: 270.

Materials examined. - One mature (clitellate)
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and oneimmature (aclitellate) specimens collected
from Benbuhsi (elevation about 750m), Nantou
County, Taiwan on 10 Nov. 1999 by C. F. Tsai,
S.C. Tsai, M. H. Shen, J. L. Lai, C. Y. Chang and
H. P. Shen (coll. no. 1999-21-Shen); 12 mature
specimens collected from mud dropped from the
truck on the Yenping Forest Road (elevation 1,000
m), Taitung County, Taiwan on 16 Mar. 2000 by
C.F. Tsai, S. C. Tsal, H. S. Fang, S. T. Chang, H.
P.Yang, T. J. Linand H. P. Shen (coll. no. 2000-27-
Shen); 12 mature and 22 immature specimens
collected from clay soil along the No. 100 Forest
Road (elevation 1,190m), Chilan, Ilan County,
Taiwan on 17 Oct. 2002 by C. F. Tsai, S. C. Tsai,
H. P. Shen, S. T. Chang, R. C. Jang, B. H. Linand
C. Y. Chang (coll. no. 2002-24-Shen); two mature
specimens collected from grass roots tangled with
soil inhabited by beetle larvae along the No. 100
Forest Road (elevation 1,325m), Chilan, Ilan
County, Taiwan on 17 Oct. 2002 by C. F. Tsai, S.
C. Tsai, H. P. Shen, S. T. Chang, R. C. Jang, B.
H.Linand C. Y. Chang (coll. no. 2002-25-Shen);
15 mature and 12 immature specimens collected
from grass roots tangled with soil along the
Tai pingshan Road (elevation 1,130m), Ilan County,
Taiwan on 18 Oct. 2002 by C. F. Tsai, S. C. Tsai,
H. P. Shen, S. T. Chang, R. C. Jang, B. H. Linand
C. Y. Chang (coll. no. 2002-28-Shen); one mature
and one immature specimens collected from grass
roots tangled with soil inhabited by beetlelarvae
along the Taipingshan Road (elevation 1,770m),
Ilan County, Taiwan on 18 Oct. 2002 by C. F.
Tsai, S. C. Tsai, H. P. Shen, S. T. Chang, R. C.
Jang, B.H. Linand C. Y. Chang (coll. no. 2002-29-
Shen); 28 mature and 17 immature specimens
collected along the Balin Road (elevation 1,520
m), Taoyuan County, Taiwan on 30 Aug. 2005 by
H. P.Chen, S. T. Chang, T. J. Linand H. P. Shen
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(coll. no. 2005-14-Shen); two mature specimens
collected from roadside grass roots tangled with
s0il near Yuching Valley (elevation 228m), Douliou,
Yunlin County, Taiwan on 28 Jun. 2007 by T. J.
Lin, Y. P. Lee and H. P. Shen (coll. no. 2007-29-
Shen).

Description. - Thin, slender worm. Length (mature)
33-85 mm, diameter 1.0-1.7 mm. Segments
numbering 87-129. Prostomium epilobous. Dorsal
pores absent. Setae lumbricin (eight setae per
segment), small and closely paired, aa: ab: bc: cd
= 3: 1: 3: 1, b absent on XVII-XIX. Clitellum
XI-XX (Fig. 1A), annular, thinner ventrally,
1.0-1.5 mm in width. Spermathecal pores two
pairsin 7/8 and 8/9, lateral, closer to seta c (Fig.
1A). Female pores pairedin X1V, each anterior
to seta a and close to 13/14 inter-segmental
furrow. Genital markings absent. Male pores
paired in XVIII in longitudinal grooves, and
prostatic pores two pairs at the anterior and
posterior ends of the grooves in XVII and XI1X
(Fig. 1A). Specimens unpigmented with clitellum
yellow in color.

Septapresent from 5/6, 6/7-8/9 thick. Gizzard
in VII. Intestine enlarged from XI1. Esophageal
hearts in 1X-XI. Calciferous glands one pair
in 1X, thick-walled with numerous capillaries.
Nephridia avesiculate. Spermathecae small, adi-
verticulate, two pairsin VIII and I1X (Fig. 1B).
Ampullaround or oval, yellowish, duct slender,
white, twist near ampulla. Ovaries small, paired
in X111. Oviducts connected to female poresin
XI1V.

Proandry: testes small, flowery, shiny, paired
in X. Seminal vesicles pairedin IX and X1, each
small, yellowish in color. Prostate glands two
pairswith prostatic poresin XVII and XIX, each
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Fig. 1. Eukerria saltensis (Beddard, 1895): A, ventral view of preclitellar and clitellar regions (sp,
spermathecal pore; fp, female pore; pp, prostatic pore); B, dorsal view of right spermathecae (amp,
ampulla); C, dorsal view of right prostate glands.
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thin, elongate, tubular, extending four to five
segments (Fig. 1C).

Remarks. - Occurrence of E. saltensisin Taiwan
reported herein constitutes the first time for a
member of the family Ocnerodrilidae to be found
onthisisland. Unlike the exotic Pontoscol ex cor-
ethrurus (Mdller, 1856) that is endemic to tropical
America and dominant in Taiwan from coastal
plain to mountains at elevation up to about 1,000
m (Tsai et al. 2000), E. saltensis was collected
mostly along the sides of forest roadsin hillsand
mountains at elevations of 750-1,770m. Recently,
it was collected near asmall valley at an elevation
of 228m in Yunlin County in June, 2007, the first
timefor it to be seenin the coastal plainin Taiwan.
The reason for E. saltensis not to be collected in
the coastal plainin Taiwan in the past wasthat it
might be easily missed in collection because of
itssmall size, or it has adapted to the local climate
and environment at low elevations since its first
appearance in 1999 here in Taiwan.

According to Stevens and Warren (2000), in
southern New South Wales, Australia, E. saltensis
has colonized the rice-growing areas for more
than 10-20 years and has become one of the major
pests affecting rice production. The most pronounced
effect of dense E. saltensisinfestation in therice
fieldsisthe dramatic increase of water turbidity,
that causes reduced photosynthesis, resulting in
high mortality of the seedlings if they cannot
break through the water surface before their seed
reserves are exhausted, or the seedlingsto produce
disproportionately long shootsrelative to the size
of their root systems, vulnerable to uprooting
through wind damage. Chemical treatments
suppress most of the sediment-dwelling invertebrates
in therice fields, but have no discernible impact
on E. saltensis populations. It still remains in

89

question what are the impacts of this exotic
earthworm on soil, agriculture, environments, and
earthworm fauna in Taiwan.
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