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BEHAVIORAL STUDY OF THE RED-BELLIED TREE SQUIRREL,
CALLOSCIURUS EYRTHRAEUS

Lien-siang Chou  Yao-sung Lin  Hinkiu Mok

- [Abstract] The behavior of the red-bellied tree squircel, eallosciurus erythraens was studied from July 1981 through

March 15983 at the Taipei Botanical Garden. The patierns of locomative, alert, cxploratary, feeding, debarking,
sachin;i, aulogrcoming, resling, nest-building, agpressive, amicable and inating behavior were described and their
monthly aclivies were analyzed.

The beﬁavioral patierns are more similar to those of other tree squirrels than those of other pround squirrels.
This may be due to the difference in arboreal and terrestrial life siyles. Monthly change in [eeding and resting
aclivities may be related to energy adjustment. The initiation of the peeling-feeding in debarking behavior may
be due to the attraction of some chemical contents in the bark. Caching behavior appears lrequently in autumn,
and is eliciated by certein kinds of drupes and their falling pertods.

The adult is more aggressive than the juvenile and the female is more aggressive than the male. The chasing
activities of males :'-n'ay be due to pursuing mates or geliing rid of juveniles. The appearance of amicable behavior

*is frequently conducled by mother-children, siblings and nestmates. The separation of mother and children probab-

ly oi:curs in August and December. Usually, some agression exists between male and female- When the courtship
begins, several males will chase one [emale in the same time, and the mates will compell each other away l'or com-
petition. Finally, the last pers:slent one is nccepled by the female.
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Table 1. List of food plants, the consumed parts and its consummg } requency by the red-bellied tree squirre] i in the

experimental area (B. bloom; F, [ruit; L, leaf)

’ Month
Consumed -

Loz
o
(1]
a
T
w

Parts ‘N D.J- F-M A M

Semecarpus gigantifolia
Eleeocarpus serratus
Livistona chinensis
Bauhiniz aculeata .
Artocarpus heterophyllus
Leucaeng leucocephala
Phaphialepis indica
Albizia lebbeck
Machitus thunbergii
Eicus benghalensis
Aleurites moluccana
Mangifera indica
Erythrina variegata
Cinnamomum camphora
Fieus benjaming
Ficusdrupaces. | -
Artocarpus altilic
Kitlenga pinnata-. .
Syzygium cumini-.
Fongamia pinnata -
. QOthers - oo
Fungi ~ oL 2 1
Gail of Unilachuns sp : ' -
(in the branch or Styrax submfo!ms)
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Table 2. Monthly change of autogrooming activity (average bouts per squirrel) in different sex and matunty

Years Month Average bnuls " Adull Female Adult Male Immature
1981 Nov. . 54 ’ 7.0 35 1.0
Dec. 32 _ 85 s 23
1982 Jan, 3.5 - 100 4.0 9.0
Feb- . 43 . N ) 0 -9.0
Mar, 59 40 40 35
Apr. 40 4.1 0 2.0
May. 42 6.4 3.7 5
Jun. 44 25 2.7 50
Jul. 4.5 - 0.5 1.5 18
Aug. 5.6 7.7 14.0 5.7
Sep. 50 - 60 - 4.7 16
Qcl. 48 ] 18.0 8.0 3.0
Mean : : o 7147 463* 5.08

#, " are significantly dilfereni ai p «<C0.05 by F-test.
P Y
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Table 3. The total requency of spu'al Chasing in three different social combinations,

Month Motﬁer & Children Among Juveniles Male to Female Total

1981 Nov.
Dec.

1982 Jan.
Feb.
Mar, -
Apr.
May
Jun.
Jul.
Aug,
Sep.
Oct. -

00 O — 4 - N 6o WO
O W R LD = N D S D~

- - - - ™
O W oo 00000 QoA

Total

—
—
—
78]
A
W
~J
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Table 4. The total frequency of agonistic bouts of adults or juveniles towa.rd other squu-rels at different mature stage

Initiator " 1981 Month Juvenile Adult . Unidentified Total
198} Nov. ] 0 12 12

Dec. 1 1 11 13

- 1982 Yan. 6 3 3 12

L Feb. 1 0 10 o

Adult _ _ Mar, 0. 9 6 15
: L Apr. 0 4 - 3 7

May [ 10 ‘ 9 25
Jun. 2 0 6. 8.

Tul, 1 6 4 11

Aug. 1 14 7 22

Sep. 3 17 6 26

Oct. 6 - 4 2 12

Juvenile 1982 ° May 1 -1 0 2
Total 28 69 79 176
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Fig. 1. Behavioral patterns of the red-bellied tree squirrel (Callosciurus
erpthraeus). ab, alert behavior in upright and downm posture; c,
exploratory behavior; d-e, feeding in sitting and in hanging up-side-
down posture; f-h, licking, scratching and wiping elements of autogro-
oming behavior, i-j, resting posture in summer and winter, respectively.
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Fig. 2. Monthly change of frequency and duration
in feeding activity of the red-bellied tree

squirrel. Total frequency = 1735, total
dumation = 122660 seconds.
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Fig. 4. Monthly change of caching bouts of the
red-bellied tree squirrel and the relative
abundance of fruit on tree.

*, caching food; A, Aleurites moluceana;
E, Elaeocarpus serratus; 3, Semecarpus

gigantifolia; n, total number of caching -
bouts.
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Ecological Study of the Flying squirrel in Central Taiwan
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ECOLOGICAL STUDY OF THE FLYING SQUIRREL IN CENTRAL TAIWAN

- This project was initiate from July 1981 to June 1984
in central Taiwan along a Cross-island Route leading from
Tungpo via Patungkuan to Yusan.

There are three species of flying squirrel has been
recorded There are Petaurista alborufus lena Thomas, Pe-
taurista petaurista grandis Swinhoe and Belomys pearsoni
kaleensis Swinhoe. Distribution from 1200-3750m, 700-2600
m and 400-2000m.

_ They prefer to act individually rather than in a pair
or a group. They usually leaving from the tree hollow at
30-50 minutes after sun set and returned at one or two hours
before sunrise. There are two peaks of activity period
through the night. The most intense active occurs 8:30-
0:30 PM and the second peak from 2:00-3:00 AM.

- 126 and 149 of P. petaurista and 'P. alborufus. was
collected for food habits analysis. Field observed and
stomaches content analysed shows that both flying squirrel.
"are folivores. Diet was chiefly of leaves ang@ small parts
of seeds nuts buts fruits and some time takes animal foods
Stomach content analysis and field observation were found
7 species of plants materials and 2 species of animal
materials from P. alborufus, and 12 species of plant of
materials from P. petaurista. Only samples taken in
spring season found cambium for several trees in the
stomaches of both flying squirrels. The quantlty, quallty
and availability of flying squirrel food are various in
different season but also affect carry capacity of the
habitats.

Breeding occured in February to April and August to-
October. As for thée distribution of nesting, they are pre-
fered to build nest-in the area of dense and huge tree of
the conifers forest, Nest were located at a height of 6-35M
of -trees hollow, also build nest at the dense branches.
Twigs, leaves and tree barks were chosen as nesting meter-
1als

TPhere is a periodicity to tree damage during the
year, bark stripping occured in February and March.
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IDENTIFICATION OF DAMAGE-CAUSING ANIMALS
OF SCIURIDAE TO FOREST PLANTATIONS
——BASED ON THE PIECES OF DAMAGED BARK——

Pao-chang Kuo  Hungyu Ho

[Abstract] In Taeiwan for many years the siudy and controf of squirrel damages to forest plantations has been
concentrated on red-bellied tree squirrels. Becuase it is believed to be the main culprit of damage-causing animal.
However, there is a definjte evidence shown that [lying squirrels have been involved in the debarking problems.
These two kinds of animals belonging to Sciuridae basically inhabite in the s-ame habitat and depending on forests
for living. It is important to identify the damage-causing animal for a better control implementation. This siudy
selected small portion of infested plantations in the Foresiry Districts of Yushan and Luanta, Taiwan Foresiry
Bureau and the Experimental Forest of National Taiwan University located in Central Taiwan where squirrel
damages have been mosily a serious problem. Three Lypes of bark damaged by pest animals were classilied accord-
ing to the characleristics of bark pieces damaged. The clasification ot’l bark types was based on the location of
wound from the ground, clear length of the damaged tree and weight of bark damaged for a single tree and tooth
markings which included the anple and distance between the marks. From the criteria for the classification of
bark pieces three damage-causing animals were identified in accordance with the major pecuriarities observed. They
were red-bellied iree squirrel {Coffosciirus erythrgeus), Formosan giant (lying squirrel (Petaurista peruarisia grandis),

and while-faced flying squirrél {Petaurista aldorus lena). .
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BREEDING OF SQUIRREL-RESISTANT STRAINS OF

CUNNINGHAMIA LANCEOLATA-(1) RELATIONSHIP BETWEEN
BARK RESIN CONTENT AND SQUIRREL RESISTANCE

Song-gen Hwang  Jui-chung Shiéh Tsojung Kang  Chao-hsien Fu .

[Abstract] Chnnmghm;:ia lanceolata is heavily damaged by squitrels in Taiwan, Usually, the squirrels are poisoned
by using pills to prevent or reduce the trees damage. However, there are difTiculties in using this melhods for a large
scale protection. Hence, breeding ol squinel-rcsistani Cunninghamia funceolata has received considerable attention
in recent years. ’

It is suggested that any tree with higher resin content in the bark may increase ils resistance against squirrels
attack. Therefore, this study is to investigate whether the high-resin content theory does apply 10 breeding of

" squirrel-resistant strains of Cunningkamia Janceolna, ’

Results of this study reveled that the damsged trees had significant lower bark resin content than those of the
undamaged trees. The test daia indicated that the average content of the bark resin in the winter season was higher
than the rest of the seasoiis..-Hence. the degree of the squired damage was very limited in the winter time.

A leeding test was also camried out and the results showed that the squirels did noi eat those foods with high
resin content. We therefore concluded that the resistance of Cuaninghamia fanccolated 1o squimrels damage is
related 1o high resin content in the bark.
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(HRE)SESBAT RIS KT ( Callosciurus erythraeus roberti Bonthote ) 8%
BRI » j‘;j_)}ﬂl:t‘é( Cryptomeria japonica ) ~ Fi ( Cynnighamia konoishii ) ~ XK (

© Cumninghamiag lenceolata )HFEEBE » He-48E( Taiwania cryplomerioides ) SEEMR
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ﬂﬁé‘ﬂﬁ?ﬁiﬁﬂ_ﬁ‘?ﬁ( Dichloromethane ) g H# A6 » HL T AF 2 ik ( Column
chromatography ) BN EA - AMAKEBR100YECix ~ SOSECKEFS50%%-10% E
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UK BeF 27k ( Gas chromatography )ﬁﬁ&ﬁﬂiﬂ.ﬁﬂ‘%ﬁ o oh KL ER BT B )
Retention time ) 29.95 SR B PHIELBZ 11.4 % » 3037 DB Wz Y2
12.18 % » 31.52 3 B ZHHELREZ 17.35 %R 5715 p HBzHHELEZ13.95%»
BAER£ZZAEHE - FEEHALE S RENH ( Coinjection ) ~ A% ( Infrared
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STUDIES ON THE SQUIRREL-RESISTANT
MECHANISM IN TAIWANIA(V)—
THE CHEMICAL ANALYSIS OF THE NATURAL REPELLENT
FACTORS IN THE RESIN OF TAIWANIA

Yu-sha Cheng Ching Kao Tsai-ming Lee -

[Abstract] The cenifer plantation in Taiwan is damaged by formosan red-bellied tiee squirrels (Callosciuros -
erythaeus roberti Bonthote). Luanla Br {Cumminghamia konishii), Cryplomeria {Cryptomeria ;'apom‘ca).nnd China
fic {Cumninghamia lanceclata) were damaged severly, but there is less or even no harm in Taiwania (Taiwamiz

cryfomerioides).
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There js a serial rcscarch in finding the reason why the squirrels distaste Taiwania. According to previous
cxperiments, we found there is related with resin, :

In this experiment, we use column chromatography to separate the dichloromethane extracl from the wood
of Taiwania, the solvent system of elution is (1) 100% n-Hexane (2) 50% n-Hexane+50% Benzene (3) 10% n-Hexane
+90% Benzene (4) 100% Benzene (5) 90% Benzene + 10% Ethy] acetate (6) 80% Benzene + 20% Ethyl acctate (7)
75% Benzene + 25% Ethyl acclate (8) 50% Benzene + 50% Ethyl acerate.

The squirrel are used o rest each of these fractions and choose 1he fractions which the squirrels are more dé-
1&irent.

The fraciions in using 100% beazene, 90% benzene + 10% ethyl acetate and 80% benzene + 20% cthyl acetale
as the running solvents, have shown the significens cffecl.

Anatyzing these fractions by gas chromatography, we found that there are four main materials. After rean-
alyzing in column chromatography and detecting in GC coinjection, infrared spectraccopy and nuclear magnetic
resonance speclroscopy, we consider these four compounds are, according their retention time, (1) in 29.95 min is
T-Cadinol (2} in 30.37-is T-Murrolel {3} in 31.52 min is ccCadinol {4) in 57.15 min is unknown yet.

Using the purilied compnunds of T-Cadinol, T-Murrolo! and aCadinel in bioassay, we find out that there isn’t
deterrent effect to formosana red-bellied tree squircel in T-Cadinol only but is significant in T-Cadine! and T-Murrolo

1.8 B

ik RAEREHASBERFLUAGHERRMEED » HREREGEERRE BN HE
» B B MEER » ISR R 8 P Ar R IR IR MR AT IBIER: » TFMLERmEN: S asaR R R MIE
ErBER > bR - L USBEAS B T SIS | (1) 100 B IECKE + (2)50%IET 5k +50% % » (3)
10 %IEECfE+ 90 %3 » (0) 100 %% » (5190 %K+ 10 B ZBRLEE» 0180 &+ 20% ZIBZEE
MN75%%E+ 25 %7 BZE > B50% K+ 50 %LBLE (D100 % ZBZE » (028 -

SERBH100%%E >~ 00 %K+ 10 % LB LEH 80 %K+ 20 % ZHLE» ﬁW%?ﬁﬁJB‘?
TR EEEF A ARLRYE -

mixture,

I.885:%

A3 e A T R R SR RARS IR0 G X DIERFRZ 460(03) » FAE
ERACBRSZ M H B FIRTIK .
LEMBE T ( gas chromatography )
RS ARt EEZHME  REYBREEENESARBHEECRG » FEKHCHEINE
S LEZRERROTewEcEReR - FIRERES authentlc sample ) Bk M
HFEIZ S ( coinjection ) » LIBREFZFMPZIKD ©
{i}ﬁZﬂ#ﬁE#ﬁﬁﬁHew]ett Packard F1D 5710A GC » {#F H&EMNT &
MBEERSHE column) 0.2mm X 25m

HFEM ( column packing ) . Carbowax 2(M

FRIHEEER 70 °Cr FHEMR 4°C/ min » E 210°CRIL
(2)F &g T2 ( flame ionization detector )

RER 250°C
(3XEHER( injector ) ﬁﬁﬁ 250°C
@)W25 M ( carrier gas ) [ &K ( nitrogen ) » Pk ( rate ) B 0.2mZ/min
(5)EF5%E ( chart speed ) © 2 cm/min
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) 10 EAMHEH

BUYA SRR A TCD GC-84
(WEESHE: 1./78"X20m

HFBIE 20 % carbowax 20 M '

BHARTEER 150 °C » AR 4°C/ min » E 210°ClE
(208 22 F0NY: SRR BE | 250°C
(EERBEEA » WE 30mé/min

2 RLAMEUR et 2t ( Infrared spectroscopy ) :

WHBER g DI UE ( liquid film test) » ﬂ%ﬁuuu%mﬁ*mﬂj %Hﬁﬁﬁf‘ﬁ.{h@ﬁﬁt(
2.5em X 2,5cm X 0,5cm ) » THRERTEMNTL2IGH

BIREER S LURALER ( KBr ) BEN » BEREEME - ﬂﬁiﬁ@ﬁIOmmE@ﬁH( disc ) »
BIUCHHE 2.5 ~ 15 p TEEANRITRLAE » ATUGEA AR AT R -
3 BRIt RN 2 ( nuclear magnetic resonance spectroscopy )

BRI MEER( CCe, ) BAN » WEER ( TMS ) EAER ( internal reference ) HlIE

I.EREE
L ARERE R RS POSHAREA

#5 AR _SPRENSUESBFANMESBESBHRRS » BHRRAHEEERST

2HFE > KBEYBRESRZAHMEE » 45100 %% 80 %K+ 20% ZB B2 th S m I »
Lotttz s Eo i  SRNSENEL -

130

171

B 1

Eﬁﬁﬂﬁﬁﬂﬁﬁ@%ﬁﬁ'
2 s R R R AR S S RSB A :

NAETEGEINIEBRREERBZRS -8l | HEE 2.5 A5 ROLFHFEBES » ﬂﬂﬁ?
B50 7 DIECHASEREE ; ikl RoEZ SRAEZRER M REE » MECH+FR( 1 ¢
= A'E

LIEBBRAYIEBR IR AR SR gisCHEE ( EEﬁ_:'f#Imu%%ﬂ)

= IER B
» DLEWMA L 200 4K MG » 0 TSR 50 BB BN » fRHRFIEE » BRA SH
» BABEIELZ SLBMHEMAH o
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ff( rice-paraffin block ) » Heb sl A VIR —EHED (4 » LIRBRAREBR S HAETHE - &
W% A6 4 86755 | 435 B — IR BL % e v /R 2 88 » mm%ﬁ$m1%am7ﬁﬁﬁmmmk
28%  KTHKRRFR BN L BEARTR L 2 AT o
AR AR R R TR T AR BT A A - BT -
I.M¥RFx

ARREAZILT ERABRHERDRNRE T SPRT » ZRARBUAEH—N _BREHEE
BET BRSRAT  OEEREABREZRY - ARMESRE 71 £ GEERARRM(
120 cmX 50 cmX 40 cm ) » MFARFERR—& > FERFEADBGE KON » ALK 250 cc
HE TR B KA o BEEUIR R R A RS — A R R R e A S RER = EE—A
BRI D s R S T AR o )

ARBFTEDZ 5 DS BT | HRE R A o RBIAIA B ( banana oil ) » Kk
( saccharin ) REI& 0.1 %% 0.2 %RMEE » FFIBRA 70 %K1120.8 ~20.9 %258 (
paraffin YREE 2 » BA ZMEEEEIM 2R BE (A9 + T8 HREK+IE ) REFRME(
FkHBE ) BHER 8 HE IR 5 EFUREA N 120 SEfF 54 DIE R R SRATZ AL IR B B BRI R o
SRERERBHEINY B SREARUANAR (QEEERRRATREGA 2B ) » SEE
KOS RAS » T 10 K » i30T 4 20 BRENRENRS 10 48 LS » FHERR
B 40 % DEENABHFLER -

3 | S A X 67k ( cocking oil ) 5 : 243 ~ TELkd ~ Tk DR
HOER AR AAAE | AE5 2B B 95 %oBk (RMESEE) » L 100 Bk AR R
o B GETREIAR A ISR (S IR — BT 1B HR » HEFS URRHE RIBR R (6
emX 6 cmX 8 cm ) th > RERIARING M HEZE R ( DS EER QAL ) £RE A hRERAR

FHOBRNGE » SRRARNER—XETHEMEHEKK - $FAREBXNR 10 & (HHESSE
Yo EYI2 K BDAIEE S EMRR 20 .

I.&ERRMA

L 305 T R 2 B R _

A BB YA RERR SR ER 320 A% » ERZFHIES 326 A MK HFIBEE o

8 MRS AN 10 SRR EEEN 4 e MAKR (£1 ) BR » EUANBRBMNLTR
» SR SR B ERE AR AN BRI BT » RRt: Y ERESEHT PR WAz
St EEBRE ( F=7.31 , P<0.01 ) » FINEREXZ ( RERERR ) ARESH LR
Loz A3 ( BRI 2 608 ) SEEEY 2R > Hohlk S ER AR UEZR  TIAHE
R PR R RRAARBES D (B ) o
2 MM A3h J2 BREE

— A B R MR ERBE LR - HNRES R B IHE RUES RETRERA
#E ( Howard ef of 1972, Howard ef of 1981 ) o ASURER S FifuF Mhst 00 A £ FARS DI JUSAH
B I 4 o -

B2 BB SRER 338 A% BRCFHRES 340 ARARERZ 328 ARRE - Ik
— {525 SR B R ON AT M R MY S T A AR O o

7THEEEAERIED 10 ERRERER 2 X2 HAKR (X2 )  #BHS R EREAEZ
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F1 EEEHARARZRARHE
Table. 1. Consumption of baits added with sugar and salt by the red-bellied tree squirrel,
B OEH K & N # W fd &
Bait of attractant Rat bait
NEEEE R AR ] .
EHE Bz WA 3 . & &t
. Banana oil Saccharin Salt ® R|TF R
Consumption . Total |-
W MK AW &R|(E &K% f|{ &K | House| Field
High | Low High Low High Low | rat rat
: 0,1%|02%}01%(02%}101%|02%
omafE(er) | 55 | 1730 (544 | 49.0 | 16.6 | 5.8 | 104 | 14.0 | 325.4
Amount .
z &, . :
WRAEC%D | o091 | 5326 |16.71 | 15.05 | 5.1 | 178 | 3.20 | 4.30 | 100.00
Percentapge :
CHAH @)\ 33 | 1629 [42.5 | 508 [ 26,10 | 13.0 | 175 | 138 | 3209
Amount ’ .
) .
g (%) 1,09 | 49.38 | 12,88 | 15.40 | 7.91 | 3.94| 5.30| 4,18 | 100,00
Percentage . ;
180, _
3 .10 3
= 150: Q ]
B3 120}
& E
B’ Z oof
~ g s
@ 8 60}
~ 5 30 _
i, J]_I]_il-mjlll

B 1

BH BL SacH Sacl SalH Sall, HEB FRB

. FID2 A

Kind of attractants

DPH=Bananal oil high i ZH#Hh
BL=Bananal oil low {E{ft &k
SacH=Saccharin high &7 EEfY
SacL=Saccharin low {ET

VLN SRS b T LA e e A

SalH=Salt high 7%k & B
SalL=Salt low {55t £ B
HRB=Home rat bait Z¢H fH
" FRB=Field rat bait ¥

Fig. 1. Consumption of baits added with sugar and salt by red-bellied tree squirrel.

A#( F=6.13 , P<0.01) > RRABHNRRBRAR S 2 NAKE - ﬂ@'&ﬁﬂh%ﬁﬁ?ﬁl%ﬁﬁ%
» & SRR D40 o R SR i P e Rtk FLBELSGHE » BAREEMTER (B2 ) -
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Fe  RENANERRZNANE

Table. 2. Consumption of bait added with different vegetable oil by red-bellied tree squirrel.

ARENZ A |

RO W OF WM B @

Sa=Salad oil ¥pHr¥h

B2 RERBEHRMIERES O R&EY

Fig2. Consumption of baits added with vegetable oil and vinegar by red-bellied tree squirrel.

V. HRRER

Bait of attractant ®H OB & gt
Consumption | %% Hh |76 2= $h| £ Kk | B dh| = %% wh| B Check | -Total
Lard |peanut oil | Corn oil |Salad oil |Sesame oil | Vinegar
it (er.) . - : '
ol & 18,2 15,7 27 .7 14.5 6.0 152,4 | 33.0 267.5
_ Amount )
4 % :
WRECE) 6,80 | 5.87 | 10,36 5.42 2.24 | 56.97 | 12.34 | 100.00
Percentage ‘ ‘
L 1 (gr. ' - .
. mﬁ g ) 13,2 28.7 29.9 17.7 11,7 138 5 | 33.6 273 .3
: . Amount : : )
| WEE(%) _ '
REF (% 483 | 1050 | 10.94 6.48 | 428 | 50.68 | 12.29 | 100,00
. Pc_ercentage _ o
150 5
® 125] ¢ [
& -
£ & 1loof
®5 |
RE o
3% 50t
“ B -
In
i
- L' P C Sa Se V Ck
. L7 A ]
Kind of attractants _
L-Lard B Se=Sesame oil ZIRE i
P=Peanut oil {EZE il V=Vinegar RRIEF
C=Com oil Eith Ck=Check ¥{H )

X8 BEERAZIENFCEUSRENR ( EF2SE, 1980) » E5THHAAZBRZ
AN BERHR BB EEFARGBEMBPEHRARL Y BE - BUbRRRZ8E » BUS
BHERY  RAREE ( £5KES 1984 , iz %1984 ) o

EEREHRNEHZ BESEARAB I PERBR S » DIRBHERDDRA E & UNA
o AFRD ARG 8 - EEEAE - EHEAUARBREZ SR 0.1 %R0.2%
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D ER (0.1 %R0.2%)RAMC 0.1 %R 0.2% )4 3 FiRLAERRM PRSI - SRS
FRETRBLREAR R 0.1 ZERE> & Wi AERIZEET » B2 EHREH5Es0RERND
ZBWERRG AR o WK BHERERN S N A BRI AES 2 HE BT
HEHRRZ S - ARRRENEBRRARE ZWT - SHESE (1082) RRAABLRBELARY
EEBBREZ RE » HRFEENHEPSEBRZBEDIFR

AR B TR 2 B H A - MBS ( Howard 1981 ) « AFEA 5 G (1
D i~ AEAERS ~ EKin ~ DRMEZRMRTK SR £K5 2 BERBABKZ S L
100 REK R E » WA RSR > BRI GS %2 AMBBRRERS RASH » LRARSERE
FIAERRE SR« 152 + FUEPRIN S %2550 ~ 164 ~ BX b - DR ~ TRMSHRBR
2 WALMEHS | 2B DRNBERERAREEER o TS (1970 ) BERFPHEINZFih -
B AU 225 B BTN A  EARRAR B R M M HE BB RRRARLEHT|
yal ' . _—

2EIA

LEF5E P8, 1980 , IMBHEWBEHMAZRE - HEBBEAFI8®) 1 527 ~550 o

2 LieE , 1970 , T HERHBRZRE, 1 , B4 - BREAM - SEESS ETHTRE 5 @
59~ 68 o : :

IEKE ~ A% L1978, SRERBEERHE EZERERAN SR BERBE LT M o XBE
HFF14(1): 185 ~ 193 o ' :

A B5FE - RafBE ~ 4500 ~ BHRHE ~ BIEE - [T ~ SRR ~ iR ~ el ~ 535 -~ %R,

1984, NEFRBED R ERTCRTR - EAREREBRKTEH SN 157 , pp.17 ©

AR ~ Z5RH, 1984, BHERERRBEERAER ZHOT——RAZEAKBRKZNRFERENY
¥ = BEAHE BB W EARHITT © DPP.16 o

6.5 E T ~ T - BIRUG ~ DU L1982 , RN BURERAMCEHEEEREZHE (K ) « X
1 BAR= RS A4 29 (2) 1 25 ~ 36 o

7. MEZ 3% ~ 255K , 1984 , EBROIBNREZ SRR o hIEHRBEA 17 (3): 31 ~39 -

g Howard W. E., R. E. Marsh and S. D. Palmateer, 1972, Rat aceeptance of dilferent sugar concentration in water baits.
International Pest Control Nov. f Dec. : 17-20.

9 Howard W. E. & R. E. Marsh 1981. The rat, its biology and cont_rol. Leaflet 2896 University of California P. 17-18.
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MR BEHARB BT a3k (R 744 178 )

VO] 0 B AR B R 2 B T U e

FHE MLW BE AREE

(W) ABRRZBERK» ERANZESBZEHAER » SEFELURMAREBE - HH
B o AXZABOBEHAESIAGHEARNMAETREUSW LR » FRCHENARRKE HE
MRS % RRTR 2 BATH « RRZENTE SR MNE M » SUBKREEFEZ T
BHZERRRPHREE  ¥RPRFEH—ER » Faff 1080 LaHRALCEZHRLHAR
o oA s WHIEHFEFEHERZIARBER» o] BMBERRRZ PMBEER » RERTZET
BEFETEY ; ABARARETRERREANZERRAREZRAERT » EAHGETERZFA
REBGHER B ERTHMREM LIERFUNZ BT -

MECHANISM AND EFFICACY OF KLERAT
IN THE CONTROL OF FORMOSAN
RED-BELLIED TREE SQUIRREL

Pao-chang Kuo  Szeling Ying Lii-chang Leu  Chi-ying Lin

[Abstract] In Taiwan, refotestation has been greatly hindered due to (he extensive damage of foresl plantations
caused by squirrel debarking, For many years, poisoning has been Lhe main measure and fairly eifective means in
the control of squirrel damage. This repart consists of results cbizined from studies conducted by the authors and
local experts of similar fedd to deaw an inlegrated conclusion of some rodenlicides especially klerat and others in
their mechanism and efiicacy over Formosan red-bellicd Lree squirrels. Del:-lilcd resuits include LDgg of klerat,
minimum amount of rice-parafiin block ef klerat tha will kill the animal, cte. Together with Lhe results of kicra:
applied in the forest plantation, this report can seeve as basic information in the klerat application for squirrel

control in Taiwan lorestry.

I .4

BRCBEARENRA  IREA  MEEXNZASEE 8% > ABITIHFOE M S
ZERERN » FEZRERYNE - SBITEZMBRHF=H= ( Jones et al 1971) » Bl
B RRERRE o REME ( Calloscivrus erythracus ) 2 FHRE2HEE& I » EFEBUEILE
» fiE DA BEHR 2 348 800~ 1500 & REBZAE R ( AW 1979 ) o FlR R ELUR R IR
REBXEAMMAY ( food plant ) » ERREHCAE T £ > LEHY XTBHERD » BEA
ALHERHRYRBE - ERBE - FREUKEBEBEME( T FHT1979 ) « BHTE(
1976 ) WMEBEZRALEEZMENEL - KERTERRY » HBEEE) » LZHLWHERT
WS » BRNIY - UABRLBE ; ERdRAWER » BERARBIN > MRBERBE Y B

o

il

X EEHRRBEYABRDRRBRNE « SHAHBRERGEE - DY SBRPERBRERERTRFARLE -
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BrEl 2 FERE » AR~ E8 > REZHARHRENRES  BRITZRENEEE
FEERRGER TH » ARLBSRE - BRERRGBWRAEH~ ﬁﬂﬁmﬁﬂﬂﬁﬁ*ﬁ%(ﬁﬁ
#1984 ) o

IR AR AR

LR :
—BERZBRAMC rodenticide ) AHHE BB AT :
(DBHEIMAC anticoagulants ) —— WEAHER B » HAEFIES LM 40 i W BOVEEIE B A 00
o I HEHOHEE E ABBWME — B FER L » ARSI » B T JRN A | METEZM R » HEK
M LB ~ PURAVE G S a BT - B8RSR » P INE ( Palmateer, 1981 ) o 53k
ez SRR warfarin ) DGHEMER » EEMATREEFZRM > Y B single dose ) 4
FRMHIE » RIREFRI G 58 48 /N » BT DIE LRSI 4 F 5 10 B I B AEED * RRIBIR " »
WA Scientific Encyclopedia, 1962 ) Ak BHEHERLARBRENHBERBERN
B REERTNE 1 BRELHHIE L A PHEERBZ R MRS » RS AR RE IR IR
o T REHERBR » BRRE  EABHAERER » AR RETHHRSSHN ( BalE=

;Bxum% A EHMERBER » B | AREH-—KEYRER) o

#1 Kﬂﬁgﬁﬁﬁ(wmhnn)%ﬂﬁimﬂﬁﬁ(*%ﬁ%l%4)

B |HEA | 5 ® O B R M q%ﬁ A\ N B ‘Eﬁﬁ%)
e PR ﬁf’i?ﬁ%ﬁj; ﬁ;@ A—B 1009
B 0 _X 2
1~ 7K | 8~14F |15~215 | 2L : -
(%) tem| ¢ gy| P TR B IR IR ZRELEL oy 1Ty | ey | A 1
0.015| 5 |263.4 o 1 2 2 |21.6| 26.8 9%.2 2.94
0.025| 5 {239.6| © 3 2 o |12.6/ 28.6 95.4 11.19
0.045] 5 {256.4] 2 2 1 0 | 9.2 27.2 13.8 49.29

@)FEAREER ( strychnine ) —— it ~ MM » EAEBREAMEMEEAERT - 8
5~ 30 EHEIEFHEEUR C symptom) : HIAMERSR « il » HEERR ~ FRERBEMIE - BA
BRAKHEEUEERRERHERT - BAADONRSSEBE T hERYHIBR » A - KhHEH
Gl o ABIARER ( FHK» 1978 ) » AMRMKED B2 EHHCEHR -
(3)BE{tgE ( zine phosphide) ——EMERINHE » HRRZHEZHRE » ERARREEANHHR
PR » EERE ( PHy) » EAMMENE 2 E B MWIE » ﬁﬁﬁmﬂﬁﬂs—ﬁmmﬁéﬁtﬁﬁ
W 3~30 PMREARE(ZFHEK» 1978 ) °
- {9)1b2a% 1080 ( compound 1080 ) ——HEME ~ St » RABEE ~ BATRE » TS FE
FRAG RO » HAHRK 10 ~ 45HEERAR » THERUNRASIRSEHBRKTITEL o B §if%
FER> BIIRABRREMDYcBAIELT (FEE » 1978 ) - AXERMKLARBE 2SS
1080 MM RZ BERFRARUK 2 -
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*z2

R FEAEEY 1080 BN R Z#HBHER ( z‘%%ﬁ@% 1984 )

BE FHRE ¥ O OB R W FIHHIE | W—KF
. pE S B | HEBR
(%) | (g) [1~7/8 | 8~WM/E [15~20 N | 22/NR5DLE | C/hER D | #60E (&)
0.15 6 . 289.0 | 1 4 1 0 11.70 3.8
0.25| 6 278.8 5 0 0 1 7.17 | 4.0
0.35{ 6 282.7 3 0 0 3 15.80 2.3

ERESIERERD (AW 10802 0.15 %M 0.25 % R MEMEESE  AERIEA
s HER0.15 TRHREEE - KABHHE_KIERSK mﬁ‘%ﬁgiﬂ%ﬂ'ﬁﬂ&ﬁ“ﬁ%ﬁﬁ LBy 5&
ARG Y » FHRIFER BB 2RI ME -

HES AR _red squill ) ~ ANTU ~ &K ( gas cartriage ) ~ IR ( methyl bro-
mide ) XZHi1LEk ( carbon bisulfide ) FHMFBEAM o HZHE S » MEERMEE BETEE -
MM E X 5 REBZEARBERHMIER B4 ( non-target animal ) o REHE FAFI(
ICT ) ARt HE—-NIEAH 22 AMERFERPFHIGES » B SRE 2 A M M-——" 8
o B ZMEDIER Y » M - @ HEERG SR ( Dubock & KauKeinen 1978 ) » HAER
NAEBRFRPRER > B AREESERMERS » UTHVRTER /SR - FRFERVCRE »
INELAHE - BER ' :
2TER _ :

R84S 3-(3-(4’ -bromobiphenyl -4-y1 )-1, 2, 3, 4-tetrahydro-1-naphthyl
J-4-hydroxycoumarin » {444 Brodifacoum, klerat B{WBA 8119, PP 581 % ICI 581 %4
s hATRE » HERXB CoH:0.Br » 7/ 523 » FHRRWT:

TR REREHZE BB » MM - EIK~ BE - SEHER - BBEYE228 ~ 232°C » (IBREZ
Ei‘i( chloroform ) » AHRKEGHME - EEEZRAE T ( FEESZ BERNAHH ) BEREHALR
» WRFEIFZA + H—REBMB Al - Brodifacoum ¥ &4 4-hydroxy—coumarin X%
brornodlphenyl dihydronaphthalene » BZE M4y 2 F L Brodi facoum{l\ 100 f&HE»"TOf

¢ pa]atlblllty YECICI (1), Marsh et al 1980 ) o

Brodifacoum RNBRKH » 7+ WehZ Bl ERCBBMRE » FHEER T H HE » Z Kbk
BHED - JERBEREEZENEMD » FHEAMREAEHBTHIYE » RBEL B A ( poison shy-
ness ) H—AFTMAZHRARLIERTE » WEHEMNAGEETTERE » B EERAMNTTHT < /[ K
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F4 TRBETRRZBFRARFECREK

MR R B OE (%)
0.005 0.01 0.02
m & W (gr ) (o) 122.3 146. 8. 115.9
Q| 105.4 115.6 . 124.2
ZE  #| 113-85 144.2 . 150.05
RAVERARRIZEE 1 2.40 4.71
¢ 1 2.19 ~3.79
r B 1 2.30 4.22

E - X K s 9.4 0.8 s.
‘ Q 6.5 9.8 8.2
T B 8.1 16,3 8.6

#5 WEECO. 005 % ) B RERAR 2R EIETRE

@ & & W @& Cgr
5 10 23 36 50
B 9.0 10.3 12.3 9.7 11.0
Q 8.0 9.3 9.7 8.3 12.0
F 8.5 9.8 11.0 9.0 11.5

F 28 i[ETﬁ*’ilﬂ:EtﬂEﬂZ?Et ) Eﬁ.‘%ﬂﬁfﬁﬁkfﬂﬂﬁ%ﬁ 52 Za]E B ( 0.005 é ) ﬁfiﬁ '
g R RIET -
2HAFR :

HKER AR ICT )’L‘?E%Hﬁﬁﬁﬁ%ﬁ*?ﬁﬁﬂ?ﬁﬂﬁ( cil palm rats ) HYBHER KR » J:t@E_I
BREBHENEZRE » RERPORAIZER ( Kok & Dubock, 1981 ) (%6 )

RABMNTRRZEARE » B4 s BRIEme( 1984 ) ENERERAATETERER
FHE( 17 ~ 184 AR ) BT R REBEAR « AR 0.005% THEBAKERE 0. 0057
WEEB A SR 1 % RACEEE =50 o 56 b0 10 70 1 0 5 0 S8 P 2 R 2 10 60 o 5 2 — A i o
FA o FETHH » MBERWET -

Hi FRABBRRBREENEE 2 ER B B FEE ( Rennison & Dubock 1978,
Peardon et al 1979 ) o

—108—



#6 WHBEREBERBEHNMMTFREHERFER ( Kok & Dubock 1981 )
HAEBHAHE X 14 ® E R
(%) 1 2 3 4 7 (g8

BB WAk

R ¥ = & 1.6 |12.1 22.3 | 34.9 ] 70.1
AW E ( Klert )

E & | Aas 1.0. [ 1.8 2.3 2.3 2.5 82%
13g, 30ppm#HEH

HX | s 0 0 0 0 0
B o# = # | 4.1 | 5.2 | 7.3] 9.8} 20.8

HE R (Warfarin

B & | A% 5.2 8.6 12.3 14.8 21.4 51%
15g, 500ppm & H

AR BIRE 2.0 8.5 10.0 | 11.0 | 12.1

#T MHHFERO0.005 % AT EERE/EE Ho W AR KB PE
HEEH: 198046 A 38

& 8 M R 55 AR - x & %) P
(g |— B |- @B |=ZBB | W Bl R
0.005 %Klerat(R.) ﬁfﬁjﬁﬁﬁ%— 2,000| 27.5 | 5.0 2.5 | 2.5 | 37.5 | 90.91
" 8 s| 1,000{ 17.5 |17.5 | 5.0 | 2.5 | 42.5 | 85.72
0.005 % Klerat (P, )| Vifii¥fas |  2,000] 38.75[16.25 2.5 0 57.5 {100
" # #| 1,000 35.0 (15.00 [12.5 | O 62.5 [100
1% Zn:Pi WS 600 8.3 8.3 | 0 0 16.6 |100
rr fat #%| 200 12.5 | 6.25 | 6.25| © 25.0 |100
izt : Klerat (R.) : TEEBAKFEH 5 Klerat (P, ) : afEE B4 EHN ; Zn. P, © BbE
ﬁ&%=mo—b§%§§%xum3(m2ﬁ~$ﬁﬁr1%4)..

V. HRZER

THEAREBBEZES » THEERATRS « TREZEREESASRRRE » 2HATDE
FIER ( [ brodi facoumBRHRERA » Bl AR B LR LFRZBE ) (Mat hys
1975 ) » EF A ERABERARE 53X 0.005% » 30 % 70%) BL » BUREMSRIR® 50
g EZ RS ( rice-paraffin block ) Ml » ZRARLIEE  BEH ~ Bk ~ TXBETER ( 30
%>20%140% > 10% > 0.005%) Mk 55 g AV HRENR  ARSHMBEERAMNEER

FH o DEXHRBEEEMBAKRELEREERERBEGACHE ﬁ%ﬁﬁﬂlooﬁdﬁ%ﬁ
(REZBE~ WL » 1984 ) o ,
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EFNME L EEARATHEERARBRRRSREE > MESRRENARSR » DIREHHRR
R BREHNSE L2 HAFRAMEAEAERER (2~ 2550 0 1984 ) - TREMAH
BREPLBHARRIE » BIMRPZAT ~ %A EBBRABGHER -

%ﬁ%Aﬁﬁ%“ﬁﬁ&mﬂﬁﬁﬁﬂﬁvﬁ&ﬁﬂﬁ%ﬁﬂﬁ%%ﬁﬂ%ﬁﬁ’ﬁﬁ%ﬂﬁﬁ
T ™ BT EA IR " e BT A A AT R B T G PRSI B AR
ik » B RERT O » DUERIRIT AR o ZULRAIR EARPEMBRXIAADGER » AEHEZEH
AR SR BL A 17 00 TV 4 3 S Rk KU ( Kok & Dubock 1981 ) o

B A PSR I IR 2 R R RS 0 B Y 8 R B R > TSR DAy — BB A 1T B
B ISR EAERERET » HGGE—XKNA ( one baiting ) EITHETEGE - REE
EBETHHEL Dubock (1979 ) B ™ & " HEE > HRBEINEN B4 HE D HBEERAK
SRR R Z B ER « —MBESSRERETI ~ LUEKE SR & K ERAEST RHRR » 5
PR REE o " BZUH " R E " BHERE " RER  MENZHERERMERE - BT " &=X
BE " RSRBIERERE  B-E2YRERNNRBERFER » 18R " B " #HK - SR8
FERI R M A BINS fr » REEDSRAK » MAYE ( small bait station ) FIaZR» RULHHTREA
B IE - UMW AFE —REREEZBR » EE X AR E R - STEREETED » £
R DUETRRAE IR ANRNEE » SUFERAHATT » MEEAEXREFEINR
ERMGECENEERILE - REINER A2 RARE » SEBIFMIYE ( bait station ) » TIE
WIS MR » M —REBEBEAE ) TETFRRETERANRSSHHRZ BeR
Ao WL WA HE S MAD BRI -

R A MR RS » JyIMR R AR © (VR » QFEM S FIE > Q)
%E(ﬁﬁ&ﬁﬁiﬁﬂﬁﬂﬁﬁ)»@HM%MCﬁEﬁEEﬁ)%m&E'Eﬂmﬁﬁﬁﬂﬁ%
WA ERISR « MARGSBEZHAREN -

V.lg =&

A R B B B 2 A AR R TS R MM T R 2 A B R S R - LA AR » T
HbFERERNE SRR AL RERZEE - SARBNHLTERR B aiE B0 Rk B R
B - AMFRBRELBMERLR » NBFBNLRRA TERhEZ EEHME » RITRABREZFECERELT
KK o B4t » R ES B R BEXIE » AN RIRARTE L5 ER RRBREZ MG > FEHTE -
AWM TTEE HRNFEHRAZZRERETS » BAMRAKEZ TRAREFTARNARZR  TH#B3% - R
- 2 ARSEHATRBERRERFBERE G » FREARELROROFHHEEE -

230k

LEFE BT > 1979 » RERABERRAZBE——LEBERHBERERZME B2
EAABC6):527—550 ¢ _

2EROW - 1979 » BEILE RN B2 BRHE CRLRZ » AXBYH) » 38p. ©
3$ﬂﬁ'1wa-Eﬁﬁ$%ﬂﬂ%%ﬁ*2ﬁ§&%%’Hﬁﬁ.ﬂ@ﬁﬂﬁﬁﬁﬁﬁlﬁkﬁ'
EGHEH » HWBR > WEKER» 34p. o

CAMEZZ - EHK > 1984 ARBREBZOSHR » FEHBEA 17(3):131~39 o

5 EZKH ~ HEEER ~ 208 - BUSEKE ~ BIER ~ TOAED - BRfRHE ~ 30N ~ B R~ TS~ BIRE »
1984 » AAIBRREANBLRZEREARWRA - HRBE 157 81 BAHEHI» 11p. =
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RRBZHARD LHARR R (RE7T4E4 1)

AW A B BUR 2 B

E2RE RAK £ T HAK
BEF i AMEAR M
IBY BRAE EEH MRAT

CREIREXKRABNEL » ATRRARZ » REBRENE » RREEZREERE X
RREXEER - WS FHOERY » RREHERN ST D $SFREBBBATLHE  BHRK
ZREOSER EREBEZARBSERTN FEEZ8H -

BFiaRBHFERS » AR BNRAXAMREBF EZ—DEL - AR ERRS A ERBRH
RAMBAE ( Warfarin ) « 8420 ¢ Diphacin ) - THR ( Klerat ) kKR ( Broma--
diolone YREH LR MBI ( Zinc phosphide )} %k Sodium monofluoroacetate kA58
ARARZRABHETIREG - PREER » EERAMZEERTNT - QRN 0.025
% @B 0.005% » @IHR 0.005 % » QKM 0.005 % » @ {L# 2 % » ®Scdium
monofluorcacetate 0.25 % o ’

REARGHR » ﬂﬂﬂﬁﬂ&vﬁ 0,025 % ~ TIMK 0.005 S RiRM M 0. 005% 2 k&
MR REHMETERN G EREREFNGZEKBELRSE» B2 HRENT 2 23K
FRE -TREAPNS - BEERETTRANE 2 HRG9E A EREHTAERARLSAER
B & R St BT B KO BAE - :

STUDY ON THE EFFECT OF DIFFERENT RODENTICIDES

Chia-hua Chiang Neng-yih shih  Whel Tsai
Mao-hsiung Chen Cheng-chi Lii  Hwan-chong Giang
Wei-hsiung Tang Bing-jen Yen  Wen-tsuen Chien
Ya-nan Wang Hsiao-bsing Liu

[Abstract] Due to the recent forest improvement opcrations, large scale of the artificial forcsls.h:we been converted
from natemal forests, In the mezantime, remarkable shorage of hardwood fruils and nuts of Formosan squirrels in
the habitat happens. Then, the squisrels are forced Lo immigrate 10 attack the coniferous trees in the plantations. In
addition, the decrease of the natural enemies of squirrels, such as carnivorous mammal hawks enhanced the vimence
of squimel damage in the man-made forest. The squirrels are generally recognized as one of the most destiuctive
animals to man-made forest for the last ten years. Therefore the squirrel control is urgent.

«AHMZERKEBEZORYH (HBRS: 74M2—-4-1 —ﬁﬁ__30(17) » T3IBE—4-1 —F—39(17)» 724
B—4-1 —F—43(18) » 71 BR—4-1 —F—20(3) SH UM o
* ERERBAABKIRUERT DK ERES  IIEE » REMEE SHEZE  ATEKEZE  WFHR
HEFE » SABBSEEE > KREBREFE » EXHEHEZEE » 5KH Q#ﬁﬂﬁ#ﬁi&&?f o
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Al the present lime, poisoning is considered as the most effective and recommended for its cantrol. The
purpose of this paper is 1o test ard choose suilable poison bails for the squirrel control. The work is done with
following six rodenlicides; Warlarin, Diphacin, Kleral, Bromadiolone, Zine phosphide and S-odium' monecllucro
acelale. Among them, the first four ace acute cffect and the rest are chromic. .

The result in laboratory 1est reveals that, the optimum concentrations for the poison are 0.025, 0.005, 0.005,
0.005, 2 and 0.25% lor Warfarin, Diphacin, Klerat, Bromadioclone, Zine phosphide and Sodium monofluoroacetate
respectively.

In the ficld Lests, the treatments are 0.025% Warfarin, 0.005% Kleral and 0.005% Bromadiolane respeciively.
So far, no new damage was found in the all-treated plots, but 2% of newly damaged trees are calculaled in the check,

I. 8

BRB-XEEE  ARZBATESRE » HPhHRIBEESZE+— » AR » FEH
hHZE » LHARWE  BMAAKIRBFDEZERRKBE LMK - REHEKRANRASHED Y
» BAIANE —B > ERERETEMREZLRRE - HEFRRBHRARRD » AZMREER &
FEBATH > RERBRSHE - SMREHREND » WBMBEBHE A LHHREE » REEHK
o X B EREZKER « IIGSREEH - BRREHSHEN » REXRABS > HEKRARAS
AEWAE o
. ARZEREHELER - IEE X » BRAZER  BEHEERALEZRE - RREETHA -

TR ~ B ai SIS l%nﬁmﬁﬁ%ﬁﬁ*ﬁﬁﬁ RN » BMRFBRXE
» EUARREEITRRR o

PR R LRS- MRE -~ £8 ~ FIAXES » RENAENEBENYHERE  RELR
BRAETH » BRANMREZ FENER » AHERANERRY » EREATRBRE » LET
EREHERHR > RHBEERBEAZRE » KEBHSEREXRNRBEREE ZEHBRR » IR
H—HREEHZRBH » BB EEERRER > fRBAZRRER % TRETEREEK
ARZBEL » BABERR BRARTEYR -

T

I . AEH#

L HEREA :

MHFAE | RAESEREKBABIRAS » REMIUTRE » SELUBHEE > SXUHE
BREF KRR - ﬁ&%iﬂﬁﬁﬂ%ﬁﬁﬁﬁﬁﬁ ENRMETAIR - BRRMEHAFER 20
EHEET

(ORE R HERHR  REH = > &5&-

OEREENERFAR BEX =M > K6 8.
CMTERSHERAR > BEX=H K 445
REREMERZR BEHK=F £ 4o

)R LS B R > BEI M > A6k o _

(f)Sodium monofluoroacetate FEBRHE » BEN=H » EWH 6L _
BHBE » LIESZHBKHERAR 6 SRR« '

@R BERBEL TS RE > BERRRAR » SHEWIOAE » StRREH -

(BHRkEN | BREARE SEAEREANRE  AFRRACERERENERRE - 8RR -
TR KRB, 5 R EMBELE R Sodium monof luoroacetate » FRFMKEAZ LME
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HESFRR=MARRE WK HEFOT » DHE -
(@QZBHE: 0.015% » 0.025% > 0.045% o
(LB RE - 0.004%> 0.005%» 0.006% o -
TR : 0.001% » 0.005%» 0.025% ~
(OIBE.: 0.001% 1 0.005% > 0.025% o
@)pkbEr: 1%+ 2% 3% -
(F)Sodium monof luoroacetate : 0.15% » 0.25% s 0.35% o

25 BB - ‘

(DA - EREFEKEERERNZHER -

(@8BS © 76 1, 800 AE M EHME R RE 0. 025 S 2BREBEXE 9,000 2 5 1,250R8
VS 0.005 B TR MUK AT 2,500 27 5 1,200 RUTHHEE M 0.005 % 2ZHER
$EKFER 3,600 BT

@R B :

(EOBEXRNE - EAZATHEKI0OELENT 11 FI5F4E - 16 20 FERK 20 E4LE
HTRERHE -
(bYFE TR ~ TATG ~ K2 ﬁﬁ?iﬁﬂﬂlmiﬁﬁﬂtﬁﬁ &EﬁkﬁﬁEZaﬁktﬂw}ﬂUﬁﬁﬂﬁﬁ

s TEREBEEE =R IR AR o

. 5B E
LZEARE :

(K2 AR  EREERERII—E  SAKTAARSRERMBKE 30 A% » XKE
AR FR PR R A B » &Zﬁﬁﬁ}ﬁmﬁﬁjﬁaﬂﬁz URREEAFEEaR  FRUEERARRET
- HERRBZKEE
QERFER  BAEREFRER - 5&E - TER - #¥HE ~ B{tE M Sodium monof Ivoro-
 acetate ZHUIKREM » K=HARBRESIBACER ZRRA » SR ECHRERHZRERR »

IBMERFLCHEEREERRE ; BAFRELDRNLBEMZEASE » LEBE AR B RETRR
ZBE c RAFRKNTZAR .

—B
A

BAE(C(S) A X 100
A =#8K 694 H R REE R
B =B REBFEBER
 2EARER _
(DHRAZZERSE | AERBIEZHEA » KSERT RARBERES 22 FLKH A -
QBREE ~ TREREER SHEERNRNH

(@OBEHEL : F511 AZBEIARES  SMRAERE  ARARRERED » EERDEE
25 xﬁmuﬁﬁﬁﬁﬁ:4H%ﬁﬁﬁ%ﬁ*z¢ﬁmﬁﬁ$ WRAEE 11 AZRE 3 AlKS
HRAF o

(b) 4K 5 B -

O Warfarin ~ 53 ~ BX TR » ARKSBE0.025 2B EBOREN » F/5E
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¥ 30 A » B BHRH 3 ~ 4 HEKHEHERBERA » BE—EiFHES -
@#f§ Brodifacoum ( Klerat 3HRA) ~ Al © K BRREIR S B 0. 005% 2 T HRH
REN » GHERW 10 A » —BEBEALE 2 /NAFEN -
@6 Bromadiolone fRHEUAM v K124 » FACHKREE 0.005% 2 B RABHR M » 5/
BN 1025 » SEEBEBRE 2 N REWH - _ ,
MR - BREZREREZ 6 ~ 20 FELZA vHIERME > BBEREHEHE BB
S0 REREREETI.3ARELEERKL -
ISR @ REHERXZ ARG SAEHERBJRABS S AN » TRR 287 » BR
BIRR e _ ' :

V. REERRARM

LEPIRE _ |
#F1 ARREESESRNEE0EABRER
{elo~ (| 2~ |2 | Zmreosm g | B*| =
®lEe || me | m@® TR (14X (21K | BE [ S | (%) | (%)
#lo0.015(5 |263.4 | 26.2 | 0 1 2 2 21.6 20 | 2.24
B|o0.025|5 |239.6 | 25.4 | 0 3 2 | 0 |[12.6 60 |11.19
®|0.045 |5 [256.4 | 13.8 | 2 2 1 o | o2 80 |49.261
3] 0.004 |6 {284.5 | 28.2 | O 3 1 2 17.7 50 | 9.99
& 100056 |267.8 | 27.5 | 1 4 1 0o |10.3 83 | 21.88
B.|0.006 |6 |290.2 | 12.8 | 3 3 0 0 7.8 100 . | 54.61
7T | 0.001 | 4 2900 _‘23.25 1 3 0 .0 8.0 100 | 1.69
% | 0.005 | 4 296.5 | 22.48| 3 1 0 0 | 7.75 | 100 4.18
B[00 |4 [285.8 | 19.25) 4 [+ 0 0 0 7.25 | 100 |13.05]
#0000 |4 |277.5 | 17,50 1 3 0 0 9.25 | 100 |24.37
¥ |0.005 |4 [279.0 | 15.44] 2 2 0 0 8.50 | 100 { 25.95
B |0.025 |4 [275.0 | 13.75| 3 1 0 0 7.50 | 100 | 28.83

WA 14 XA B » [ R o

T
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®2 AREREEFERRAERDEEREGR

T

g~ | & | E~ TR % U0 R K
- =0 = .
gRmEm | B% 8|38 B R AT Te~uln~nais| &%
B W | H tH® | (OB BE(L R BIK
[ & & 1 6 288.3 | 3.3 1 1 0 4 22.33
Zinc phosphide| 2 | 6 | 270.2 | 3.0 5 1 0 0 5.83
3 6 | 296.3 | 1.2 3 0 0 3 15.00
Sodium mono- | 0.15 6 .| 289.0 3.8_ 1 4 1 0 11.70
flu_oroacetate 0.25 6 278.8 4.0 5 ) 0 1 7.17
( 1080 ) 0.35 | 6 | 282.7 | 2.3 3 0 0 3 |15.80
#3 EEBEBENRHTEHCR) Bz BRSFEKE
gt R = @ B R X ¥ |gaE| F H A B K F &
REM( BRER) 2 410.53 205.265 4.99*
2 B B ' 0.05
& = 12 493.20 41.10 F(9315)=3-89
{ Warfarin ) — -
® i | 14 903.73 -
RERH ( BERM ) 2 313.44 156.72 6.97""
: B R 15 337.50 22.50 F(5375 )=6.36
( Diphacin )
1 & E1g 17 650.94
BRI ( BEER)D 2 12.67 6.34 8.13**
T # B 7901
[ 2R 9 7.00 0.78 2&9) =8.02
( Klerat ) —
8 gt 11 - 19.67 _
RER(BRER)D 2 6.17 3.085 _7.40°
B ®H K : 0.05
H 4 9 3.75 - 0.417 F(pzg )=4.26
( Bromadi ol one) — ——
b gt 11 9.92
£ b & R ( BRERD 2 820.11 410.055 3.83"
( Zinc | ® = | 15 1606.17 107.078 F(° 2)=3.68
phosphide ) - — - .
L - &t 17 2426.28
. REE ( REMD 2 225.78 112.89 - 1.22
Sodium mono- - 0.05
B 2 15 1390.50 90.70 F(5415)=3.68
fluoroacetate -
(1080 ) 3 at 17 1616.28
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#4 NRASEZRAZZRBBRYSH

e A OE H (2 R Xk WV |HEHE| F F B B F F &
s ( BREERT D 2 | 7647.73 3823. 865 30.552%*

B OR B |® ﬁl 9 | 1126.435 125.159 F(g-gi’;):s.oz
2 at 11 | 8774.165
EEHRR ( RBE) ) 2 285.24 142.62 43.48 **

TR R | ; 9 29.50 3.28 F(-g£;)=s.oz
i &t 11 314.74
SRR BEERD D 2 40.81 20.41 5.32°

® W R |® = o | 3453 3.84 F(g'ggg)=4.26 '
T &t 11 75.34°

fli=E

D EEMRERBERRRRBNRERIET c NEREREBEH ﬁﬁ%‘ﬂéﬁﬂ.ﬂﬁﬁfﬁtﬂﬁ.ﬁﬁ ’

MR R — P 2 BRI -
2B AR -
_ %5 AREEBEZER  EAIHLEBESCRAERH
B e % 5 fr & = ]
S |mme zsEsmzEnE) | w8 | 9 3
LY o = &t at H) g
o | 12.9 12.9 11.5 11.5 11.5 11.5
| 10. o [ 118 115 11,5 115 115 0.57_| 202.37
|4|™ [11.5 11.5 11.5 11.5 8.1 0 18.4
s | |0 0 203228184184 115
gp| 22:8 184 18.4 18.4 0.57 22.8 | 364.07 | 645.35
Bl 22.8 12.9 12.9 37.5 18.4 56.8 :
[ [0_0 3.42 2.85 2.85 2.85 1.14
3.42 11.5 11.5 11.5 5.7 3.42 | 88.81
% 8422822857 0 0
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=5 (H) ¢

| B g_ . % {7 i $it i
5 mmwzEEswzeae) |z e | B | F
M| & at 5 at-
£ 12.6 33.2 24.4 18.4 16.4 15.3.12.9 -
- 167.1
121_ #¥W|0 18.411.5 0 5
/|0 45.0 -0 0 0 0 0
i 51; #% | 45.0 12.9 8.1 63.4 174.4  1359.9057
& B0 184 0 © o0 0 o© 18.4057
[0 0.0057 0 O - ’
I6. E 33.2 18.4 15.3 16.4 83.3
l - -
% 20. & 33.218.4 0 0 51.6 |134.90 ~ [1488.8557
& H
> .
0 0 0 0
e % 0
1 |18.4 10.0 12.911.515.3 0 O
) 112.
B 2 Hl12.9 0 12.9 18.4 12.3
#wWilo 0 0 0 0 45.0 22.8
ﬁ % |45.0 26.6 42.1 42.1 223.6  |348.8
®Hio 0 0 0 0 0 0
E -12.9
Ej0__0 0 12.9 2821.0288
¥4 |1 50.8 39.2 0.57 0.057 0.057 O :
10. 142.184
& wmlo 0 11.5 30.0 10.0 )
¥ | 26.6 50.8 0.285 0.0285 0.067 0
ﬁ o 50.8 12.9 45.0 12.9 199.3705) 376.2571
% [ #[38.4 0 0.067 0.0228 0.0228 0 o4, 7026
JE 10 0 8.1 O 8.1 '
1L g 0 0 0 11.5 11.5 18.4 41.4
¢ :
15. ﬁ 22.8 22.8 45.0 11.5 12.9 25.1 . 140.1 |191.31
4
o 1;;. 0 0 0 1.14 0.57 8.1 9.81
#io 8.1 10.0 26.6 0.342 0.228 o 1332.1731
A 1?‘ Blo 0 0 18.4 22.8 16.4 0 102.87
¥ [18.4 5.7 5.7 22.8 0.57 0.171 33.2
2’ & | 33.2 63.4 50.8 52.5 56.8 36.3 379.541 |530.466
o o 0 0.57 0.171 0.114 0
ét'“‘ 3% |81 0 -10.0 8.1 8.112.9 _ 48.055
0, g (1)150 0 0 11.5 0 0 93.0
e . . . .
# | 4 g if.; 18.4 26.6 63.4 11.5 39.2 12.9 201.9 |234.141
M| . :
J:g 0 0 0 0 1.14 0 0 9.94

18.1
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%6 THERBREAR - IEHRZEDINRESBBRYSH

R RE | BHE FEF A SR F
B M 1 26.69 26.69 0.597
B & 6 268.17 44.695 0.043
%Wy 9 16 16,733. 26 1,045.829 6.481"*
A = 225 36,306.16 161.361
m o F# 248 53,334.28
0.05 0.05 ~ . 0.01
F =5,99 F =2,74 F. = 2.04
(1&6) °:9 (6&16) ‘ (15&m)
#£7 BEE- TREREREASEERLRARRLSE
R | Bl | Bl |(AEs) KAREE | F B &
BeoM o W |BCE | ER | MR BYYGEI | Byiats |AME | Bt |BRs
¢ ~ ~ _ RER | FE
HE) (RED | GBI | (%) (%)> | (%) (%) | (%)
" % | 200 | 1,000| 60.3 | 45.73| 0.10 )
B# AR 200 | 1,000 45.7- | 21.84| ©
0.025% : : .
. K B| 100 500} 26.5 | 15.30| O 52.34| 26.87] 1.32
Warfarin
%% ¥ | 820 | 4,100 73.8 | 26.43| 5.66
"X # | 480 | 2,400| 55.4 | 25.05| 0.83
_ |8 m| 155 310| 62.5 | 37.15| ©
ﬂ_' L wAm| 230 460| 78.2 | 21.40| 0.38 ,
0.005 % - .
‘ lx B 70 140} 31.0 | 14.05] 0 63.66| 23.51| 0.73
Klerat - —t ,
. P | 365 730| 85.7 | 23.65| 1.84
Bk =S A mk| 430 860 60.9 | 21.31 1.44
- ¥ §E| 160 480| 42.4 | 29.96| 0.55
R WA | 200 600|-67.8 | 18.00| 0.40
0.005 % = ,
X H| 100 300| 35.6 | 24.54| 0 | 54.64| 24.33| 0.80
Bromadio- -
A¥i| 500 | 1,500] 68.9 | 25.99( 3.12
lone: -
Bk . | A | 240 720| 58.5 | 23.14| 0.42
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------ BERERATHBHEZER
— B FBREE
— BRI R EK AT L ZER

B AR | IR

GREER . RREB
0.025 %
oK i

.

J

=
(N) Yo

¢ 8

QUasmmrmcgom i P AR
10 EétL,l‘F 11-154FA4 16-20 454 20 4p40iE

Bl HRREEFLBES  FRIEKATE TS ZMEHE
V. STRRBLREGR

INARERRBEEANERNRA R BRESH SREEEER » HPLRE 0.045% 28
BHREE 0.025% 8B R | SRBLERNEMAZEAESHER TR BREMZEZRAEEE
»RE0.025 ESAER 11.19% > BE0.045 ZEUHE 49.26% » MAWHSWER » %
FAEBMER > L 0.025 B REZRBEBERRRRE « '

LEGBELRZERAR  BRERBOMHEEHN A EEE 2R » LIBE 0. 0065 XRINFZ2HE
BHREAE » 0.005 ZREHXZ » 0. 004 %HEHRZ ; EHKRBAZ » HILBRE 0.005 %8
Bl s 55 21.88 % 5 TIEBE0.006 %E 2 BAKEES4.61% » MRFHHEHLER » ﬁ‘!ﬁ&
BERz—2L EeRRBEABRATNRE ﬁﬁﬁ%mﬂﬁﬁéﬁéﬁﬁﬁﬂ%ﬁiﬁ?ﬂZmﬂﬁ% ’
HEREEE0.005 % 2BRREM -

INF AR MR E B EE » EERE—KEFET » %EEESR#%E'E&E"%*ZE{EB (8B—X
HHFHAER )  EEEFERSRFBZEI 5 - ARHESIRE » BRBEAEFER
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B NAREMZRDAEER » BE 1 2ERNRRZHEFOREME22. 330 » BE 2 %%
%5 5.83 /EE DULMAHEREE 3 2 EHIELRZERERE » HHE FARREZHEA » REAHARE
#ENRHE LT ( No choice feeding) » SISBIRKR » BFEBREERHETERE 15 /DEE » HER
EREBE 2 %2 HE B Rt » HEBRMBE T REFAHEN o

4 Sodium manof lucroacetate X 4 1080 2—fiF M ER i #MERERA » REABRHBDRBRE

CREAERCEERAR MERBRRNSH 2&R » FRAREHLRZGRBREZRTREE » &
HBREO0.15 % - ABRBRAEERDNERER KT HRA » BHtESE > iR EEm—
—Hfb @ KIREAK » BRREFNAEZFERSERER » A TBETERSEREAR -

SRBRARZZEHERT » DHE - EARY: - BRSFAERR S LK 24 - B -
AR 2 EMTEAER ) BERERFRESE SR ESHHE 1L AFE AL EZHER
HRZERD BT ZBUEARDE 0 > REGRERN S » BHBNZRIERZE ; TR
2 ERAR 2 R » Heh DU % 2% (HEEN ) BRE » #EXE, MAKBRERE
BRIEZ B
GIDRA MEBRRINE - RABSKIEAY T » 2 6IBE B » ANEEDne! 58 RESK

R THOBR » A SRS ERESEET > RBERRNAL  BUSEER - 4B
BRAE o L _

IARESENR BEREZENREERIERE 0. 025% 2 BA R R B RRABREMN » SRRE AT
BRI EN ~ FZHARTESR, SIE 1 2=6ihE » K 16 ~ 20E4 KO EHEBEERE
» BMAUBERMRBLRIHRAZE » FOHKEFHIZERBEZEH » EHFEEENAZEBEX

SIRERBEAFERAE  fE= -WUAERREBER S kAKX BH L BLREMH 2 HR R BRE
y IRRABR=RR (DEABRREBME LD > BEBN - TBRADEN ; QXFEWET » AY
FEHFHENEEEAYATRE 5 QM AmBE BT -

R EREERFERRRBEEMNA » BRARAE  BURERBENHER SRR » K&
SRR B TR - BEB SRR AERILR - RWERHERR > BB BRGR - KRG
HRFRTHAERBRER AN 28 » BMERFERBHARZ BB RESE » BIRAFZEEI -

WARKEE AR EE EW SR » B lRAE L EKE A B3R SEESEKSEEREZ
s DUBEE 0.005 W BRZKESE » HEDABAEE63.66 % » MASESRH 23.51 BHE
0.73% > BFE0.005 B IEBBRZ » PHAMIE54.64% » MAZFEIRH 24.33 %EE 0.80
% ° BRBARKZ » HEBAME52.34 % » ARAZESRM 26.87 T 1.32% ( SHMZE
ML B 2MEL) o M LG BB AR AR ZIEN KL -

IIJKﬁEﬁ%ﬁéﬁﬁﬁ@%?&?ﬂﬁﬁ_tﬂ—ﬁ%ﬂﬂ@%ﬁﬁ& » HESRER 2 IUBR T9 R AR R 2 O BB AT ~ SRR
BB ENVERREE  HRER RERSHMNE IR ER - -

23 3K

L8 8% ~ Bk B ( 1975 ) » " EMREBIGHIR " > BBEAY  23(7~8) 1325~336 o

2N ~ FAHE(C 1977 ) » “EOREHRNR " o BHEM¥E s 25(1~2):151~56 o

LA - MK ( 1980 ) » " AERELHR " > ABE¥ 16(2):13~18 o

LIE % 1960 )+ " REBETHERNR" » BB 5(5):121~23 0

BEKHE S HAE( 1978 ) “ AEENNEEECESHRERA NS ER T REEZSE
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' BRB¥EF > 14(1):185~1983 o

6ABMA B MR ( 1976 ) » “HEDHWEIR " » MY RETFM > pp. 286~ 289

‘7. Anonymous (1970),""" Agricultural Pests Destruction | Assignment 6", New Zealand Tech. Correspondence Inst.
{Unpublished), P. 9-18.

8 Marsh Rex E. and Waller E. Howard (1975), "A New Serics of Acute Rodenticides™ International Pest Control.
17(6): 4-9.

9. Peardon, D. L. (1977), "Field - Testing Mcthod Using in Evaluating Acute Commensal Rodenticides," ASTM STP
625, PP, 67-76. '
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BRBREHAN BHHER XL (RE74E4 5 )

G R R BURPEG 2 33k
PEF F&28 5—u*
w

CHE) B2 MR BN ER L BEHA » 4% SHE E RTHE M T RE LT 200
R ERREERBREAZHNESH BR » BESBAFHARE» RERERIDE » HEREK
RALZAZAN MR « B2 » BR—E ARG RS BERE B4 7k » DERHS LEESE
ZHE o AXEABENERESRRSRENZEHET  BRTRAZ HABEL » RHER
FEARGH ~ SEERBEEL « XL AHEN SRS » B2 FHEE  DRAENZ K
BEBRERARBEZHR  PREFERATRARZ ASBR - 006 B~ $ZRARE
s PIRIEH -

GENERAL APPROACH TO AN EFFECTIVE
EVALUATION OF SQUIRREL CONTROL
WITH KLERAT IN FOREST PLANTATIONS

Pao-chang Kuo Wai-lan Li  I-hsien Liu

[Abstract] In Taiwan }'orestry, an extensive program of squirrel control withi klerat has been carried out in many
Forest Districs during past few years. Good result shown by the reduction of newly damaged trees sfter control
indicaies that klerat has been a promising rodenticide in use, However, there is a lacking of quantitative information
on the aclural result of squinrel controlled. It is essential to develop a mode} for damiage assessment and control
evaluation of the klerat application for a better implementation, This report concludes factors that will affect the
elficacy of the application of redenticides in forestry. A field observation was done on (hree infested forest
plantations selecied from the Experimental Forest of National Taiwan Universily and Taiwan Foresiry Bureau, In
the past two years both considerations for bait placement and techniques of efficacy evaluation of squirre] contral
were observed, Results derived [rom the investigation can serve as a primary information in the development of
modet to evaluate effort acomplished in squirrel control with kierat. Detailed studies undertaken by the authors
hoi:el'elly would supply additional information on the construction of a better model.

1.5 =5
AERRZBE » ERERESHKZRBRAM Z0ME » ESHmEZ 8N » B REERE W
ok - BATRRZBGLBREERE  BTAZNHRRE » E82KT » BARGT— AR AR
.92 DURERER B~ BHZEMER » REREM 2 R2MH o AN BERELB=HE
EANEENA  RANTREBERS HEBRREHTEHEMIES - ﬁﬁ@ﬁﬁ%ﬂ?&ﬂﬁz
BEKE > @ﬁﬁﬁﬁﬁﬁ%uﬁﬂ—ﬁﬂmmﬁﬁEMo

PARZEMNARBAESBER ( 20 RikRg ( 1EM) ﬁﬁ%&!ﬂ&ﬁﬂiﬂﬂﬁﬁﬁﬁﬁﬂi‘:ﬂﬁ%% ' RIERE -
“lt‘*ﬁ)‘tﬁﬁ%&%"-&#ﬁﬁﬁ ~PHRBE BHRE .
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I .ENRSRARZET

- LigRlZ%RE

()RR A E M ——— BB R % ( rodenticide ) o+ BERFN B — K RANA chHFHK
280 - BREF2HEN HBENTERZ VBRI e RFTET RET -

QR RERFTREEFNACHS s IBEZHEREZHEBEHIIRELSRE o

QAR ERBE RBC 2 ER » —fk LIHIE LD so SRt E B A BB Z ik o
OFREERRZER » IhRIEFENY (IR« H8D DURERRZEA » MRHENZE - A
Dl Rt aeHd » AEBKk-

2 FZ il

(DTS BN » AEBSFTEZ BB ( rice—paraffin block ) » HEETHERLGRES R
REAKR » Rz BRERERBECEEREZ » BT BAZTREREHE 1045 -
@) SR B S T RAE PRI HEM AN AS R » 1 FE0I R R b B ~ TSI ~ B
BES - RHAEREAR ( SEHEREA -~ E#MERD » BREEBHEPZER » HEHRHRMERERE
BHhms > BREE - .
@ﬁ%ﬁ&iﬁﬁr%%ﬂﬂﬁﬂ&ﬁ%tZﬁﬂ’Eﬁmﬁﬁ%ﬁﬁmﬁsWﬁﬂ%ﬂZH%o'
—REHENB ZBRER » RUWRER T ERBHZ o

AEBZHR
 (IDRREEEKNZEE » B EZEENI ( infested plantation ) ZBHE#H ( pest animal
) FINBELRZAHARRRS « SFHRZEYN - FEAZKEBENNRE #(BRERTHERZ
HER o

(@) Rl AT 6 2 B TR BCR » — BT KB S RS B B » BRI A AE RiB o et & 26 R A 5E
s KB IER R R 220 » MM PIEZ

(3) F &M PFE B EEBI4) ( non-target animal ) B¥EREZHW » BEINLIBYIE ©
WOERFEEREBNTLRENASEIY 28 » IRRZRATES » MRS 2R
y TR FEEREZ2ETH -

AR ERRZHER :

HRBETRRBGLIE B8R 20 £28P  RERAREZ BRERAFR » MRAREREE
BE AR » BIRAEMBTIGLE ( toxicant control ) JIEIBFER - BRI RRE ( warfarin ) B -
FESG o SEAEIGERTER ( klerat ) » MEHE{BM:EM ( chronic toxicants ) : HEFERRE
FET72 NNREPOHBIR TG ETE » MEHE RWA—K( one feeding ) » 10 gr. BAHHIET
R R A L » BEBEY » £V RBEEEDY L > FEED - _

MERDNRERBEREAAERKOR=FIEEREFERRZEMN » EMBHER - BE—~ =
2R » BRIBFZBEERR » KB EH o2 RAHREREER » THEEEE » REE AR
2R RN WERNF AR > SR BERAERZR BR-ERRERER
ZHEEEN ( model ) » LIBFMZ EREBVE -

I. FA R B R SR

1 AT B R R Z AP
ARUTERR B iT—RHENESZNEER YOHSERTEFLRZETHRES » 71
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/(1
(VAT ZARREXR FAM( 1C1, International Chemical Industry ) Hf» &M
FEACTRE 0.005% 2 A RS BMEEKH BB R/ 10gr. ZHEH o AMEEZX LT R
LHE o MEMTRER:
@R (- mIBEM) AR RS ( acute oral injection ) 3R8% LDso 5 0.06mg/ kg
OMF LR RIRATTEE( 0.005% ) BEXHE 5 ~ 10pr. ( #5%588 A (non-choice feeding )FTHE
AR BT -
OTHRRNAE 2 EEEKBFEEB TR TB 9K o _
OETERDPEZEZLBRERED A HM -~ THERE - AKE% - ARHIN -
OETCZRE RRANBRBhEE S WERNEE » MEEXhSHRETRABRATET -
MR RETRREXEES AR S » BESH ( non-poison bait ) FES AT «
LRRBBZHEATGZEN
(DFBRBRZIGE
HEHELRZENEREELRERZEE » ﬁiﬁy%ﬁKKZﬁgo—ﬁm&ﬁM%ﬁﬁ
BAR BB S RBUR > WRBGEMBREBIFRIER - BR LEM—2EMG L THRREHEEZ
BE » AUHEEFTERESEREEL » %nﬁ%%yﬁﬁﬁﬂﬁ%-ﬁﬁﬁzﬁﬁ RAEEINEE » %
RS » WEZBERXRLE  BTRHES o
VAL Ly -2
# BARNGE MO FT RN R E M LR EW4 ( pest animal ) » IR BEEI% ( target
animal ) RADHEHFET o AEAHBES Ll » il BH R BYRBEMiRE—BISE
( habitate ) AN » BF ILFEREBWEZE BEREI# ( non-target animal ) A EFH NEERHEZ
B4R ENE  ROFrAERea LS ETHER EHEEEJ'FE?EZ?&%J; FRIESF 4 BRI
ZHERTR -
() B 2 B e _
RRZ EENERNBEE » DERARETRANERZAL » Bl » SRNRIEHERE
P REAEE  BERE BT SNE c STENRAZ ERGEESEET | O ENRER
BREZ BRRAERZEARR ( ke/ha) » FSEERIR ( Eh AR ) RERRERE LR A28
(MR EE BREDZRAT) - MR 2% ERBRE - B S nen R 2K
hER o DERAREHHEREE DY > MBAFEEDYZzRNARERES > RERAGZRESR
BIE - BERL— BN » VIR FH=HES | ORRESKEAZ 8B RRIEHRET - o (B) BB T BT
RREFEZEE o @&Hﬁﬁzmaﬁm¢ﬂﬁﬁﬁaﬁﬁ%ﬁﬂzﬁﬂ it =3RS Bk eI
 BREEER M ETR » MRS M A S0 RREE
3 B 2 I
ERFEMEZAEENE  BRRBZERTHRT2UEEHENE » EEEE » E—H2 4
TERESR  EAEEAREHHR » ETHS—RZERA - BUAABERHEHSHAE R K&
WRER  TREFAEBRZE S8R EFEHEMmK ( ESHE - 19764 ; Lin& Yo, 1981 ) -
(WFHER R ( Callosciurus erythraeus ) BEHEERENA BB RMKZ TERFER » HMHER
Fih = HFR 3,000 AR ZH i » B ,000~ 2,000 AR Z B B & o
)7 BN R 288 R LK R E REENS: » iﬁﬁﬁ%(mMpmm)ﬂﬁﬁﬁﬁZﬁ%Rﬁ4

—127-—



B M ERETFRONEREYIRE  ANREEREARE2BHYE -

()7 IR B 75 i 2 (B s R 2 M B RN TR » "TR1 1,000 FHARE 8,000 FHAR o
WFRBRBZ EREEEAERBHE (TRESRR2ENRBERREZHE » HR 1,100 2R
~1,700 R R) » B2.54 /A -

G BRR . HHERRALRHRAERE » XELEHE - RENRABBE -

O BRR YA MR ( RE D = =8~ BIUSEBER ~ AAL -~ BFE ﬁﬁ&%ﬁ%ﬁﬁ
5 © '
AZHZBHER -

DUEFFIRAERR R & RRFA < EBTE B REAME » EIFEEHEME » FRZHEAR
s EARRBEREHARZHAESE » THEEGHRA TR ZER ; ARREEHG RN - HHTH
%, RAEZAEE TG ERNSMER - BEETF ; MREREEZH » AR —EErsEnmE
» SIS BLZ B - BERFEFEHERER » &S ( Richards 1983 ) BAKHE (
palsed baiting ) RLIMAGRER B Z WA ( saturation baiting ) » FHFIMHAMKMEEZ
HA R ' .

fRF M —— R BIR 22 05 > ERR 2S5 > FERXE —REREIEHBEELER
it i SER AR EE » ABRMRE ( surplus baiting ) EIRBAWEYE ( bait station ) B
BEM » EEHES( RERAKEU )R (EH 2~ 3K) RABRANS: » FLHNEL » THRRZ
EREHENZ2EHBIE - RIEARAKRBHIREH » BAERH » ABSBAEBEZARETR2M X
EHRABREEAZEN——®BEE (warfarin) » BEAREANR » EENAFHERZE 2R
FHIEL -

BB —— AL Z FRIZEL [ BERE | 2 FRET » BE—SERE R ZEhihs Rk
 ZBERG PREREERESRZEF  BEENEHERSINE » BEX—mE - —oM £k
3 EMKERZ A EBRTRBEERERHBRZERHEH - LLETERBYHCE » BHERBS
AR —KIRA » B EIFIEHCR » HILEIENRAGEZLE - KEFAVEER ( 5~ 20
gr ) REBEIEZERE > Bzt » B —HERBEAZRETEFRA 7R » DFARE 2 I
BRFERE  REANBESRESERAGARNHLTRENALZ » ENBEORAREGRERSZ
BIR - R BB SR A SR A T B 2 B » AR L 2R AR A R o
5B ERYRA M

ARERATERECERSE  CRUREZERTRARBMAFHE » ARTRZEXEBESTH
ZEHER( AREBRASERRIE) ¢

WEFTFEZBERLIEA » BEETNE » AR 1 RELLE » NEFFRERR 2002 RELE -
CUE/NEREW 50 R MBS 1 Oi\‘RLU: o

QAR = ER5 i :

3 og % fiE R 2~ A E PEHER B
H— fEH 3~5X
B # o TR
B=# 36 6 2~ 3K

BUESHAGT R ARk 0GR » BRI AT RAE » 7F=ﬁﬁé‘13i‘8f5}ﬂﬁ BT
MFIE NSLEE B
WEBER S -
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BEAR(%)=(A-B)/AX100

A= EEERERBFRNAZHE

- B =i SR S R A I .
miﬂﬁ+ﬂﬁamﬁﬁﬁ25% BT IREF R BB AT EF L ARBE LR -

Efﬂﬁmﬁ%ﬁiﬂ*ﬁ%

L R 2 W |
Ei72Eﬁ%ﬁﬁﬂﬂﬁﬁéﬁ%ﬂﬂﬁﬁ%Zﬁﬁﬁ&%ﬁZﬁE& BRI A BENRER

BRLETEHE ZHRH BT » ANRORERERZYR » YEHERADEHBABE 5

RRB B R TR  BATIARRA 73 EXER—F » B 74 FHEE FABBRGHE :

#F1 NREHFHAREZHEN

KEWE |5 % B & KL 2 ?ﬁﬁ(@iﬁgﬁ IR mEH B
;mﬂ:ﬁ:g S 7 SRR AL HE ﬁ?kﬁ ‘1,400 | 20 |#W #| 13 | REREEME
gkgﬁg W%ﬁ@%@aﬁﬁ B | 1,000 6 ¥ ;1< 25 ~ 30| R - 73 ﬁ
émﬂﬂg BRRBEES REM B | 550| 18 |1 # |19 ~20) RERERME
2R EMAI AT L5

BRREHRAR A REE R B0 » TREDRZHE ~ ﬂﬁﬁ%ﬁ&ﬁ%‘a‘fﬁﬁzjtd\ » IR BN R,
BERZBERTEZKER
ORREEEHZNAER
ERENERAEMREN 2K REFEREFE » AFELD > DRARBEMEEE
TER - AT KBT KIS 2 AT ML R 1 2 A EREN ( HEEEER ) SRET
mE2 . . _

F*2 ﬁ}ﬁ%ﬁﬁﬂzmlﬁﬁﬁ
(/ME 0.5ha » ﬁfj\EﬁE{ﬂ 1kg/ha)

| MEBER | EERAKE | Kagsxs| D R FC%) MEK | =
(%) . W E |F 8

wOAR K| 23~82 | 5~7 7~10 |38~96 | 68 3 | —ZxekiE

E B 1-3~77 2~18 4~28 80~100| 92 3 — K IH

L G| 16~31 | 2~6 | 2~8 12~100 41 4 | SERELEH |
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HEE 2 FRERESHENBERREIBAEE » SHERASNE REAEHKE » ARFERESR
RAFAR » AR SSRGS RER ( 3SR 4 )RFER » —BERERER » FNE( 0.5
ha ) BZ# 20gr fH— (EX+EEEA 10 X 13cm 2 BB4SPI) 25 fH% ( bait station ) o
BHIEI AZ KRR EBEMTE » EE 2 X - EE¥ 18X » FBHB6 X » RARZSXKRK
BE10X > RAEE 63% o L EHBE—XMEBR TESRTRAMETMZ FEG#ER -

@ REEHZ AR .

RRBEW( 0.005%WHE ) ZHRAHTAEINMNHAE » 807 L= M AR SR ERERE
2% MTEERK - AXRAELHAFUTHEERERENAHEE 2B YARERURZH
A r BELER=PEBAR—K -

%3 SRRUEHBHIREME -

= - R a/ . - =
 |MEdRE kg/ha| HEfK 3K WRE% _mkaem Wz E% | W T
1 N 1.0~2.6 5 100 5 98 5 K55
BB ¥ {(1.0~2.0 5 100 5 96 ~ 100 | 5KME5E
i =) 1.0 17 49 ~ 100

[ e 7 6 A = B

HERERIOREE 3k ( 3% 2 ) MEHEME K2 E > HERZSAE 1.0~ 2.0kg ZEMFZ 5 B
BIETRZEME 5 KR 17 K » —BRAEESEEERARKE 2 RR ARG » BIEE 5 KA
B 0 A5 LR LIRS BORAL 7 R BRI R - 938 100% BN Z 01T ( FE ) e IRRSEIR
R (L5 RBARR) o #fF—HR—RHE » IRAREEEZEA - SIS 17K » £ 17XERR
HE/NE AT - 31 kg/hal Fi> DULLUK/NE R ~ 4 2WHERZHER - BARHTZR AR
KRk 4 -

4 GRS R R Z I

2|

2 & %

— $ B %

S

iz

op

1

21

0

2

23

3

63

4

17

84

4

32

0 -

5

37

Wzk 4 Bz s fB/NE FBGE - IAZHAERER > B 80~ 90% ° T REWEKRHLRITR
2 AEHREBRZBR » BEFTEARBEE -
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QEREZ EEHN AR
EHEBHRZE ﬂﬁﬂfﬁﬁﬁ&mﬁﬂﬂﬁﬁhﬁ’ébﬁ"ﬂ%ﬁﬁ%mﬂ WRINRE 73 EHFER
AR ZERMES

%5 =HBELRERZIESE(KESTRASE)
] m R & (%
= ) " "
OB A BB B

7 N 100 ¢ 15K) 82~92( 10X) | BEHRKHMRK » f&HEHE —RHKE

B | 74~99( 5K) '04.100(5%)_ HIEHER =K » M3 H — K Pt

B | 6~100¢ 5~8%| 0~3(3%) |EEME—F ERFENGH > KE

fr fRARA A

B 5 TR » THER ( 0.005% ) ZHBHR » 35 LSS ME H2 w AR R BB »
B FRE » TSR ERME 2R REE » WRAREES » BRI HE MK R ET
CHRE RS 2R REREE » THBHF S KESERS &L o FRE » Mok 5 S0 &R sk ibA
T EZ SR A4IE » SR IS PO R 0 - ERTRR B 22 55 T e AP 2 L A » 76 /NI MG R LR /N
AR DGNRN R > BERAAERERY - MR ZRRETEIE SR » R REH
$2 206 » RSB SREAEYS » A RERER -

. RBI7441 AMREREREE 73EFE2REERFHEHL > FRESANESENE
WA » BB ARAE M S 2 AR 2 B8 A #5835 8 K Wk BAMMENA » BRI THRD
SRR R R R RR 73 E SRR B EERY

R 74 4F 2 AFARERANRE 733G RRERTHEHLERS M ERS P RERY
WALMATEES » £HESHERTR2ENA » BAKKEFEEE- % PREJHFELSER
WA BEFRES2 % o B4 EFERTWNE WBMHETNZEH T » BRREZWERER » &
HOBE L AR - -

RERABBIAE ) ARRRBERNALER » BETHIKHER

WL R 2 BEHRA——BEBEALR » AABIGH ARS8 » IR —EHEASNER » AR
KZAE » T RRRZERNRE » S BHBREMEE AL o APIRERE AL 10085#HA ( FER
Hilt) DFAESELRBMHINE - SRBBHEHANEASWBRRFIREAE 18 # - SNEFH
6t » RIS WK — R FREE  BELABRFHEE  fbiEh AR THERAZLRE
BEE  BRER (NERABR  YESMKTAE) HAFHREHE - iR ERRSEWR
SR » SRR LI SR U SR e P A R o |

BRREHRZED——RRERPZ MBI » ZMBATRR » #LUBRSS » ERSHMKE
BIRRME 5 HK » HERAHRER6 ~8 BRI~ 44, BREBR14( R LeBL) R TFS5
RERE 14 TR AE Bk ERRRIE » ARFMBAES HRDWE » 3B HAERL—H
o WIS RE ARREESDETEDYME - AL - RETRSASEY - BRLES
153 005 B » B — Kk - HE » SR WREINED  RR MR ZEDEERA o
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CHRRB RS B —— AN Z B RRATSE LS » %2 A4 » R — KW
» AERAETNRRXBEZRATE6 °

®6 AN ERBRERZRATE (%)

M | o W & X OB
/NE 5 R
(kg/ha)i 5 X [ 7 X | 9 K |11 X

1 1.0 4 10 . 16 47 77
2 1.0 0 2 6 30 | 38

3 2.0 2 38 8 10 98

W& 6 fin > RERRABRAAUZRAEEAE » WNAZEEAR » B—BBH » BRI
B > HeBERBEE > DEBARRZHE  ANRASEBE M 28 ( B2 ) 5 ME—#mas
« RIARBELR » REREESRBFMAHAREEN 75 % » HERITHERETHERNXE
1525 % AR FBAERMHER EHEN  DENEANA  EESRERSE  BRENER
RETE » HRMAEE 80~ 90% » HRBARE W B MEE R —ERE - MRBERIC ZZH
VR BT AR T SR AR Y » (M FRRRERE—RITHR B E » S 38 2R
ERFTRA B - —BERNEED EERD » EMERRSIAR B AR A2 FRF AR SR

_ V.else R EE

HFERRK RS A RRREEZ XEHY » FRNERD R IRRARR - RbEER R -
EEB ML RRARSESH( IXARYHRTRE) K — BB 1~ 4 ARNDEARNE - &
WIS R A2 BE Sl NEEREETENHBERER  RREZEEERREE » 2HH
BERRCNARE LS » FIERE » WOFEIRERRR 2 8B 0E » FEMFRAT « BREH
2 BRI s RERE-ENZHE > BAEHRC ha ) BAFRR ( 0.005 %) ZRWEER
0.5kg REZE2.0kg + BE 2.0kg Ml L » FAREM AR MBS » AIEKHS5 KDL EFREFET » 8
EEERREERTFRRS0.12ng/ kg ( LD ) 85~ 10gr. Z T HR BAXESERODEAMH
T » RAEEFCRERIEE —BES » EEHAAHHKERET - ERAMANASE  LERECR
o HRRZARSEAHENS 300 A% » BXMHNE 60243 » SAANKK0.5kg B8 1 HRR
AR ZE - MERAGE 3~ 5 L2 HBEE » QMK 1~ 2 kg EARRBHRBWARMR » K8
IERER RSP R —EME - HEfi RS > RRUBINRERARBERH S » FR5ER o
EFBERRT—ERBEKEZBNTRE » FEFAEHHNENSEERERALZEM » RESR -

HINVA S BEHRZHEE T FIBERA,:
(A SRR AR BE

EPFNRERBREREZERGRN  ARTEHDAFEZR » NBREZHE » AREER
A BSAR—BARKEE 2N REES A » B 5 S 2 LE £ R A 25 A IR
# BHRERRZ BERTERZ 54 » RAMAREZHEEAH » THAFTBRRZFE

- —132—



(BRI A/NRAFR

BTG 2T ER BB ABTRRAE » AHAHE » TORS 20ha N L ABHBEBESERR
IR ~ FARSHY ~ HaA RS o IS AERI LM ( diversity ) R4 FIFRIRR ZH R » LA KRR R
SEEBBRZTHENE » MELEEHK D RIYE ﬁﬁﬁﬁﬁﬁﬁﬂﬂﬁﬁm’%7ﬁ5%°
OF M E 2o GREE

FEBERCE » ZEZ/NE » BPE0.5ha RAEE LMEEHRZA/NLIEBHEE » BRRE
BIREE K » FHEZEBRPNEKHEZ S REYE » —RBREESL50 & (53R 10mil k)
BN » B3 H/NE ERESSNRREE M - A0 ~ hEM4 « BEROZ ERA AR RS
R RUR LHANEFBRRARRZRERDA » THE—HWH - BRAFHZHERR EHARE
BESH REER » EAREEZE  STERRZED » MEZHAZTLR 3B 4HHLES
s /NERIBRREZE 100m B k> MEBENEBERAZHRK '
OBRZHEME

MEZHBEANREARNIBREER FRRZEEBRE ( MEE ) BIBES &Y > KT E8—
BRYZRE  PEFRZHBRRETNE » REMEBENEZNAMNR » DHMRANGEE
 REBHREEAURARL 2AE BETRABEUETEIEZAT - CHEZRBEOE—BE
F o MEE = KSR SRk - 58 2 AL Bk R IRA - W KEE » RR AR
BZHFCHET0 L EE > TERIEAREE » TANES I A3 100 %E6HK -

RIS RS I BREAEZIEFNX

(@F B (ARFHEM D 1 5K » MG _
OFH ( M) : 10~ 14K —KHEH > NERFN—XK » BRAKRTE » ¥R MNEANRE

R o ' -

CFBE (E|EEW) © 5K > HERE » —KOHE o : '

MHEREZBE - BRRETFHS L4 ( LRERAYEBHTEA) » MTLLER AR BHRE
8 » BEPT AR X REHEBRZHR -
(BFRERNE

~ﬂﬁﬁ2ﬂﬁ%5¢¢%§ﬁmﬁﬁvamﬁmﬂﬁ%ﬁﬁﬁ@% Hek SR AR RERER 73
%2 AFRATERELSREZ  BE/NERNER - AR BER 74 £TAZHEE  QhHH
BEAZMBEE - ERMEBER » RERE 73 & 4 AEHAENE ROBEREAREER &R

- B 74 FTTARECEERRIIRNE -

At » —RESHBEAREARZER  PREFNELT GBRBEETR2AN KT HERW
o BEFEZHEBRRFMERT » BEAUVLUNTERAREE HER > BRI EREE BT
BELLEF B » MR EESRE » b EEAK » NFR2EER - BPERERZERHARTE

» EEBUETHER » DIMER R ERMBEPRE

AREERERDFERRFHARFEZDPHE » BRREEK B2 B DR » SRR
FHERE » B8 R — BRI St 0 RO » PRI N SR R - BIRE I
W HERKRLAMHEREE - REZ  REINEZAHERER - ﬁﬁﬁZﬁﬂﬁFEHﬁ:ﬁ%ﬁ
ZHERBH R A EREE '

B E U

1R 1984 » ABFBPMBZ ERETHR ZHHBRFERZBE (KRBER) -
~-133—



2ERP I~ HEZ 3~ RS ~ HWEE - 1985 » AfRBEERRENEZBURRE  RRBENRAK
B eRE -

IR » 1976 » AEBFRLRBERKZELBRE » R AZBREIRZHRP0 0 34pp o

4LinY.S. and 5. P. Yo 1981, 'Populntion dynamics of the red-bellied tree squirrel. Bull. Inst. Zool. Academic Sinica.
20(1): 3441 _ -

8 Richards C.G.J.. 1983 BNHSEMBHMEEZEEARER » KA ICIARRERRHH
ERZT BB ARGRBEITRS » 13pp > WHIF

—134—



?‘Eﬁxﬁﬂi%i“‘m’i@’ﬁiﬂ%( REA745F 47 )

BB AP U Z B B LT 52

R Gk

1.8 &

GBHEREZRELEFR ( Rats ) ZRIMR ( Squirrels ) RBE RBEREHE » FFRERHEER
HBE LSRR ( Bandicotd memorivaga Hodgson) % + BEEERE TREAMAALELD T2
R H R BN R R » A7 RN - BOERTED BB E R AE o 04688 i &R R L 7R
HHE ( Apodemus agrarius Pallas ) B¥ » AREHHETE - ¥R » BU—F4EZEAEL - T
SR LB ( ¥R 2, 000ARZER ) ALMHHEHE » AR MR BB ( Apodemus semotus
Thomas ) k£ 45 B FRIEI 4l TR TE o BUAKEZSE R AN S B ERAELE D E2#ok » HIpIiaNR
FEETERE - BT RBECHME » LSHERS Y » EUNEREA T EHTBRE » 14 »
BoAZ ~ AR EE -~ 0§ > R~ R BRSEHEZNEAEREZRE » 4 » EESHDBEL
A EBBREEEAEER - SRURRERIDEETRBE ZHHE - REABMEZHEERFRHFR
Moz ( FREI > 1946 ) o DUHBAZERE » AR ERBERE » ERAXTRE > ARHER
BE(TFES> 1980 ) - RREEANESDY » BLUAAZER - BR - BF - HE -~ YHERE
FRER  BRVREFHSCHER » EHEZBE » PR EIREHE R » S8R EBRHR » KA
ZBSHAETE » MEEERARZERGBEEAMMEZSE » KAERRHEE » S0 BWHEAERA
» WA EF » WEIBFAE  BNSOEER S ERERERABHNT - BEERKRREER -
ERREAERAZRBMBERA NI =8 ( £FE - FRRZ » 1980 ) :
1AM ( Callosciurus erythraeus ) & red-bellied squirrel : REZGHH RZBR » 7R
BREESENRAZEIERE » SHR2HEFIE 3,000 ARZ&EHR » LR 800~ 1,600 %
HRAEREE( EF%E » 1980 ; M ¥ 1979 5 £AH > 1979 ) -

2B ( Tamiops marilimas ) ¥4 stripped squirrel : SISl ~ HE -~ [
Bl ~ EL > SRS H 500 ~ 3,000 ARFEMKH o

3ﬁ:|:ﬁfl}ﬁ( Dremomys pernyi ) Hi# perny’s long-nosed squirrel : S4AZELL ~ BB ~
EIU > HESSHE 1,800 ~ 2,800 AR ZBIUE R BIEE -

A BHE R T ERERTESHRSHAORZUERR 2D » EOA_HBREAAZRABE
UMERE » KERHERRE——BR - RREFRZE4H %Eﬂ{ﬁéﬂiﬁ‘ﬁ s —HE A% —imbiER
» BEAE 2T BR W SRR 2 BE. o

1. WARBHER S 2 14 S5 R BT R

L3&EHHETR FRBF B B R EATT R R ¢
BRINRPTBREEFRGE REN+REAR R ( SIAETER ) 764 ch 4TI BEEE Y-+ O E B
HEH A » BB DR N KRR —— BB B ( warfarin ) B4 ~ B4 MSHEK0.025 %
BREGMEBRRERRD( FREL > 1957 ) » RMAEEEEH I RINE 2P -
REB+AE » BABAESSEE2ARERIEY KB EEHE 6620 H » HEHKM 332,943 #
—135—



 RMARAHE R SEERTEER » BBELNTHER - BREMBEE » —ERNE XL
REH > AR 3ARTA (HEME - 1981 ) » —MEZE=H EMARH  REERIEL >
HIERIRREREE » HEH ( IHETER) WARRM-HLE+ A BEadh~ Ad -~ B -
THE ~ ARSHIKTERRF R UIHBSRRBLTHE WE » SEURRE( Warfarin ) 64 4 -
TSR L 0. 025% BR BB I HA R HMAMTRA » ABFH MHEES » BAREY LR
HBAZREREE L SAVRKE 20 BAEE  TRREOS—BAZA » FHEAELEHN
WARR » ERAMEBREDETRARLUERXAFNE  LEWRRZ G SHRE0REAS
% BERTEBT AT AM AL 10028 - HRERRHEE » WHAEFZ TR BNZABEERE
KEWD » LBEFEFERS 300 18 « ER 1004 o fRAE R » Z07E » ﬂﬂﬁﬁﬁﬁﬁé ®
HEBRRERDE » MEREERIRR « BRABUSERB+E R - :
O HESERT-AEBECABES W ERRAEOR  MSRAFTE—EA L R
BB+ AESF LA « M4SNt 5002 » REF HE M B E R 50 A% » REA+—%8
TSRS BT 644 AH » El£+ EXFLS A ERFEE LS WEFMBR » BINBHEH
T 2, 029 A o ‘

Eﬁﬁﬂhkﬁﬁﬁi%%ﬂﬁﬁz—zmg,ﬁﬁiﬂEEZ%ﬁﬁ%gﬁﬁﬁ,ﬁmﬁai
FEBUEIREIL R > R TIEEA BTE » SRS 5 ~ 7 Tl > REAHETK% 5, 21742 -,
-+ —4E R R W » R A 4EF A BIES 686 # » A =AEUKES 165 4 5 3431 6,068
16 o R RS MBI IR - KB R AR NS S BUA BB R AR » RRNERH
fr S EBIEST » HTIRRAMIHN » DRRRE+ ZE€ A+ —HESHAKA « BES - KRFEE
AMBEEX  UR BN FBBE—ANRY » ERFEHLEROT

RSB RRRIE

(VS R IR Hb 5 2 TR o

() FREE BN I B2 AR o

QEMES IE F 2T o -

HoRGBRT+=ES ﬁﬁaam WA :

(KRR — S M EFrA% 3 7 5 B RBRA T ZENABBRER =46+ HE!MEﬁﬁﬁEZ
AR B F MR 2 7% o

(LR AGRRE =T e -

H=RGMBARF+=EAAHABEN ) BESHIT :

WE R BHENR » BAAEBRNERBESHETERAESTUE -
QBIRRETRRABETRABEZZENR  ahBEREBITE - BEISHTARASNE

s ENEBREREREBTRE- ' -
QREEBBHLRER ; M WMAR L BRE REETEBRRRBTE o

WHREEZHR | RREKEZNA » SERDBRYS KRR » REHRECR -
GEHAARSZEARERRZEEERS EERL » AADYAFCEN AR EE 284y - -
ORI R R R o
LRENBBRAREZRAE -

— 136 —



RURAB2EZ0 A RERRIEME T2 ZEWNE - LIRS RS EIREE - A -
MR A EERT 2 B - M SBRRRBHZB%E -

WRBEH :
OFERE . RELRRSERBREAED XL~ AR« HE R T2 - BLSHERSAT
bk By BT AR o

(DA B . BEHAERE BT ERAZHE « K - 1§ ~ BIBID BTEO KRS o
CRWEFYE | RRSHBE S EHHREREER » 5—HERITHE 0.05 A6 » BEE BEKRE #EHT
EREHILTER 5 BLIRTE o

(OFEF B R « B BRI E - BREE - 7R~ AR BHASFR - ERIZIRE
EERR - TRRBEMAER - TERZEY ~ TEZB/E - REFaZ2KMZEHDLZ
BN HERZEE s BRHZEES - '

©AERY: REF+ZF+AFE+DEZA . |
FAEAR  HAAEFE W - FNE - QEEREMFTSEAREIRERRIRE S ~ 7
B SER I HhATERERAR R T UEBERNS - LHB%E -

(R

*1 SEHREZRRBESR

A | #& Bl A & B M T EEB %
4 th . 28 WA 66.23
- 13 L ‘ 77.78
o H 4,9,13 | Bk 34.90
W B 13 Wz ' 75.86
12 HERID 73.80
17 MR ~ BRIN - Mk 34,85
I L::} 10,12,13 | M 50.64
6,7 YA _ 53.02
X A 27 | i 88. 89
7 ALiG 64.81
13 W ~ 2K 51.90
% 11 21,22 iz : 66.22
27 i ~ 2K 70.00
5 B ~ fL48 57.14
7] ) 14,15 ez 61.54
: 17 HEOE - £X 49.77
B H 12 | BE - 81.68
4 REMELK 42.47
BRERM| 25,26 ez 54,31
11 B ~ 2K 73.12
J B 55.35

—137—



H%ﬁ(%)
1007

80 |
60 |

40 31

2 }

R 1 ' L R S
0 05 6-10 11-15 1620 21-25 2630 31-35 3640 (cm)

Bl ENEEEHATRNGERZ BT

(a)ﬁﬁﬁﬁﬁk*zaﬁﬁ%‘

FAE2HMAK 4,3828% » AE 1@%%%&‘2?&5{%?1’{*?%%%&%% 89 % » IEBAMK
31%  THREERSS % » ARMZREFR LAY BRRE 89 % » KAXBERIN T8 % » R T4%
s AL 656 % » 2R 53 % » MUMIE UK Z 42 BREE » BERKL A BBRHEME - EAREHZ
ER T3 %REHE » WBHETRL - ERN0 - IZREEHK 35 %BRE .

1 T4 K - R ZEER LR EL 6 ~ 10cmBAUC 25%» 39%) » 11 ~ 15¢cm
FHHE(31%> 39%) » BWEXETH » K~ B ~ L AZHESFEER 6~ 10cm
R BIEERBERIN(53% 56 %R 68%) » WEEREW T » WHERE 26~ 30cmiy > BHEAE
BEZEN  HREFEC AT IE - AXFAEERALSBHMA( 10 FE&B L) » BAILEZAEE
BELARMELE 2D MARARRZ CEARME SR ARRE L E T EETLE « SRR SRS GO E
R ALRIBZ BREFEERNEERS ASUT » ETESLSBERIMN A -

ERAZRERESOBZHAL

RABEHRE FTEEHRARFAEMNY 1,365 #» TR 2004 » 2 K114 3% » BHID 63 4% (DR
35 8k » RAEMELK124% » ERL1BERRS » MUYWERRHRRSES » BETE10 B
O BB -ATEZ ~ 6 HUHMEAGREZETR(E2 ) » ML 2ZERLDABRARS -

CORRBENARBOSHMNAZRE -

RE3WER » B ~ 2K~ R~ BBREAEREOASFRRBE GO » HENR FZ2 51
frftt » SRFNBEHRRESE » %1 olT s 3l LEBRRY FﬁﬁiﬁzﬂﬁFﬁﬁﬁ} °

Q=EFTHREKAE

HE2EEHRERAAERAAELRZEANE *f:k ~ BRERED ﬁﬂhﬁ&&kﬁymx% 2,429k
» BEMRBHERENSS % BREA4% > BBERE 4% BERE 2% » RBES « EHHOR
RREE3N % KEEE 2%  PREE18% B 20% o ERRZERBATE 1,200
cm s B/ 2 cm > FH82cm » XNPEZEMMR2BPIE 21 %> LEHE15%  SSKEFHE{552% 0

—138—



70 § -

60 -+

50 ¢+

® 40 4
g
LY 30 -
%
~ 20 1
10
o 1
0
FEER A5 O
B 2 ERERAZRRBEZHoBIMMGERE( %)
B B —
SRR S—
R
80 T o B eg-ae
BfeARk ——
2] 60 } :
RE
L
% 40
20 1
0 ) | § ..‘T"'"'—‘.'-'I_-ir-‘r"'"'l ) L
1<<0.5 G.61 1.1-2 2.1-3 ‘3.1-4 415 5.1-6 6.1-7
BOSMEE (m)
B3 EIEHASOMERLEER
s #:

@RAABELREM  FELRMEBWRAZEE ) DHRARERES LZHANEZ—
HU SN BT EARENE AN BEAREES » RUEREAZAERENS » RAKZR
REZHEEZEMKEE  SHEZBEELAZBRE 89 % » KABWLN 78 % HRRT4 %
VKM 65 % » K 53 % » MABHEDL A 42 BEBIE o 2

bV © — % » DBAZRRBERBEN > MEHERA( 10 F4ME) BRRE » AXFA
s UK~ RS M EB LR HE 6 ~ 10 cmBBA» 11 ~ 15cm RS ERHESE » WERHTH

—139—



STIREA ~ BIIE ~ BHEDAZ BERLMSER 6 ~ 10 cnB RS » REZD T  Baa
Bk 26~ 30cm BY » RMEERBESEN » HRBHEEAFE®

COBT SR BFHER | FERERER K BRI NRBEIHREMHENRRLER
BT R B MR AL TE » MAKASEIR B S » BARHTT » MARMBHES BB 0BATER K
Y25 ( Secondary damage ) o EAH B » WEAHRBEEAD - LABEHR » RAZZESR
FEERBTM > L1 mBTERS » 3mEXERRD - BEUNKEERRERRS(585 % B
REM 4% o BEABSHRREBTZHOMEL 1 BEESL > ML - R EoBRS » HSE 10
B HBEA - bR« KEHEOARSE 2~ 68 - HABOREHE31 % RKWEAHEN32 %
o Borgstorm ( 1980 ) W%t » BHAZ (MRS EFMER LB REHZHRE » REMEZERHR
HRERZA/MN s BORAHENE - SOERRHESTR » BEoRZIBNEABE OBRE
BOFEF EEHoBaRM , MEEEFETBA « AXAELRAELRBELEELA 0%
fRE R 2 T BRAGRE LY  REBFEZRYBS » AE0FLAE 82 cm: AERE
2EFHE21 % LEFHE 15 % » BANEHHEBRATE RAHZ BADEBEE -
ARREEZFA . _

REA+=EHE BELHMXRFSAENERS  BRRZREFUPZRETIER R
BRREEZEEAE » BRZ RERARR » BHPHHEME -
LEEHABEEREE KRR S ZAR - ,

. BRAEABFEMBREITAST  ABBEREHESHERN » BESHSHFE » LUREH
g ABRS » ERoRMFSRARZHE T HHHEME » ARKAWENRZARKR » BE
PEAE A RMIB AR R - FREZEREEBENANEL  BRAEEZ » BERE
BAZBAPRE » W EEREEAREBE » FEENTHBMER AT ZTERBERARESRK
LIBHRAREIE » (AE I e s B IR S TR ISR » ARBRRILh EE » ETERBEREZ
T DHEERRAKBRE AT EBHE » BB 2B R FHE IR HER o BB R
B2 EBERFIRNK

wte | B | @ # | £ 9 @ S84 | BOHE |RYERESRE
| e TR (MR~ | ¢ T EE IR A
E a B AE - - "
B | 2%\ mu> ) | RE gy [ BE
g Rkt gaé%i%ﬁﬁ A ( TREARE o

9 | ) MBEHEHEER

2 25 | JUBHIMES | gw(set) | & & 2
g | B ML |8

B RS S £ B R RE AR B L BE 6 ZLLE - BEARER K
FEER BB REH PRI » FUEEL L2 HEE » REFERK - AENTZ9%Ea N
B> FERERBERTARLESE » MR RAE » EREURA A /AW I S 2 B
SHESEEARD » BSHERNBHALYRRASHSEY » BILRETRE( T8 » 1970
) e -

—140—



S HERBsER -

KRRRATSEST s SINEFRABRIREER » HERBRA =400 HBRTEEN 1
g AHE BREA R E TR FIERRAYR  REAWZ IAERKE  RRESRFS%3 T
RESRYEYS T BEZH » SUARREETER » THEREKBEZN » BEHER T
BRI » ARBAABNHERKE » BLUAR » RUERY - REMERBHNER » BR
BB EEHEY » BNERBSEY  QHERENSRREBRESBE » IEFEK -~ fXLkE
YERTHI > HAERBMILBILR » £EREH  BEAS » N EITRERL - RAFZRE - &
BIKHERURR YR EEE - TS EERAREERL ~» RABE 2RO REAHRYETE SE 2R
Ro REAHLER 1~ RE—BRBRSHE %3 TR » HE KSR F EHRRAFEEZ —
EATREFRBA+NEZESFHAELN - BEE-AEKREL - REESEE XS +5%ET
Bl - BEAT—ERARREZEEANRA R EEHRETHHN  OEEEERER o HBRBRER
RORERNE RE-GMERERIRRR 783,807 # » MESD « MARRBEA+ 4500,
PATEN R BT R S REHEREREZKE YRR 0. 025% BB R ( warfarin )
HEERZ o L '

BRI REARBEER TS [ HRRTE#8 ) » &ROCEERS » X REKEAKKZ FHH
BREFCHERAETSERATNERELZ 55 % EBEZRECEERRS 15 % (1421
% b+—ME18% b+ 19% bHEH15%) » WIEE S+ EZERER » HETHERT
% ENR LR NE » ST MASKR [ HH ] » 178 BELRERRASEHKESHBA
s PSSR ERECBE ) BEVER » BMEER ( RREEHUESE+me) KA - REHR
FUH MK o '

. FRRRSRZOSHE

RIS R RZRESE  OAENPERTER > BERE  AMEF T8 | BiASEEH
HEEB R - HET BFE | (warfarin ) HEEXREKIBERHEX » HREZELERBAS » AR
ﬁﬁ%ﬁﬁﬁ%ﬁﬁﬁﬁs%ﬁﬁﬁﬂﬁ5~7%&tﬁ%ﬁﬁﬁ%ﬁﬁ2ﬁ@ﬁ%-ﬁﬁﬁ&ﬂﬁ
'%!*Hmﬁﬂ+ﬂ¢ﬁ%ﬁ’W%%ﬁvﬁ%%ﬁﬁﬁ2~3%%ﬁﬁ%ﬁ%2ﬁﬁ3Eé%ﬁk
ﬁﬁZﬁﬂsHﬁﬁﬁﬁﬁﬁﬁﬁﬁoHK%H%&%EEEE%+EZR'%&ﬂﬁﬁi$%ﬁ%
'mmﬁﬂmﬁﬁﬁaﬁﬁiﬁﬂﬁs&ﬁﬁﬂtﬁﬁ%%%%ﬁ@ﬁ0%—¢%ﬁﬁﬁﬁﬁ+ﬂ$_
RARBMEAE S BREER > REHERRREE0.005 % THER ( klerat ) BXRMEIEESH—
i, EL-614 X 1%BbEE3t0%E » (FREARKBEER » SARRS RO ERUNESE ¥ » BE
SRR MR AR AR AT R R RAEIMRE T H 1005 FETE » Heh BRI RB SR M »

mﬁmﬂﬁﬁmﬁﬁﬁlmvwgﬁsmﬁmﬁz¢ﬁﬁwﬂﬁﬁnmﬁmﬂﬁmeA30~ﬂl
| gHBRES ~ 12 HAREC » AT ZEEHMRZA/M 7 - RAFHZLFL EEFAESEAD
ZPME » AEEBES » LB - TRBBXSBICA: H560 » REEMAFHRE R » N aENA
HEHFI X >PMAL50~165 g » BIRB7 ~ 8 XABMIELY » MEHTHREXREMW 13X » RAS0
gRBIOKAHMFEL = _

MG REBa ) RBARTER—BAE  TEEEXSENARE 40 % » TERBIELEEM
B60 % > MEHRRRAABEEAN» ZE—BRLE2RBOR MR BESHEA » BES "R
DESRANS TERESESRRNA  HE—BA%  SHFRNBNSR LE » HNARESHER
R AR R o IR R DI PR3 HE BB E 7T S B8R A o 5279 388 VUG 2 R WA 68 15

— 141 —



#2 RERBEEREEEL ~ RRWR

#FH0.025% )

g B B B | ldsRERE | BREEEE| & . ] it #
T | (R
54 |4 B| 13,861 ] 43,199 BEFOH 3T

PN B| 57,457 : RESES IO
°5 ¥il3 B| 41,620 . 618,839 BEEE3 T

n BR[| 12,871 —
56 = & 8.276 79,993 R I
57 | ~"FRE| 26,452 79,356 k3T
58 w | 103,737 311,211 Bk
59 I 107,918 323,754 R
60 " 97,716 - : 293,148 -
61 | R| 84,217 | 252,651 | BERE3T RETH

_ . B
62 " 55,432 ' 166,296 |[@ -
63 " 77,023 51,069 G
64 . " 5,956 17,868 " E
65 " 8,953 26,859 =
66 " 23;981 500 409,696 Wﬁﬁﬂﬁ“
67 " 11,949 2,500 154,745 ER
68 " 11,656 3,400 263,280 B
69 g 14,540 5,000 482,705 B
70 " 7,612 600,000 BEHEST
72 " 5,721 635,800 ER
‘73 I 296 1,590,000 B +
74 " 855 2,060,000 7 5T
# & 783,897 | 11,400 9,060,469 o
- C Hooh e R L2 2,873,354 )

—142—




Y. MR EARLE  BEKERFA—EA%  BECFEUNARS 20.8 % TREEHNRA
MBS0 %> MABEZRD » USSR RNBCLEEERNR - EEMS » LR 0.005% W
BEEAEFEFRE( 0.005 Z2URBBREHSATHEH 100 7T 0.005 S TERBELHHE
A 150 76) + ATBRBEAEEEHKEAEE—EA % » mON2 R WP 85.72
%~ 90.91% L I s MR AEZHHERER o EF&M&&FHWZ&sﬂﬁﬁ%ﬁﬂﬁﬂﬂﬁZﬁﬁ
BY¥% (i 3% » 2346 1984 ) o

V. Em#ﬁ%@ﬁﬁtﬁﬁ&ﬂ TR

ERFREORBRNTRRESLR  BRERBRA—Z BAET? ~ 10 KAFET » MR
BELFIENA 4~ 73X BERBANGERZ® > STBRIAFBERS > FRHREE > AHE
THRREER » BEARRBEHFRWD Vo~V o X EEKERAT 256 T B SRS 1 L% » FEARit
ARBHEA AT SRE - KRRERH T » BADE » TR —E RS EXR IS DAUEETE
B~ BHRBEERTHRRRZEDREA B ( Smith 1972, Hiches 1949% ) » ¥ FRMER
SRS WS BOK BT A0 L2 4Rk » NELEh MBI Y 5 iR SE R > LR A BB BRETRE
AL BlEE BB B - RSP BB ( forest. succession ) RANF#ESE e ( management
practices ) MBI RHIRUETIRE » W2 AWM I 8 1 [ & I RBZFHE » FEEMEHRK
RN BB R R Z BT -

L&A 8 _ |

MEREA BMKESEZRREE » MoBZBMKIRE 2% » SABEHAGEZHKBTY
BOEEEEMER ZABYBEME » BRIPBE - AP HERFEE T 208N 23U 2 AR RE T
7 TEESARESE » RERBEERMMAGTER » BHE( 3PWZ 1985 ) MAKS|HE
ZHEZERMNERRSERER » BEFSERRE - AERRIEIHREEEFHE 3, 0008 R
Bl » #ELIR 800 ~ 1,500 ARBEBEWUNZE » HALTEREKEEREHD SR
BE RS » BHE BRI -

2 IR EH T REHRS IR BE
mﬁ%m#ﬂt*mﬁ%Zﬁzﬁ&ﬁﬁ#*WfﬂAHﬁM#\ﬂmﬁAﬂﬁﬁ Mgt -
PHERRA > QU8 ~ PSRRI RESLME -
I BEARREE
| REEAHAR > DB ERE > RUNRERORFRERAY - aﬁ%ﬂxﬁﬁjﬁiﬁﬁ
BE » RIRR TR0 RN ERK -
A BRHE WM T 2 _

EE LSRR SRR o FLIS A HET B RN B A 51 S B 0 %75 2 MO AR ES SRESAR:
BRERENE » RZERBETRT » REBERED » SRS BET T HTRE §)
B~ B RS IME  ETE MBS RS o '
SR MR IR ISH:

FRHIRARZRETE  ERABLRERTEN » RERE » ARDABREB2E » 14
&8 LA RSN ARNYR - ARB-EHEMA  AEZRFRBBRGEREA T LERR
R RAFHEODREEN [ TER 1 ( klerat ) N ABRE » BLUARESIRE » ZHREL
HEEE-EERE R ~ MERRBFIERATF -

BREMPEER  BRFREORRRNESIRIRELE  SHbAKR2E » ERERAH

— 143 —



%3 RE70~74EERABRRAREAMES,

£ | BBER |HRAFHHEEE| BENR | B ® |
KEFR | B B | B5EaT | B | 1 %8 | 0.005% &
RE .| T # _ i & | THER |BEG (KBS |4 =t
Bl | ¢ca| (%) | (%) | () | (am '
: IT#EHE
70 |- 7,612 1 5,323.| 21.14 | 4.15| 1,600 6,000 600,000 | 600,000
_ o AR FL i
71 | 5,798 | 6,952 | 18.40( 3.50| 1,800| 5,000 600,000/ 600,000| @ L
72 5,721 | 7,089 ) 19.40| 4.80} 6,064 | 500,000 135,800 635,-830 HW E
73 296 | 7,264 |- 15.00 | 3.50 7,450 |1,500,000) 90,000} 1,500,000
74 855 | 9,908 9,900 12,000,000  60,000(2,060,000
3 | 20,282 | 36,536 2,400 | 34,414 14,000,000|1,485,800|5,485, 800

BEZRL - §FR2ERAZFLWERTECEY - AR BEFCEN» ks » BHRESBRIR
FRBERBE » LB Z TRMETHITSR - S0 RBRRUBEL RTHRZ BEFRHBRE
HARZFREBLELE » AREHRRA ZHRIART HER - L+ S8 hRES (WRE
&) 7Y » RIERGARABEERAW R REREEZNE » DERBTRECRZFM » FHE
BT BR 1R Z IR o

V. T{ER=E

L £ T B B AR 5 PR

BHRBERENA > FEHREMECRE » HEELBAENUE  fREARE ) LUREA+
PO BI% » ARRER KA THIEEIM - S BIMIC SHENE > MBS BEENE » RRARRSA/Y
it REREE - REDASAERE ~ BB EERBIBE (BR 2,0008 REE ) g #His
HAEEXABERRET » WESKARES - TRE - BRZEBEHGZHE » REXREH®KR
2 RETLER « MISEERMAG M BERAE ) ARBt+ EENKSHETRRRZSRRR
(WRRE ) ZM8 » EREEREX » ERAR » EAEREFERREREHEFRBGER &
FR R AR G2 AR L 1.7 400 » WEHRF » REZAAHRBIER - DAKRE BB AELE
Bikk » BHRIBFKES: » MMPAREH -
e EERE
- BREPRSERBTREAZOREHY - FR2EE - HRERASTHBTH » LHERBRERE
ENME R EHRERE » FINBRHAABRRH LSRN BRBR (B{R 700~ 1,500 BAR) »
AR NRX %S  RAKKEOHE » RRENREEMEEZ RTEE » HZRHBEFRR
o R2Z» KB ARE BAZHEIRTEARE L - RREHIZERE » MABRZREREEL0

— 144 —



%UT » BEEE o MATHHAOEHEERR1,500~ 1,800 AR » BZBTKE » QEHRZH.
TRARKYE ) AXRe  REE — B2 REBUIRBEK » SRAFREEAY 2 &8 RINBTHZ %1%
3RETE > 1985 ) o Shaw ( 1925 ) FBY > BARKSEEERN ML EMIRER ( Columbian
gromd squirrel ) ZiEM - ARBEB AWM » BELBADZRE » SHRAZZERERER
BRE o A I B2 EERRHE R 2 B8 » USRI R R A MERSEE
M HRRREZ B -
3 HAEEH R - ' | o
SEAERRA D AT BB EAREANT » RBT BHEEATE RS RE  EAGERE A
HEFF D » REALZ DB ALEYBEE EEFERE  EHRARRERRRZER  SRRFER
FHE BT o
SEFRRAER » HAUAEZEHHTHRRE . Emﬂgﬁﬁo

2530

L PEERE H(1957) » REBH AR » & BB S HBHE S BEM -
25HE (1957 EBMRBREKRAZOHSRE » ﬁi@k&ﬁﬁﬁm?ﬁ&m 3~15 o
3V (1969) s BRBEEBHAZAE » BHBHBHM2:148 ~ 165 o
4, TR (1970 ABMHEBEAXEBECERGZHR(HA) » (HBE—FRKE) -
5%~ BE(1970) SWERRcEYRHFR  hEFRGA12(1):21 ~28 o
6. FREE (1974 » WHIERBERAZHMS » S HENK56:26~32 o
TIRFE :(1976)  EBFERRABERAZLEBIE S ASBSHEHEM10:15~ 20 o
&ﬁmﬁ RS ~ %2 (1979 AGRFERARRBEZAER AT - Hﬁﬁﬁﬁﬁ&MS
BE+ 18H o :
9 EF5E ~ FPE & » Umw)WE%Aﬁﬁﬁ%ﬁZﬁE——&Eﬁ%ﬁﬁ&ﬁ%Zﬁ% HEER
HF58(6 ):527 ~550 o
mﬁww<HWQ)ﬁﬁﬂEﬁmmEZEﬁW%-ﬁﬁk@%%ﬁ%ﬁﬁiﬁi-38E°
ILAKEERD ~ A8 +(1981) FRBR B2 BEHE » hHEEHET 20(1) 131 ~41 o
123F K 7E »(1982) EBAMENE AMSREDRE 2% » HEAXSREH2WEhl» 26H
13. &M} (1982) FPRRZTRAR  SBARBDYRWM LRI » 41H o
145854 3% -( 1983) REBEMARMES 38 > hEKRBEF16(2) 1203 ~ 208 o
15.HEZ2 B +(1983) AWM [ WEE J iR BEEE» Mg 33(2):36~37 ¢
18R 3~ ZEEEE > (1984) EWMBERZOFWE > FEKBFEA17(3)131~39 -
17.509 3 ~ EFE - BUMA ~ZEW (1984 $HEBRMHAZHOERBNERE2VE ﬁﬁk
BERKHRHE » 148 14 H o
18580 %E { 1984)) MBERBERALRRANRE LS » ABAS WERHATIREE » 149 » 208
- 19.5REEE  RKFE - (1984) ) RHBHERRREEFRABAZ AN —— R/ ERERKZLBRE
BMiR— ABXEERHK 16 H-
20.5RF T ~ FRACER ~ HEH 2 (1984) » mEﬁ%Aﬁﬁﬁ*ﬁZ#ﬁ——ﬁ%¢ﬁk$ﬂﬁﬁﬁ%%
ZREREMN— PEXRBFEAL1T(3):115~29 ¢
2LEEIE (1984) » MBI EZHRRHIBEERRYE—ER LR EEE L ZBF » B4

— 145—



10(8):1~3 e
nIPE » (1985) » ERKERERRENRBERAEBBRZEHBDHAZL -
BEFES HBR» (1985) - MAPHERE ~ BREREKK: 1 H- '
24.Howard, W. E,, R. E. March and R. E. Cole (1970) A diphacinone bait for deer mouse control, Journal of Forestry,
| 68(4): 220-222. “
25.Howard, W. E. (1980) Studies on population ecolbgy of squirrel (I1): relation of population dynamics and b;:havior
of vegetation. Mineographed, 32 pp. )
- 26 Hungerford, K. E. (1974) Rescarch proposal for squirrel control in Taiwan. Mineographed, 5 pp.
21 Kitahara, E. (1981) Present condition of forest damage caused by rodents and procedures for control in Japan.
XVTII IUFRCO World C-ongress Mimeographed report, 8 pp.- )
- Z8 Shorten, M. (1962) Squirrels, their bio]ogy and control. Ministry of Agriculture, Fisherics and Foo_d Bulletin 184,
42 pp. '
29.5mith, C. C. and D, Folimer {(1972) Food preference of squirrel. Ecology, 53(1): §2-21,
_ 3. Smith, M. C. (1968) Red squirrel responses to spruce cone failure in interior Alaska. Joumnal of Wildlife Management,
32(2): 303-317. , " '
3L5ulling, G. L. and B. J. Verts (1978) Bait and baiting techniques for control of Belding's ground squirrel. Journal of
Wildlife Management, 42(4): 890-896.

— 146—



RRBEHRREHAGR XS ( BEMELIH)

A HRE ﬂﬂﬂﬁfz‘%ﬁ@lﬂﬁ%Z%%

WEE KT

CRE) SURBHKREER | REVERERHRIEERDAFRERZ EBHRBEHAZ &
B REBCIEIATTLEZ AN AFEL BN PoAXBERHRABHERN 8 F& - 20
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o AEFEREZAEUESN ) SEAFEEERFE S 2R > KRERZAL » REBRER
WA 2 54 o

ACTIVITY OF FORMOSAN RED-BELLIED TREE SQUIRRELS AND THEIR
DANAGES TO TREES IN CRYPTOMERIA PLANTATIONS FOLLOWING

WEEDING AND THINNING OPERATIONS.

Pao-chang Kuo  Yue-ken Liao

[Abstrect] The objectives of this study were 1o learn the ciTecrs of forest tending care or habitat manipulation on
the activity of squirrels and their damages to trees. From Septei-nber 1980 to-February 1985, three Cryptomeria
plantations of 8, 20, and 18 years old in Chitou Tract of the Experimental Foresl, National Taiwan University were
selected for study sites. Weeding and light and heavy thinnings were applied in the study sites respectively. Findings
from mark-recapiure on squirrel’'s ectivity in four study years reveals that tending would definitely reduce the
activity of squirrel in the ireated plots. However light thinning could reduce the iree damage only during abnormal

weather in the winler of 1982 when there was a continued rainstorm occured for about three months,
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ECOLOGY AND CONTRdL OF DEBARKING BY TREE SQUIRRELS
. ) Walter E. Howard
Professor apd Vertebrate Ecologist
Wild1ife and Fisheries Biology
University of Californta

Dav1s, California 95616, U.S.A.
(Presented at Tree Squirrel Seminar, Chitou Experimental Forest,
Department of Forestry, National Taiwan University, Taiwan.
Republic of China, 23 24 April 1985.)

ABSTRACT.

The different types of tree squirrel debarking damage to
~conifers 1in Tai#an and the Un{fed States are compared.
Suggest1oﬁs‘as to how the tree squirrg] probilem fn Taifwan might
be }eso1ved’ére discussed, using as examples habitat |
manjpu1ét1on, neck snares, traps,-toxic baits, shooting, and
other miscellaneous methods.. A great variety of control methods
is actually needed because of the d1v§r51ty in environmental

condjtions 1n the different conifer-p1antat10n§.

Kéx words: tree squirrel, conifer, deﬁarkfng. rodent cbntroTL

INTRODUCTION

S511des will be used to {l1lustrate the differences in the
tree squirrel problem in Taiwan and the United States, In Taiwan
the main s1lviculture problem to conifers 1s not so much from the
girdling of tops of trees but tﬁe destruction of the heartwood
resuthng from fungus infections entering wounds on the tree
trunk caused by squirrel debark1ng. Tops of some trees are
ki1led by girdling, but this is not the ﬁa1n loss to t1mber‘

production. In contrast, in the United States, the main
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silvicultural loss is from immature trees having their tops
killed by girdling by the western gray squirrel {(Sciurus
arisegus).

I do not know how much progress has been made with the trae
squirrel problrem during the past 4 years in Taiwan. My last
visit to Taiwan was 29 March-12 Aprii 1981, and the Second
Symposium on Ecology and Confro]lof Squirrel in Taiwan (Chitou
Experimental Forest, 3-4 April 1981)., I also studied the
squirrel problem in Taiwan a year earller, from 14 Apr11—6uJu1y
1980, and particjp&ted in thelefst-Sympdsium at the National

Taiwan University Tree Squirrel Workshop 6~7 June 1980.

In 1981 the principal species of squirrels doing the
debarking were thought to be the red-be111éd tree sqairré1
(Callosciurus erytn:gedsj,.kith-some daméée sdspedted of being
done, mainly in the crowns, by three species of flying squirrels,
95p§c1a11y the glant red flying squirrel (Petaurista petaucistal,
but possibly also the red-and-white flying squirrel (P,
alborufus) and the hair-footed flying squirrel (Belomys

poarsoni).

0f the introduced cqn%fers._1n 1981 fthose thought to be most
fredquently debarked by squirrels were cryptomeria {(Cryptomeria

japonical), China fir (Cunninghamia lauceolata), Lucho pine (Pinus

luchuensis), and slash pine (P. 21]liotti). The most seriously
damaged native trees in plantations were fncense cedar
(Calocedrus formosana) and Luanta fir (Cunninghamia kopishii},

and, less so, Taiwania (Tgihania cryptomeriodes), Taiwan red pine
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(P. Taiwanensis), Taiwan red cypress (Chamaecyparis formosensis),

_and Taiwan white pine (P. morrisonicela).

After I. learn about the research results of the past 4 years
~from the other speakers, I may neéd to modify my-contro{
'recommendatidng which follow, as I presume much more information
is now available concerning many aspects of this subject,
__1nc1ud{ng-better'1dént1ficat10n of the nontarget species that *
need to be considered 1n control operattons in the different
p]énfations. Some examples of nontarget mammals that I .am aware
of that might be vulnerable include Perny's long-nosed tree
squirrel (Dremomys ne[ﬁyj); wild pigs (Sus scrofa), and
carnivores. I am sure much new ecological and silvicultural
information 1s also ava11abie about other forestry aspects of the
debarking problem,

CONTROL METHODS

It should be possible to effectively contrpl the red-bellfed
" tree squirrels without creating serious environmental hazard;‘or
having it cost too much. The objective should be pfevent1ve

' cont£p1._where_very little toxic bait is -needed after the first
few weeks, Preventive control implies that the pest rodent
sped1es 1s'permanent1y maintained at a very low-density. A good
way to viéua1ize preventive rodent control 1is to‘treat'the pest
rodents 11ke a serious disease. Firsf, the disease (rodents}
_mﬁst be eiiminated. then carefully monitored to prevent any new

outbreak of the disease (pest rodents).

~— 159 —



Cnce the squirrels are eliminated or reduced to a tolerable
density, then permanent control might be achieved with carefully
placed neck snares and ki1l traps, which do not requfre frequenf

inspection.

Bocause of the diversity of habitat conditions involved in
the Taiwan forest plantations, a number of control methods that

might be considered are discussed,

1. Habitat manipulation: - The distribution of all animals
-1s limited to the suitab11%ty of the habitat conditions.
Sometimgs it 15 feasible to control rodents by manipulating
environmental conﬁitions, but usually tHeylare a péét bgéause man
has improved the environment for those species, Tree sqh1rre1s.-'
Tike other specjes; seldom venture far outside of-favorab1e
habitat conditions, even to feed. Consequeﬁt1y, where feasible,
habitat maﬁ1puﬁat1on can be é very_sdccessfu1 form of tree
squirrel contrel. Monocultural sténds of con1fef are seldom .
attacked, except at the edges., But if a few native plant
species, such as passion fruit (Passiflora edulis), Fiscus
beechyuana, ocak (Eagaceae), and others are Teft throughout a
plantation, tree squirrels may then travel throughout the

plantation 1n the spring and do debarking.

Even thoUngred—b911ied tree squirrels may Ee forced to
trave1-on the ground between young trees in some p]anfai1ons, any
lTethal device left 1n some of the key squ1rre1-preferned.border
trees will surely control them, for I suspeéi-trée sﬁu{rrGIS
scuUrry across open areas quickly to get to a desirabie sanctuary.
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2. HNeck spares: I would think that self-locking neck‘
snares could be made from transparent f1§h—11ne leader and
attached to the upper end of a bamboo or 3-sided wocoden tunnel
bait box that, to help protect nontarget spectes, 1s secured
vertically on a tree trunk. These can vary in Tength from 10 to
30 cm., The bottom end can be covered with wire screen., This
would deter animals c¢limbing up the tree from entering and
prevent large parts of bait from falling to the ground. Whether
it would be nécessary to put bait in such a trap to catch red-
bel1Tied tree squirrels 1s_not known to me. Initfally, T would
think it wise to put some sweet potato or wax gEain bait 1n the
bait box. The most squifreT-favOred native trees are usually
easy to identify, aﬁd this is where the neck-snare stations
should be placed. By using snares on bait boxes placed around
the periphery of a plantation needing protection, it may be
possible to greatly reduce the debarking that now occurs by

prevanting any reinvasion of squirrels.

3. Ingg:l Traps, such as Conibear traps, which are
activated when an animal passes through them in either direction,
should be effective if used as previously described for snares.
They will be ﬁore d1fficq1t to install than snares. Anothér
effective tree squirrel trap is the modified Ca11for;1ar44 type
box trap (Joseph Cook, 11508 Keith Drive, Whittier, CA 90606,
U.S5.A.). "Other types of k111 traps can also be used effectively
in large bait boxes, including common snap rat traps with a
strong string. As with snares, select those trees most likely to

be visited by tree 5quirre1s for establishing these permanent
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trapping sites. I do not know what nontarget Hazards exist in
Tatwan with the use of snares and these two.fypes of kill traps .

_1n:cohifers.

4. Toxic bait: It seems 11keély that toxic bait will also
‘be needed for tree squirrel control. If formu1afed so as to bé
high]y_preferred-ﬁy:the squirrels and presented in a way so as
-not to be attractive or available to nontarget species, the_tdﬁic
bait should cause 6n1y minimal envfronméhta1'effects._ When
se1ecf1ng'wh1ch rodenticide fo use, carefu11y_ana1y29-a11
‘p0551b1e risks to nontarget species. Factors to consider include
How the baft is formulated, 1té Shahe-and si1ze,. and how-and when

-

the bait is to be:used.

Free-choice bait acceptance tests should also be carried out
l perfodically with toxic and nontoxic bait. Also, quality control
of baits 15'important£%¥; -

.

'XTo protect nontafget-speciés; and for économy of bait, Rex

: Ma}shlhas suggested that rodent wax bdits-might be formed with a -
wire me;h inside. This will facilitate fasten1ng the‘bait fo a
-ffqe and prevent gnaﬁing by a squirrel to cause large pieées of
baif to fall to the ground, creatiﬁg a hazard to nontarget

. specles,

Another way of preveifiting large piece5‘cf-ba1f from falling
to the ground is to place the bait in bamhboo tubes attached
vert1cai1y on trees with wﬁre mesh at the bottom. These baft

boxes can be quite small, 10 mm or so long, much like cups, but
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with wire mesh bottoms. Not only w11l the wire mesh prevent
large pleces of bait from falling to the ground, but it will also

conserve bait.

Anticoagulant tracking powders might be employed in bamboo
bait stations by glueing strips of sponge to the inner sides of-
the bamboo tubes or wooden bajt boxes and periodicaly spraying
the sponges with a 1iquid anticoagulant rodenticide. This
approachlmight make {t-poss1b1e that the oniy animal likely to be
poisoned would be the one that repeatedly passed through the bait

station.

5. Shooting: Shooting has been fairly effective in

. controiling the western gray squirré1'(Sciurus griseus) in some

places in western United States where their debarking had become
serious, but I suspect the red-bellied tree squirrel i1s too
secretive for shooting to be very effective, and the flying

squirrel, of course, is nocturnal.

6., Ffrightening devices: One type of frightening device
that might be worth investigating for use along some young
plantation borders are étationary owl models 1n trees and free-
$w1nging aécipiter hawk- models suspended from poles. These might
at least cause the squirrels to approaéh only where the best
cover is available, and these are the sites where the snares,
traps, or-toxic baits should. be piaced. Frightening sounds do

10t appear practical.
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7. Predators: It usually 1s very difficult to effectively
"use native or introduced predators to solve a pest rodent |

problem, although it is thought in the United States that

reintroducing the fisher (Martes penpnanti) would help check the
populations of porcupines (Erethizon dorsatum) and possibly also

help control the western gray squirrel.

8. Disease: Creating an epizootic to contro}l rodents has

too many hazards to use disease as a control agent.

9. Che eri s: Since the major mérket for birth
control chemicals 1s‘w1th humans, many chemical companies will no
-1onger perﬁif their sterflant éompounds to be used on rodents
because they fear adverse pﬁb11c1ty might weaken their primary
(humaﬁ) ﬁanket, and in the United States it is too costly to
register them. Eﬁ1b1oc (alpha~chlorohydrin) is registered in the
United States and many other countries. Glyzophrol is registéred

in Europe and other countries,.

10. Pheromones: -Pheromones are chemical stimuli (odors)
secreted by animals that convey messages to other individualis of
the same species, The pheromone messenger substances transmitted
between:1nd1v1dua1s of the same species may FeTay sexuality or
sexual Eecgptiveness or a varfety of other messages. 1In contrast
to 1nsects, which Fespond reflexively, rodents may modify their
response to a pheromone stimulus on the basis of other sensory
Tnputs, such as what they also see, hear, touch, or may remember

from previous experiences.
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Beaver castor (castoreum)_is_a pheromone used in trapping
beaver (Castor canadensis). S1h11ar1y.“the mysk pf muskréts
(Ondatra zibethicus) has been used in trapping muskrats., Once
rodent traps and bait stat16ns‘have been visdted-by rodents, they
usualy become more effective, probably as a resuit of the odor-
marking by the first visftors. More research is needed with the

pest species of rodents.

In our tests with rodent phercmones, we héye not had any -
dramatic sﬁCCesses In 1mprov1n§ on the control of other field
rodents or commensal rodents., However, we think that someday-
pheromenes may be used to 1n¢rea§e. at least t6 gome degree._the
acceptance of rodent baits, make bait stations more attractive to ‘

rodents, and 1mﬁrove the effectiveness of traps and glue boards.

11. Ultrasound: We have never tested am ultrasonic devfce
that was effective in rodent control. Rodents habituate quickly
to sounds. Since u1trason1cs-are highly directional, 11ke light,
they do not penetrate materfals. Also, they do not project far.

CONCLUSION

It 1s very important to recognize that there is no one way
of controlling squirrels that debark trees. A Targe varigty of .
approaches are needed so that the most efficacious one(s) can be
selected for each ecological situation. The 1ntegrated‘approach
s best, with a‘variety of control methods being app1*ed to each
situation, and keeping the réquirement for lethal methods to a

minimum. When Tethal methods are needed (snares, traps, poisons

and shooting), different methods will be requiréd for different
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environmental situations, requfr1ng a Qar1ety of bait
-formqﬁatidns and different técﬁﬁiques for exposing the bait.
thn lethal methods are used, practice preventive coﬁtrof by
keeping the pest squirrel numbers at very 1oﬁ levels. The
control of tree squirels should be applied ecology, not jJust the

removal of the offending animals.
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DIRECTIONS FOR CONTROLLING FOX SQUIRRELS BY TRAPPING

STATE OF CALIFORNIA
DEPARTMENT OF AGRICULTURE
WEED AND VERTEBRATE PEST CONTROL

The fox squirrel Scilurus niger introduced to California from other areas of
the United States is well established in several locations. Damage to walnut and
‘orange crops and to walnut trees 1s of economic importance where these squirrels
occur in numbers.

One means of contfolling the red fox squirrel is through the use of a modified
wooden box type gopher trap. These traps are effective end more economical to use
than live catch traps. ’ ’ ’

TRAP CONSTRUCTION. Remove the back of a gopher trap (Figure 1). Lengthen
the trigger slot with & rat tmil file or pocket knife to permit unhindered trigger
swing. This makes ‘it possible for the animrl to pass beneath the swinging loop
of the unset trap. -

A gingle trap is constructed by the use of hardware cloth to extend and close
the open end. This provides additional baiting area and allows the bait to be.
observed from both ends but prevents the animal from entering except from the front.
The trap is secured to a board for placement in a tree.

Dual assembly utilizes two modified traps (Figure 2) placed back to back and
secured to a board (1"x4"x18"). A small strip of hardvare c¢loth connects the two
and forms & baiting area. Baiting is accomplished by placing a hendful of walnut
meats through a small door cut in the wire or through the open end of the trap.

PLACEMENT OF TRAPS. Attach the trap assembly with nails driven through the
base board into m horizontal limb in a tree where damage is occurr;ng (Figure 3).

BAITING AND SETTING TRAFS. A handful of nut meats placed well behind the
trigger mechanism will attract the squirrels. A few may be scattered at the trap
entrance also. For best results, baited treps are left unset for several days
until the squirrels become accustomed to pushing back the swinging trigger loop
to reach the bait. After the squirrels have become familiar with the traps, rebait
and set all the triggers. A considerable number of fox sguirrels can be taken with
relatively few traps if they are kept in continucus coperation while demage 1la occurring.
Trapping should be commenced as soon as the first damage is observed.. -

Tree squirrels {genus Sciurus and Tamiasciurus) are game mammals, but the red
fox squirrel when found to be injuring growving crops or property may be taken at
any time or in any manner by the owner or tenant or by federal, state or county
officers pursuant to provisions of the Agricultural Code pertaining to peats
(Sections 3950 and 4152 Calif. Fish and Geme Code).

Prepared by:
Rex E. Marsh, California bBepartment of Agriculture _
Lloyd Plesse, Santa Clara County Department of Agriculture

The trap described sbove 1s similar to that described by:
Becker, E. M. and Kimball, M. H. Walnut Grovers Turned Squirrel Calchers

Diamond Walnut News ‘May 1947
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METHODS OF SAFEGUARDING NONTARGET WILDLIFE WHEN CONTROLLING RODENTS*

Rex E. Marsh
Lecturer and Specialist in Vertebrate Eco]ogy
Wildlife and Fisheries Biology
University of California
Davis, California 95616, U.S.A.
(Presented by Professor Howard at Tree. Squirrel Seminar, Chitou Experimental

Forest, Department of Forestry, National Taiwan University, Taiwan, Republic
of China, 23-24 April 1985.)

ABSTRACT

There are many techniques that can be used in Taiwan to safeguard

- nontarget wildlife when controlling rodents, in addition to wildlife-

‘pesticide education. - They include the apﬁropniate se]ection of rodenticide,
bait type and formulation, the rate and d%stribution of the bait, restricting
accessibility of nontarget species to the-bait, and fiming of control. The
importance of the type or kind of grain used for bait, the concentration Bf
toxicant in the bait, artificially colored baits, conditioned aversion, -and
emetics is also detailed. Innovative baits and bait statioﬁs are discusséd as-
they relate to protectiﬁg wildlife from exposure. Several examples are given
of future directions for continuing efforts to provide new saféguards to

nontarget wildlife.

~ Key words: nontarget wildlife, rodent control, rodent. baits, rodenticides,

control methods, wildlife protection.

*Much of this material was presented at the Sixteenth Annual Joint Conference
of the Western Section of The Wildlife Society -and California-Nevada Chapter
of the American Fisheries Society, Monterey, California, January 25-26, 1985.

—169—



INTRODUCTION

Whether field (agr1cu1ture or forest) rodent contro] is conducted ‘for
pub11c health or economic reasons, the concern over poss1b]e adverse effects
on nontarget wildlife is long—stand1ng (Gabrielson 1932). Concerns for the
welfare of wildlife has increased appreciably over the years, and
dramatically so aver the last two decades. The intent of this paper is’ to g
discuss some technical aspects that. pltay an 1mportant role in safeguarding
nontarget wildlife when toxic baits are used to control rodents when they
become pests, particularly in agriculture and forestry. 1 hope at least some
of the methods discussed and'pointe-raised will be applicable to agriCUlture_-
- and forestry in-Taiwan. | _

Lack1ng data concern1ng Taiwan, examples will be drawn upon from
Ca1iforn1a. A]though m1]11ons of acres are protected annua11y in Ca11forn1a
_through rodent control, the 1nstances of s1gn1f1cant w11d11fe losses are rare
and in those 1nstances there were frequently some rather atyp1ca1 factors.-
Improvements -in rodent ba)ts and control practices has done much to n1n1m1ze
potential_haiardé. - | |

Manyumethodefand techniques are used to make rodent controi as_se]ecti?e
as-ooséih1e.to.safegdard wi]d]tfe as well as domestic livestock. -They
1nc1ude such factors as appropr1ate selection of rodenticide, bait type and
fonnulat10n, the rate and distribution of the bait, restr1ct1ng access1b111ty'* '
-'of nontarget species to the bait, and timing of control operattons.
-'The_roie of the_oesticide redulatory'agencies (federal or state) is.a
_'criticai‘safeguard to ni]d]ife hecause they determine whether a rodenticide -
will heJregistered._';n:tﬁe'U.S. rodenticides and other pesticides are-
scrotﬁnized carefuiiy to aesess potential hazards to nildlife prior to
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_registration-hy the federal Environmenta] Protection Agency (EPA). Tﬁe same
rodenticides are often furthef evaluated at the state level in many stéte;,-
including California. Potential rodenticides will not be granted -
registration if their use pattern will have a detrimentaf effect on nontarget
wildlife populations. - |

Regulatory agencies commonly mitigate poteniiaT pesticide wildlife
problems by placing restrictions on their ugg or when possible thbougﬁ'
modifications of use patterns, methods of app]icatiohs,_app]ication rateé;'or N
time of application. This is most often accomplished through pestic%de-ﬁ§é3
label directions, but may be further controlled through réstricfi6n§ 6r |
conditions specified in use permits. In the U.S. certain pesticides can be'
purchased and used only by individuals ﬁho héve-bééﬁ tfaiﬁed in their propér
use. There are a1so'sévera1‘pr6ce3§és by'wﬁich registeféd pesticides can be
removed from use if later found to cause uhacceptablelwi]dlife iOSSéS.

Acute rodenticides used in field rodent contrél,'suth as strychnine or
zinc phosphide, for the most part are classified as restricted péSticjdes aﬁd
can be purchased and used only by certified (trained) applicators., Sodium
flourcacetate (1080) is even more highly régu]ated, and 1in Ca]iforniéfcén
only be used for field rodent control under the direct supervision’of sdmé

governmental agency.

METHODS AND TECHNIQUES FOR SAFEGUARDING WILDLIFE

Methods and techniques for safeguarding wildlife relate to. the se]é@fidn;
of the most appropriate rodenticides for the situation, the fonmq]atjon:dff
the baits, and various use practices. Good baiting practices, rodenticide

choice, bait selection, colored baits, conditioned aversion,_emet1¢s;
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innovative baits, and bait boxes, which are all an integral part of

protecting hontérget species, are discussed separately.

Good Baiting Practices

Good fie]d-rodent baiting practices imply that label directions are
fol lowed as welf as any other_practices:that are commonly recommended. Such
baiting praétices are designed not only to achieve maximum-pest control, but
to provide due consideration to human, qomestié animal, and wildlife safety,__
and to other environmental concerns.

These involve se]ecting-and'followinj reconmended application methods,
which includes properiy calibrating the equipment when bait broadcasting is
by mechanical methods to éssure that the épp]ication-rate is accurate to
avoid under- or overbaitfng. If it is recdmmended that hand applied baits be
placed at specified intervals then this should be followed. -

| Test baiting and proper timing, relative to bait acceptance and rodent

- activity, will assure the maximum intake of bait by the target species so -
there will be a minimum of residual baif. With ground squirrel cpnfrol, the
small amounts of baits placed near the burrow entrance are well scattered to
protect cattle and deer.

Good practices include the contrdl of rodents before t?ey reach high
populations (i.e., preventative control), for this increases control success
and minimizes Ehe amount of rodent bait needed. In rodent control, unlike .
most insect control, the amount of rodenticide used with most application
methods is in direct proportion to the population dersity and distribution of
the pest species. Because of this, the threshold for triggering control is

“usually relatively low when protecting-agr{cultural-qrops'and reforestation
efforts. The gstab]ishment of good baiting practices provides both effective
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control ard serves as insurance against improper baitiﬁg or misapplication.
At the user's level these practices fit well into the integrated pest
management (IPM} concept and they are without a doubt the best safeguards for

protecting nontarget wildlife.

Rodenticide Choice

‘The choice of toxicant (i.e., roqenticide) to use for a specific rodent
contral situation is-of foremost import;ﬁbe_bécause other facfors such as
concentration in the Eai;, rafe of application, and the method and timing of
appiication are often dictated by the'rodenticide used and rodent_épecies to
be controlied. If there is a choice, select the rodenticide for which the
pest rodent is highly Susceptib]e and tﬁe-wi]d1ife species at potential risk
héve low susceptibility. - | | |

The selection of the most appropriate rodenticide for field and forest
rodent control which has miﬁﬂnal potential hazards to specific wildlife is
made easier if theré is a number of available rodenticides to choose from.
The more rodenticide options there are, the more carefully rodent control can

be tailored to safeguard wildlife,

Bait Composition

Effective_rodént control reties on the selection of baits that afe
highty preferred by the target species and baits that wiil successfully.
compete with availabTe natural foods. Grain baits usually are the choice
because of their acceptability by the targét species, availability, cost,
ease of bait preparétion,_and storage 1ife. Although more costly baits of
fresh fruit or vegetables can be highly effective, they may present

potential hazards to a greater number of nontarget wildlife depending on how
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counterbalance in at least one of the others. Highly efficacious
rodentic{des and rodent baits lead to less toxicant being placed in the
environment and qhus provide a better safequard to wildlife. This is
primarily because the more efficacious.the béit, the less often it will neéd
to be applied or used. There are innumerable examples of how tailoring bait

concentrations to specific rodent species helps protect other species.

Timing of Control

» The period bf control (relative to the time of year) is often 1mﬁortant
to successful rodent control. If, hoﬁever, timing is not critical to control
-success, then timing can be a practical apprdach to mitigating certain
potential risks. For example, thé control of meadow mice with broadcasf
grain bait in alfalfa fié]ds:may;bé postboned until the migratory waterfow]
move out of the region. Ground squirrel control with 1080 baits may not be
conducted by certain farmers in the fall qf the year-to avoid any ﬁoﬁsip]e
secondary Hazards.to dogs used in the hunting of quail at that timé of &ear.

When controlling nocturnail roqéﬁts by broadcast methods, hazard to
diurnal species is often minimized by applying the bait in the evening., Much
of the bait will be consumed by sunup. HWeather can also sometimes be used to
advantage. Baits which decompose under wet, rainy conditions may be applied
. just far enough in advance of a'predfcted storm to achieve the desired
control, knowing that any residué] bait will be rendered innocuous by the
forthcoming rain. In certqin aéricu]tura] situations, residual bait
following control may be disked or plowed into the soil to make it

unavailable to nontarget wildlife that hay be at risk,
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Artificially Colored Baits

The value of artificiafly_co]ored (i.e., dyed) field rodent baits to
assist -in protecting seed-eating birds was introduced by Kalmbach (1943).
Kalmbach and Ne?th (1946) experimented with green and yellow-colored grains
containing the rodenticide strychnine and discovered that the dyed baits were
rejected by birds to a much greater degree than undyed baits. Considerably
fewer bird fatalities resulted from dyed baits. Current evidence suggests
that the dye may not have-been alone in producing the ﬂesired repelling
response from birds, and that a taste-conditioned aversion to strychnine or
other acute rodenticides may a]sﬁ be implicated, with the color also serving
as a visual cue (Marsh 1983).

The effectiveness oéaﬁyed or colored bait relies on the fact that the
birds perceive color and use color in selécting or rejécting‘food items.,- The
evidence suggests thét many birds will avoid dyed foods apparent1ylbecause
they appear ﬁhnatura]. A variety of dyes and:pigments, especially those in
the bright green and yellow color spectrum, have been used to color rodent
baits., Gray and black coioring agents have-also been found to repel birds.
Rodents, on the other hand, abparently lack true color vision and perceive
colors as shades of black and white, and, if the dye is tasteless and
odorless, the colofs do not seem to influencé rodent bait consumption.

More recent studies of artificial coloring to repel birds were conducted
by Caithness and Williams (1971) and Brunner and Coman (1983). ‘Pank (1976)
found that certain dyes and ﬁo]oring agents were of value in reforestation
efforts, protecting conifer seeds from_unwénted bird consumption.

The dyeing of field rﬁdent baits has been a common practice for
safeqguarding seed-eating birds in California and elsewhere since the late

1940s {Dana, personal communication; Hayne 1950). The dyeing of baits is
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not, however, claimed to be foolproof. Thére are incidents where birds
consumed fatal quantities of dyed bait but significant losses are rare.
Birds,sﬁch as waterfoﬁ], which have bills instead of beaks and do not pick
and choose each food particle, are not protected by -dyes. As an aid in
protecting other seed-eating birds, the practice of'dyeing bait is most
advisable. Coloring rodent baits also hé]p;'peop]e distinguish toxic baits

from food or feed, thus preventing accidents caused by human error.

Conditioned Aversion

The concentration of the rodenticide in baits may be such that few
ﬁnd1v1dua1 birds or nonrodent mammals w1]1 receive a lethal dose even if they_
consume some bait. Sublethal symptoms from acute rodent1c1des often oc;ﬁr, i
causing nontérget animals to stop feeding. This aversion react16ﬁ to a: ba1t -
can be more than a response” of the moment and may 1ead to Iast1ng avers1ve
conditioning, Aversive cond1t1on1ng is a phenomenon wh1ch 1s synonymous w1th;
bait or toxicant-shyness in the target spec1es. Ba1t aver51on results from
an atypical feeling or from becoming ill as a result of consum1ng a sub]ethal
dose of a toxic bait. The aversion is often assoc1ated w1th the carr1er,
i.e., the food on which the toxicant is applied (Barﬁett 19?5, Bﬁardwaj and
Khan 19??). If this occurs, the animals so influenced will for a time often
reject that food, even if it contains no toxicant. In other situations; the
aversion is.thought to be associated with both the food item and the
toxicant. A substantial amount of research ha§ been conddcteﬁ-on the subject
of aversion (Ri1ey-and Baril 1976), and evidence suggesfﬁ-that a number of
different cues (i.e., vision, taste, texture and odor} may be implicated in
food aversions (Avery 1984, Fuller and Hay 1983, Mason and Reidinger 1982,

Wilcoxon et al. 1971).
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‘Learned aversion is thought to be one of several ways wildlife determine
what natural foods are edible-and can be consumed safely. Most vertebrates
live in an environment filled with plants, fung{, insects, or other potential
food items, many of which are highly toxic if consumed. -Animals which have
evolved in the presence of  such toxic foods have developed mechanisms to
protéct themselves.

Many plants produce defensive chemicals (so-caTTed-secondary comﬁpunds),
some of which are highly toxic. The-méchanisms by which animals ayoid
serfous physiolegical éonsequences from these plants vary greatly (Freelana
and Janzen 19?4). Str}chnine,-red squill, and sodium fluoroacetate (1080),
which are used as rodehtic}des, in fact, are defensive secondary compounds
found in plants. It is hypothésized that the phenomenon of conditioned
aversion or, more specifically, taste aversion exists because it he1ps the
animal species survive in nature. Some Bjrd and ﬁamma] repe]]ent§ such as
methiocarb and Tithium chloride work on the basis of conditioned aversion,

Food (bait):associated aversiﬁns_resulting from initial sublethal
ingestions must be considered an important factor in safeguarding nontarget
wildlife. The ability of lethal rodenticides to cause aversion varies with
the toxicant. ‘The rodenticides strychnine, sodium fluoroacetate, zinc
phosphide, phosphorous, red squill, arsenic and ANTU are all known to produce
significant aversions, The_anticoagulant rodenticides, on the other hand,

rarely produce such an aversion.

Emetics in Baits

The idea of the use of emetics in toxic bait formulation was advanced by
F. E. Garlough of the U.S, Biological Survey (Spencer 1938). Tartar

(antimony potassium tartrate) emetic was subsequently used .in a number of
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bait formulations, particularly in coﬁmensa] rodent baits, primari]y-fbr the.
protection of pets and humans (Bai and Majumder 1982). Rodents cannot vomit
and hence emetics have little effect on them from the.standpoint of
eliminating poisonous bait from their stomachs. Tartar emetic by itself is
somewhat toxic and reduces bait acceptance for the target species and for
these reasons has fallen into disuse in the U.S. during the last two decades.
Several rodenticides cause regurgitation or vomiting in some speciés and
thus also act as emetics. Red squill, which is used for Norway rat control,
is one such rodenticide, and that is one reason it is considered so safe. [t
'triggers vomiting in cats, dogs, and humans when ingested, and thus the
stomach is emptied or partly emptied of the toxicant. Zinc phosphide also
acts as an emetic in some species. Most rodents éannot regurgitate or vomit

and hence cannot get rid of the toxicant.

" Innovative Baits and Techniques

" Paraffin rodent bait b]ocks (i.e., cereal baits embedded in melted-
paraffin and so]idified'into a block), although initially developed for use
in high-humidity or high-moisture situations, have proven very effective in
increasing bait selectivity to gnawing rodents (Marsh_and Plesse 1960).
Paraffin bait blocks are used effectively for controlling both muskrats and
Norway rats in rice-growing areas and along agricultural irrigation and
drainage water systems in California (Clark 1975, Marsh 1968). Paraffin
'baits are also extensively used.to protect trees and tree crops from rodents
in many parts of the world. They-offer good selectivity against birds of all
sizes and are often attached to the trees. In California citrus and avocados

are ﬁrotected from the roof rat (Rattus rattus} with the use qf‘anticoagu1ant

paraffin baits.
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Mouse tubes were another innovative bait fqnnu]étion and delivery
devejopment,. which not only was effective in the control of meadow mice, but
also protected the bait from most nonrodent species (Libby and Abrams 1966).
The treated grain bait was adhered to the inner surfacg of.a hollow cardboard
tube {1.75 inches in diameter and 5 inches long) with an edible glue. In
essence, 'the mouse bait tube was a bait-loaded miniature bait station that
Qas formulated as a single-unit designed for field use (Marsh et al. 1967).
The mouse-tube approach nevér progressed much further than the experiment&?
stage,

Place packs are commonly used as a means of delivering bait in commensal
rodent contrpl} but have not gained much use in field rodent control., Place
packs are small cellophane or plastic packets of bait. The rodents must gnaw
into them to obtain the bait. In and around buildings, outdoor infestations
of Norway rats are often controlled with these packets placed well back into
the burrow opening. Such a technique reduces the chances of children or
nontarget animals getting them. The approach definitely has a greater place
in certain kinds of field rodent control and has yet to be perfected for such
pe;ts as pocket gophers and‘wood rats tNeotdma spp.). I understand this
approach is used on tree squirrels in Taiwan.

Small étrychnine salt blocks nailed about 10 ft. high on "rest" or

“wintering" trees are used to poison porcupines- {Erethizon dorsatum) in the
forests 6f,the-wéstern states. As the blocks were fed upon by a series of
~porcupines over time they would sometimes break away from the tree-attachment
and fall to the ground to present a hazard to deer that might find and
consume them. .To avoid this, small wire baskets are now routinely attached

-

below the strychnine salt blocks to catch any falling pieces of the blocks.
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Bait Stations

The use of bait stations in rodent cqntro] principally -evolved following
the deve]oﬁment of the -anticoagulant warfarin. Bait stations or boxes were
needed to contain sufficient bait to provide the multiple feedings necessar&
to give a high percentage of rodent control. Bait boxes protect the baif
from rain and other adferse weather conditions, but, more importantly, they
also protect the bait from nontarget wildlife of a size 1argér than the _
openings provided for the rodents.-and from most birds which will not_enter a -
dark box to feed. The use of bait boxes substantially increases tﬁe cost. of
-rodent control, thus are most often used over relatively small adreaggs or to
control rodents to protect hfgh-va1ué crops.

The pTaéement of baits iﬁ semi-concealed areas available to the target
rodent, but not to wildlife or domestic stock, has long been_ﬁracticed. Bait
placerent in the entrance of a wood réf nest or in the mﬁuth of almountain

beaver (Aplodontia rufa)} burrow is common in forest rodent control. Small

fenzed enclosures are spmetimes used to exclude Tivestock and deer from

black-tailed jackrabbit (Lepus californicus) baits which are placed in open
bait stations or small handful-sized piles (Wetherbee 1967). Scattered baits

are ineffective for the black-tailed jackrabbit.

FUTURE POSSIBILITIES FOR INCREASED SELECTIVITY

The use of avian-specific repellents theoretically may play an important =
role in the future to safeguard birds from rodent baits., One such potential
éompound is dimethyl anthranilate (DMA), which has recently been studied by
Mason et al (1983). DMA is a common food flavoring which is repellent to

birds but not mammals.
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Research on rodent pheromones has not yet reached the stage of pfactica1
" use in rodent control (Marsh and Howard 1979), yet some potential exists,
The'right éffective pheromone may soﬁeday make rodent-control more seiective
and efficient, greatly reducing the amount of bait and toxicant required for
control, |

| Tﬁg-discoveéy or development of more species specific toxicants is
always a possibility for the-futupe; ﬁowéver; befause of the Timited market
ppteniial, thié will probably have to come from government-supported research

efforts.

SUMMARY

Safeguarding wildlife in Taiwan caﬁ be enhanced through the proper
selection of rodenticides, through bait compbsifion and formulation
techniques, and.fﬁ]1ow1ng good baiting procedufes. Bait coﬁbosition includes
‘the selection of grain(s) or other kinds of food items used as bait and hoﬁ
these grains or materials are proceﬁsed and formulated into a finished
product. Size, shape, texture and hardness are bait characteristics which
can make them both effective and selective for the target species.,

Innovative baits and special application approaches such as place packs and
bait boxes can be useful in special situations.

The value of artificially coloring baits to repell birds has been proven
ovér the yedrs. The pheﬁomenOn‘of aversive conditioning associated with many
rodenticides proviaes an added safety measure to nontarget species, as also.
do emetics.

Concern over the protection of nontarget species is ]ongfstanding in

field rodent control. While considerable progress has been made, there
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remains substantial room for new bait application approaches and innovations
id formulating baits to further safeguard wildlife, yet continue to be.

effective in controlling pest field rodents.
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